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Abstract

This research project on Bioactive Constituents from Isan Plants and Thai Fungi, and
Development of Nanoproducts for Plant Immunity, was funded by a TRF Research Team
Promotion Grant, RTA for 3 years. There were 11 researchers from 6 universities, Khon Kaen
University, Mahasarakham University, Kalasin University, Udon Thani Rajabhat University,
Rajamangala University of Technology Isan Nakhon Ratchasima and King Mongkut's Institute
of Technology Ladkrabang. The research was divided into 2 parts. The first part was
Investigation of Bioactive Compounds from Isan Plants and Thai Fungi. There were 10
projects consisting of 24 sub-projects, for which research samples were taken from 2 natural
sources, plants and fungi. Fourteen species of Isan plants, including Rhodamnia duetorum,
Uvaria cherrevensis, Asparagus racemosus, Croton poomae Esser, Miliusa velutina, Cissus
rheifolia, Diospyros undulata, Buchanania lanzan, Solori thorelii, Baliospermum calycinum,
Walsura trichostemon, Salacia chinensis Linn., Helixanthera parasitica Lour and Croton krabas
were investigated. Chromatographic separation and structural identification by spectroscopy of
these samples resulted in 152 isolated compounds, 38 of which were new compounds. The
isolation of 8 species of fungi, namely Myrothecium roridum, Neosatorya hiralsukae,
Neosatorya pseudofisheri, Chaetomium globosum 7s-1, Talaromyces. Macrosporus KKU-
1NK8, Talaromyces trachyspermus EU23, Apiospora montagnei, Botryotrichum piluliferum and
a luminescent mushroom Neonothopanus nambi PW2 gave 122 isolated compounds, of which
26 were new compounds. The structures of these isolated compounds can be classified into
many groups, such as alkaloids, terpenoids, steroids, flavonoids, trichothecenes, xanthone,
oxaphenalenones, glycosides etc. Some of these compounds exhibited potent biological
activities in vitro, such as anti-malarial (Plasmodium falciparum), anti-TB (Mycobacterium
tuberculosis), antibacterial, inhibiting alpha-glucosidase related to diabetes, inhibiting
acetylcholine esterase associated with Alzheimer's disease and antioxidant activities, as well
as cytotoxicity toward various types of cancer cell lines. The second part was the research
and development of selected fungi in the genus Chaetomium, which contained active
compounds inhibiting plant photogenic fungi, causing root rot in durian, grapefruit, rice blast
vegetables such as tomatoes and peppers. Nano products were developed to increase
efficiency and ease of use. The petty patent for the Chaetomium nanoproduct is under
preparation for submission.

Finally, this project created a network including researchers with good potential to
serve the universities under the project and research society, consisting of 8 young
researchers, 10 PhD, 4 MSc and 15 BSc students. The research results have been published
as 22 articles, 1 article under review and 2 manuscripts in preparation. It was found that the
research can be performed better with a policy in each university to support the research

environment in their institutions.

Keywords: Chemical constituents, Bioactive compounds, Chaetomium, Nanoproducts
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PART I: Investigation on Bioactive Compounds from Isan Plants and Thai Fungi

There are 10 researchers under 10 projects of over all 24 subprojects.

Project 1: Investigate on Six Fungi : Myrothecium roridum, Neosatorya hiralsukae,
Neosatorya pseudofisheri, Chaetomium globosum 7s-1, Talaromyces macrosporus
KKU-1NK8 and Talaromyces trachyspermus EU23 and Four Plants: Rhodamnia

duetorum, Uvaria cherrevensis, Asparagus racemosus and Croton poomae Esser
Researcher: Somdej Kanokmedhakul (Project Leader)

Project 1A: Investigate on the Fungus Myrothecium roridum
1) Keywords
Myrothecium roridum, macrocyclic trichothecenes, cytotoxicity
2) Objective
To investigate the chemical constituents and their bioactivity of the fungus
Myrothecium roridum
3) Introduction

Myrothecium roridum is a plant pathogenic fungus causing various plant diseases
such as leaf spot, stem canker, and fruit rot with a wide host range. It was worldwide
distribution including, agronomic crop, fruit plants and ornamental plants such as tomato,
potato, cucurbits, watermelon, cherry, corn, dumb cane, and aglaonema."™” Previous
investigations of secondary metabolites from M. roridum have presented in the isolation of

compounds, most of which are macrocyclic trichothecene mycotoxins, for example roridin A,



812 The trichothecene

verrucarin A, myrothecine A, 2',3'-epoxymyrothecine A, and myrotoxin A.
mycotoxins have also been isolated from various fungi, including species of Fusarium,
Cylindrocarpon, Phomopsis, Stachybotrys, Trichothecium, and Ven‘icimonosporium13 as well
as endophytic fungi including, Baccharis coridifolia and Baccharis artemisioides."
Trichothecenes are classifiled as a sesquiterpenoid derivartive, containing trichothecene ring
system characterized by a common tetracyclic 12,13-epoxy-trichothec-9-ene skeleton (EPT),
which distributed into four types (A-D). Type A trichothecenes consist of a hydroxyl group or
an ester function or even no oxygen substitution at C-8. Type B trichothecenes have a keto
functional group at C-8. Type C trichothecenes have an epoxide at C-7/C-8, whereas
trichothecenes D have a cyclic diester or triester ring linking at C-4 and C-15 which
considered to be some of the most toxic trichothecenes. Type A trichothecenes commonly
more toxic than Type B trichothecenes. Their toxicity increases when an increasing

15-17

oxygenation of EPT. Trichothecene mycotoxins displayed a wide range of bioactivities
such as antifungal, antimalarial, cytotoxic and tyrosinase inhibitory. However, these
compounds are highly toxic to human and animals, which show an extremely potent inhibitors
of protein translation in eukaryotic cell.”® Contact to these toxins can cause immunological
problems, feed refusal, vomiting, hemorrhagic lesions, skin dermatitis and high dose of the
mycotoxin can cause shock-like death.” Our continuing search for bioactive constituents
from fungi, the EtOAc and MeOH extracts of the culture biomass of M. roridum displayed
antimalarial activity toward Plasmodium falciparum with 1C5, values of 0.025 and 0.0034
ug/mL, respectively, and presented strong cytotoxicity against KB cell line with 89.4% and
91.1% inhibition, respectively, at a concentration of 50 ug/mL. Moreover, the MeOH extract
showed cytotoxicity toward NCI-H187 cell line with 99.3% inhibition. The EtOAc extract also
showed cytotoxicity toward Vero cell line with 1C5, value of 0.045 ug/mL. We present herein
the isolation, structural elucidation, and bioactivity of eight trichothecenes from the biomass of
M. roridum.

4) Result and Discussion

The crude extract of dried fungal biomass of M. roridum was fractionated by flash
column chromatography on silica gel and preparative TLC to give two new macrocyclic
trichothecene, 6',12-epoxymyrotoxin A (1A.1), 7’-hydroxymytoxin B (1A.2), six known
macrocyclic trichothecene (1A.3-1A.8) and ergosterol. The structures of these known
compounds were identified by physical and spectroscopic data measurements (IR, 1D and 2D
NMR) and MS and by comparing the data obtained with published values, as myrotoxin B
(1A.3), myrotoxin D hydrate (1A.4), 2',3'-epoxymyrothecine A (1A.5), miotoxin A (1A.6),

roridin L-2 (1A.7), and trichoverritone (1A.8) as shown in Figure 1A.1.
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Compound 1A.1 was obtained as colorless solid and its molecular formula,
C,H3,0,, was determined from the HRESITOFMS (observed m/z 523.1960 [M + Na]’),
indicating 12 degrees of unsaturation. The IR spectrum of 1A.1 showed characteristics of
carbonyl lactone (1754 cm™') and conjugated carbonyl lactone (1718 cm™') groups. The UV
spectrum showed absorption maxima at 242 nm indicative of a conjugated carbonyl group.
The 'H and ®C-NMR spectroscopic data of 1A.1 were similar to those of myrotoxin A
hydrate, except for the appearance of an epoxide at C-6/C-12" [, 3.05/75.6 (H-12') and &,
97.5 (C-67)] in 1A.1. The COSY and HMBC data supported the NMR assignments. The
HMBC correlations of H-15 to C-1"; H-2" to C-1", C-3’, and C-12’; H-4" to C-2', C-3', and C-12/;
H-12" to C-2', C-3, C-4', and C-6; H-5 to C-3', C-4', and C-6’; H-8 to C-6, C-7', and C-9’; H-
10" to C-11'; and H-4 to C-11" confirmed the linkage between C-4 and C-15 of the macrocyclic
ring. A first set of NOESY correlations between H-2 and H-3b, H-2, and H-13a and between
H-13b and H-14 indicated that these protons are -orientated, whereas correlations between
H-3a and H-4, H-4 and H-15b, and H-11 and H-15a confirmed their a-orientation. This
suggested the relative configuration of the EPT moiety to be 2R,4R,5S,6R,11R,12S, the same
as that reported in literature. Moreover, a second set of NOESY correlations within the
macrocyclic ring between H-2" and H-12', H-12" and H-7'b indicated that these protons were
located on the same side. The configuration of 1A.1 was further confirmed by the
comparison of its experimental and calculated ECD spectra. The calculation for two possible
configurations at C-6" and C-12" of 1A.1, 1Aa.1 (2R,4R,5S,6R,11R,12S,2'S,3'R,6'R,12'R) and
1Ab.1 (2R,4R,5S5,6R,11R,125,2'S,3'R,6'S,12'S) were performed using Gaussian 09 with TD-
CAM-B3LYP/6-311++G**//B3LYP/6-31G*. The solvent effect was included using the
Polarizable Continuum Model (PCM) for calculations in methanol. The calculated ECD
spectrum of 1Aa.1 exhibited a Cotton effect at A, 225 nm (AE +36.8), which agreed well
with the experimental ECD spectrum of 1A.1. Thus, the absolute configuration of 1A.1 was
elucidated to be 2R4R,5S,6R,11R,12S5,2'S,3'R,6'R,12'R. Compound 1A.1 is a new
macrocyclic tricothecene, and was named 6°,12-epoxymyrotoxin A.

Compound 1A.2 was obtained as a white solid and its molecular formula, CygH350+0,
was determined from the HRESITOFMS (observed m/z 567.2208 [M + Na]’), indicating 12
degrees of unsaturation. The IR spectrum of 1A.2 showed characteristics of hydroxyl (3432
cm'1) and carbonyl (1710 cm'1) groups. The UV spectrum showed absorption maxima at 243
nm indicative of a conjugated carbonyl group. The C NMR and DEPT spectra of 1A.2 were
similar to those of mytoxin B except for the appearance of a hydroxyl group at C-7" by

showing 'H NMR signals at 6, 4.18 (dd, J = 11.9 Hz, H-7') ascribable to a hydroxymethine
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group. This was confirmed by correlations of an oxymethine proton H-7" to C-13"; H-8 to C-7,
C-9 and C-10"; H-9 to C-7’; H-12" to C-2, C-3', C-5, and C-7" and H-14" to C-6" and C-12" in
the HMBC spectrum. The relative stereochemistry was determined by a combination of
coupling constants and analysis of the NOESY spectrum, which was comparable to those of
mytoxin B. Thus, the structure of compound 1A.2 was determined as 7'-hydroxymytoxin B.
Trichothecene mycotoxins are secondary metabolites produced by various fungi that
colonize crop. Accordingly, the mycotoxins are highly toxic to humans and animals. However,
these compounds also show a broad spectrum of bioactivities including, cytotoxic, antifungal,
antimalarial, and tyrosinase inhibitory. The isolated compounds were tasted for antimalarial
against (Plasmodium falciparum), antituberculosis (Mycobacterium tuberculosis), vero cell
(African green monkey kidney cell line), and cytotoxicity toward NCI-H187, KB, and MCF-7
cancer cell lines. The results of bioactivity assays of the isolated compounds are shown in
Table 1A.1. Compounds 1A.1-1A.8 exhibited strong antimalarial activity against Plasmodium
falciparum with an ICs, values ranging from 0.57 nM to 3.07 uM and showed high cytotoxicity
against two cancer cell lines (KB and NCI-H187) with IC5, values ranging from 0.59 nM to
12.64 uM. Compounds 1A.1-1A.3 and 1A.6 showed strong antimalarial activity Plasmodium
falciparum with an 1C5, values of 0.58, 0.70, 0.57, and 0.68 nM, respectively, which are lower
than the control drug. Moreover, compounds 1A.1-1A.4 and 1A.6-1A.8 showed strong
cytotoxic against KB cells with 1C5, value of 0.60-497.88 nM. Compounds 1A.1-1A.4 and
1A.6 also exhibited strong cytotoxicity against the NCI-H187 cell line, with ICs, values in the
range of 0.79-112.28 nM. However, all compounds also displayed strong cytotoxicity against
Vero cells with ICg, values ranging from 1.50-30,990 nM (Table 1A.1). Comparison of the
structures among trichothecene mycotoxins 1A.1-1A.8 suggests that the existence of an
epoxide at C-12/C-13 and a macrocyclic ring in the skeleton played important roles in their
biological activities. Moreover, the new trichothecene 1A.1 which contained one more epoxide
ring at C-6/C-12° showed the strongest cytotoxicity towards both cancer NCI-H187 and
normal Vero cell lines. On the other hand, the absence of an epoxide ring at C-12/C-13 and a
double bond at C-9 in trichothecene 1A.5 led to a decrease in all activities tested. When
comparing the macrocyclic derivative 1A.6 with the two non-cyclic congeners 1A.7 and 1A.8,
compound 1A.6 was found to be more toxic than 1A.7 and 1A.8 with an opened ring. It
should be noted that most of the isolated trichothecenes, except 1A.5, were more toxic than
the standard drugs. Our data confirm by the way that contamination of agricultural and food

products by the fungus M. roridum must be strictly controlled.
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Figure 1A.1. Isolated compounds from the fungus Myrothecium roridum

Table 1A.1. Biological activity of compounds 1A.1-1A.8.

anti-malarial Cytotoxicity IC,, (nM)
Compound
IC,, (nM) KB*® NCI-H187° Vero cell°
1A1 0.58 nM 0.63 nM 0.79 nM 1.50 nM
1A.2 0.70 nM 2.81 nM 5.99 nM 5.75 nM
1A.3 0.57 nM 0.60 nM 20.60 nM  2.87 nM
1A.4 7.29 nM 48.77 nM 112.28 nM  46.51 nM
1A.5 3.07 UM 12.64 UM 1210 yM  30.99 UM
1A.6 0.68 nM 6.24 nM 3.94 nM 11.49 nM
1A.7 265.91 nM 49788 nM  731.73 nM  1.68 UM
1A.8 54.80 nM 77.84 nM 4.23 UM 212 um
Dihydroartemisinin 2.09 nM
Doxorubicin 0.68 UM 0.20 UM
Ellipticine 4.87 UM 12.50 UM 3.40 UM

®Human epidermoid carcinoma in the mouth. "Human small cell lung cancer.
°African green monkey kidney.
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Project 1B Investigate on Fungus Neosatorya hiratsukae
1) Keywords

Neosatorya, Neosatorya hiratsukae, cytotoxicity
2) Objective

To investigate secondary metabolizes and their cytotoxicity from the fungus
Neosatorya hiratsukae
3) Introduction

The fungus Neosartorya species are sexual states of the Aspergillus species, family
Trichocomaceae. They are distributed in soil worldwide [1]. This genus has been reported to
produce many types of bioactive compounds such as sartorymensin [2], eurochevalierine [3]
and fischerindoline [4], which display in vitro cytostatic effects in human U373 glioblastoma,
MCF-7 breast cancer and A549 non-small-cell-lung cancer cell lines. Glabramycin [5],
aszonapyrone [6], and sartorypyrone analogs [7] have been reported for their antibacterial
properties. Previously, we reported the isolation and biological activity of tatenoic acid from
Neosartorya tatenoi [8], meroterpenoid, spinosate analogs from N. spinosa [9], and
tryptoquivaline V and brasiliamide G from N. pseudofischeri [10]. In our continuing search for
bioactive compounds from fungi in the Neosartorya species, isolated from soil in Thailand
[11], the EtOAc extract from biomass of the fungus Neosartorya hiratsukae showed

antibacterial activity against Bacillus cereus ATCC 11778 with MIC 40 ug/mL.

4) Result and discussion

Chromatographic separation of n-hexane, EtOAc and MeOH extracts from biomass of
N. hiratsukae gave twenty compounds (1B.1- 1B.20), and four of them (1B.1-1B.4) were new
compounds. The structures of known compounds were identified by their physical properties
and spectroscopic analysis (1H and C NMR, and IR) as well as by comparison with the data
obtained from published values as being chevalones A-C (1B.5-1B.7) [12], chevalone E
(1B.8) [13], 11-hydroxychevalone C (1B.9) [9], sartorypyrone A (1B.10) [14], sartorypyrone D
(1B.11) [7], Ql-pyrone meroterpenoid pyripyropene A (1B.12) [15], isochaetominine C (1B.13)
[16], pyrrolobenzoxazine terpenoids, CJ-12662 (1B.14) and CJ-12663 (1B.15) [17],
eurochevalierine (1B.16) [12], 1,4-diacetyl-2,5-dibenzylpiperazine derivative (1B.17), 2,4-
dihydroxy-6-methylbenzoic acid (1B.18) [3], 1-methyl-4-quinolone (1B.19) [18] and diorcinol
(1B.20) [19] as shown in Figure 1B.1.

Compound 1B.1 had a molecular formula C,H3,0,, deduced from the 3C NMR and
HRESITOFMS (m/z 435.2516 [M+Na]’) data, revealing nine degrees of unsaturation. The UV

spectrum showed absorption maxima at 207, 230 and 286 nm. The IR spectrum showed the
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presence of a,B6-unsaturated ester (1727 cm'1) and alkene (1664 cm'1) groups. The 'H and
¥C NMR spectroscopic data of 1B.1 were similar to an isolated meroterpenoid, chevalone A
(1B.5) [12], except for the absence of a hydroxyl group at C-3 in the A ring, which was
replaced by a carbonyl group (6. 217.3 ). The HMBC spectrum presented correlations of
methylene proton H-1 to C-2, C-3, C-5, C-10 and C-18; H-5 to C-7, C-10 and C-20; H-9 to C-
5, C-10, C-18, C-8 and C-17, and H-17 to C-14, which confirmed the connectivity of A, B and
C rings. The cross-peaks of correlations of H-15 to C-13, C-14 and C-3' extended the
connectivity between the two fragments, C and E, through the D ring junction. From the
above evidence, compound 1B.1, chevalone G was determined as a new meroterpenoid.
Compound 1B.2 had the molecular formula C,3H,,05, deduced from the 3C NMR and
HRESITOFMS (m/z 479.2780 [M+Na]’) data, demonstrating nine degrees of unsaturation.
The UV spectrum showed absorption maxima at 207, 236 and 288 nm. The IR spectrum
showed the presence of hydroxyl (3380 cm™) and carbonyl (1702 and 1687 cm™) groups. The
'H and "®C NMR spectroscopic data of 1B.2 are close to the meroterpenoid, aszonapyrone A
[20], except for the disconnection at C-8 and C-14 on the C ring in 2, which was arranged to
form double bonds at C-7/C-8 and C-13/C-14. The NMR spectrum of 1B.2 showed two alkene
groups at O, 5.33/121.2 (H-7/C-7) and &6; 135.8 (C-8), and &, 5.17 (dd, J = 8.8, 4.3
Hz)/123.5 (H-14/C-14), and 6, 135.6 (C-13). The COSY spectrum exhibited a cross coupling
network between H-1/H-2/H-3, H-5/H-6/H-7, H-9/H-11/H-12, H-14/H-15 and H-5'/H-7' (allylic
coupling). The HMBC spectrum of 1B.2 displayed the correlations of the a-pyrone ring H-7' to
C-5'and C-6', H-5" to C-3', C-4', C-6' and C-7', and bicyclic rings A and B of H-1 to C-10; H-3
to C-4, C-19, C-20 and the carbonyl carbon (C-1"); H-5 to C-1, C-6, C-9 and C-18; H-6 to C-
8. While HMBC correlations of H-9 to C-7, C-8 and C-10, H-17 to C-7, C-8 and C-9, and H-11
to C-8, C-10 and C-13, H-12 to C-9, C-14 and C-16; H-16 to C-12 and C-14; H-14 to C-16;
and H-15 to C-2', C-4' and C-13 extended the connectivity between bicyclic A, B rings and the
a-pyrone ring. The relative configuration of 1B.2 was determined by coupling constant and
NOESY spectral data. The coupling constant of H-3 (9.6 Hz) and the correlations of 1,3-
diaxial between H-3 and H-5, and H-5 and H-9 in NOESY spectra indicated that these
protons were placed in the axial orientation. Furthermore, the configurations of two double
bonds at C7/C-8 and C-13/C14 were assigned to be Z and E by the NOESY correlations
between H-7 and H3-17, and H3-16 and H-15, respectively. From the above evidence,
compound 1B.2 was determined as a new meroterpenoid, and has been named
aszonapyrone C. This is the first isolation of a new type of meroterpenoid pyrone and its
structure could support it as an intermediate in the previously proposed biosynthetic pathway

for meroterpenoid pyrones [12,14].
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Figure 1B.1. Isolated compounds from the fungus Neosatorya hiratsukae.
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1B.4a 1B.4b

Figure 1B.2. The key NOESY correlations of major (1B.4a), minor (1B.4b) and their energy-

minimized rotamer structures using MM2

Compound 1B.3 had the molecular formula CyH3,CIN,Og, deduced from the*C NMR,
and HRESITOFMS (m/z 567.2235 [M+Na]+ and m/z 569.2210 [M+2+Na]+) data, indicating
twelve degrees of unsaturation. The UV spectrum showed absorption maxima at 212, 256
and 307 nm. The IR spectrum showed the presence of hydroxyl (3403 cm'1), ester carbonyl
(1743 cm'1), and aromatic (1643 cm'1) groups. The 'H and C NMR spectral data of 3 were
similar to a known pyrroloindole terpenoid, fischerindoline [4], except that an aromatic proton
at C-7 was replaced by a chloride atom (6. 133.2). The 'H NMR spectrum showed
resonances of aromatic protons at 6 7.03 (1H, d, J = 7.2 Hz, H-4), 6.65 (1H, dd, J = 7.2, 8.0
Hz, H-5), and 7.10 (1H, d, J = 8.0 Hz, H-6), indicating the presence of a 1,2,3-trisubstituted
aromatic ring, as found in the isolated pyrrolobenzoxazine CJ-12662 (1B.14). The HMBC
spectrum presented correlations of H-4 to C-6 and C-3a; H-5 to C-7 and C-3b; H-6 to C-4
and C-7a; H-9 to C-7a and C-8a; H-8a to C-3a, C-2, and C-9; H-2 to C-3, C-3a, and C-8a;
and H-3 to C-3a, C-2, and C-10 to complete the assignment of the alkaloid moiety and its
substituents. Thus, compound 1B.3 was determined as a new pyrroloindole terpenoid, and
has been named 7-chlorofischerindoline.

The molecular formula of compound 1B.4, C,H,N,O,, was derived from the c

NMR and HRESITOFMS (m/z 461.1683 [M+Na]’) data, demonstrating thirteen indices of
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hydrogen deficiency. The UV spectrum showed absorption maxima at 208, 249 and 257 nm.
The IR spectrum showed the presence of hydroxyl (3266 cm'1) and amide carbonyl (1638 cm’
1) groups. The 'H and "*C NMR spectra of 1B.4 showed two sets of resonances signals for
two conformers, 1B.4a and 1B.4b, with the protons integration ratio of 4:1. Analysis of the 'H
and "C NMR spectral data of the major conformer, 1B.4a, indicated a structure related to
brasiliamide B [21] and brasiliamide G [10], which contain three parts including a benzyl, a 3-
methoxy-4,5-methylenedioxyphenyl and a piperazine moiety. However, the structure of 1B.4
was different from those brasiliamide analogs by having a diazabicyclo[2.2.1]heptane unit with
C-2 and C-5 of the piperazine ring linked at a benzylic carbon C-7". The resonance signals of
two benzylic protons in the structure appeared at &, 5.54 (s, H-7')/70.3 and 2.66 (s, H-
7")/55.0. The HMBC exhibited correlations of a methine proton H-5 to C-2 and C-7", and
methylene protons H-3 to C-7" and H-7" to C-2", C-6 confirmed the connectivity of a bicyclic
structure. The conformational change of acetamides at N-1 and N-4 generated two
conformers 1B.4a and 1B.4b, as reported in the literature [10], which were observed. The
difference of NMR signals between 1B.4a and 1B.4b conformers caused by the rotation of
the acetyl group of the N-4 amide, which affected the chemical shift values of H-3, H-5 and
H-7". The major conformer 1B.4a was observed from NOESY correlations between H-10 and
H-3a, H-8 and H-6a, H-5 and H-6a, and H-7" and H-7", H-2' (Figure 1B.2), together with the
chemical shifts of protons and carbons at positions H/C-5 (8,,c 4.60/58.8) and H/C-7" (&yc
2.66/55.0) [21,22]. The NOESY correlations between H-10 and H-5 supported the minor
conformer 1B.4b. In addition, the resonance signals of protons and carbons of H/C-3 (&yc
3.97/53.5), HIC-5 (6 4.08/61.8) and H/C-7" (&,c 2.73/56.2) were shielded compared to the
corresponding protons of the major conformer 1B.4a [3,10,21,22]. From the above evidence,
compound 1B.4 was determined as a new brasiliamide with a bicyclic structure and has been

named brasiliamide H.

The results of biological activity evaluation of the new compounds 1B.1-1B.4 found
that they showed weak antibacterial activity against Bacillus cereus, Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginsa and Salmonella enterica serovar typhimurium (Table
1B.1). Compound 1B.3 exhibited weak cytotoxicity towards HelLa, KB, MCF-7, HepG2, HT-29

and Vero cell lines, with ICs, values ranging from 45.0 - 63.26 yg/mL (Table 1B.2).

Chevalone G (1B.1). white solid; R; = 0.74 (MeOH-CH,Cl,;1:19); mp 145-147 °C;
[alp® -50.9 (¢ 0.05, CHCI,); CD (c 0.24 mM, MeOH) nm 203 (+17.4), 211 (-90.7), 277 (-3.9)
UV (MeOH) A, (log €) 207 (4.12), 230 (3.13), 286 (3.64) nm; IR (ATR) V.., 1727, 1664,
1584, 1244 cm™'; HRESITOFMS m/z 435.2516 [M + Na]" (calcd for CpqH450, + Na, 435.2511).
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Aszonapyrone C (1B.2). yellow solid; R; = 0.50 (MeOH-CH,Cl,; 1:19); mp 118-120 °C;
[a],° -6.6 (c 0.1, CHCI,); CD (c 0.22 mM, MeOH) nm 206 (-17.2), 215 (-7.8), 293 (-1.1); UV
(MeOH) A, (log €) 207 (4.10), 236 (3.59), 288 (3.64) nm; IR (ATR) V. 3380, 2934, 1702,
1687, 1581, 1447, 1378, 1232, 1020 cm™; HRESITOFMS m/z 479.2780 [M+Na]" (calcd for
CusH4O5 + Na, 479.2773).

7-Chlorofischerindoline (1B.3). white solid; R; = 0.65 (MeOH-CH,Cl,; 1:19); mp 124-
126 °C; [0 -69.5 (c 0.1, CHCI,); CD (c 57.05 uM, MeOH) nm 221 (-1.9), 252 (+3.2), 307
(-1.5); UV (MeOH) Ao (log €) 212 (4.4), 256 (3.9), 307 (3.4) nm; IR (ATR) Ve 3403, 3082,
2966, 2932, 2862, 1743, 1643, 1570, 1439, 1373, 1233, 1179, 1019, 754 cm™; 'H NMR
(CDCl,, 400 MHz) 6 7.10 (1H, d, J = 8.0 Hz, H-6), 7.03 (1H, d, J = 7.2 Hz, H-4), 6.65 (1H, dd,
J=7.2, 8.0 Hz, H-5), 5.41 (1H, brs, H-4"), 5.29 (1H, brs, H-1"), 5.08 (1H, brs, H-2'), 4.98 (1H,
brs, H-14'), 4.78 (1H, brs, H-8a), 4.73 (1H, brs, H-14"), 4.00 (1H, dd, J = 7.8, 2.0 Hz, H-2),
3.20 (1H, s, H-9), 2.72 (1H, brs, H-4'a), 2.63 (1H, d, J = 13.5 Hz, H-30a), 2.47 (1H, brd, J =
12.4 Hz, H-5"), 2.26 (1H, dd, J = 13.5, 7.8 Hz, H-36), 2.09 (3H, s, H-10"), 1.95 (1H, m, H-
8",1.83 (3H, brs, H-15'), 1.64 (3H, s, H-11'), 1.53 (1H, brd, J = 12.0 Hz, H-6"), 1.50 (1H, m, H-
7', 1.44 (1H, m, H-7"), 1.31 (1H, m, H-6"), 0.74 (3H, d, J = 6.7 Hz, H-12"); *C NMR (100
MHz) 6 173.6 (C-10), 170.0 (C-9"), 146.7 (C-13"), 145.0 (C-7a), 133.2 (C-7), 131.9 (C-6),
129.5 (C-3'), 127.4 (C-4"), 121.4 (C-4), 119.5 (C-5), 115.2 (C-3b), 111.2 (C-14'), 93.8 (C-8a),
86.0 (C-3a), 74.3 (C-1'), 73.5 (C-8'a), 72.7 (C-2'), 60.3 (C-2), 42.3 (C-30), 40.8 (C-5"), 39.0
(C-4'a), 35.9 (C-9), 30.5 (C-8'), 30.2 (C-7'), 25.7 (C-6"), 22.3 (C-15"), 20.8 (C-10"), 19.7 (C-11"),
14.6 (C-12'); HRESITOFMS m/z 567.2235 [M + Na]" and 569.2210 [M+2+Na]" (calcd for
C,oH37°CIN,Og + Na, 567.2238 and CyoH,;° CIN,Og + Na, 569.2209).

Brasiliamide H (1B.4). Yellow solid; R; = 0.48 (MeOH-CH,Cl,; 1:19); mp 128-130 °C;
[a],° -45.4 (c 0.1, CHCI,); CD (c 36.75 uM, MeOH) nm 228 (+4.4), 255 (+0.5), 277 (+0.8);
UV (MeOH) A, (log €) 208 (4.71), 249 (3.94), 275 (3.97) nm; IR (ATR) V. 3266, 2928,
1638, 1541, 1428, 1369, 1321, 1239, 1188, 1091, 1038, 699 cm™”; HRESITOFMS m/z
461.1683 [M+Na]+ (calcd for C,4HxN,Og + Na, 461.1689).
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Table 1B.1 Antibacterial activity of compounds 1B.1-1B.4.

Antibacterial activity (MIC, ug/mL)

Compound
Gram-positive Gram-negative

B. cereus® S. aureus® E. coli® P. aeruginosa® S. typhimurium®
1B.1 128 128 >128 128 >128
1B.2 >128 >128 >128 128 >128
1B.3 >128 >128 >128 128 >128
1B.4 64 128 128 128 >128
Vancomyci 1.0 1.0 - - -
Gentamyci - - 2.0 0.5 0.5

@Bacillus cereus ATCC 11778

®Staph ylo

coccus aureus ATCC 25923

°Escherichia coli ATCC 25922

‘Pseudomonas aeruginosa ATCC 27853

®Salmonella enterica serovar Typhimurium ATCC 13311

Table 1B.2 Cytotoxicity of new compounds 1B.1-1B.4.

Compound Cytotoxicity IC, (uM)
HeLa® KB® MCF-7° HepG2® HT-29°  Vero cells’
1B.2 94.44+5.52 >100 >100 >100 >100 >100
1B.3 48.33+2.02 50.54+5.87 56.42+2.13  45.0+4.82 57.5+5.74 63.26+6.57
1B.4 >100 >100 >100 >100 >100 >100
Adriamycin  0.02+0.005 2.44+0.35 1.11+£0.28 0.37£0.17 0.3520.06 1.51+0.18
Etoposide 0.47+0.10 - - - - 44.79+1.95

“Human cervical carcinoma

’Human epidermoid carcinoma in the mouth

°Human breast adenocarcinoma

“HepG2 Human hepatocellular carcinoma

°HT-29 colecta

| adenocarcinoma

'African green monkey kidney
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Project 1C: Investigate on the Fungus Neosatorya pseudofischeri
1) Keyword:

Neosatorya, Neosatorya pseudofischeri, cytotoxicity

2) Objective:

To investigate secondary metabolizes and their cytotoxicity from the fungus
Neosatorya pseudofischeri
3) Introduction

The genus Neosartorya (Trichomaceae) is a source of bioactive secondary
metabolites such as sesquiterpene alkaloids, sartorymensin analogs and meroterpenoids.
These compounds show cytotoxicity against human U373 glioblastoma, MCF-7 breast cancer,
and A549 non-small-cell-lung cancer cell lines [1-3]. The fungus Neosartorya pseudofischeri
has been found in both marine and terrestrial sources, for example sea star (Acanthaster
planci) [4-5] and soil [1, 6]. Various bioactive compounds have been reported from N.
pseudofischeri such as pyripyropenes A, 1,4-diacetyl-2,5-dibenzylpiperazine-3,7"-oxide,
pseudofischerine [1] neosartin analogs, bis-N-norgliovictin [4], trichodermamide A and indolyl-
3-acetic acid methyl ester [5]. In our search for bioactive compounds from soil fungi isolated
in Thailand, we have found that the n-hexane extract from biomass of the fungus N.
pseudofischeri shows anti-mycobacterial activity against Mycobacterium tuberculosis, with

50% inhibition at a concentration of 50 pg/mL.
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4) Result and discussion

Chromatographic separation of n-hexane, EtOAc and MeOH extracts from the
fungal biomass of N. pseudofischeri gave seventeen compounds. Their structures were
identified by spectroscopic data (UV, IR, 'H and "°C NMR), as well as by comparison to
published data, as two new meroditerpene pyrones (1C.1 and 1C.2), a new tryptoquivaline
analog (1C.3) and a new brasiliamide analog (1C.4)), as well as thirteen known compounds,
chevalones A-C (1C.5-1C.7) [13], chevalone E (1C.8) [14], 11-hydroxychevalone C (1C.9)
[15], pyripyropene A (1C.10) [4], isochaetominine C (1C.11) [16], pyrrolobenzoxazine
terpenoids CJ-12662 (1C.12) and CJ-12663 (1C.13) [17], fischerindoline (1C.14) [18],
eurochevalierine (1C.15) [13], 1,4-diacetyl-2,5-dibenzylpiperazine-3,7"-oxide ( 1C.16), and
lecanorin (1C.17) [1] as shown in Figure 1C.1.

Compound 1C.1 had the molecular formula C,H304, deduced from the
HRESITOFMS (m/z 435.2557 [M+Na]+), indicating nine degrees of unsaturation. The UV
spectrum showed absorption maxima at 226, 245, and 259 nm. The IR spectrum showed the
presence of ketone (1697 cm™), aS-unsaturated ketone (1665 cm'1), and alkene (1613 and
1585 cm™) functionalities. Analysis of 'H and *C NMR as well as 2D-NMR (COSY, HMBC
and NOESY) spectroscopic data indicated that the main skeleton of 1C.1 was the same as
the isolated meroditerpene pyrone, chevalone C (1C.8), which was reported from Eurotium
chevalieri [13]. However, the hydroxyl group at C-3 of 8 was replaced by a carbonyl group
(6¢-3 217.3) in 1C.1. The HMBC spectrum showed the correlations of methylene protons, H-1
to C-3 and C-5; and H-5 to C-3 confirmed the position of a carbonyl group at C-3 in 1C.1.
Based on the above analysis, compound 1C.1 was determined as a new meroditerpene
pyrone and has been named chevalone F.

Compound 1C.2 had the molecular formula Cy,sH;305, deduced from the
HRESITOFMS (m/z 453.2622 [M+Na]’), indicating eight degrees of unsaturation. The UV
spectrum showed absorption maxima at 203, 232, and 260 nm. The IR spectrum showed the
presence of hydroxyl (3408 cm™), a,SB-unsaturated ketone (1665 cm”), and alkene (1577
cm™) groups. The 'H and "*C NMR spectroscopic data are similar to those of a known isolate
11-hydroxychevalone C (1C.9), which was been reported from Neosartorya spinosa [15],
except for an acetyl group at C-3 in 1C.9 which was replaced by a hydroxyl group (6, 3.06,
dd/ 78.5) in 1C.2. The COSY spectrum exhibited a cross coupling network between H-1/H-
2/H-3 and H-9/H-11/H-12, as well as the HMBC spectrum displaying correlations of H-19, H-
20 to C-3 and H-12 to C-11, supporting the positions of these two hydroxy groups at C-3 and

C-11. Base on NOESY correlations and the coupling constants of these protons, the relative
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configuration of 1C.2 was defined to be the same as that of 1C.9. Thus, 1C.2 was assigned
as a new meroditerpene pyrone and it has been named 11-hydroxychevalone E.

Compound 1C.3 had the molecular formula C,,H,,N,O,, deduced from the
HRESITOFMS (m/z 453.1572 [M+Na]’), indicating sixteen degrees of unsaturation. The UV
spectrum showed absorption maxima at 209, 225, 255, and 301 nm. The IR spectrum
showed the absorption bands of ester (1725 cm'1), amide (1671 cm'1), and alkene (1606 cm'1)
groups. The C NMR and DEPT spectra showed 24 carbon signals, attributable to two
methyl, one methylene, thirteen methine (including eight aromatic carbons), four aliphatic and
one olefinic, together with eight quaternary (four aromatic, three carbonyl and one aliphatic)
carbons. The 'H NMR spectrum showed resonances of two doublets of methyl groups at &
1.12 (d, J = 7.4 Hz, H3-28) and 1.10 (d, J = 7.4 Hz, H3-29), methylene protons at § 2.68 (dd,
J=10.8, 11.4 Hz, H-13b) and 3.21, (dd, J = 9.8, 10.8 Hz, H-13a), four methine protons at &
5.76 (s, H-2), 5.04 (dd, J = 9.8, 11.4 Hz, H-12), 3.85 (d, J = 3.9 Hz, H-15), and 2.23 (m, H-
27), eight aromatic protons at 6 7.78 (d, J = 7.8 Hz, H-5), 7.28 (t, J = 7.8 Hz, H-6), 7.41 (t, J
= 7.8 Hz, H-7), 7.52 (d, J = 7.8 Hz, H-8), 8.31 (d, J = 8.0 Hz, H-20), 7.55 (t, J = 8.0 Hz, H-
21), 7.81 (t, J = 8.0 Hz, H-22), and 7.75 (d, J = 8.0 Hz, H-23) and an olefinic proton at 6 8.11
(s, H-26). Analysis of COSY and HMBC spectroscopic data suggested that 1C.3 has the
same core structure as the tryptoquivaline U, which has previously been isolated from
Neosartorya takakii [19]. However, there was a difference at the C-15 position, where a gem
dimethyl group of tryptoquivaline U is replaced by an isopropyl group in 1C.3. The COSY
correlations between H-2/H-15/H-27/H-28/H-29, and the HMBC correlations of H-15 to C-14,
C-28, and C-29; and H-28 and H-29 to C-15 confirmed the substituent of an isopropy! unit in
the molecule. The relative configuration of 1C.3 was determined by NOESY correlations
between H-28 and H-2, H-27 and H-15, H-13b and H-5, H-13a and H-12, and H-12 and H-26,
suggesting each proton pairs were on the same phase (Figure 1C.2). The NOE-difference
data also supported the same direction of H-12 and H-13a. Moreover, there was no
correlation between H-2 and H-13 in NOESY, which was different from the corresponding
position in tryptoquivaline U. In addition, the optical rotation of 1C.3 ([(]]D28 +184.6 (c 0.1,
CHCI,)) showed significant difference from tryptoquivaline U ([(]]D28 -196 (c 0.1, CHCI,)) [19],
indicating a different configuration between them. Since the absolute configuration at C-3 of
tryptoquivaline U was assigned as 3S, the configuration at C-3 in 1C.3 should be 3R.
Therefore, the relative configuration of 1C.3 was assigned as 2R, 3R, 12R and 15S. Based
on above evidence, 1C.3 is a new tryptoquivaline analog, and it has been named

tryptoquivaline V.
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Compound 1C.4 had the molecular formula C,HyN,O5 deduced from the
HRESITOFMS (m/z 445.1749 [M+Na]’), indicating thirteen degrees of unsaturation. The UV
spectrum showed absorption maxima at 205, 230, and 285 nm. The IR spectrum indicated
the presence of amide (1627 cm™), and ether (1136 and 1037 cm™) functionalities. The 'H
NMR, C NMR, COSY and HMBC spectroscopic data indicated the presence of three partial
structures, including a benzyl moiety, a 3-methoxy-4,5-methylenedioxyphenyl unit, and a
piperazine ring. The COSY and HMBC spectroscopic data indicated that a benzyl unit and a
3-methoxy-4,5-methylenedioxyphenyl unit were linked through the piperazine ring at C-5 and
C-2, respectively. As a result, the core structure of 1C.4 was the same as a brasiliamide B,
which has previously been isolated from Penicillium brasilianum [20]. However, the double
bond in the piperazine ring C-2/C-3 (6. 121.4, 6, 6.16/112.8) of brasiliamide B was
isomerized to C-2/C-7' (6. 128.2, 6, 6.35/126.5) in 4. Moreover, the HMBC spectrum
confirmed the structure of 4 by showing the correlations of olefinic proton H-7' to C-1' of the
methylenedioxyphenyl unit, aromatic protons H-2' and H-6' to C-7', and methylene proton H-3
to carbonyl carbon C-9. According to the literature, the NMR spectra of brasiliamide analogs
show a mixture of resonances of their conformers for the piperazine unit and the protons
nearby due to the rotational arrangement of carbonyl groups of both acetamides [1, 20, 21]. A
similar observation was found for the brasiliamide derivative 1C.4, by showing a mixture of
resonances for a major 4a and a minor 1C.4b conformers (Figure 1C.3) in the ratio of 3:1.
The different NMR signals between 1C.4a and 1C.4b conformers was caused by the rotation
of the acetyl group of the N-4 amide, which affects H-3, H-5, H-10 and H-7". In addition, the
NOESY spectrum showed correlations between H-5 and H-10, H-3a, H-6a; H-3a,3 and H-2';
and H-8 and H-7', which supports that the carbonyl acetamides at N-1 and N-4 of 1C.4a are
arranged to C-6 and C-3 directions, respectively (Figure 1C.3). From the above evidence, the
structure of 1C.4 was determined to be a new (2E)-1,4-diacetyl-5-benzyl-2-(3-methoxy-4,5-
methylenedioxybenzylidene) piperazine and has been named brasiliamide G.

The new compounds 1C.1-1C.4 did not display anti-malarial and anti-TB activities,
and were non-cytotoxic toward KB, MCF-7, and Vero cell lines. Since compounds 1C.7,
1C.12, and 1C.15 have previously been reported to have anti-mycobacterial activity against
M. tuberculosis [13], these compounds should be responsible for the anti-TB activity of the n-
hexane extract in our screening test. Compound 1C.13 showed weak cytotoxicity against KB
and MCF-7 cell lines with IC5 values of 36.11 and 28.31 ug/mL, respectively, while
compound 1C.14 exhibited weak cytotoxicity against the KB cell line, with an IC5, value of
35.23 pg/mL. Moreover, compounds 1C.13 and 1C.14 displayed weak cytotoxicity towards
Vero cells, with IC4, values of 30.89 and 21.24 ug/mL, respectively. Compound 1C.2 showed
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weak antibacterial activity against E. coli and S. typhimurium, both with MIC 128 pug/mL.
Compounds 1C.7, 1C.12, 1C.13 and 1C.15 showed anti-bacterial activity against B. cereus
with MIC values of 8, 64, 16, and 16 ug/mL, respectively, and they also exhibited activity
against S. aureus with MIC values of 16, 128, 64, and 64 ug/mL, respectively (Table 1C.1).

Figure 1C.2. The key NOESY correlations («— ) and NOE-difference (« > ) data of 1C.3.

Table 1C.1 Antibacterial activity of compounds 1C.1-1C.17.

Antibacterial activity (MIC, ug/mL)

Compound Gram-positive Gram-negative
B. cereus® _S. aureus® E. coli® __P. aeruginosa’ _S. typhimurium’

1CA1 >128 >128 >128 >128 >128
1C.2 >128 >128 128 >128 128
1C.3 >128 >128 >128 >128 >128
1C.4 >128 >128 >128 >128 >128
1C.5 >128 >128 >128 >128 >128
1C.6 128 >128 >128 >128 >128
1C.7 8 16 >128 >128 >128
1C.8 >128 >128 >128 >128 >128
1C.9 >128 >128 >128 >128 >128
1C.10 >128 >128 128 >128 >128
1C.11 >128 >128 128 >128 >128
1C.12 64 128 >128 >128 >128
1C.13 16 64 >128 >128 >128
1C.14 128 >128 >128 >128 >128
1C.15 16 64 >128 >128 >128
1C.16 >128 >128 128 >128 >128
1C.17 128 >128 128 >128 >128

Vancomycin 1.0 1.0 - - -

Gentamycin - - 20 0.5 0.5

#Bacillus cereus ATCC 11778 ®Staphylococcus aureus ATCC 25923 °Escherichia coli ATCC 25922
4Pseudomonas aeruginosa ATCC 27853 ®Salmonella enterica serovar Typhimurium ATCC 13311
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Figure 1C.1. Isolated compounds from the fungus Neosatorya pseudofischeri.
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1C.4a

//\m s

1C.4b

Figure 1C.3. The major (1C.4a), minor (1C.4b) rotamers and the key NOESY correlations.
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Project 1D: Investigate on the Fungus Chaetomium globosum 7s-1
1) Keywords

Chaetomium globosum, endophytic fungus, antimalarial, antibacterial, cytotoxicity,
mytotoxin
2) Objective

To investigate the chemical constituents and their bioactivity from endophytic fungus
Chaetomium globosum 7s-1
3) Introduction

Chaetomium globosum belongs to the Chaetomiaceae family.! It was isolated from

water-damaged building materials,” animals,’ soil,* and plants.>® C. globosum is well-known to

produce a variety of structural secondary metabolites, including of anthraquinones,”®

3,10 11-13

azaphilones,*®  azaphilone  alkaloids, cytochalasan  alkaloids, depsidones,"

15,16

epipolythiodioxopiperazines, indole alkaloids, steroids,"” xanthones,? and

xanthoquinodins.7 Most of them exhibited a wide range of biological activities such as

3,12 11,14

antibacterial, antifungal,15 anti-HIV,"® and cytotoxic activities. It was also reported its
ability to degrade cell walls of fungal pathogens, an oomycete (Pythium u/l‘imum),19 and inhibit
the growth and reproduction of Myzus persicae.20 Interestingly, derivatives of
epipolythiodioxopiperazine toxins have therapeutic potential and roles in disease.”"# As part
of our search for bioactive compounds from endophytic fungi, an EtOAc and MeOH extracts
of C. globosum exhibited antibacterial activity against Gram positive and Gram negative
bacteria at concentration 1 mg/mL. Moreover, they also showed cytotoxicity toward the KB

cell line with 1C5, values of 0.69 and 10.75 ug/mL, respectively.

4) Result and Discussion

Chromatographic separation of EtOAc and MeOH extracts of C. globosum gave one
new xanthoquinodin B6 (1D.1), along with nine known compounds, xanthoquinodin A1
(1D.2),”® xanthoquinodin A3 (1D.3),® chetomin (1D.4),”® chaetocochin C (1D.5),** dethio-
tetra(methylthio)chetomin (1D.6),%° chrysophanol (1D.7),%° emodin (1D.8),% alatinone (1D.9),%
and ergosterol (1D.10)*° (Figure 1D.1).

Compound 1D.1 had the molecular formula C3H,,0,4, deduced from the 3C NMR
and HRESITOFMS (m/z 573.1390 [M + H]") data, implying 20 indices of hydrogen deficiency.
The UV spectrum exhibited absorption maximum at 236, 273, and 360 nm, which were similar
to that of xanthoquinodin type B.” The IR absorption indicated the presences of hydroxyl
(3366), carbonyl (1718), and aromatic (1594) groups. The C NMR and DEPT spectra of
1D.1 showed 31 carbon signals which attributed to a methoxyl (6; 52.9) and a methyl (&¢
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21.7) carbons, three sp3 methylenes (&¢ 41.8, 36.0, and 26.0), two sp3 methines (&¢ 74.3 and
46.0), two sp3 quaternary carbons (6. 87.6 and 53.3), five sp2 methines (6. 133.4, 133.1,
124.6, 119.9, and 113.5), and 15 sp2 quaternary carbons [including three «,[3-conjugated
keto carbonyls (6. 200.2, 199.2, and 191.4) and an ester carbonyl (6. 174.9)]. The 'H and
3C NMR spectral data of 1D.1 agreed well with those of xanthoquinodin B1.”° This data
revealed signals of cis vinyl protons at &, 6.55 (1H, d, J = 8.3 Hz, H-13") and 6.34 (1H, dd, J
= 8.3, 7.0 Hz, H-12") which coupled to H-11" at 6, 4.63 (1H, d, J = 7.0 Hz). The three signals
of aromatic protons appeared at &, 5.57 (1H, s), corresponded to a pentasubstituted aromatic
H-11, while 6, 7.39 (1H, s) and 6.98 (1H, s) corresponded to meta-coupling with H-3' and H-
5', respectively. An oxymethine group at C-3 appeared at 6, 4.22 (1H, dd, J = 12.5, 4.5 Hz).
The 'H NMR spectrum also displayed the signals of three methylene groups at &, 2.99 (1H,
d, J =17.0 Hz, H,-15') and 2.70 (1H, d, J = 17.0 Hz, H.-15"), 2.69 (1H, m, H-5), 2.49 (1H, dd,
J =18.0, 7.0 Hz, H-5), 2.20 (1H, m, H-4), and 1.98 (1H, m, H-4). Two singlet signals at &,
3.59 (3H, s) and 2.38 (3H, s) were resonances due to a methoxy carbonyl group of H-16 and
a methyl group of H-16', respectively. The significant difference between compound 1D.1 and
xanthoquinodin B1 was an arrangement of the keto-enolic system at C-6 (6. 191.4) and C-8
(6¢c 178.8). This was indicated by the different of chemical shift of protons and carbons at
positions 2-5. The HMBC spectrum of 1D.1 clearly showed correlations of H-4 to C-6 (8¢
191.4), H-5 to C-7 (6c 100.2), and *J correlation of the aromatic proton H-11 to C-8 (O¢
178.8) confirming the location of the keto-enolic system at C-6 and C-8. In the NOESY
experiment (measured in DMSO-d;, supplementary data), the NOESY correlations of 3-OH
with H-16 indicated that 3-hydroxyl should have the same orientation. The cross peak
between H-11' and H-12' also implied that they are in the same orientation. The absolute
configurations of 1D.1 were assigned by the predicted ECD curves of 1D.1 and its relevant
enantiomer, which were optimized by the B3LYP/6-31G(d,p) method. The predicted ECD
curve of 1D.1 was similar to the experimental one, therefore, the absolute configuration of
1D.1 was assigned as 2§, 3S, 11'S, and 14'R. Thus, compound 1D.1 was defined as a new

xanthoquinodin type B and was named xanthoquinodin B6.

Compounds 1D.1-1D.6 were evaluated for their antibacterial activity gainst three
Gram positive bacteria and three Gram negative bacteria. Xanthoquinodins 1D.1-1D.3 showed
significant activity against B. cereus with MIC values of 0.87, 0.44, and 0.22 uM, respectively,
which were lower than standard drugs, vancomycin (1.35 yM) and kanamycin (3.43 uM).
They also exhibited activity against S. aureus and MRSA with MIC values ranging from 0.87

to 1.75 uM whereas vancomycin showed activity against S. aureus and MRSA with MIC value
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Figure 1D.1. Chemical constituents isolated from C. globosum.

of 0.67 uM, and kanamycin showed activity against S .aureus with MIC value of 1.72 uM .The
antibacterial activity against S .aureus of 1D.2 and 1D.3 confirmed the previous study by
Tabata using paper disc method.® Epipolythiodioxopiperazines 1D.4-1D.6 exhibited a potent
activity against Gram positive bacteria with the MIC values ranging from 0.02 pM to 10.81
uM. Compound 1D.4 showed the highest activity toward B. cereus, S. aureus, and MRSA with
MIC values of 0.35 uM, 10.74 pM, and 0.02 pM, respectively, which are remarkably lower
than vancomycin (1.35, 0.67, and 0.67 yM). Among them (1D.4-1D.6), it should be noted that
the activities against all Gram positive were decrease when the sulfide bridges were opened
as in compounds 1D.5 and 1D.6. However, in case of 1D.6 both sulfide bridges opened
demonstrated activity against MRSA close to vancomycin. These results supported that two
sulfide bridges have played an important role on activity against Gram positive bacteria as

212231 |n contrast, all compounds showed weak activity against Gram

previously reports.
negative bacteria tested (MICs of 45.06 to >223.72 yM). In addition, compounds 1D.1-1D.6

were also tested for their antimalarial, anti-TB, and cytotoxic activities. They showed



Final Report 29

antimalarial activity against P. falciparum with 1C5, values in the range of 0.40-6.29 uM.
Epipolythiodioxopiperazines 1D.4-1D.6 were also active against M. tuberculosis with MICs of
0.55, 4.06, and 8.11 uM, respectively, while xanthoquinodins 1D.1-1D.3 showed weak activity
and inactive. Furthermore, they showed strong cytotoxicity against three human cancer cell
lines, KB, MCF-7, and NCI-H187, with IC5, ranging from 0.04 to 18.40 yuM. Compounds 1D.2-
1D.6 showed cytotoxicity against MCF-7 cell line (IC5, values of 1.09 to 13.12 uM) which were
lower than standard drug doxoburicin (17.24 uM). Among them, 1D.4 exhibited cytotoxicity
against NCI-H187 with IC5, value of 0.04 uM, which was lower than standard drugs
doxoburicin (0.40 uM) and ellipticine (9.54 uM). It should be noted that compounds 1D.4 and
1D.5 contained sulfide bridged in the structures are more cytotoxicity against cancer cell line
tested than a non-sulfide bridged structure, 1D.6. However, all compounds 1D.1-1D.6
exhibited very strong cytotoxicity toward normal cell line (Vero cell) with 1C5, values ranging

from 0.04 to 3.86 uM, respectively, comparing to a control drug, ellipticine (4.22 uM).
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Project 1E: Investigate on fungus Talaromyces macrosporus KKU-1NK8

1) Keyword

Talaromyces macrosporus, oxaphenalenone, antibacterial, antimalarial, cytotoxicity
2) Objective

To investigate the chemical constituents and their bioactivity from fungus

Talaromyces macrosporus KKU-1NK8

1) Introduction

The genus Talaromyces, a sexual state of the Penicillium species, was
introduced by Benjamin in 1995. It belongs to the family Trichocomaceae [1]. Some
species were isolated from soil, plants, sponges, and foods. Many species are used in
food and agricultural production [2]. Previous reports on secondary metabolites from
Talaromyces species have resulted in the isolation of many different types of
compounds such as alkaloids [3], indole alkaloids [4], adenine [5], tetramic acid
derivatives [6], polyesters [7], diphenyl ether lactone derivatives [8], meroterpenoids
[9], oxaphenalenone dimers [8,10-13], quinones [14—16], steroids and terpenoids [17].
One interesting type is the oxaphenalenone dimer which is a polyketide-derived. Until
now, only 20 natural isolated members in this type have been reported [8,10-13,18].
They showed various bioactive activities such as cytotoxicity against cancer cell lines
[11] and antibacterial activity against Gram positive bacteria [8,12,13], as well as
acetylcholinesterase inhibition [11]. Therefore, searching for bioactive compounds
from the fungus Talaromyces is still of interest. Since no phytochemical investigation
of T. macrosporus has been reported, our investigation found that the crude EtOAc
extracts of T. macrosporus KKU-1NK8 exhibited cytotoxicity towards the KB cell line

with 40% inhibition at 50 zg/mL.
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4) Result and Discussion

Chromatographic separation of extracts from the dried mycelium of the fungus T.
macrosporus KKU-1NK8 obtained six new oxaphenalenone dimers (1E.1-1E.6) and eight
known compounds (1E.7-1E.14). Their structures were elucidated by spectroscopic methods.
Structures of known compounds were also compared with those reported in the literature.
They were talaromycesone B (1E.7) [8], bacillisporin G (1E.8) [12], xenoclauxin (1E.9) [10],
bacillisporin F (1E.10) and 1-epi-bacillisporin F (1E.10b) [12], bacillisporins A and B (1E.11
and 1E.12) [10,11] and bacillisporins D and E (1E.13 and 1E.14) [11] as shown in Figure
1E.1.

1E1R"=H 1E.2R'=H,R?=H 1E5R' = H
1E.7R'=Ac 1E.3R'=H, R?=Ac 1E.9R'=Ac
1E.4R"'=Cl,R?=Ac

1E.8 R' = COH, R? = Ac

O OH

1E.6a(1S)R" = H 1E.11 R" = Ac 1EA3R'=H
1E.6b(1R)R" =H 1E12R'=H 1E.14R" = Ac
1E.10a(1S) R" = Ac
1E.10b(1R) R' = Ac

Figure 1E.1. Isolated compounds from Talaromyces macrosporus KKU-1NK8
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Compound 1E.1 possessed the molecular formula C,sH0g4, based on the ¥C NMR
and HRESITOFMS (m/z 483.0684) [M+Na]+ data, implying 18 degrees of unsaturation.
Analysis of the 'H and BC NMR spectroscopic data of 1E.1 with the assistance of 2D NMR
techniques (COSY, HMQC, HMBC, and NOESY) concluded that the structure of 1E.1 was
similar to that of talaromycesone B (1E.7) [8], except for an acetyl group at C-9' being
replaced by a hydroxyl group in 1E.1. The structure of 1 was confirmed by HMBC correlations
of H-9" to C-7, C-8, C-3'b, and C-7". The absolute configuration of 1E.1 was determined by
comparing its experimental and calculated ECD spectra. The ECD calculations were
generated for three chiral centers of two selected possible stereoisomers, 8'R, 9'S, 9'aS and
8'S, 9'R, 9'aR using Gaussian 09 with DFT B3LYP/6-311++G (d,p). The ECD calculated
spectrum of 1E.1 generated for the 8'R, 9'S, 9'aS isomer shows a Cotton effect at 215 nm
(Ag -56.5), 239 (A¢ 65.1), 258 (A€ 38.2) and 335 (A€ -9.1), which agrees well with its
experimental ECD spectrum. From the above evidence, compound 1E.1 was named
talaromycesone C and was determined to be a new oxaphenalenone dimer.

Compound 1E.2 had the molecular formula C,,H30;, based on the C NMR and
HRESITOFMS (m/z 441.0940) [M+Na]+ data, indicating 16 degrees of unsaturation. The NMR
spectroscopic data of 1E.2 were similar to those of bacillisporin G (1E.8) [12], expect for the
absence of an aldehyde group at C-9a and that an acetyl group at C-9' was replaced by a
hydroxyl group. The '"H NMR spectral data of unit A showed resonances of three aromatic
protons at 6 6.62 (s, H-5), 6.65 (s,H-9a), and 6.57 (s, H-3a). The COSY data showed meta-
coupling correlations between H-5/H-3a and H-3a/H-9a. The 3C NMR spectral data of unit A
showed three methine aromatic carbons at 6106.8 (C-3a), 119.2 (C-5) and 110.6 (C-9a), five
quaternary aromatic carbons at 6 138.4 (C-3b), 136.4 (C-6), 121.0 (C-6a), 136.5 (C-7) and
130.9 (C-8), two oxy-aromatic carbons at & 154.1 (C-4) and 152.0 (C-9), and a methyl at &
24.3 (Me-6). The HMBC correlations of H-3a to C-4, C-5, C-6a and C-9a; H-5 to C-3a, C-4
and C-6a; H-9a to C-3a, C-6a, C-8 and C-9; and Me-6 to C-5, C-6 and C-6a confirmed the
structure of unit A. The NMR spectroscopic data of unit B was similar to that of 1E.1. The
absolute configuration of 1E.2 was concluded to be 8'R, 9'S, 9'aS, the same as that of 1E.1,
by comparing their ECD spectra. Thus, compound 1E.2 was determined as a new
oxaphenalenone dimer and was named macrosporusone A.

Compound 1E.3 had the molecular formula C,sH,,Og, based on the °C NMR and
HRESITOFMS (m/z 459.1088) [M-H] data, implying 17 degrees of unsaturation. The 'H and
3C NMR spectroscopic data of 1E.3 were similar to those of 1E.2, except that the hydroxyl
group at C-9' was replaced by an acetoxyl group (6. carbonyl ester group 170.6 and methyl

group 6y 1.99 (s)/20.8). The complete interpretation of the NMR data of 1E.3 was
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established as a result of conclusive DEPT, COSY, HMQC, HMBC, and NOESY experiments.
The ECD spectrum of 1E.3 showed the same Cotton effect as that of 1E.1. Therefor, the new
compound 1E.3 was named macrosporusone B. Compound 1E.4 had the molecular formula
CyH1sClOg, based on the C NMR and HRESITOFMS (m/z 495.0850) [M+H]", (m/z
497.0812) [M+H+2]" data, indicating 17 degrees of unsaturation. The 'H and "C NMR
spectroscopic data of 1E.4 were similar to those of 1E.3. The major distinction was the
presence of a chloride atom at C-9a in 1E.4 (6. 113.8) which was confirmed by the HMBC
correlation of H-3a to C-9a. The absolute configuration of 1E.4 was determined by comparing
its ECD spectrum with that of 1E.1. Thus, compound 1E.4, macrosporusone C, was assigned
as a new oxaphenalenone dimer. It should be noted that this is the first oxaphenalenone
dimer reported with a chlorine atom in the molecule.

Compound 1E.5 possesses the molecular formula C,H,0,,, based on the 3C NMR
and HRESITOFMS (m/z 487.0669) [M-H] data, implying 19 indices of deficiency. The NMR
spectroscopic data of 1E.5 were similar to those of the isolated xenoclauxin (1E.9) [10],
except that an acetoxyl group at C-9' was replaced by a hydroxyl group. The 'H NMR
spectroscopic data of unit A showed resonances of aromatic protons at § 6.92 (s, H-5), and
methyl protons at & 3.06 (s, Me-6). The NMR spectral data of unit B were similar to those of
1E.1. The absolute configuration of 1E.5 was assigned to be the same as that of 1E.1 by
comparison of its ECD spectrum with that of 1E.1. The complete structure of 1E.5 was
confirmed by 2D NMR techniques, COSY, HMBC and NOESY. From the above evidence,
compound 1E.5, named macrosporusone D, was determined as a new oxaphenalenone
dimer.

Compound 1E.6 had the molecular formula C4H,,0,, based on the 3C NMR and
HRESITOFMS (m/z 503.0975) [M-H]. data, implying 18 degrees of unsaturation. The NMR
spectroscopic data of 1E.6 showed a mixture of epimers in the ratio of 1:1. Their resonance
signals were similar to those of the mixture of bacillisporin F (1E.10a) and 1-epi-bacillisporin F
(1E.10b) [12], except that an acetoxyl group at C-9' was replaced by a hydroxyl group. The
'H NMR spectral data of unit A showed a mixture of two sets of aromatic proton signals at &
6.84/6.77 (s, H-5), methine protons at § 6.44/6.37 (s, H-1), methoxy protons at 6 3.68/3.56
(s, MeO-1) and methyl protons at & 2.99/2.97 (s, Me-6). The COSY spectrum showed an
allylic coupling between H-5 and Me-6. The C-3, C-3b and C-9; H-5 to C-3, C-3a, C-4 and C-
6a; and Me-6 to C-5, C-6 and C-6a. The NMR spectroscopic data of unit B was similar to that
of 1E.1. The configurations of 6a and 6b were determined as 1R, 8'R, 9'S, 9'aS and 1S, 8'R,

9'S, 9'aS by comparing their experimental ECD spectra with those of bacillisporin F (1E.10a)
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and 1-epi-bacillisporin F (1E.10b) [12]. Therefore, the compound 1E.6 was deduced to be a
mixture of two new oxaphenalenone dimers and they were named macrosporusone E (1E.6a)
and 1-epi-macrosporusone E (1E.6b). The biological activities of the isolated compounds
were evaluated. Compounds 1E.3 and 1E.8 exhibited antimalarial activity against P.
falciparum with 1Cg, values of 10.28 and 8.07 UM, respectively. Compound 1E.3 also showed
cytotoxicity against NCI-H187 cells with an 1Cs, value of 16.73 UM, while compound 1E.8
showed cytotoxicity against KB, MCF-7 and NCI-H187 cell lines with I1C5, values of 5.86, 9.16
and 7.29 UM, respectively. Moreover, compounds 1E.2, 1E.3, 1E.5, 1E.8 and 1E.10-1E.12
exhibited cytotoxicity against Vero cells with IC5, values in the range of 7.50-93.27 UM. In
addition, compounds 1E.1-1E.3, 1E.5, 1E.7-1E.12 and 1E.14 were evaluated for their
antibacterial activity against Gram positive and Gram negative bacteria. Among them,
compounds 1E.11 and 1E.14 showed the most potent antibacterial activity against B. cereus,

S. aureus and MRSA with MICs in the range of 1.94-15.03 UM.
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Project 1F Investigate on the Fungus Talaromyces trachyspermus EU23
1) Keywords

Talaromyces, pyrrolobenzoxazine terpenoid, cytotoxicity, antibacterial activity
2) Objective

To investigate the chemical constituents and their cytotoxicity and antibacterial
activity from Talaromyces trachyspermus
3) Introduction

Talaromyces trachyspermus, a perfect state of the Penicillium species belongs to the

family Trichocomaceae (Yilmaz et al., 2014). Its colonies reach 19.52—25.35 mm on potato
dextrose agar at 7 days. Colony is pale yellow and ascospores are broadly allipsoidal, 2.09 —
3.92 x 2.40-4.37 um, spiny wall, no ridge (Soytong et al., 2015). These characteristics are
similar to those reported by Domsch and Gams, 1993. Until now, only three secondary
metabolites, a trachyspic acid (Sfflozawa et al., 1994), a y-butenolide derivative, spiculisporic
acid E (Kumla et al., 2014) and an 3-acetyl ergosterol 5, 8-endoperoxide (Kumla et al., 2014)
have been reported from the fungus T. trachyspermus. However, several types of compounds
such as meroterpenoids (Hayashi et al., 2012), alkaloids (Yang et al., 2016), oxaphenalenone
dimers (Dethoup et al., 2006; Wu et al., 2015; Zang et al., 2016; Chaiyosang et. al., 2019),
steroids and terpenoids (Li et al., 2011) have been reported from the genus Talaromyces. On
our continue searching for bioactive compounds from fungi, the crude EtOAc extract from
biomass of T. trachyspermus EU23 showed antibacterial activity against Pseudomonas
aeruginosa with MIC value of 128 pg/mL. Therefore, the investigation on the fungus T.

trachyspermus EU23 was our focus.
4) Result and Discussion

The chromatographic separation on the extracts from air-dried fungal biomass of T.
trachyspermus EU23 gave three new pyrrolobenzoxazine terpenoids, pyrrolobenzoxazines
A—C (1F.1—1F.3), together with fourteen known compounds, pyrrolobenzoxazines terpenoids
CJ-12662 (1F.4) and CJ-12663 (1F.5) (Kojima et al., 1995), eurochevalierine (1F.6)
(Kanokmedhakul et al., 2011), chevalones A—C (1F.7—1F.9) (Kanokmedhakul et al., 2011),
chevalone E (1F.10) (Prompanya et al., 2014), Q-pyrone meroterpenoid pyripyropene A
(1F.11) (Masi et al., 2013), isochaetominine C (1F.12) (Lan et al., 2016), brasiliamide B
(1F.13) (Eamvijarn et al., 2012), reessiate (1F.14) (Kitchawalit et al., 2014), diorcinol (1F.15)
(Fremlin et al.,, 2009), ergosterol (1F.16) (Kwon et al., 2002), and 24(R)-5Q,8Q-
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epidioxyergosta-6-22-diene-33-ol (1F.17) (Jinming et al., 2001). Structures of  known
compounds were identified by spectroscopic data ('"H and °C NMR) and compared with data

obtained in literature as shown in Figure 1F.1.

1F.6 1F.7 R=OH 1F.9 Ry=OAc, Ry=H
1F.8 R=0OAc 1F.10 Ry=OH, Rj=H

OH O U0
OH
e
HO
O\
1F.14

1F.11 1F.12 1F.13

HO ) OH

1F.15

Figure 1F.1. Isolated compounds from Talaromyces trachyspermus EU23
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Compound 1F.1 had the molecular formula Cj;{H3;CIN,Og, deduced from the
HRESITOFMS (m/z 625.2297 [M + Na]’ and 627.2268 [M + Na + 2]"), indicating thirteen
degrees of unsaturation. The UV spectrum showed absorption maxima at 204, 212, 246 and
248 nm. The IR spectrum showed absorption bands of hydroxyl (3455 cm'1), ester carbonyl
(1742 cm™) and amide (1657 cm’) functionalities. Analysis of the 'H and “C NMR
spectroscopic data as well as 2D NMR (HMQC, HMBC and NOESY) found that structure of
1F.1 was similar to a pyrrolobenzoxazine terpenoid, CJ-12662 (1F.5) (Kojma et al., 2009).
The different between these two compounds was, a proton at N-3 of pyrrolidine ring in 1F.5
was replaced by an acetyl group (6. carbonyl amide 171.2 and methyl group &, 2.37
(8)/22.0). The COSY spectrum showed correlations of aromatic protons, H-7/H-8/H-9. The
HMBC spectrum confirmed the position of an acetyl group in 1F.1 by showing the correlations
of H-3a and H-2 to C-12. The absolute configuration of 1F.1 was characterized through the
comparison of an experimental and calculated ECD spectra. The ECD calculations were
generated for 6 chiral centers of two selected possible stereoisomers 1S, 2R, 4aR, 5R, 8R,
8aR and 1R, 2§, 4aS, 5S, 8S, 8aS using Gaussian09 with DFT B3LYP/6-31G (d,p). The ECD
calculated spectrum of 1F.1 generated for the 1S, 2R, 4aR, 5R, 8R, 8aR isomer showed a
Cotton effect at 182 nm (A€ —132.8), 197 (A€ +72.4), 222 (A€ -9.8) and 243 (A€ +4.0),
which correspond to its experimental ECD spectrum. Thus, the compound 1F.1 was a new
pyrrolobenzoxazine terpenoid and was named pyrrolobenzoxazine A (Figure 1F.1).

Compound 1F.2 had the molecular formula Cg3HgCIN,Oy, deduced from the
HRESITOFMS (m/z 925.5701 [M + H]" and 927.5695 [M + H + 2]"), indicating fourteen
degrees of unsaturation. The UV spectrum showed absorption maxima at 205, 211 and 272
nm. The IR spectrum showed the presence of hydroxyl (3472 cm'1), alkyl (2922 and 2853 cm’
") ester carbonyl (1744 cm™) and alkene (1621 cm™) functionalities. The *C NMR and DEPT
spectrum showed 53 signals attributable to six methyl (including acetoxy group), twenty-four
methylene (including vinylic), thirteen methine (including olefinic and aromatic), and ten
quaternary (including three carbonyl groups) carbons. The 'H and C NMR spectroscopic
data are similar to those of 1F.1, except for an acetyl group at N-3 of pyrrolidine ring, which
was replaced by a henicosyl acrylate unit. The 'H NMR spectral data of 1F.2 exhibited
resonance at 8 7.73 (d, J = 13.6 Hz, H-12), 4.96 (d, J = 13.6 Hz, H-13), 4.09 (td, J = 6.8 Hz,
H-16), 1.62 (m, H-17), 0.87 (t, J = 1.7 Hz, H-36), and 1.32-1.25 (m, overlap, H-18—H-35). The
COSY spectrum of 1F.2 showed correlations of H-12/H-13, H-16/H-17/H-18 and H-35/H-36,
and aromatic protons, H-7/H-8/H-9. The key HMBC correlations of H-2 to C-3a and C-12; H-
3a to C-12; H-12 to C-2, C-3a, and C-14; H-16 to C-14, C-17, and C-18; H-17 to C-18; H-36
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to C-34 and C-35 confirmed the henicosyl acrylate moiety at N-3 of pyrrolidine ring. The frans
geometric isomer of C-12/C-13 was determined from the coupling constant value (J = 13.6
Hz). Finally, the EIMS fragmentations ion peak at m/z 649.3938 [(M + H) - sesquiterpene]’,
651.3963 [(M + 2 + H) - sesquiterpene]’, 613.2304 [(M + H) - henicosanoxy]’, 615.2281 [(M +
2 + H) - henicosanoxy]’, 337.0577 [(M + H) - sesquiterpene - henicosanoxy]’, 339.0479 [(M
+ 2 + H) - sesquiterpene - henicosanoxy]’, and 217.1583 [(M + H) — acetate - henicosanoxy]"
confirmed the structure of 1F.2.. The ECD calculated spectrum of 1F.2 generated for the 1S,
2R, 4aR, 5R, 8R, 8aR showing a Cotton effect at 183 (A€ — 28.4), 197 (A€ + 47.8), 225 (A¢g
—11.5), and 244 (Ae - 23.5), which agreed well with its experimental ECD spectrum. Thus,
the compound 1F.2 was a new pyrrolobenzoxazine terpenoid, named pyrrolobenzoxazine B.
Compound 1F.3 had the molecular formula Cs3HgN,Og, deduced from the
HRESITOFMS (m/z 891.6088 [M + H]") data, indicating fourteen degrees of unsaturation. The
UV spectrum showed absorption maxima at 205, 231 and 270 nm. The IR spectrum showed
the presence of hydroxyl (3463 cm™), alkyl (2921 and 2852 cm™), ester carbonyl (1744 cm™)
and alkene (1620 cm™) groups. The 'H and "®C NMR spectroscopic data were similar to
those of 2, except for the absence of a chlorine atom at C-6 of an aromatic ring which was
presented as a proton (6 6.76, d, J = 8.0 Hz, 6; 112.3). The complete interpretation of NMR
spectroscopic data of 1F.3 was established as a result of conclusive DEPT, COSY, and
HMBC techniques. The COSY spectrum showed correlations of aromatic protons, H-6/H-7/H-
8/H-9. The HMBC spectrum of 1F.3 showed correlations of the side chain, henicosanoxyl
moiety as in 1F.2. Finally, the EIMS fragmentation ion peak at m/z 615.4361 [[M + H) -
sesquiterpene]’, 579.2700 [(M + H) - henicosanoxy]’, 303.0985 [(M + H) - sesquiterpene -
henicosanoxy]’, and 217.1580 [(M + H) - acetate - henicosanoxy]" supported the structure of
1F.3. The ECD calculated spectrum of 1F.3 generated for the 1S, 2R, 4aR, 5R, 8R, 8aR
showing a Cotton effect at 184 (A€ — 117.7), 197 (A€ + 52.8), 204 (A€ + 43.0), 222 (A¢ -5.3)
and 243 (A& -18.2), which agreed with its experimental ECD spectrum. Thus, the compound
1F.3 was a new pyrrolobenzoxazine terpenoid and was named pyrrolobenzoxazine C.
Compounds 1F.1 - 1F.3 were evaluated for cytotoxic activities. Compound 1F.1
showed moderate cytotoxicity against Hela, KB, HT-29, MCF-7 and HepG2 cell lines with I1Cs,
values of 6.89 + 0.70, 10.64 = 0.12, 8.74 + 0.28, 12.20 + 1.19 and 8.39 * 0.86 UM,
respectively. However, compound 1F.1 also exhibited cytotoxicity against Vero cells with 1Cs,
value of 8.20 + 1.90 uUM. Whereas compounds 1F.2 and 1F.3 were not cytotoxic comparing to
1F.1 suggesting the steric effect from their side chain at N-3. Compounds 1F.1 — 1F.3 and
11F.14 were further evaluated for antibacterial activity against Gram-positive (B. cereus, S.

aureus and B. subtilis) and Gram-negative bacteria (E. coli, P. aeruginosa and S. sonnei).
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Compound 1F.1 showed weak antibacterial activity against B. cereus, B. subtilis, E. coli and P.
aeruginosa with MICs 106.27, 212.54, 212.54 and 212.54 UM, respectively. While 1F.2 and
1F.3 showed weak antibacterial activity against P. aeruginosa with MICs 143.72 and 138.44
UM, respectively. In addition, the known compound 1F.14 was tested for antibacterial activity
for the first time and its showed weak antibacterial against B. cereus, B. subtilis and P.
aeruginosa with MICs 355.44 (/M. Two standard drugs, kanamycin showed antibacterial
activity against B. cereus and B. subtilis with MICs 2.06 UM and gentamicin showed
antibacterial activity against E. coli and P. aeruginosa with MICs 2.09 and 1.05 (M,

respectively.
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Project 1G Investigate on Stems of Rhodamnia dumetorum
1) Keywords
Rhodamnia dumetorum, Rhodamnia, bioactivity
2) Objective
To investigate the chemical constituents and their bioactivity from Rhodamnia
dumetorum
3) Introduction

Rhodamnia dumetorum (DC.) Merr. & L.M. Perry (Myrtaceae) is a shrub or tree up to
15 m in height, growing in Cambodia, Laos, Malaysia, Thailand and Vietnam. It is known as
‘Plong Kam Aon’ in Thai (Smitinand 2001). The bark and leaves of R. dumetorum have been
used as an astringent (Chansuwanit and Chanprasert 2011) and the roots has been used as
an anti-pyretic in Thai traditional medicine (Ratanadomrongpinyo 2008). Moreover, the ethanol
extract of the twigs of R. dumetorum from Vietnam has been reported to have inhibitory
activity on AGEs formation (Choi et al. 2015). In a previous investigation of secondary
metabolites from Rhodamnia species, only essential oil has been reported (Brophy et al.
1997).

4) Result and Discussion

Hexane and EtOAc extracts from the stems of R. dumetorum were separated by
chromatographic methods to give a new coruleoellagic acid derivative, 3,3'4,4'5'"
pentamethylcoruleoellagic acid (1G.1) and nine known compounds, including
hexamethylcoruleoellagic acid (1G.2) (Geevananda et al. 1979), 3,4,3"-tri-O-methylellagic acid
(1G.3) (Bai et al. 2008), heptaphylline (1G.4), 7-methoxymukonal (1G.5), dentatin (1G.6)
(Songsiang et al. 2012), sinapyl aldehyde (1G.7) (Hiltunen et al. 2006), gallic acid (1G.8)
(Gottlieb et al. 1991), 2,6-dimethoxy-4H-pyran-4-one (1G.9) (Zhu et al. 2012) and [-sitosterol
(1G.10) (Figure 1G.1). Their structures were determined using spectroscopic data and
compared with those data reported in the literature.

Compound 1G.1 was obtained as colorless needles, and its molecular formula,
CioH16040, was determined from the HRESITOFMS (observed m/z 427.0645 [M + HJY),
indicating 12 degrees of unsaturation. The IR spectrum of 1G.1 showed absorption bands of
hydroxyl (3295 cm™") and two carbonyl (1733 and 1688 cm’1) groups. The UV spectrum
showed absorption maxima at 247, 368, and 384 nm. The 3C NMR and DEPT spectra of
1G .1 displayed 19 carbon signals, contributable to five methoxyl, 14 sp” quaternary (including
two carbonyl) carbons. The 'H NMR spectroscopic data showed a downdfield signal at &
10.47 characteristic of a chelated hydroxyl proton at C-5 located ortho to the carbonyl ester.

Five methoxyl groups appeared at 6, 4.27 (s, 3-OCHj3), 4.25 (s, 4-OCHj), 4.04 (s, 5' -OCHj),
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4.02 (s, 4-OCHs;), 4.02 (s, 3'-OCHs;). The phenolic hydroxyl group at C-5 was confirmed by the
HMBC correlations of it proton to C-5 (6. 152.8). Whereas the five methoxyl groups are
located at C-3, C-4, C-3', C-4' and C-5' resulted from the correlations of methoxyl protons to
those carbons. The structure of 1G.1 was similar to 3,3',4,4'-tetra-O-methylflavellagic acid
reported from stems of Rhodomyrtus tomentosa, except for the H-5' of 1G.1 was replaced by
a methoxy group. Thus, the structure of 1G.1 was determined as a new flavellagic acid
derivative, which has been named 3, 3',4,4',5-penta-O-methylflavellagic acid.

Compounds 1G.1-1G.6 were evaluated for their biological activity, antimalarial, anti-
TB, and cytotoxicity to NCI-H187, KB and MFC-7 cell lines. However, 1G.1-1G.3 showed no
active for the tested. Compounds 1G.4-1G.6 have been reported to be a potent lipid
peroxidation inhibitory (ICs, 14.1, 1.45, 78.4 uM, respectively), cytotoxicity against two
cholangiocarcinoma cell line (KKU-OCA17 and KKU-214) (ICs, value in range 43.5-178.6 uM)
and compounds 1G.4 and 1G.6 exhibited cytotoxicity against two cancer cell line (NCI-H187
and KB) (rang of IC5, value 1.32-113.98 uM).

1F.4 1F.5 1F.6

MeO
o fi
H HO MeO” S0~ “OMe

OMe
1F.9

HO
1 F-7 1 F.8 1 F.10

Figure 1G.1 Isolated compounds from the stems of Rhodamnia dumetorum.
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Project 1H: Investigate on Roots of Uvaria cherrevensis
1) Keyword

Uvaria cherrevensis, polyoxygenated, antimalarial, cytotoxicity
2) Objective

To investigate secondary metabolizes and their cytotoxicity from the roots of Uvaria
cherrevensis
3) Introduction

Uvaria cherrevensis (Pierre ex Finet & Gagnep.) L. L. Zhou, Y. C. F. S (Annonaceae)
is a shrub that reaches up to 1.5 m in height and is found in deciduous forests throughout
Thailand. Its synonym is Ellipeiopsis cherrevensis (Pierre ex Finet & Gagnep.) R. E. Fr and is
known as “Nom maeo pa”, “Phi phuan noi’, and “Phi khao” in Thai [1]. A water decoction of
its roots is used as traditional medicine to treat urinary disorders [2]. The genus Uvaria is
known to be a rich source of polyoxygenated cyclohexene derivatives [3-8]. Previous
investigations of the aerial parts of E. Cherrevensis (U. cherrevensis) led to the isolation of
several polyoxygenated cyclohexene derivatives [9-10], as well as a cytotoxic C-benzoylated
chalcone, flavonoids and alkaloids [10]. Recently, Auranwiwat et al. reported 2-
phenylnaphthalenes and a cyclohexene from the stems and roots extracts of this plant [11]. In
our continuing search for bioactive constituents from Thai plants, we noted that the roots
extracts (EtOAc and MeOH) of U. cherrevensis showed cytotoxicity against KB cell lines with

an IC5, 12.6 ug/mL.

4) Result and Discussion

Structures of isolated compounds were identified by physical and spectroscopic data
measurements (IR, 'H and "*C NMR, 2D NMR) as well as mass spectrometry. Obtained data
of known compounds were also compared with published values. Fifteen compounds were
identified as (-)-uvaribonol F (1H.4) [11], benzoylbenzoate (1H.5) [12], 2-methoxybenzyl
benzoate (1H.6) [12], endo-5-methoxy-3-patchoulene (1H.7) [13], (6S)-patchoulan-4-ene-6-ol
(1H.8) [14], (-)-1,6-desoxytingtanoxide (1H.9) [3], (-)-1,6-desoxysenepoxide (1H.10) [3],
tingtanoxide (1H.11) [3], A-senepoxide (1H.12) [3], uvarigranol B (1H.13) [15], curcuminol F
(1H.14) [16], ellipeiopsol D (1H.15) [10], 2'4'-dihydroxy-3'-(2-hydroxybenzyl-6')-
methoxychalcone (1H.16) [10], chamanetin 5-methyl ether (1H.17) [17] and ()-dichamanetin
5-methylether (1H.18) [18] (Figure 1H.1).
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Figure 1H.1. Isolated compounds from the roots of Uvaria cherrevensis

Compound 1H.1 was obtained as a white amorphous solid. The molecular formula,
C41H3504,, was deduced from the HRESIMS (m/z 745.2269 [M+Na]"), implying 23 degrees of
unsaturation. The IR spectrum indicated bands for a mono-substituted benzene (1601, 1491
and 707 cm™") and an ester carbonyl group (1717 cm™). The 'H and >C NMR spectroscopic
data of 1H.1 showed resonances corresponding to 15 protons of three mono-substituted
aromatic benzene rings, together with resonances for two sets of oxymethylene protons at &y,
4.79 (2H, ABq, J=12.8 Hz, H-7), and 6 4.56 and 4.69 (both d, J=11.6 Hz, H-7') revealing two
sets of benzoyl methylene (-CH,OCOPh) groups and a benzoyl (-OCOPh) group in the
molecule. The resonances at &,,c 5.86 (d, J=8.0Hz, H-6'/132.6 and 6.47 (dd, J=8.0, 6.8 Hz,
H-5)/129.8, and &6, 6.11 (brs, H-6)/128.0 were attributed to a di-substituted and a tri-
substituted double bond, respectively. Analysis of the 'H and "C NMR spectroscopic data

and 2D NMR spectra (COSY, HSQC, HMBC and NOESY), combined with MS, led us to
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conclude that 1H.1 contained two cyclohexene moieties of (-)-1,6-desoxysenepoxide (1H.9)
and (-)-1,6-desoxytingtanoxide (10), which was the endo-addition product from their Diels-
Alder reaction. The COSY correlations of H-2/H-3/H-5/H-6/H-7 (allylic coupling) and H-2'/H-
3'/H-4'/H-5'/H-6', revealing the partial cyclohexene units in the molecule. Key HMBC
correlations showed two linked cyclohexene moieties from H-4 to C-3' and C-4'; as well as
oxymethylene protons of 1-CH,0Bz to C-5, C-1', C-2"; and H-2' to C-5. The relative
stereochemistry of 1H.1 was determined by analysis of coupling constants and from NOESY
experiment. A trans-diaxial relationship between H-2 and H-3 was indicated by the vicinal
coupling constant J2,3 of 9.2 Hz. In contrast, the coupling constant, J2',3' of H-2' and H-3' is
3.2 Hz corresponding to axial and equatorial orientations. The NOESY correlation between H-
2 and H-5', H-3' and H-5' and the structural constraints of the bridged ring structure indicated
that H-2' and H-3' were in axial and equatorial orientations, respectively. On the basis of the
above data, the relative stereochemistry of 1H.1 was assigned as 2R,3R. Since compound
1H.1 was deduced from Diels-Alder reaction of compounds 1H.9 and 1H.10, which both have
been clearly reported for their absolute configurations as 2R,3R [3]. Therefore, 1H.1 would
retain the same absolute configuration as 2R,3R and 2'R,3'R. Thus 1H.1 was assigned to a
new dimer polyoxygenated cyclohexene, which was named cherrevenisyl A.

Compound 1H.2 was obtained as a white amorphous solid. It has a molecular formula of
C36H3604, based on the HRESIMS (m/z 683.2109 [M + Na]+), implying 19 degrees of
unsaturation. The IR spectrum showed similar absorption bands to those of 1. Analysis of the
'H and *C NMR spectroscopic data with 2D NMR techniques (COSY, HSQC, HMBC, and
NOESY) indicated that 1H.2 has a similar core structure to 1H.1, except for the benzoyl group
at C-3' which was replaced by an acetyl group (6 2.06, 6; 20.4, 170.9). Compound 1H.2
contained two cyclohexene moieties of (-)-1,6-desoxytingtanoxide (1H.10), which was also the
endo-addition adduct from their Diels-Alder reaction. The relative configuration of 1H.2 was
deduced from the coupling constants and NOESY spectrum as well as the comparison with
those of 1H.1, indicating that compound 1H.2 possesses the same relative configuration as
1H.1. The absolute configuration of 1H.2 would be 2R,3R and 2'R,3'R as described for
compound 1H.1 above. Thus, the structure of 1H.2 was deduced as a new dimer
polyoxygenated cyclohexene, which was named cherrevenisyl B.

Compound 1H.3 was obtained as a pale yellow amorphous solid, and its molecular
formula C;gH,,05 was deduced from HRESIMS (m/z 387.1062 [M +Na]+), implying nine
degrees of unsaturation. The IR spectrum showed absorption bands for a hydroxy group

(3372 cm'1), monosubstituted aromatic rings (1601, 1583 and 714 cm'1), and ester carbonyl
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groups (1719 cm'1). The 1H NMR spectroscopic data of 1H.3 showed resonances for a
mono-substituted benzene of benzoyl methyl group, three oxymethines (&, 5.28, H-2; 5.48, H-
3; 4.08, H-4), an oxymethylene (&, 4.12, 4.32, H2-7), and two olefinic protons (&, 5.82, H-5;
5.58, H-6), together with two acetoxy groups. In addition, the C NMR spectroscopic data
showed 18 carbon resonances including five oxygenated sp3 carbons (&, 66.8, 68.9, 71.1,
72.2, and 74.3), two olefinic carbons (6:126.3 and 130.6), and two acetate groups. Analysis
of the COSY and HMQC spectra revealed the partial connections (bold line) of H-2/H-3/H-
4/H-5/H-6 which were further connected based on long-range HMBC correlations. The HMBC
spectrum of 3 revealed long range correlations of the oxymethylene protons at 6, 4.12, 4.32
(H2-7) to the oxymethine carbon at 6 72.2 (C-2) and the quaternary oxygenated carbon at 6
74.3 (C-1). Furthermore, significant correlations of the oxymethine protons at &,, 5.28 (H-2)
and 5.48 (H-3) to the carbonyl carbons at 6 170.5 proved the location of each acetate group
at C-2 and C-3, respectively. The H2-7 oxymethylene protons and the aromatic protons at &
8.02 (H-2'6") correlated to the ester carbonyl carbon at 6. 166.1 which indicated the
presence of the benzoyl group at C-7. An additional hydroxy group was placed at the C-1
position based on the molecular formula and the 3C NMR chemical shift of C-1. The location
of the secondary hydroxy group at the C-4 was indicated by COSY correlations and also
supported by the chemical shift of H-4. The relative stereochemistry of compound 3 was
further confirmed by the NOESY spectrum. H-3 showed a through-space correlation with H-4.
The same type of interaction was observed between H-2 and H-7. 1D and 2D NMR
spectroscopic analyses indicated that compound 1H.3 has the same structure skeleton as an
unnamed synthetic intermediate of crotepoxide [20], which was later isolated as a natural
product named artabotrol A from the fungus Artabotrys madagascariensis. However, the
absolute configurations of carbons C-1 and C-4 of 1H.3 were opposite to those reported for
artabotrol A. Besides the sign of optical rotation for 1H.3 (-165.0°) was also opposite to that of
artabotral A (+89.4°). Thus, compound 1H.3 was determined as a new polyoxygenated
cyclohexene, which was named ellipeiopsol E.

Compounds 1H.1, 1H.2 and 1H.5 exhibited antimalarial activity against Plasmodium
falciparum with 1C5, 7.34, 3.97 and 3.34 Ug/mL, respectively. Only compound 1D.5 showed a
weak antimycobacterial activity against Mycobacterium tuberculosis with MIC 50.0 ug/mL.
Most of the isolated compounds, with the exception of 1H.2, 1H.6 and 1H.13, showed
cytotoxicity against three human cancer cell lines (KB, MCF-7 and NCIH187) with IC5, values
ranging from 1.26 - 48.84 ug/mL. It should be noted that 1H.2 is the most potent antimalarial
agent which is not cytotoxic against the three cancer cell lines tested. Compound 1H.1 also

showed cytotoxicity against the NCI-H187 cell line, suggesting that the presence of the
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benzoyl and acetyl groups on structures 1H.1 and 1H.2 plays a role in these activities. On the
other hand, 2-methoxybenzylbenzoate (1H.6), bearing a methoxy group at C-2, was inactive
when compared with benzylbenzoate (1H.5). Moreover, compound 1H.5 was reported to have

cytotoxicities against other cancer cells.
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Project 11I: Investigate on Roots of Asparagus racemosus
1) Keywords
Asparagus racemosus, spirosteroid saponin, spiro 20-norsteroid, Q-glucosidase
inhibitory
2) Objective
To investigate the chemical constituents and their Q-glucosidase inhibitory from

roots of Asparagus racemosus

3) Introduction
Asparagus racemosus, also well known as Shatarari, belongs to the family
Asparagaceae and is commonly distributed in tropical and subtropical regions [1-2]. In

several countries, A. racemosus which is an important herbal in Ayurvedic medicine, has been
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used to treat various human disorders. In India, this plant is used to increase milk secretion in
lactating women, to combat menopausal symptoms, and used with Azardichta indica to
control blood sugar level [2]. Its roots have also been used as stimulant, anti-abortifacient and
demulcent agents in India and Thailand [3]. Besides, the potent biological and
pharmacological activities of A. racemosus have been reported, such as galactagogue effect,
immunomodulatory activity, anticancer activity, cardiovascular effect, immunological activity,
antidiabetic effect, and antioxidant activity [4]. Previous phytochemical investigation of fruits
and roots of A. racemosus have identified the alkaloids [5-6] and steroid saponins [1,7-9]. To
further biological investigation of compounds from roots of A. racemosus for Q-glucosidase
inhibitory was our focus.

4) Result and Discussion

Chromatographic separation of the extracts from the roots of A. racemosus obtained
four new compounds, asparacosins B-E (11.1-4), along with seven known compounds
including asparacosin A (1L.5) [20], (25R)-123-acetyl-17Q-hydroxyspirost-4-en-3-one (11.6)
[20], nyasol (11.7) [21], asparenydiol (11.8) [20,22], 4-[5-(4-methoxyphenoxy)-3-penten-1-
ynyllphenol (11.9) [22], 3"-methoxyasparenydiol (11.10) [20], and stigmasterol [23]. Their
sturctures are shown in Figure 11.1.

Compound 11.1 was obtained as colorless crystal and its molecular formula C,;H,,05
based on the "°C NMR and HRESITOFMS at m/z 469.2923 [M + Na]” (calcd for C,,H,,NaOs,
469.2930) data, implying seven degrees of unsaturation. The C NMR and DEPT spectral
data showed the presence of 27 carbons attributable to four methyls (O 22.4, 17.0, 11.3, and
7.3), ten methylenes ( O 66.9, 42.2, 37.0, 36.9, 31.2, 30.7, 28.7, 28.0, 26.5, and 25.6), eight
methines (5C 90.9, 71.7, 51.4, 45.2, 43.9, 39.5, 33.9, and 30.0), and five quaternary [5C 212.7
(C=0), 110.3, 90.6, 49.4, and 35.0] carbons. The 'H NMR spectroscopic data displayed four
methyl groups at O 1.00 (3H, s, Me-19), 0.90 (3H, d, J = 7.2 Hz, Me-21), 0.78 (3H, s, Me-
18), and 0.76 (3H, d, J = 6.4 Hz, Me-27), as well as two signals of oxymethine protons at 0
3.99 (1H, dd, J = 11.2, 4.8 Hz, H-12) and 3.96 (1H, t, J = 8.0 Hz, H-16). These NMR spectral
data suggested that compound 11.1 was a spirostane-type steroid [20,24] and similar to
asparacosin A which isolated from A.cochinchinensis [20]. The main difference was the
absence of alkene at C-4, and C-5 in 11.1. The ketone group was defined at 0. 212.7 in Bc
NMR spectrum as well as the IR absorption band at Vv, 1711 cm” (Supplementary data).
The methylene signals appeared at 0y 2.59 (1H, t, J = 14.0 Hz, H-4a) and 0, 1.98 (1H, m,
H-4b)/O. 42.2 (C-4), and a methine signal at &, 1.78 (1H, m)/d. 43.9 (C-5). These were
supported by HMBC correlations of H-4 to C-3 (O 212.7), C-5 (O 43.9), C-6 (O 26.5) and
C-10 (O¢ 35.0); H-5 to C-6 (O 26.5), C-9 (O¢ 39.5) and C-10 (O 35.0). The hydroxyl group
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at C-12 was assigned as [B-oriented by coupling pattern of H-12 (dd, J = 11.2, 4.8 Hz) [20].
The absolute configurations of 11.1 was assigned as 5R, 8R, 9S, 10S, 12R, 13R, 14S, 16S,
17S, 20S, 22R, 25R by a single crystal X-ray based on its anomalous dispersion data with
the Flack parameter of - 0.02(9). Thus, compound 1l.1 defined as a new spirosteroid and

was named asparacosin B.

1.1 R: OH 11.3 R:=0 11.4
112 R:=0 1.5 R: OAc
11.6 R:OH

R

11.8 Ry H, Ry: OH, Ry: OH
119 Ry: H, Ry: OH, Ry OCHs
11.10 R»]: OH, Rz: OCH3, R3: OH

Figure 11.1. Isolated compounds from the roots of Asparagus racemosus

Compound 11.2 had a molecular formula CyxH,,O5 based on the C NMR and
HRESITOFMS at m/z 467.2779 [M + NaJ" (calcd for C,;H,,NaOs, 467.2773) data, revealing
eight degrees of unsaturation. Comparison of its NMR spectroscopic data with those of 11.1
suggested that a hydroxyl group at C-12 was oxidized to be a carbonyl group. The °C NMR
spectral data revealed a signal of carbonyl carbon at 0. 215.5. This was supported by HVMBC
correlations of H-14 (0, 2.38) and H-18 (&, 1.06) to C-12. The absolute configuration of 11.2
was determined as 5R, 8R, 9S, 10S, 13S, 14S, 16S, 17S, 20S, 22R, and 25R by a single
crystal X-ray analysis [Flack parameter of -0.08(18)]. Thus compound 11.2, an asparacosin C
was elucidated as a new spirosteroid (Figure 11.1).

Compound 11.3 possessed a molecular formula C,;H;0s by °C NMR and
HRESITOFMS at m/z 465.2619 [M + Na]" (calcd for C,;H3sNaOs, 465.2617) data, revealing
nine degrees of unsaturation. The of 'H and "*C NMR spectral data of 11.3 was similar to that

of 11.2, except for the presence of an Q,B-unsaturated ketone at O; 198.6 (C-3), Oy
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5.47/124.7 (H/C-4), and O, 168.2 (C-5) in 11.2. The HMBC spectrum showed correlations of
an olefinic proton H-4 to C-2 (O, 33.6), C-6 (O, 32.3), and C-10 (O, 38.6); H-1 (O 2.65 and
1.86) and H-2 (0, 2.33) to C-3; H-6 (O, 2.43 and 2.33) to C-4 and C-5, and of H-10 (&, 1.23)
to C-5 confirmed the location of those functional groups. The ECD spectrum of 11.3 was
similar to that of 11.2 as well as its specific rotation was the same sign [a],'*® —9.2° (c 0.1,
MeOH) for 11.3 and [(]],319'6 —11.2° (¢ 0.1, MeOH) for 11.2. This indicates that 11.2 and 11.3 had
the same absolute configuration. Thus compound 11.3 was elucidated as a new spirosteroid
and has been named asparacosins D (Figure 11.1).

Compound 11.4 had a molecular formula CysH,;s0; based on the *C NMR and
HRESITOFMS at m/z 421.2716 [M + Na]" (calcd for C,gH;gNaO;, 421.2719) data, indicating
eight degrees of unsaturation. The 'H and "®C NMR spectral data showed resonance signals
closely to that of 11.3, excepted for the absences of a ketone group at C-12, a hydroxyl group
at C-17, and a methyl group at C-20. This supported by the IR absorption bands at V,,,, 2931
and 1677 cm’ (Supplementary data), which indicates the characteristic of C-H and
unsaturated C=0 stretching, respectively. The NMR spectral data indicated that 11.4 was an
unusual steroid skeleton, 20-norsteroid [1]. It displayed signals of two methylene groups at
O 1.85 (m, H,-20) and 1.70 (m, H,-20)/37.0, and Oy 1.69 (m, H,-12) and 1.10 (m, H,-12)/0
39.0] and one methine [0y, 2.16 (m, H-17)/54.6]. This assignment was confirmed by HMBC
correlations of H-11 (&, 1.41), H-17 (O 2.16), and H-18 (J, 0.78) to C-12; H-15 (O, 2.09)
and H-18 to C-13; and H-17 (&, 2.16) to C-20. In addition, the COSY spectrum of 11.4
showed the correlations of H-9H-11oH-12; H-14H-156H-166H&H-17HoH-20
confirmed an occurring of two methylene groups at positions C-12 and C-20. The relative
configuration of 11.4 determined by the NOESY correlations between H-16 (0, 4.51) and H-14
(6 1.16), H-14 and H-2583 (&, 3.38). Finally, the absolute configuration of 11.4 was
determined by a single crystal X-ray analysis [Flack parameter of 0.04(7)] as 8S, 9S, 10R,
13S, 14S, 16S, 17R, 22R, and 25R. Thus compound 11.4, asparacosin D was elucidated as
a new spiorosteroid 20-norsteroid.

All isolated compounds (11.1-11.10) were elucidated for their a-glucosidase inhibitory
activity. Compounds 11.7-11.10 show high potential inhibition of a-glucosidase with IC5, values
in a range of 0.003-0.004 uM which are stronger than positive control drug acarbose (171.47
pMM). Unfortunately, all steroids were proved to be inactive with Q-glucosidase inhibitory

activity.
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Project 1J: Investigate on Leaves and Stems of Croton poomae Esser
1) Keywords
anti-inflammatory, nitric oxide, Croton poomae, clerodane diterpenoids
3) Objective
To investigate the chemical constituents and their inhibition of nitric oxide (NO)

production inhibitory from leaves and stems of Croton poomae

3) Introduction

Croton is a large genus in the Euphorbiaceae family. Many species have long been
used as traditional medicines in Asia, Africa and South America (Salatino et al., 2007).
Previous investigations of Croton have shown a wide range of secondary metabolites, such
as alkaloids (Suarez et al., 2004), phenolics (Tala et al., 2013), terpenoids (Aguilar-
Guadarrama and Rios, 2004; Kuo et al., 2013) and volatile oils (Cavalcanti et al., 2012; Silva-
Alves et al., 2015). Some of these compounds display interesting biological activities, for
example anti-inflammatory (Cordeiro et al., 2016; Kuo et al., 2013; Suarez et al., 2006; Yang
et al.,, 2016), cytotoxic (Liu et al., 2014; Sommit et al., 2003; Zhang et al., 2013), antiviral
(Wang et al., 2012), and antimicrobial (Liu et al., 2014). In Thailand, Croton poomae is locally
known as “Plau Phu Wua”, named after Phu Wua, the single locality where it is commonly
found. C. poomae is a tree, 10 m in height, and widely distributed in the North-Eastern part of
Thailand (Esser, 2002). Although C. poomae has been reported as a new species since 2002,
its phytochemistry and biological activity have not been reported. Recently, there was a report
of clerodane diterpenoids from the genus Croton that displayed nitric oxide (NO) inhibition

(Zhang et al., 2017). Therefore, the investigation of C. poomae became a focus of our work.

4) Result and Dicussion

The n-hexane, EtOAc and MeOH extracts of dried leaves and stems of C. poomae
were separated by silica gel column chromatography (CC), silica gel flash column
chromatography (FCC) and Sephadex LH-20 column chromatography to yield two new
clerodane diterpenoids, crotonolide K (1J.1) and furocrotinsulolide A acetate (1J.2) and
eighteen known compounds (1J.3-1J.20). Structures of known compounds were identified by
spectroscopic data measurements, as well as by comparing the data obtained with published
values, as furocrotinsulolide A (1J.3) (Graikou et al., 2005), 3,4,15,16-diepoxy-cleroda-
13(16),14-diene-12,17-olide (1J.4) (Pudhom and Sommit, 2011), 15,16-epoxy-3 [B-hydroxy-
5(10),13(16),14-ent-halimatriene-17,(12S)-olide (1J.5) (Aldhaher et al., 2017), crotonolide E
(1J.6) (Liu et al., 2014), crotonolide F (1J.7) (Liu et al., 2014), 3(,46:15,16-diepoxy-
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13(16),14-clerodadiene (1J.8) (Harinantenaina et al., 2006), 1-hydroxy-guai-3,10(14)-diene
(1J.9) (Ezzat and Motaal, 2012), spathulenol (1J.10) (Ragasa et al., 2003), 13-hydroxy-
4(15),5E,10(14)-germacratriene (1J.11) (Brown et al., 2003), scopoletin (1J.12) (Vasconcelos
et al., 1998), fraxidin (1J.13) (Garcez et al., 1999), 4-hydroxy-3-methoxybenzaldehyde (1J.14)
(Ito et al., 2001), trans-coniferyl aldehyde (1J.15) (Miyazawa and Hisama, 2003), sinapyl
aldehyde (1J.16) (Hiltunen et. al., 2006), 3-sitosterol (1J.17) stigmasterol (1J.18), stigmast-5-
en-7-one (1J.19), and 7-oxo-Q-sitosterol (1J.20) (Pettit et al., 2000) as shown in Figure 1J.1.

Compound 1J.1 had the molecular formula C,H,;O, deduced from the 3C NMR and
HRESIMS, m/z 3.53.1729 [M + Na]" (calcd. for CyH,sO, + Na, 353.1727), indicating eight
degrees of unsaturation. The IR spectrum showed the presence of a hydroxyl group at 3488
cm”, the carbonyl of an ester group at 1720 cm” and alkenes at 1459 and 1373 cm™. The
UV spectrum indicated an ester group at 210 nm. The 'H and °C NMR spectroscopic data of
1J.1 were similar to those of a known isolated clerodane diterpenoid, 15,16-epoxy-30-
hydroxy-5(10),13(16),14-ent-halimatriene-17,(12S)-olide (1J.5) (Aldhaher et al., 2017). The
main difference was the presence of the double bond at C-5/C-6 (in 1J.1) instead of C-5/C-10
(in 1J.5). This was confirmed by the appearance of two methine protons at ¢, 5.63, d, J = 6.1
Hz, H-6/0; 119.5 and &, 2.13, m, H-10/&; 44.2 in 1J.1, as well as the HMBC correlations of
H-10 to C-6 and C-20, and H-6 to C-4, C-7, C-8 and C-10. The resonance of H-3 as a broad
singlet at ¢, 3.51 indicated a [requatorial orientation (Graikou et. al., 2005) which was
confirmed by the NOESY correlations between H-3 and H;-18, and H;-18 and H-10. The
correlations between H-12 and H;-20 revealed that these protons were in d-orientation. From
the above evidence, the relative configuration of 1J.1 was assigned as the same as that of
1J.5 except H-3 (Aldhaher et al., 2017). Moreover, the absolute configuration of 1J.1 was
determined by comparison of the experimental ECD with its calculated ECD spectra. The
ECD calculations were generated for two selected possible stereoisomers, 3R, 8R, 9R, 10R,
128 and 3S, 8S, 9S, 10S, 12R using Gaussian09 with DFT B3LYP/6-311++G (d,p). The ECD
experimental spectrum of 1J.1 corresponded to its calculated spectrum, therefore the absolute
configuration of 1J.1 was assigned as 3R, 8R, 9R, 10R, 12S. Thus, 1J.1 was deduced as a
new celodane diterpene, 15,16-epoxy-3Q-hydroxy-5(6)13(16),14-ent-halimatriene-17,(12S)-
olide and was named crotonolide K.

Compound 1J.2 had the molecular formula C,,H;,0¢, deduced from the ">C NMR and
HRESIMS, m/z 413.1941 [M + NaJ" (calcd. for C,H;0g + Na, 413.1940), indicating eight
degrees of unsaturation. The IR spectrum showed the absorption bands of hydroxyl (3433

cm™), ester carbonyl (1715 cm™), and alkene (1504 cm™) groups. The UV spectrum indicated
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Figure 1J.1 Compounds isolated from leaves and stems of Croton poomae Esser
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an ester group at 211 nm. The 'H and ">C NMR spectral data of 1J.2 were similar to those of
the known isolated furocrotinsulolide A (3) (Graikou et al., 2005). However, the hydroxy group
at C-3 in 1J.3 was replaced by an acetoxy group, which was confirmed by NMR resonances
at &, 2.01, s/0.22.8 and . 170.2, and the high-field carbon signal of C-3 at O, 68.6. The
resonance of H-3 at &, 4.73 appeared as a broad singlet, indicating a f-equatorial orientation
of H-3 in 2J.2 was the same as those of 1J.1 and 1J.3 (Graikou et. al., 2005). The NOESY
correlations between H-12 and H;-20, H;-18 and H;-19, and H;-19 and H3-20 revealed that
these protons were Q-orientation, while the correlation between H-2/ and H-3, H-2/ and H-
10, and H-8 and H-10 suggested the S-orientation of H-3, H-8 and H-10. Consequently, the
relative configuration of 1J.2 was assigned to be the same as that of furocrotinsulolide A
(14.3) (Graikou et al., 2005). Furthermore, the absolute configuration of 1J.2 was assigned by
comparison of the experimental ECD with its calculated ECD spectra of two selected possible
stereoisomers (3R, 4R, 5R, 8R, 9R, 10R, 12S and 3S, 4S, 5S, 8S, 9S, 10S, 12R). The
experimental ECD spectrum of 1J.2 was matched with its calculated ECD spectrum of 3R,
4R, 5R, 8R, 9R, 10R, 128 (Figure S5). Therefore, 1J.2 was identified as a new clerodane
diterpenoid and was named furocrotinsulolide A acetate.

Compounds 1J.1-1J.8 were evaluated for their inhibition of NO production by LPS-
induced RAW 264.7 macrophages. The results show that 1J.1, 1J.2, 1J.5, 1J.7 and 1J.8
inhibited NO production with 1Cs, values of 46.43, 31.99, 48.85, 42.04, and 32.19 uM,
respectively, which makes them more potent than the standard drugs, indomethacin (ICs, =
154.5 uM) and dexamethasone (IC5, = 56.28 pM). Compounds 1J.3, 1J.4, and 1J.6 showed
weak inhibitory activity with I1C,, values of 81.97, 86.98, and 74.78 1M, respectively.
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Project 2: Investigate on Two Fungi : Apiospora montagnei and Botryotrichum
piluliferum and Two Plants: Miliusa velutina and Cissus rheifolia

Researcher: Kwanjai Kanokmedhakul (Project Leader)

Project 2A: Investigate on the Fungus Apiospora montagnei
1) Keywords
Apiospora montagnei; xanthone; cytotoxicity.
2) Objective
To investigate the chemical constituents and their bioactivity from the fungus

Apiospora montagnei

3) Introduction

The fungus Apiospora montagnei Sacc. belongs to the Apiosporaceae family (Klemke
et al. 2004). It is the only species in the genus Apiospora that has been studied. Previous
reports have shown that A. montagnei produces several secondary metabolites such as
amide, coumarin (Alfatafta et al. 1994), isocoumarins (Ramos et al. 2013), cyclic peptides
(Koguchi et al. 2000; Kohno et al. 2000), diterpene, monomethyl esters, polyketide and
xanthone derivative (Klemke et al. 2004). Some of these compounds show antibacterial
activity (Alfatafta et al. 1994), cytotoxicity (Klemke et al. 2004) and proteasome inhibitory
activity (Kohno et al. 2000). Therefore, the chemical constituents and the biological activities

of this fungus were our interests in this study.

4) Result and Discussion

Chromatographic separation of n-hexane, EtOAc and MeOH extracts yielded eight
compounds. The new compound (2A.1) was determined by spectroscopic techniques (IR, UV,
'H and "C NMR, 2D NMR, and MS), whereas the seven known compounds were identified
by their physical properties and spectroscopic data measurements, as well as by comparing
the data obtained with published values, as being methyl 8-hydroxy-3-methylxanthone-1-
carboxylate (2A.2) (Li et al. 2011), methyl 8-hydroxy-6-methylxanthone-1-carboxylate (2A.3)
(Kachi & Sassa 1986), ergosterol (2A.4) (Smith & Korn 1968), cyathisterone (2A.5)
(Kawahara et al. 1994), ergosta-4,6,8(14),22-tetraen-3-one (2A.6) (Kawahara et al. 1994),
calvasterone (2A.7) (Kawahara et al. 1994) and 2-hexyl-3-methylmaleic anhydride (2A.8)
(Buttery et al. 1980) as shown in Figure 2A.1.

Compound 2A.1 was obtained as yellow needles, and its molecular formula,

C16H1,06, was deduced from HR-ESI-TOF-MS (m/z 301.0719 [M + HJ"). The IR spectrum
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Figure 2A.1 Isolated compounds from the fungus Apiospora montagnei.

showed broad absorption bands at 3430 (hydroxyl), 1731 (carbonyl of ester), and 1650
(aromatic ketone) cm'. The UV spectrum exhibited adsorptions at 234, 259, 287, and 366
nm, which correspond to xanthone chromophores (Kachi & Sassa 1986; Tian et al. 2015;
Daengrot et al. 2016). The 'H NMR spectral data consisted of a chelated hydroxyl proton ( &
12.23, 1H, s, 8-OH), a set of meta-coupled aromatic protons [ 7.53 (1H, brs, H-4) and 7.26
(1H, brs, H-2)], and a set of 1,2,3-trisubstituent aromatic protons [y 7.57 (1H, t, J = 8.4 Hz,
H-6), 6.88 (1H, d, J = 8.4 Hz, H-5), and 6.80 (1H, d, J = 8.4 Hz, H-7)]. The latter was
confirmed by COSY correlations between H-5¢>H-6<—>H-7. Moreover, the 1H NMR spectrum
of 1 also exhibited the characteristic signals of methyl ester [6, 4.01 (3H, s, CO2Me)] and
oxymethylene protons [6, 4.85 (2H, s, H-10)]. The HMBC spectrum showed correlations of
the H-2 (6, 7.26) and OMe (&, 4.01) to the carbonyl of ester (6; 169.6), and H-10 to C-2 (6.
120.5) and C-4 (6. 116.3), confirming the methylester and hydroxymethyl units were located
at C-1 and C-3, respectively. The COSY and HMBC correlations data confirmed the sturture.
Therefore, compound 2A.1 was assigned as a new methyl 8-hydroxy-3-hydroxy
methylxanthone-1-carboxylate.
Compounds 2A.1, 2A.2, 2A.5, 2A.6 and 2A.8 were evaluated for their biological

activities. All compounds were inactive towards antimalarial test. The results showed that

compound 2A.5 exhibited weak cytotoxicity against the NCI-H187 cell line with an IC5, value
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of 14.80 UM, whereas compound 2A.6 showed weak cytotoxicity against KB and NCI-H187
cell lines with ICy, values of 48.10 and 58.80 UM, respectively.
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Project 2B: Investigate on the Fungus Botryotrichum piluliferum
1) Keywords

Botryotrichum piluliferum, Chaetomiaceae, sterigmatocystin, mycotoxin cytotoxicity.
2) Objective

To investigate the chemical constituents and their bioactivity from the fungus

Botryotrichum piluliferum

3) Introduction

The fungus Botryotrichum piluliferum belongs to the family Chaetomiaceae. Colonies
grown on potato dextrose agar are white when young and turn pale brown when mature, at
30 °C in 7 days, with septate mycelia, branches, and setae. Conidia are chain-like on hyaline
conidiophores, globose, 12.50-15.50 um diameter, with irregularly thick walls of 3.0-3.5 um.
Teleomorphs were not found in this isolate. It was morphologically identified according to
Domsch et al." and Downing.2 The fungus B. piluliferum has been reported as one of the
seedborne fungi of chili pepper.3 Previous chemical investigation on the genus Botryotrichum
has reported it to contain asterriquinone CT2 from Botryotrichum spp.4 and botryolides A-E,’
decarestrictine D,” and sterigmatocystin from Botryotrichum sp. (NRRL38180). However, no
studies on the chemical constituents and bioactivity of B. piluliferum have been found. Many
fungi such as Aspergillus species,6 Aschersonia coffeae Henn. BCC 28712,7 and Penicillium
chrysogenum® including Botryotrichum sp. (NRRL 38180) have been reported to produce
mycotoxins. Mycotoxins have been reported as mutagenic and having carcinogenic effects in

animals and humans.>"

In our continuing investigation on bioactive metabolites from fungi
isolated from Thai soil, crude n-hexane and EtOAc extracts of B. piluliferum displayed
cytotoxicity against the KB cell line with 85.5 and 59.7% inhibition, respectively, at a
concentration of 50 ug/mL. Moreover, the EtOAc extract presented cytotoxicity toward the

MCE-7 cell line with 57.5% inhibition.

4) Result and Discussion

The chromatographic separation of biomass powder of B. piluliferum gave two new
sterigmatocystin derivatives, 2B.1 and 2B.2, and nine known compounds, 2B.3-2B.11 (Figure
2B.1). Their structures were identified by spectroscopic data and by comparing the data
obtained to those of related known compounds published in the literature. They were
oxisterigmatocystins E and F (2B.1 and 2B.2, respectively), oxisterigmatocystins G and H

(2B.3 and 2B.4, respectively), sterigmatocystin (2B.5),'° N-0532B (2B.6),17 O-methyl
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sterigmatocystin (2B.7), N-0532A (2B.8)," 6-O-methylversicolorin A (2B.9), 6,8-O-dimethyl
versicolorin A (ZB.10),19 and 8-O-methylaverufin (ZB.11)7 as shown in Fiure 2B.1.

Compounds 2B.1 and 2B.2 had the molecular formula C,;H;;CIOg, derived from c
NMR and HR-ESI-TOFMS, signifying indices of hydrogen deficiency. The IR spectra of
compounds 2B.1 and 2B.2 showed absorption bands for ester (1749/1752 c¢m™'), aromatic
ketone (1664/1659 cm™"), and aromatic (1418/1452 cm™") groups. The *C NMR and DEPT
spectra of these two compounds indicated 21 carbon signals attributable to 3-methyls (2

methoxy and an acetoxy group), a methylene, 3 sp2 methines, 3 sp3 methines, and 11 sp2

OCH;0  OCHs OCH;O  OCHj3 OH O OCH;
2B.1 R=Cl 2B.2 R=Cl 2B.5 R=H
2B.3 R=H 2B.4 R=H 2B.6 R=Cl

7 "0
H H
O ~

CO0
R

OCH;O  OCH;

2B.7 R=H 2B9 R=H
2B.8 R=Cl 2B.10 R =CHs

Figure 2B.1. Structures of the isolated compounds 2B.1-2B.11.

quaternary (including two carbonyl) carbons. The 'H and "C NMR spectroscopic data of 2B.1
agreed with those of isolated N-0532A (23.8),17 except that the double bond at C-3' was
saturated by a proton at C-3' [6,c 2.55 (m, H2-3)/37.1] and an acetoxy group at C-4' [8c
2.11(s)/21.2, 6. 169.8]. The three resonances of aromatic protons appeared at 6 6.38 (s, H-
2), 7.08 (d, J = 9.0 Hz, H-5), and 7.58 (d, J = 9.0 Hz, H-6). Correlations of H-1"/H-2"/H2-3'/H-
4" in the COSY spectrum confirmed the lack of a double bond at C-3' of the bishydrofuran
unit. The HMBC also indicated the connectivity of an acetoxy group through C-4' by showing
correlations of H3-6' to C-5' and C-4' and H-4' to C-5". The 'H and ">C NMR spectroscopic
data of 2B.2 were similar to those of 2B.1, except that the resonance of methyl protons of the
acetoxy group at C-4' of 2B.2 (& 1.69) appeared at a higher field than that of 2B.1 (6 2.11).
The coupling constants between H-1" and H-2' (J = 6.0 Hz) and the NOESY correlations of
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the two protons of 2B.1 and 2B.2 revealed a cis ring fusion, the same as in the
sterigmatocystin (2B.5),"® which allowed assignment of the absolute configurations at both C-
1" and C-2' as S. The assignment of configurations at C-4' of 2B.1 and 2B.2 as R and S were
determined by comparing the 'H NMR resonances of an acetoxy group to those reported for
related analogues, dothistromin pentaacetate and oxisterigmatocystin D. The methyl protons
of the 4"-acetoxy group of 2B.2 appeared at a higher field (6, 1.69) than in 2B.1 (&, 2.11),
agreeing with that reported for endo dothistromin pentaacetate (6, 1.67) which was due to the
strong shielding effect of xanthone. Furthermore, the optical rotation value of 2B.1 was
different from that of 2B.2, suggesting the different configurations at C-4' of the two
compounds. On the basis of the above evidence, the structure of 2B.1, oxisterigmatocystin E,
was determined as a new sterigmatocystin derivative and compound 2B.2, oxisterigmatocystin
F, was identified as the C-4' epimer of 2B.1.

Compounds 2B.3 and 2B.4 possessed a molecular formula of C,HsO5 from c
NMR and HR-ESI-TOFMS, indicating 13 degrees of hydrogen deficiency. IR spectra of both
2B.3 and 2B.4 showed bands for ester (1752/1752 cm'1), aromatic ketone (1659/1659 cm'1),
and aromatic (1462/1471 cm'1) groups. The 'H NMR, "*C NMR, and DEPT spectroscopic data
of 2B.3 were similar to those of 2B.1, except for the presence of an additional sp2 methine
proton at C-7 [y 6.75 (d, J = 8.4 Hz, H-7)]. This information, together with the absence of Cl
isotope in the MS data, established that the chlorine atom was displaced by an sp2 methine
proton. The COSY spectrum showed correlations of H-5/H-6/H-7, indicating trisubstitution of
the aromatic ring. The HMBC spectrum of 2B.3 clearly demonstrated correlations of H-7 to C-
8a and C-5, H-6 to C-8 and C-10a, and H-5 to C-7, C-8a, and C-10a, confirming the structure
of 2B.3. Because the resonances of acetoxy groups of 2B.3 (64 2.10) and 2B.4 (6, 1.67)
appeared at low and high fields in the same manner as those of 2B.1 and 2B.2, the
configurations at C-4' of 2B.3 and 2B,4 were assigned as R and S, respectively. Moreover,
the optical rotation values of them were comparable to those of 2B.1 and 2B.2, respectively.
This is the first isolation of compounds 2B.3 and 3B.4 from a natural source, and they have
been named oxisterigmatocystin G (2B.3) and oxisterigmatocystin H (2B.4).

Compound 2B.9 had the molecular formula C,4H,,0,, deduced from 3C NMR and R-
ESI-TOFMS, requiring 14 degrees of hydrogen deficiency. The IR spectrum displayed
absorption bands for aromatic ketones (1629 and 1613 cm™) and aromatic (1579 cm™)
groups. The C NMR and DEPT spectra displayed 19 carbon signals for a methoxy, 5 sp2
methines, 2 sp3 methines, and 11 sp2 quaternary (including two carbonyl) carbons. Careful

examination of 1D and 2D NMR data indicated that the structure of 2B.9 was similar to that of
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6,8-O-dimethylversicolorin A, which has been previously reported as a methylation product of
versicolorin A. The HMBC spectrum revealed correlations of hydroxyl proton at C-8 to C-7, C-
8, and C-8a, onfirming the position of the hydroxyl group at C-8. Besides, the correlations of
H-4 to C-2, C-3, C-10, and C-9a, H-5 to C-7, C-8a, and C-10, H-7 to C-5, C-6, C-8, and C-8a,
H-1"to C-3, C-2', C-3', and C-4', H-3' to C-1" and C-2' H-4' to C-2', methoxyl protons at C-6
to C-6, and hydroxyl proton (OH-1) to C-1, C-2, and C-9a indicated the structure of 2B.9. The
absolute configuration of 2B.9 was assigned to be the same as that of 6,8-O-
dimethylversicolorin A (2B.10) by comparing their optical rotations, -320 (c 0.12, dioxane) for
1019 and -312.8 (c 0.1, CHCI3) for 2B.9. Thus, this is the first report of 6-O-methylversicolorin
A (2B.9) isolated from a natural source.

Compounds 2B.1, 2B.3, and 2B.4 showed antimalarial activity against P. falciparum
with 1C5, values of 7.9, 14.7, and 23.9 UM, respectively. Compounds 1-4 exhibited cytotoxicity
against three cancer cell lines (KB, MCF-7, and NCI-H187) with ICs, values ranging from 3.5
to 78.6 M. Compound 2B.3 showed significant cytotoxicity against KB cells with an IC50 value
of 3.5 UM, which is lower than that of the control drug ellipticine. Furthermore, 2B.3 was
cytotoxic against the MCF-7 cell line with Oan ICy, value of 6.9 UM, which is lower than that of
the control drug doxorubicin. However, 2B.3 was highly cytotoxic toward the normal cell line
(Vero cell) with an IC5, value of 1.6 UM, which is lower than the that of the control drug
ellipticine, 2.5 UM. Among compounds 2B.1 - 2B.4, the influence of an exo versus an endo
arrangement was noted. The exo arrangements in 2B.1 and 2B.3 showed both higher
antimalarial activity and cytotoxicity against cancer cells than their endo analogues, 2B.2 and
2B.4. It should be noted that the missing double bond at C-3' and the presence of an acetoxy
group at C-4' of sterigmatocystin derivatives 2B.1-2B.4 would play important roles for
cytotoxicity enhancement when compared to derivatives 2B.5-2B.8. Moreover, the double
bond at C-3' and C-4' of sterigmatocystin derivatives 2B.5-2B.8 exhibited no cytotoxicity
(>100 uM) toward KB and MCF-7, which corresponds to the results for related structures in a
previous paper. In addition, compounds 2B.9 and 2B.10 showed strong cytotoxicity against
the NCI-H187 cell line with 1C5, values of 2.1 and 0.38 UM, respectively, which were lower
than that of the control drug ellipticine. By comparison between compounds 2B.9 and 2B.10,
the presence of a methoxy group at C-8 led to a decrease in cytotoxicity toward normalicells.
Interestingly, compound 2B.10 was not cytotoxic against Vero cells and should be further
studied in detail. However, most of the isolated compounds showed cytotoxicity against Vero
cells with ICg, values in the range from 0.65 to 12.3 UM. Sterigmatocystin (2B.5) has been

reported to contaminate foodstuffs such as wheat, rice, coffee bean, corn, and red pepper.
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Furthermore, it has been discovered in cheese contaminated with Asperqgillus versicolor. On
the basis of our results, most isolated compounds from B. piluliferum are mycotoxins with
structures metabolically related to the aflatoxin carcinogen. These mycotoxins could be
responsible for the toxicity of the fungus B. piluliferum. As mentioned above, the fungus B.
piluliferum was found in the seeds of chili pepper and so the contamination of B. piluliferum in
the food chain and agricultural soil should be monitored.
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Project 2C: Investigate on Leaves of Miliusa velutina
1) Keywords
Miliusa velutina, antimalarial, cytotoxicity
3) Objective
To investigate the chemical constituents and their bioactivity from leaves of Miliusa

velutina

3) Introduction
Miliusa velutina (Dunal) Hook. f. & Thomson belongs to the family Annonaceae. This
plant is found widely in Thailand with local names “Khang hua mu” or “Kong kang”. A water

decoction of the wood is used traditionally as a tonic and an aphrodisiac.” The genus Miliusa
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comprises ca. 50 species distributed from India, South East Asia, to Australia. At least 19
species of Miliusa, have been found in Thailand. %° Eight of the Miliusa genera growing

4-19

worldwide have been investigated for their phytochemistry and biological activities.” ~ Among

these species, a Thai medicinal plant, M. velutina, has been shown to contain the

acetogenin, goniothalamusin,” an aporphine alkaloid, (+)-isocorydine OL-N-oxide," and four
alkaloids, reticuline, liriodenine, norcorydine, and isocorydine.19 Recently, the isolation and
characterization of the linear acetogenins, cananginones A-l from the stem bark of M.

velutina were reported.?**’

In a continued investigation of this plant, the crude n-hexane and
EtOAc extracts from the leaves of this plant were found to exhibit activity towards
Mycobacterium tuberculosis with 99.6 and 98.9% inhibition at a concentration of 50 yg/mL,

respectively.

4) Result and Discussion

Chromatographic fractionation of n-hexane and EtOAc extracts yielded eight new
bicyclic lactones, velutinones A-H (2C.1-2C.8), three cyclobutane dimers, velutinindimers A—
C (2€C.9-2C.11), and four known compounds (2C.12—-2C.15), kawapyrone, yangonin (2C.12),
three flavonoids, sakuranetin (2C.13), 7-O-methyleriodictyol (2C.14) and rhamnetin (2C.15),
and an acetogenin, cananginone H (2C.16) (Figure 2C.1).

The IR spectra of 2C.1-2C.4 showed absorption bands of a glactone moiety at
(1789-1771 cm™) and a conjugated carbonyl functionality (1685-1862 cm™) similar to the
absorption bands of a synthetic bicyclic cyclohexenone.

Compound 2C.1 possessed the molecular formula C;gH,,05 based on the C NMR
and HRESITOFMS (m/z 311.1611 [M + Na]’) data, indicating seven indices of hydrogen
deficiency. The 'H NMR data had resonances at § 2.48 (d, J = 17.4 Hz, H-2a), 2.39 (d, 17.4
Hz, H-2b), 2.52 (s, 2H, H-3), 6.17 (dd, J = 10.3, 1.2 Hz, H-5), 6.75 (dd, J = 10.3, 3.3 Hz, H-6),
and 4.87 (dd, J = 3.3, 1.2 Hz, H-6a). The °C NMR data, DEPT, and HMQC experiments
indicated seven resonances which were associated with an o,[3-unsaturated carbonyl (&
196.2/C-4), a lactone carbonyl (& 174.2/C-1), two olefinic (& 131.2/C-5 and 141.4/C-6), two
methylene (& 38.9/C-2 and 42.6/C-3), one methine (6 77.8/C-6a), and one quaternary (6
44.7/C-2a) carbons. Interpretation of the COSY and HMBC correlations indicated that 2C.1
has a core structure of a five-membered lactone ring fused to an a,[-unsaturated
cyclohexanone ring. This arrangement is similar to that of a compound isolated from the fruit
kernels of Otoba parvifolia and from a total synthesis of its core structure, except for the side
chain at C-2a which was replaced by a geranyl moiety in 2C.1. This geranyl side chain

(C4oH47) was evident from the 'H and "C NMR spectroscopic data. The COSY spectrum
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showed the connectivity of the geranyl side chain by correlations between H-1" and H-2', and
amongst H-4', H-5' and H-6'. The HMBC spectrum exhibited correlations of H-1' to C-2, C-3,
C-2a, C-6a, C-2' and C-3'; H-2' to C-2a, C-1', C-3', C-4', and C-10"; H-4' to C-2', C-3', C-5', C-
6' and C-10"; H-6' to C-4', C-5', C-8', and C-9' indicating that the geranyl group was linked to
the stereogenic quaternary carbon C-2a. The relative configuration at C-2a and C-6a was
established as syn from the NOESY correlation of H-6a and H-1'. Based on the above

evidence, the new compound 2C.1 has been named velutinone A.
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Figure 2C.1. Structures of isolated compounds 2C.1-2C.16.
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Compound 2C.2 had the molecular formula C;gH,,O, derived from the ,;C NMR and
HRESITOFMS (m/z 305.1740 [M + H]") data, demonstrating the same index of hydrogen
deficiency, but having one additional oxygen atom compared to 2C.1. The 'H and C NMR
spectroscopic data of 2C.2 were similar to those of 2C.1, except for the geranyl side chain
being oxidized at C-6' and having a 7', 8' terminal double bond. The NMR spectroscopic data
displayed resonances for an olefinic methylene protons at &, 4.82 (t, J = 1.4 Hz, 4.91 (brs),
H-8")/ 6; 111.1 and an oxymethine at &, 4.00 (t, J = 6.3 Hz, H-6"Y 6. 75.3. The HMBC
correlations of H-5" to C-3', C-4', C-6', and C-7'; H-6' to C-4', C-5', C-7', C-8', and C-9'; and H-
8' to C-6', C-7', and C-9' confirmed the position of the terminal olefinic moiety and the hydroxy
group in the side chain. The assignment of the (6'S) absolute configuration was done via the
modified Mosher's ester method. Therefore, the structure of compound 2C.2 has been named
velutinone B.

Compound 2C.3 had the molecular formula C,zH,,0,, deduced from C NMR and
HRESITOFMS (m/z 327.1543 [M + Na]’) data, implying the same index of hydrogen
deficiency, but having one additional oxygen atom compared to 2C.1. The 'H and "°C NMR
spectroscopic data of 2C.3 were similar to those of 2C.1, except for the appearance of the
olefinic protons at 6, 5.51 (dt, J = 15.6, 6.6 Hz, H-5") and 6, 5.60 (d, J = 15.6 Hz, H-6"), and
one additional oxygenated carbon signal at ; 70.4 (C-7'). The position of the hydroxy group
at C-7' on the side chain was confirmed by the HMBC correlations of H-5' to C-3', C-4', C-6',
and C-7'; and H-6' to C-4', C-5', C-7" and C-8'/C-9". Therefore, the new structure of compound
2C.3 has been named velutinone C.

Compound 2C.4 had the molecular formula C,gH,,05 derived from the '>C NMR and
RESITOFMS (m/z 343.1472 [M + Na]') data, demonstrating the same index of hydrogen
deficiency, but having one additional oxygen atom compared to 2C.3. The NMR spectroscopic
data of 2C.4 was similar to that of 2C.3, except for the resonance of a C-7' hydroxy group.
The "°C NMR spectrum revealed the unusual down field oxygenated carbon signal at 6. 81.8
for C-7', suggesting the presence of a hydroperoxy group. Finally, the structure of new
compound 2C.4, has been named velutinone D,

Compound 2C.5 had the molecular formula C,gH,;O5 derived from the 3C NMR and
HRESITOFMS (m/z 291.1935 [M + Nal]’) data, implying six indices of hydrogen deficiency.
The IR spectrum showed hydroxy (3442 cm”) and g-lactone carbonyl (1771 cm'1)
functionalities. The NMR data of 2C.5 corresponded to those of 2C.1, except that the ketone
carbonyl resonance for C-4 was replaced by a resonance for an oxymethine group at &, 4.31
(m)/ 6. 63.7. The assignment of (4S) absolute configuration was done via the modified

Mosher's ester method. The configurations of (2aR and 6aR) were assigned by NOESY and a
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molecular modeling study. NOESY correlations were observed between H-4 and H-2a, H-6a
and H-1a, H-6a and H-3f3, H-1'b and H-2f3, and H-3a. and H-2". Then, the structure of new
compound 2C.5 has been named velutinone E.

Compound 2C.6 had the molecular formula C,gH,,O, derived from the 3C NMR and
HRESITOFMS (m/z 327.1562 [M + Na]’) data, implying the same index of hydrogen
deficiency, but having one more oxygen atom than 2C.1. The IR spectrum showed bands for
g-lactone (1789 cm” and a cyclohexanone (1719 cm'1) groups. The NMR data of 2C.6 was
similar to that of 2C.1, except for the resonances of the C-5/6 double bond which were
replaced by those of an epoxide moiety [6, 3.65 (d, J = 3.6 Hz, H-5)/ 6. 58.6 and &, 3.37 (d,
J = 3.6 Hz, H-6)/ 6; 54.9)]. The relative configuration of the epoxide was assigned by the
NOESY correlations between H-6 and H-6a. Hence, the structure of new compound 2C.6,
has been named velutinone F.

Compound 2C.7 had the molecular formula C,gH,,05, established from the 3C NMR
and HRESITOFMS (m/z 321.1690 [M + Na]’) data, having the same index of hydrogen
deficiency as in 2C.2. The IR spectrum displayed an extra hydroxyl band at (3481 cm™) which
differed from that of 2C.6. The NMR data of 2C.7 corresponded to that of 2C.2, except for the
resonances of a C-5/6 double bond, which was replaced by resonances for an epoxide moiety
[64 3.62 (d, J = 3.6 Hz, H-5)/ 6; 58.5 and 6, 3.34 (d, J = 3.6 Hz, H-6)/ 6. 54.8] as in that of
2C.6. The 6'S configuration was assigned by comparison of the NMR data to that of 2C.2.
Thus the structure of 2C.7, velutinone G, was defined as shown in Figure 2C.1.

Compound 2C.8 possessed the molecular formula CzH,,O5 from the 3C NMR and
HRESITOFMS (m/z 321.1690 [M + H]") data, having seven indices of hydrogen deficiency as
in 2C.6, but having one additional oxygen. The IR spectrum was also similar to that of 2C.6.
The NMR data of 2C.8 corresponded to that of 2C.6, except for the resonances for a C-6"/7’
double bond which were replaced by resonances for an epoxide [dH 3.65 (t, J = 6.7 Hz, H-60/
6c 63.7 and 6. 58.2, C-7")] at this position. The configuration at C-6" of 2C.8 was proposed to
be S, based on its ring opening to give 2C.7. Hence, structure of 2C.8, velutinone H, was
designated as shown in Figure 2C.1.

Compound 2C.9 showed an [M + Na]" ion peak at m/z 539.1651 in its HRESITOFMS,
which in conjunction with the C NMR data indicated the molecular formula C3oH50s4,
requiring seventeen indices of hydrogen deficiency. The IR spectrum showed bands for
unsaturated lactone (1715 cm'1) and aromatic (1643 cm'1) groups. The UV spectrum also
indicated an aromatic moiety (286 nm). Since the NMR spectroscopic data of 2C.9 displayed

half the number of resonance signals expected for 28 protons and 30 carbons, the structure
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should be a symmetrical dimer. These NMR resonances corresponded to those of the
cyclobutane dimer, achyrodimer A, except for hydroxy groups at C-12 and C-12' of the
aromatic rings which were replaced by methoxy groups. The 'H NMR spectroscopic data
showed resonances for the para-substituted benzene rings at 6, 6.82 and 7.19 (each 4H, d, J
= 8.7 Hz), four methines of the cyclobutyl ring at 6 4.16 and 4.35 (each 2H, dd, J = 7.6, 10.0
Hz), four olefinic protons for the two o-pyronemoieities at 6 5.21 and 5.71 (each 2H, d, J =
2.2 Hz), and four methoxy groups at & 3.75 and 3.67 (each 6H, s). The °C NMR data
showed resonances for the para-disubstituted benzene rings at 6 129.4 (C-9, 9"), 128.5 (C-
10, 10" and C-14, 14"), and 113.9 (C-11, 11"), the cyclobutyl methines at & 43.0 (C-7, 7'), and
45.5(C-8, 8') the o-pyrone methines at & 87.7 (C-3, 30), 101.3 (C-5, 5') and methoxy groups
at § 55.7 (4, 4-OMe) and 55.2 (12, 12'-OMe), and a carbonyl group at 162.9 (C-6, 6"). The
correlations of H-7/7' to C-5/5', C-6/6', C-8/8', and C-9/9', and of H-8/8' to C-6/6', C-7/7', C-
10/10’, and C-14/14' from the HMBC spectrum revealed the connection of a cyclobutane ring
to an o-pyrone ring, and benzene rings at C-7/7' and C-8/8', respectively. Resonances for
two sets of methoxy protons at 6,4 3.75 and 3.67 showed correlations with C-4/4" and C-
12/12', respectively, confirming the location of methoxy groups at C-4/4' and C-12/12". The
correlations between H-7 (7') and H-8 (8') in the NOESY spectrum indicated the relative
configuration on the cyclobutane ring as reported for achyrodimer A.39 The specific rotation
value of 2C.9 was almost zero [+0.08 (¢ 0.63, MeOH-CHCI;; 3 : 1)] which was also the same
as that reported for a symmetric achyrodimer A. Moreover, the ECD spectrum of 2C.9
showed no signal for a Cotton effect. Based on this evidence the structure of compound 2C.9
could contain a plane of symmetry. Hence, it was concluded to be a new symmetrical
cyclobutane dimer of the isolated styrylpyrone, yangonin (2C.12), and it has been named
velutinindimer A.

Compound 2C.10 possessed the molecular formula C;,H,505 from the >C NMR and
HRESITOFMS (m/z 539.1666 [M + Na]’) data, having the same index of hydrogen deficiency
as 2C.9. The IR spectrum displayed bands for lactone (1699 cm'1) and aromatic (1647 cm-1)
groups. The UV spectrum also supported an aromatic moiety (268 nm). The 'H NMR data of
2C.10 showed resonances for two para-disubstituted benzene rings at 6 6.85, 7.16, and 7.34
and 6.85 (each 2H, d, J = 8.7 Hz), an E double bond at 6 6.42 and 6.86 (each 1H, d, J =
15.8 Hz), o-pyrone ring at & 5.33 and 5.89 (each 1H, d, J = 2.2 Hz, H-3 and H-5,
respectively) and 5.29 (s, H-3'), three methine protons at 6 3.55 (d, J = 9.9 Hz, H-5'), 4.26
(dd, J = 10.8, 9.9 Hz, H-8), 4.09 (d, J = 10.8 Hz, H-7), and four methoxy groups at & 3.32,
3.69, 3.78, and 3.79. The *C NMR spectrum, DEPT and HMQC experiments of 2C.10

showed 30 resonances, including two sets of p-disubstituted benzene rings, one o-pyrone
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ring, one olefinic, one cyclobutane ring, and four methoxy carbons. The HMBC spectrum
displayed *J correlations of H-3 to C-5; H-5 to C-3, and C-7; H-7 to C-5, C-9, C-5', and C-7"
H-8 to C-6, C-1', C-14, C-4', and C-6"; H-1', 14 to C-8, and C-12; H-11, 13 to C-9; H-3' to C-
5", H-5' to C-7, C-9, C-3' and C-7'; H-7' to C-7, C-5', and C-9'; H-8' to C-6', C-10’, and C-14;
H-10, 14’ to C-8' and C-12"; H-11', 13’ to C-9' and C-12"; 4-OMe to C-4; 12-OMe to C-12; 4'-
OMe to C-4"; and 12'-OMe to C-12' confirming the structure of 2C.10. The NMR data was
comparable to the cyclobutane dimer achyrodimer D, reported from the aerial parts of
Achyrocline bogotensis. It was found that 2C.10 was the methoxy derivative of achyrodimer D.
The relative configuration of 2C.10 was determined from the relatively large coupling
constants (9.9-10.8 Hz) between H-7 and H-8, and H-8 and H-5', and the NOESY
correlations between H-8 and H-5', H-7 and H-14, H-8 and H-10, H-5 and H-7, H-7' and H-
10', and H-8' and H-14'. The magnitude of the coupling constant between H-7 and H-8 (J
trans = 10.8 Hz), and H-8 and H-5' (J cis = 9.9 Hz) could be correlated to the dihedral angle
between those protons, which corresponded with the values from the Karplus equation for a
four membered ring. The ECD measurement of 2C.10 in MeOH showed no signal of the
Cotton effect, and also the specific rotation value was almost zero (+0.08). These could
suggest that compound 2C.10 was a racemicmixture. Finally, the X-ray crystallographic
analysis supported the structure of an isolated 2C.10 containing asymmetric units of a
racemic mixture, and the one with the relative configuration (5'S, 6'R, 7S, and 8S) is shown in
Figure 2C.1. Thus, the structure of 2C.10 was an unsymmetrical cyclobutane dimer of the
isolated yangonin (2C.12), and it has been named velutinindimer B.

Compound 2C.11 exhibited an [M + Na]" peak at m/z 539.1664 in the positive
HRESITOFMS corresponding to the molecular formula Cj;H,sOgNa, the same as that of
2C.10. The IR spectrum showed bands for a lactone moiety (1708 cm™) and an aromatic ring
(1649 cm™). The UV spectrum indicated an aromatic moiety (273 nm). The NMR data and 2D
NMR of 2C.11 demonstrated a similar structure to a dimeric 2C.10. Nevertheless, slight
differences in chemical shifts around compounds 2C.11 and 2C.10 in the 'H and °C NMR
data at positions 7, 8, 9, 5, 7' and 8' suggested different configurations at the cyclobutane
ring between the two compounds. The large coupling constant of H-7 and H-8 (J trans = 10.3
Hz) and H-8 and H-5' (J trans = 9.7 Hz) could be explained in the same way as for 2C.10.
The NOESY spectrum displayed correlations of H-5' and H-7, H-7 and H-14, H-8 and H-10,
H-7' and H-10’, and H-8' and H-14', indicating its relative configuration. Compound 2C.11 also
showed no signal of the Cotton effect and also its specific rotation value was almost zero
(+0.3) suggesting that it should be a racemic mixture as compound 2C.10. The X-ray

crystallographic analysis cofirmed that it was a racemic mixture, and the one with the relative
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configuration 5'R, 6'S, 7R, and 8S is shown in Figure 2C.1. From the above evidence, the
structure of 2C.11 was determined to be another new dimeric styrylpyrone and it has been
named velutinindimer C.

Biological activity of the isolated compounds had been evaluated. Compounds 2C.2—
2C.4 and 2C.7-2C.11 showed antimalarial activity with IC, values in the range of 5.4-10.0
WM. Moreover, 2C.1-2C.4 and 2C.6-2C.8 displayed cytotoxicity against the KB, MCF7, and

NCI-H187 cancer cell lines and Vero cell lines with IC5, values in the range of 4.0-24.1 uM
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Project 2D: Investigate on Fruits and Flowers of Miliusa velutina
1) Keywords
Miliusa velutina, antimalarial, antibacterial, cytotoxicity
2) Objective
To investigate the chemical constituents and their bioactivity from leaves of Miliusa

velutina

3) Introduction

The genus Miliusa (Annonaceae family) consists of 50 species that are found in the
tropical rainforests of India, Malaysia, North Australia, and South China [1]. Previous
phytochemical investigations of the genus Miliusa showed a number of different types of
natural products, including alkaloids [2,3], acetogenins [4—6], flavonoids [3,7], geranylated
homogentisic acid derivatives [8], terpenoids [9], bicyclic lactones and dimeric styrylpyrones
[10]. Many of these compounds exhibit antibacterial, antimalarial, antiviral, cytotoxic and
acetylcholinesterase inhibitory activities [3-6,10-12]. The Thai medicinal plant, Miliusa
velutina, locally known as Khang Hua Mu or Kong Kang, grows widely in the northeastern
part of Thailand [13]. The wood of this plant is used as a tonic and an aphrodisiac in Thai
traditional medicine [14]. Our previous phytochemical studies of leaves and stem bark of M.
velutina resulted in the isolation of linear acetogenins, bicyclic lactones and dimeric
styrylpyrones [5,6,10]. Continued study of the fruits and flowers of M. velutina has shown that
both of their EtOAc extracts showed cytotoxicity toward human oral epidermoid carcinoma
(KB) with ICy, values of 76.3 and 17.1 ug/mL, respectively. In addition, the EtOAc extract
from the fruits of this plant showed antibacterial activity against Bacillus cereus with MIC value

of 160 ug/mL.
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4) Result and Discussion

Chromatographic separation of the extracts from fruits and flowersof M. velutina gave
twenty compounds. Their structures were determined by spectroscopic data (IR, UV, 1H and
C NMR, and 2D-NMR) and MS. The known compounds were identified by physical
properties and spectroscopic data measurements, as well as by comparing the data obtained
with their published values, as methyl-2-(1'8-geranyl-5'8-hydroxy-2'-oxocyclohex-3'-
enyl)acetate (2D.6), 2-(1'3-geranyl-5'3-hydroxy-2"-oxocyclohex-3"-enyl)acetic acid (2D.7),
yagonin (2D.8), velutinindimer A (2D.9), velutinindimers B (2D.10), cananginones A (2D.11),
cananginones H (2D.12), 4-hydroxybenzonitrile (2D.13), 4-hydroxybenzaldehyde (2D.14),
isovanillin  (2D.15), 5-acetyloxymethylfurfural (2D.16), 5-methoxyfurfural (2D.17) and 5-
hydroxymethylfurfural (2D.18). Two common phytosterols were identified by comparing their
spectroscopic spectra with authentic samples as [-sitosterol (2D.19) and stigmasterol (2D.20)
as shown in Figure 2D.1.

Compound 2D.1 was obtained as a yellow solid. Its molecular formula, C,;H,,03,
deduced from HRESITTOFMS (m/z 297.1510 [M+Na]’), indicates seven degrees of
unsaturation. The UV spectrum shows absorption maxima at 267 and 370 nm. The IR
spectrum exhibits absorbtion bands of hydroxyl (3261 cm™'), aromatic aldehyde (2855 and
1631 cm™) and alkene (1587 cm™) groups. The '°C NMR, HMQC and DEPT spectra reveal
the presence of six sp2 quaternary groups, five sp2 methine (including one carbonyl), three
methylene and three methyl carbons. The 'H NMR spectrum shows an aldehyde proton at &
9.80 with its carbonyl (C-7) chelated with the hydrogen of a hydroxyl group (6 10.90, s) at the
ortho position (C-2). Two doublet signals at 6 6.96 and 6.83 belong to aromatic protons with
meta coupling (J=2.0 Hz) of H-4 and H-6, respectively. The resonance signals at 6 3.35 (d,
J=8.0 Hz, H-1'), 6 5.30 (t, J=8.0 Hz, H-2"), 6 2.11-2.08 (m, H-4" and H-5'), 6 5.10 (t, J=6.0
Hz, H-6"), 6 1.60 (s, H-8"), 6 1.68 (s, H-9") and 61.69 (s, H-10") were assigned to a geranyl
side chain. The COSY spectrum exhibits correlations of the side chain between H-1/H-2' and
H-4'/H5'/H-6'. The HMBC spectrum shows correlations of H-1' to C-2, C-3 and C-4; H-2' to C-
1', C-4' and C-10"; H-4' to C-2', C-3' and C-5' and C-6"; H-5' to C-4', C-6' and C-7'; H-8' to C-
7' and C-9'; H-9' to C-7' and C-8'; H-10' to C-2', C-3' and C-4', confirming the geranyl group
which is linked to the aromatic at C-3. Based on the above evidence, compound 2D.1 exhibits
a core structure the same as 3-farnesyl-2,5-dihydroxybenzaldehyde isolated from seeds of
Otoba paruifolia. Thus, 2D.1 was deduced to be a new rare homogentisic acid derivative, 3-

geranyl-2,5-dihydroxybenzaldehyde, which has been named miliusanal.
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Figure 2D.1 Isolation compounds from fruits and flower of Miliusa velutina

Compound 2D.2 was obtained as a colorless viscous liquid. Its molecular formula,
CyHy505, was deduced from HRESITTOFMS (m/z 371.1830 [M+Na]’), revealing seven

degrees of unsaturation. The UV spectrum shows absorption maxima at 201 and 225 nm.
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The IR spectrum exhibits characteristics of carboxylic acid (3162 and 1711 cm'1), ester (1739
cm”) and conjugated ketone (1681 cm™) groupsThe '°C NMR, HMQC and DEPT spectra
display the presence of five sp2 quaternary (including three carbonyl groups), four sp2
methine, one sp3 quaternary, one oxymethine, five methylene and four methyl carbons. The
'H NMR spectroscopic data shows sets of resonance signals for a 4,6-disubstituted-2-
cyclohexenone unit at & 6.06 (d, J=10.2 Hz, H-3"), 6.78 (dd, J=10.2, 3.6 Hz, H-4'), an
oxymethine proton at 6 5.60 (m, H-5"), 2.49 (dd, J=14.8, 5.6 Hz, H-6'a), and 2.12 (dd, J=14.8,
6.0 Hz, H-6'8). The geranyl moiety shows protons ofthree methylene groups, two olefinic
groups and three vinyl methyl groups as in those of 2D.1. The a-methylene carboxylic acid (-
CH,-COOH) protons show two doublet signals with a germinal coupling of 16.0 Hz between &
2.37 and 2.78. The ®C NMR spectroscopic data shows a carboxylic carbon function at 6.
176.0 (C-1), an enone carbonyl at 6. 200.0 (C-2'), an acetate group (OAc) at 6; 170.2 and
21.0, and a secondary oxygenated carbon at &; 66.0 (C-5'). The COSY spectrum shows
correlations of the cyclohexenone unit, H-3'/H-4'/H-5'/H-6'. The HMBC spectrum exhibits
correlations of H-1" to C-2, C-2', C-2" and C-3"; H-2" to C-1", C-4" and C-10" confirming that
the geranyl group is linked to the stereogenic quaternary carbon at C-1'. The relative
configuration of 2D.2 was established on the basis of NOESY correlations between H-3' and
H-4', H-5" and H-6'a, H-1"b and H-2", and H-6'8 and H-2a to H-1"a. From the above data,
2D.2 has a core skeleton of rare homogentisic acid derivatives as in those of 2D.6 and 2D.7.
The specific rotation of 2D.2 [-48 (¢, 0.1, CHCI;)] and its analogues 2D.6 and 2D.7 [both -2.9
(c, 0.1, CHCI;)] have the same negative sign. Since the absolute configurations of 2D.6 and
2D.7 have not been reported, the absolute configuration of 2D.2 was further determined by
comparison of the experimental ECD spectrum with its ECD calculated spectra. Structures of
four possible stereoisomers of 2D.2 (two chiral carbons at C-1' and C-5') were optimized by
the B3LYP/6-31G(d) method and their ECD spectra were calculated using the time-dependent
density functional theory (TD-DFT) method with CAM-B3LYP functional and 6-311++G(d,p)
basis set. Polarizable continuum model (PCM) solvation model using MeOH was included in
the calculations. Calculations were performed using the Gaussian09 program. The ECD
calculated spectrum of (1'R,5'S)-2D.2 shows a Cotton effect at A, 202 (A&c+14.7), 238 nm
(Ae-38.0), and 314 (Ae+4.0), which agrees well with that of the experimental ECD spectrum
of 2D.2. Thus, it was identified as a new homogentisic acid derivative with the absolute
configuration (1'R,5'S)-2D.2, and has been named miliusanone.

Compound 2D.3 was obtained as a colorless viscous liquid. The HRESITTOFMS (m/z
385.1984 [M+Nal’) revealed the molecular formula, C,;H;,0s, which has one more carbon

than 2D.2. The UV spectrum showsabsorption similar to that of 2D.2. The IR spectrum shows
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absorption bands of ester (1735 cm'1) and conjugated ketone (1681 cm'1) functionalities.
Analysis of the 'H and "*C NMR spectroscopic data and 2D NMR techniques (COSY, HSQC,
HMBC and NOESY) indicates a structure similar to compound 2D.2. However, the carboxylic
acid (6. 176.0) of 2D.2 is replaced by an extra carbon as a methyl ester (&, 3.64/51.5, &
171.4) in 2D.3. The HMBC data confirms the location of the ester at C-1 by showing
correlations of H-2 to C-1, C-1', C-2, C-6' and C-1", and methoxy protons to C-1. The
absolute configuration of 2D.3 was assigned by comparing the ECD spectrum with calculated
ECD spectra of its four possible stereoisomers (two chiral carbons at C-1" and C-5'). The
calculated spectrum of (1'R,5'S)-2D.3 shows a Cotton effect at A,,, 209 nm (A&+6.8), 222 nm
(Ae-10.5), and 320 (Ae+3.2), which matches the experimental ECD spectrum of 2D.3. Thus,
it was identified as a new homogentisic acid derivative with 1'R,5'S configuration, which we
named miliusanone B.

Compound 2D.4 was obtained as a colorless viscous liquid. Its molecular formula,
CisHoc05, deduced from HRESITTOFMS (m/z 345.1679 [M+Na]’), indicates six degrees of
unsaturation. The UV spectrum shows absorption maxima at 204 and 236 nm. The IR
spectrum exhibits the absorption bands of carboxylic acid (3395 and 1710 cm™) and
conjugated ketone (1669 cm™) functionalities. The 'H and "*C NMR spectroscopic data of
2D.4 indicates the same core structure as that of 2D.2. However, the acetoxy group at C-5" of
2D.2 is replaced by a hydroxyl group (6,,c 4.61/65.0) in 2D.4. Besides, the terminal side chain
of the geranyl moiety of 2D.4 was identified as a terminal alkene [6; 148.0 (C-7") and &y c
4.77 (s), 4.85 (d, J=5.8 Hz)/111.4 (C-8")] and there is an extra hydroxy group at C-6" [6,/C
3.92 (q, 5.8 Hz)/75.6]. This is confirmed by the HMBC correlation of H-6" to C-4", C-5", C-7",
C-8", and C-9". The NMR data in the side chain (C-5"- C-10") of 2D.4) are comparable to
those of velutinone B [(CDCl;) 6,c 4.00 (t, 6.3)/75.3 (C-6'), 1.58-1.65 (m)/33.0 (C-5'), b,
147.3 (C-7") and 111.0 (C-8")]. This suggests the configuration at C-6" of 2D.4 to be 6"S, the
same as 6'S in velutinone B. Finally, the absolute configuration of 2D.4 was confirmed by
comparison to the calculated ECD spectra of its eight possible stereoisomers (three chiral
carbons at C-1', C-5', and C-6"). The ECD calculated data of the generated 1'R,5'S,6"S
isomer shows a Cotton effect at A, 204 (Ae+29.1), 236 nm (A&-19.7), and 311 (Ae+1.9),
which is in good agreement with the experimental spectrum of 2D.4. Thus, 2D.4 was identified
as a new homogentisic acid derivative having 1'R,5'S,6"S configuration and we named it
miliusanone C.

Compound 2D.5 was obtained as a colorless viscous liquid. The HRESITTOFMS (m/z
363.1784 [M+Na]") indicates the molecular formula, C;sH,sOs, Which has one more oxygen

and two more hydrogen atoms than 2D.4. It specifies five degrees of unsaturation. The UV
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and IR spectral data of 2D.5 are similar to those of 2D.4. The 'H and >C NMR spectroscopic
data of 2D.5 indicate the same core structure as 2D.4. However, the appearance of an
additional hydroxyl group at C-7" (6. 72.4) and a missing terminal alkene at C-7"/C-8" of the
geranyl side chain is seen in 2D.5. These are confirmed by the HMBC correlations of H-5" to
C-7"; H-6" to C-4", C-7", C-8", and C-9"; H-8" to C-6", C-7", and C-9" and H-9" to C-6", C-
7", and C-8". Since 2D.5 and 2D.4 have three chiral carbons at the same positions and the
comparison of their ECD spectra is in agreement, the absolute configuration of 2D.5 was
designated to be 1'R,5'S,6"S, the same as that of 2D.4. Thus, 2D.5 was elucidated as a new
homogentisic acid derivative, which we named miliusanone D.

Homogentisic acid derivatives 2D.1-2D.7 were assayed for their bioactivity.
Compounds 2D.2, 2D.3, 2D.6 and 2D.7 exhibited antimalarial activity against Plasmodium
falciparum with ICy, values of 3.8, 5.2, 3.3, and 3.9 yg/mL, respectively. This result supports a
previous report of 2D.6 and 2D.7 being antiplasmodial agents against P. falciparum (D-6 and
W-2 clones). Only 2D.6 showed weak antimycobacterial activity against Mycobacterium
tuberculosis, with an MIC of 50 Hg/mL. Compounds 2D.1-2D.3, 2D.6 and 2D.7 showed
cytotoxicity against KB, MCF-7 and NCI-H187 cell lines with ICs, values in the range of 5.8—
40.4 pg/mL. However, these compounds showed cytotoxicity against Vero cell with 1Cy,
values in the range of 5.8-39.1 Ug/mL. Compounds 2D.1, 2D.2, and 2D.4-2D.10 were also
tested for antibacterial activity using a broth microdilution method. Compounds 2D.1 and 2D.6
showed moderate antibacterial activities against three Gram-positive bacteria tested, with
MICs in the range of 32-64 Ug/mL. Compounds 2D.2, 2D.7, 2D.8 and 2D.10 showed
antibacterial against B. cereus with MICs in the range of 64-128 pg/mL and 2D.2 also
showed antibacterial against S. aureus with an MIC of 128 ug/mL. Moreover, compounds
2D.1, 2D.2 and 2D.6-2D.10 showed antibacterial activity against Gram-negative bacteria P.
aeruginosa, with MICs in the range of 64-128 Ug/mL. Compound 2D.1 also exhibited
antibacterial activity against S. Typhimurium with an MIC of 128 ug/mL. It should be noted
that the transformations at the terminal side chain of the geranyl group in 2D.4 and 2D.5

result in the lack of activities for all tests.
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Project 2E: Investigate on Roots of Cissus rheifolia
1) Keywords
Cissus rheifolia; flavanonol rhamnoside; berginin; antibacterial; antioxidant
2) Objective
To isolate, characterize and evaluation of antioxidant, antibacterial and cytotoxicity of
chemical constituents from roots of Cissus rheifolia.
3) Introduction
Cissus is a genus of approximately 350 species of woody climbers in the grape
family, Vitaceae (Wen et al. 2007). The plants of the genus Cissus have been widely used as
a traditional folk medicine, for example Cissus quadrangularis for gastritis, skin infections,
piles, burns and wounds (Rao and Merugu 2013), Cissus javana for joint pains and to heal
fractured bones (Asem et al. 2014), and Cissus aralioides for rheumatisms, cataracts and
gonorrhoea (Balogun et al. 2016). Previously phytochemical studies on this genus have led to
the isolation of several types of compounds including flavonoids, iridoids, stilbenes,
triterpenoids, steroids and lignan glycosides. Some of these structures showed antiulcer,
antibacterial and antioxidant activities (Singh et al. 2007; Wang et al. 2007; Rao and Merugu
2013; Asem et al. 2014; Kumar et al. 2018). In addition, alkaloids, terpenoids and a
flavanonol were reported from leaves and roots of Cissus rheifolia Planch known in Thai as
“Kam Phi” or “Hun Hu Chang” (Saifah et al. 1983, 1987; Simitinand 2014). Primary screening
performed by our team with the EtOAc extract from the roots of C. rheifolia showed
antibacterial activity against Gram-negative bacteria (Escherichia coli DMST 4212,
Pseudomonas aeruginosa DMST 4739, and Salmonella enterica serovar Typhimurium DMST
562) with MIC value of 1280 ug/mL.
4) Result and Discussion
Chromatographic separation of the extracts from roots of C. rheifolia yielded two new
flavanonol glycosides 2E.1 and 2E.2, and seven known compounds 2E.3-2E.9. Structures of
the known compounds were identified by physical property and comparison of spectroscopic
data with those of published values as 3,7-bis-a-L-rhamnopyranosyl aromadendrin (2E.3)
(Venditti et al. 2016), (2R,3R)-engelitin (2E.4) (Shi et al. 2015), aromadendrin (2E.5) (Venditti
et. al. 2013; Li et al. 2014), berginin (2E.6), 11-O-acetyl berginin (2E.7) (Lakornwong et al.
2014), resveratrol (2E.8) (Chi et al. 2014), and 4-hydroxy benzoic acid (2E.9) (Sukari and
Said 2013). Their stuctures are shown in Figure 2E.1.
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Figure 2E.1 Isolated compounds from roots of Cissus rheifolia.

Compound 2E.1 was obtained as a pale yellow solid, and its molecular formula

CyoH3,045 was deduced from HRESITTOFMS m/z 645.1791 [M+Na]+, indicating thirteen
degrees of unsaturation. The IR spectrum of 2E.1 showed absorption bands of hydroxyl (3292
cm™), ester (1725 cm™), conjugated ketone (1639 cm™) and aromatic (1576 cm™) groups. The
C NMR and DEPT spectra revealed 29 signals attributable to three methyl, eighteen
methine and eight quaternary (including two carbonyls) carbons. The analysis of NMR
spectroscopic data indicated the glycoside skeleton. The 'H NMR spectral data of 2E.1
showed resonances of an aglycone part as aromatic protons at ¢,7.33 (2H, d, J = 8.9 Hz, H-
2', H-6'), 6.85 (2H, d, J = 8.9 Hz, H-3' H-5'), 6.22 (1H, d, J = 2.0 Hz, H-8), 6.19 (1H, d, J =
2.0 Hz, H-6), and two trans oxymethine protons at 5.14 (1H, d, J = 11.3 Hz, H-2) and 4.58
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(1H, d, J = 11.3 Hz, H-3) which consistent with a coupling pattern of an isolated flavanonoal,
aromadendrin (2E.5) with 2R, 3R configuration (Venditti et. al. 2013; Li et al., 2014). Whereas
a sugar part presented as two rhamnose units via resonance signals of two anomeric protons
at 6,545 (d, J = 1.8 Hz, H-1"") and 3.94 (brs, H-1""") with the a-configuration linkages
(Boutaghane et al. 2018). The resonance signals of two methyl groups of rhamnoses
appeared as doublets at J 1.23 (H-6"") and 1.06 (H-6"""). The linkage of carbons in the two
rhamnose moieties at C-3 and C-7 were confirmed by the COSY correlations of H-1""/H-2""/H-
3"/H-4"/H-5""/H-6"" and H-1"/H-2"/H-3"/H-4"/H-5"/H-6" respect-tively). From data above, the
structure of 2E.1 was similar to the isolated 3,7-bis-a-L-rhamnopyrasyl-aromadendrin (2E.3)
(Venditti et. al. 2016), except for the appearance of an acetoxyl group at C-4""" of a rhamnosyl
unit at C-3 [Oc 2.09 (3H, s)/21.1 (C-8""") and 172.3 (C-7""")] in 2E.1. The HMBC correlations
of anomeric proton H-1""" to C-3 and reverse correlation of H-3 to C-1""" confirmed the linkage
of the acetylated rhamnose unit at C-3 position. In addition, the HMBC correlations of H-4'"" to
C-7"", H-3'"", H-6""" to C-4""" and reverse correlations of H-4'"" to C-3'"" and C-6"" indicated
the position of an acetyl moiety at C-4'"". Whereas, the HMBC correlation of an anomeric
proton H-1"" to C-7 confirmed the location of the second rhamnose unit at C-7. Since the
limitation amount of 2E.1 the absolute configurations of two rhamnose units were determined
on a free rhamnose which obtained from the hydrolysis of an analogue 3,7-bis-o-L-
rhamnopyranosyl aromadendrin (2E.3) instead. Hydrolysis of 2E.3 was carried out by a
method described by Harinantenaina et al. (2002) to yield a rhamnose and an aglycone
aromadendrin (2E.5). The 'H and ®C NMR spectroscopic data of a rhamnose product agree
with those reported for the L-rhamnose (Bruyn and Anteunis 1976; Colson and King 1976).
Furthermore, its specific rotation [+8.1, C = 0.29, H,0] has the same sign as L-rhamnose
reported in literature (+9.1) (Harinantenana et al. 2002) and [+7.7 (¢ 0.15, H,O)] Zeng et al.
2012). However, the ECD spectrum of a hydrolysis product, aromadendrin (2E.5) showed
Cotton effect the same as 2E.1 and 2E.4. This indicated that two rhamnose units in 2E.1 and
2E.3 do not make influences on their ECD spectra. Finally, the absolute configuration of the
aromadendrin moiety in 2E.1 was further confirmed to be 2R, 3R by the comparison of the
ECD spectrum [A,. 217 nm (Ag +15.1), 288 nm (A& -18.5), 336 nm (A& +5.0)] with that
reported for (2R,3R)-engelitin (2E.4) [A,.x 220 nm (A& +25), 280 nm (A& -22) and 330 nm
(A& +9)] (Shi et al. 2015). Thus, compound 2E.1 was elucidated as a new rhamnopyranosyl
aromadendrin glycoside which we named cissusfoliate A.

Compound 2E.2 was obtained as a pale yellow solid, and its HRESITTOFMS m/z

645.1785 [M+Na]Jr revealed the molecular formula C,H;,0O,5 the same as that of 2E.1.

Analysis of IR, 'H and °C NMR spectroscopic data, and 2D NMR techniques (COSY, HMQC

TRF Research-Team Promotion Grant (RTA5980002)



90

and HMBC) indicated that structure of 2E.2 was similar to 2E.1. However, the 'H NMR
spectrum of 2E.2 showed a major difference as two doublet signals of two oxymethine protons
at 6, 5.42 (H-2) and 4.09 (H-3) with a small coupling constant value (J = 2.5 Hz). This
indicated that H-2 and H-3 were cis isomer the same as the previously reported for (2R,3S)-
engelitin isolated from Engelhardia roxburghiana (Shi et al. 2015). In addition, the 'H NMR
resonances of a methine proton H-5'"" (6, 2.03-2.08, m) and methyl protons H-6""" (&, 0.75,
d, J = 6.3 Hz) of a rhamnosyl unit at C-3 appeared at higher field than in those of 2E.1
suggesting the anisotropic effect of a benzene ring at C-2. The locations of carbons of two
rhamnose units in 2E.2 were established by COSY experiments. Moreover, they were further
confirmed by TOCSY correlations of H-1""" to H-2'"’; H-3""" to H-5"""and H-6""'; H-4'"" to H-2"",
H-3'", H-5""" and H-6""; H-5""" to H-6""" and H-1"" to H-2""; H-2" to H-3" and H-4'; H-3" to H-
4" H-5" and H-6""; H-4"" to H-6"" and H-5" to H-6". In addition, the linkages of two rhamnose
units to an aglycone flavononol were confirmed by the HMBC spectral data. The absolute
configuration of 2E.2 was further confirmed to be 2R,3S by comparison of the ECD spectrum
[Amax 214 nm (Ag +7.9), 229 nm (A& -13.0), 292 nm (Ag -21.0), 347 nm (A& +8.4)] with that
reported for (2R,3S)-engelitin [A,.x 213 nm (A& +9.0), 227 nm (Ag -8.0), 298 nm (Ag -20.0)
and 346 nm (Ag +9.0)] (Shi et al. 2015). The ECD spectra of 2E.1 and 2E.2 were almost

similar, except for the Cotton effect at ﬂmax 229 nm (A&-13.0) in 2E.2 which proposed to be a

characteristic of 3S configuration. While, the negative Cotton effects at ﬂmax 288 for 2E.1 and
Amax 292 for 2E.2 were proposed for 2R configuration. Based on the ECD spectrum and the
cis configuration of H-2 and H-3, the absolute configuration of 2E.2 was assigned to be
2R,3S. Thus, compound 2E.2 was determined as an epimer of 2E.1 and has been named 3-
epi-cissusfoliate A.

The absolute configurations of the known aromadendrin analogues 2E.3-2E.5 were
also assigned by the J coupling constant values of H-2 and H-3 and further confirmed by the
comparison of their experimental ECD spectra with those reported in literature. This is the first
report of experimental ECD spectrum of compound 2E.3.

Three isolated compounds 2E.3, 2E.6 and 2E.7 were evaluated for their antioxidant
activities using ORAC, ABTS and DPPH assays. Compound 2E.6 showed strong antioxidant
activity in ORAC assay, a technique recommended due to its biological relevance and
extensive validation in the number of laboratories (MacDonald-Wicks et al. 2006), with a more
potent ICs, values (8.7+1.23 pg/mL) than a standard drug, Trolox (ICs, value of 17.8+0.84
pg/mL). Compounds 2E.3 and 2E.7 also exhibited potent antioxidant activity using ORAC
assay with ICy, values of 26.9+12.85 and 21.41+8.95 ug/mL, respectively. Compounds 2E.6
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and 2E.7 also showed moderate antioxidant activity using ABTS assay with ICs, values of
80.96+1.60 and 90.18+0.36 ug/mL, respectively. However, none of them showed radical
scavenging against DPPH at the concentration of 200 ug/mL. In case of antibacterial activity,
compounds 2E.1, 2E.3 and 2E.5-2E.8 showed growth-inhibitory effect against P. aeruginosa
and E. coli with MIC values of 64 and 128 ug/mL, respectively. Only compound 2E.8 exhibited
antibacterial activity against Bacillus cereus and MRSA with MIC value of 64 ug/mL. In
addition, compounds 2E.3, 2E.5 and 2E.8 showed antibacterial activity against S.
Typhimurium with MIC value of 128 ug/mL. Compounds 2E.3, 2E.5, 2E.6, and 2E.7 were
evaluated for their cytotoxic activity against human cancer cell lines (Hela, KB, MCF-7,
HepG2, and HT-29) and Vero cell and none of them showed significant activities at 100
ug/mL. Compounds 2E.2, 2E.4 and 2E.9 were not tested due to the limitation of the samples
isolated. However, compound 2E.4 has been previously reported to exhibit anti-inflammatory
against the inflammatory reaction in a lipopolysaccharide (LPS)-induced endometritis mouse
model (Wu et al. 2016). Moreover, compound 2E.9 has previously been reported to have
oestrogenic activity in a panel of assays in breast cancer cell lines (Pugazhendhi et al.

2005).
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Project 3: Chemical Constituents and Their Bioactivities from roots of Diospyros undulata
Researcher: Panawan Moosophon (Project Leader)
2) Keywords

Diospyros undulata, Ebenaceae , naphthoquinone, plumbagin derivative
2) Objective

To isolate, characterize and evaluation of antibacterial and cytotoxicity of chemical
constituents from the leaves of D. oblonga.
3) Introduction

Plumbagin and its derivatives are hydroxy-naphthoquinones distributed in the family

Ebenceae especially Diospyros species. They exhibited highly potent bioactivities such as
anticancer, antimicrobial, antimalarial, and antiinflammatory activities (Bao et al.2017). Recent

investigations indicated that plumbagin derivatives have been attracted an increasing
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researchers due to its promising cytotoxic activity against various cancer cell lines including
breast, lung, cervical, leukemia, hepatocellular, and oral cavity cancers (Padhye et al. 2012).
Diospyros undulata Wall. ex G. Don (Ebenaceae) is distributed in rainforest and it is a widely
available medicinal plant in the north, northeast and south parts of Thailand (Smitinand 2001).
Previously work, we reported the isolation of naphthoquinone derivatives and their cytotoxicity
from the stem bark of D. undulata (Suchaichit et al. 2018).

4) Result and Discussion

Separation of the CH,CI, and MeOH extracts from D. undulata roots by flash column
chromatography on silica gel, preparative TLC and recrystallization yielded a new plumbagin
derivative 3.1 and eleven known compounds (3.2-3.12) (Figure 3.1). Their structures were
identified by spectroscopic methods (IR, 1D and 2D NMR and MS) including comparison with
data reported in the literature. The known compounds were identified as cis-isoshinanolone
(3.2) (Bringmann et al. 2001), maritinone (3.3) (Gu et al. 2004), plumbagin (3.4) (Rischer et
al. 2002), 3,3"-biplumbagin (3.5) (Higa et al. 2002), 7,7'-biplumbagin (3.6) (Salae et al. 2010),
isodiospyrin (3.7) (Ruphin et al. 2014; Van der Kooy et al.2006), lupeol (3.8) (Abdullahi et al.
2013), friedelin (3.9) (Ee et al. 2004), betulin (3.10), betulinic acid (3.11) (Uddin et al. 2011),
and coniferyl aldehyde (3.12) (Herath et al. 1998).

Compound 3.1, obtained as an orange amorphous powder, the molecular formula
based on high-resolution MS (HRESIMS) with a molecular ion peak at m/z 309.1116 [M+Na]"
(calcd. For C4;H,s0,Na, 309.1103), indicating nine degrees of unsaturation. The UV spectrum
showed absorption maximum due to a conjugated ketone at 272 and 416 nm. The IR
spectrum of 3.1 displayed the characteristic absorption bands of hydroxy (3,445 cm'1) and
carbonyl ketone (1,713 cm™) groups. The 'H and "C NMR spectra of 3.1 showed
characteristic of 1,4-naphthoquinone [6, 7.60 (1H, dd, J =1.2, 7.2 Hz, H-8), 7.55 (1H, t, J =
8.0 Hz, H-7), 7.20 (1H, dd, J = 1.2, 8.0 Hz, H-6), 2.13 (3H, s, CH5-11) and 12.18 (1H, s, OH-
5)] similar to those of plumbagin (3.4), except for the additional signals of methyl butyl ketone
unit at C-3. The NMR data of this unit displayed the magnetic nonequivalence of four
methylene protons at 6, 2.62 (2H, t, J = 8.0 Hz, H-12), 2.49 (2H, t, J = 7.2 Hz, H-15), 1.71
(2H, quint, J = 8.0 Hz, H-14), 1.48 (2H, quint, J = 8.0 Hz, H-13), methyl protons at 6, 2.15
(3H, s, H-17) and a carbonyl carbon at 6, 208.0 (C-16). The COSY correlations exhibited the
coupling through the sequence of H-12 to H-15 and HMBC showed correlations from H-12 to
C-13/C-14, H-14 to C-12/C-15/C-16, and H-17 to C-15/C16 indicating a 5-oxohexyl unit. The
HMBC data showed correlations from H-12 to C-2/C-4 confirmed that C-12 of 5-oxohexyl

group connected to the 1,4-naphthoquinone at C-3. Therefore, the compound 3.1 was
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identified as a new 5-hydroxy-2-methyl-3-(5-oxohexyl)naphthalene-1,4-dione and was named
as 3-(5-oxohexyl)plumbagin.

The cytotoxic activity of the active constituent 3.1 was evaluated in vitro against
human small-cell lung carcinoma (NCI-H187), human breast adenocarcinoma (MCF-7),
human oral cavity carcinoma (KB) and African green monkey kidney fibroblasts (Vero) using
MTT colorimetric method (Brien et al. 2000; Hunt et al. 1999). The results revealed potent
cytotoxicity against three cancer cell lines (NCI-H187, MCF-7 and KB) with IC5, value 8.70,
12.90 and 28.70 UM, respectively and it was not cytotoxic to Vero cells. Both naphthoquinone
3.1 and 3.4 (Suchaichit et al. 2018) exhibited potent cytotoxicity to all three cancer cell lines
but only 3.1 showed none cytotoxicity to normal cell, suggesting that the 5-oxohexyl group at
C-3 played an important role in the decrease of cytotoxicity to normal cell and might be a lead
compound for anticancer drug development in the future. Benzoquinones 3.2-3.7 and
triterpenes 3.8-3.11 have previously been reported for cytotoxic against cancer cell lines
(Suchaichit et al. 2018; Bishayee et al. 2011). The isolated compounds (3.1-3.11) were
screened for their antibacterial activity against 1 gram-positive and 4 gram-negative bacteria
using agar well diffusion method. The results showed that compounds 3.1-3.7 and 3.11
displayed inhibition activity against at least one pathogenic bacteriaGentamycin (GEN) and
ceftazidime (CAZ) antibiotics that used as positive control showed inhibition against all tested
bacteria except B. pseudomallei that resist to GEN. Compound 3.4 showed inspiring activity
as it inhibited E. coli, B. pseudomallei, A. baumannii and S. aureus with MBC of 250, 63, 125,
and 63 pg/mL that were comparable to the range of standard control drug GEN. Besides,
compounds 3.4, 3.6, 3.7, and 3.11 also showed respectable activity against B. pseudomallei,
a gram-negative bacteria that caused melioidosis with the MBC of 63, 125, 125, and 125
pg/mL, respectively. Further investigation may lead to uncover the potential of these
compounds as an alternative drug for the patients with melioidosis. Compound 3.4 is the most
effective one in this report as it could kill A. baumannii, of which is an important nosocomial
bacterial infection and dramatically resistance to several antibiotics. The remarkable activity
against the gram-positive foodborne pathogen, S. aureus, of compounds 1, 2, 3, 4, 5, and 11
with MBC values of 250, 250, 125, 63, 250, and 250 pg/mL raised attention that these
compounds could proceed further to test if any of them could be applied as antibacterial
drugs in the forthcoming. Coniferyl aldehyde (3.12) has previously been reported for their
antimicrobial activities against some oral pathogens, including Streptococcus pyogenes,
Streptococcus mitis, Streptococcus mutans and Candida albicans (Meerungrueang and

Panichayupakaranant 2014).
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Figure 3.1 The isolated compounds from the D.undulata roots.

Table 3.1 Minimum bactericidal concentration (MBC) of 3.1-3.7 and 3.11

MBC of Bioactive compound (ug/mL)

Microorganism
31 32 33 34 35 36 37 311 CAZ GEN

Burkholderia pseudomallei in 63 in in in 125 125 125 3.13 100
Acinetobacter baumannii in 125 in in in in in in 313 1250
Pseudomonas in in in in in in in in 313 1250
Staphylococcus aureus 250 63 125 250 250 in in in 313 12.50
Escherichia coli in 250 in in in in in 250 50 50

CAZ = ceftazidime and GEN = Gentamicin (ug/mL), in = inactive
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Table 3.2 Cytotoxic activity of compound 3.1 from D. undulata roots.

Cytotoxicity IC,, (M)

Compound
KB® MCF-7° NCI-H187° Vero®®
31 28.67 12.85 7.16 Non cytotoxicity
Ellipticine' 0.96 4.51
Doxorubicin' 11.18
Tamoxifen' 0.15 21.05

®human oral cavity carcinoma, ®human breast adenocarcinoma, *human small cell lung
carcinoma, “african green monkey kidney fibroblast, ®the maximum test concentration at

174.63 pM (50 pg/mL), fpositive controls.
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Project 4: Investigate on Roots of Buchanania lanzan
Researcher: Nuthanat Phonkerd (Project Leader)
1) Keyword

Buchanania lanzan, steroid, antibacterial activity

2) Objective
To investigate antibacterial activity of compounds from roots of Buachania lanzan
3) Introduction

Buchanania lanzan is a tree species which belongs to the family Anacardiaceae. They
are distributed over the tropics and subtropics. Different parts of the plant have many
pharmacological actions as of traditional medicine. The gum from the tree is used against
leprosy. The roots are acrid, astringent, cooling, depurative and constipating. They are useful
in the treatment of diarrhoea. The leaves are used in the treatment of skin diseases. The
fruits are used in treating coughs and asthma. Previous investigations on chemical
constituents from leaves of B. lanzan has been reported, indicating the presence of flavonoid,
glycoside, celidoniol, vomicine, and epinitol. However, no investigation of the phytochemical
constituents and bioactivity from the roots of B. lanzan has yet been carried out. This drawn
our attention to investigate the chemical constituents as well as searching for bioactive
compounds from this plant.

4) Result and Discussion

Air-dried roots of Buchanania lanzan (3.5 kg) was ground into power and then
extracted successively with hexane, EtOAc and MeOH three times each. Removal of solvents
under reduce pressure gave crude hexane (4.52 g), crude EtOAc (22.30 g) and crude MeOH
(68.80 g) extracts, respectively. Preliminary antibacterial assay of these extracts are shown in
Table 4.1.

The crude hexane extract was applied on silica gel CC, gradient eluting with EtOAc-
Hexane to give 24 fractions. According to TLC patterns, these fractions were combined to
provide 7 Fractions, designated as HF1-HF7. Fraction HF4 was filtered out to give white solid
of compound 4.1 (49.7 mg). The filtrate of HF4 (901.0 g) was subjected to silica gel CC,
eluted with gradient system of EtOAc-Hexane (10-100%) to give 3 subfractions designated as
HF4.1-HF4.3. Subfraction HF4.1 (277.8 mg) was filtered out to obtain white solid of
compound 4.2 (16.8 mg). The filtration of subfraction HF4.2 (144.2 mg) gave an additional

amount of compound 4.1 (14.7 mg).
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Table 4.1 Preliminary antibacterial assay of crude extracts from roots of B. lanzan

Inhibition Zone (mm)

Bacteria
Hexane extract EtOAc extract MeOH extract
B. megaterium 1.23 £ 0.06 1.23£ 0.12 1.10 £ 0.00
S. aureus 1.30% 0.00 1.27 + 0.06 1.20 £ 0.00
Shigella spp 1.23% 0.06 1.40 £ 0.00 1.17 £ 0.06
S. marcescens 1.33% 0.06 1.40 £ 0.00 1.23 £ 0.06

The crude EtOAc extract (22.3 g) was separated on silica gel CC, gradient eluting
with EtOAc-Hexane and MeOH-CH,Cl,. The 100 mL of eluent was collected for each fraction
to give 34 fractions. According to TLC patterns, these fractions were combined to provide 5
fractions, designated as EF1-EF5. Fraction EF2 (1.2767 g) was separated by silica gel
column chromatography (CC), eluted with a gradient solvent system of EtOAc:hexane (10-
100%) to give 7 fractions, EF2.1-EF2.7. The filtration of subfraction EF2.3 obtained white solid
of compound 4.3 (9.1 mg). The subfraction EF2.3 was also filtered out to obtain an additional
amount of compound 4.3 (14.2 mg). The subfraction EF2.5 was filtered out to give white solid
of triterpene (6.8 mg). Beside these, Fraction EF1 was filtered out to give an additional
amount of compound 4.3 (6.6 mg).

The crude MeOH extract (68.80g) was chromatographed on silica gel CC, gradient
eluting with EtOAc-Hexane and MeOH-CH,CI,. The 100 mL of eluent was collected for each
fraction to give 83 fractions. According to TLC patterns, these fractions were combined to
provide 12 Fractions, designated as MF1-MF12. Fraction was filtered out to give light brown
solid which was recrystallized with MeOH in CH,CI, to obtain white solid (5.7 mg). Fraction
MF2 was separated by silica gel column chromatography (CC), eluted with a gradient solvent
system of EtOAc:hexane (10-100%) to give 5 fractions, MF2.1-MF2.5. Fraction MF3 was
subjected to silica gel CC, eluted with gradient system of EtOAc-Hexane (10-100%) to give 8
subfractions designated as MF3.1-MF3.8. Fraction MF4 was chromatographed on silica gel
CC, gradient eluting with EtOAc-Hexane to give 8 subfractions designated as MF4.1-MF4.8.
Fraction MF5 was separated by silica gel column chromatography (CC), eluted with a gradient
solvent system of EtOAc-Hexane and MeOH-CH,CI, to give 8 fractions, MF5.1-MF5.5.

The structure of isolated compounds were elucidated by analysis of spectroscopic
data and comparison of the 'H and *C NMR data with those previously reported in the
literature. They were determined to be betulinic acid (4.1), stigmastane-3,6-dione (4.2) and

stighmasterol (4.3) as shown in Figure 4.1.
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Figure 4.1. Isolated compounds from roots of Buachania lanzan.

5) Research Outcome

The isolation and identification of the other rest compounds are in progress.

Project 5: Investigate on Roots of Solori thorelii
Researcher: Nikhom Wongsa (Project Leader)
1) Keywords
Solori thorelii, Fabaceae, bioactivity, cytotoxicity
2) Objective
2.1) To isolate and determine the chemical constituents from roots of S. thorelii.
2.2) To evaluate bioactive principles of isolated compounds against human diseases
such as antibacterial, TB, antimalarial and anticancer activities.
3) Introduction
The genus Solori (Fabaceae) in Thailand was reported 4 species, S. microphyila,
S.robusta, S. scandens and S. thorelii. Solori thorelii (Gagnep.) Sirich. & Adema belonging to
the family Fabaceae, It has common names depending on area found in Thailand such as
“khruea tap pla, khruea ta pla”. Solori thorelii has a symnonym name is Derris thorelii. Its root
has been used for soaking in rice whisky, apply to cure a herpes zoster and poison fish and
insects by the villagers in North of Thailand. S. thorelii has been only one reported for its
phytochemicals and bioactivities." It was found long chain alcohol, flemichapparin and
rotenone. Rotenone showed cycotoxicity against KB cell lines with IC5, 0.125 ug/mL and
HuCCA-1 cell lines with IC5, 0.125 pg/mL. Thus, it is interested to reinvestigate the chemical

constituents and their biological activities from S. thorelii.
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4) Result and Discussion

Dried and ground roots (2.25 kg) of S. thorelii were extracted with Acetone at room
temperature (6 L x 3) for 3 day each time. The Acetone solution was concentrated under
reduced pressure to dryness, and the residue (83.42 g) was chromatographed on a silica gel
column, eluted with mixtures of n-hexane/EtOAc (0 to 100% EtOAc in n-hexane) and
EtOAc/MeOH (0 to 100% MeOH in MeOH), to give 82 fractions. According to TLC patterns,
these fractions were combined to 5 fractions designated as AF1-AF5. Compounds 5.1 and 5.2
were obtained by crystallization from the fraction AF3 and AF4, respectively. Fraction AF3
(4.47 g) was purified by CC, eluted with 30% EtOAc : Hexane gave 5 subfractions, AF3.1-
AF3.5. The solid from fraction AF3.2 was crytalized to give 5.1. Subfraction AF3.3 was
subjected to silica gel CC, eluted with 30% EtOAc : Hexane to give a light yellow gum of 5.1
(0.32 g). Subfraction AF3.4 was subjected to silica gel CC, eluted with 30% EtOAc : Hexane
to give a light yellow gum of 5.3 (0.04 g). Subfraction AF3.5 were subjected to silica gel CC,
eluted with 30% acetone : Hexane gave 2 subfractions, AF3.5.1-AF3.5.2. The solid from
subfraction AF3.5.2 was crytalized to give a colourless solid of 5.4 (0.07 g). Fraction AF4
(14.26 g) was purified by CC, eluted with 30% acetone : Hexane gave 5 subfractions, AF4.1-
AF4.4. The solid from fraction AF4.2 was crytalized to give 5.1 (7.24 g). Subfraction AF4.4
was subjected to silica gel CC, eluted with 30% acetone : Hexane Hexane gave 2
subfractions, AF4.4.1-AF4.4..2. The solid from subfraction AF4.4.1 was crytalized to give a
colourless solid of 5.1 (0.07 g). Subfraction AF4.4.2 was subjected to silica gel CC, eluted
with 40% EtOAc : Hexane Hexane gave 2 subfractions, AF4.4.2.1-AF4.4.2.2. The solid from
subfraction AF4.4.2.1 and AF4.4.2.2 were crytalized to give a colourless solid of 5.2 (0.31 g)
and 5.5 (0.12 g), respectively.

Compound 5.1 is a colorless solid, mp 167.5-168.9 °C. The UV spectrum showed
absorption maximum at 262 nm. The IR spectrum showed 3306.5, 3237.31 cm” (C=0
overtone) 2957, 2916, 2850 cm™ (sp3 C-H stretching) 1730 cm™ (C=0 stretching) 1637 cm’™
(C=C stretching) 1470 cm” (CH, bending) 1392 cm™ (CH; bending) and 1178 cm” (C-O
stretching).

Compound 5.2 is a colorless solid, mp 170.3-171.6 °C. The UV spectrum showed
absorption maximum at 264 nm. The IR spectrum showed 3064 cm” (sp2 C-H stretching)
2976, 2941, 2841 cm™ (sp3 C-H stretching) 1643 cm™ (C=0 stretching) 1634 cm™ (C=C
stretching) 1445 cm™ (CH, bending) 1360 cm™ (CH5 bending) and 1138 cm™ (C-O stretching).
Structural elucidation of compounds 5.1 and 5.2 by using 1D and 2D NMR spectra showed
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that these compounds are known flavonoids. Compounds 5.3, 5.4 and 5.5 were assigned as

three new flavonoids (Figure 5.1) based on their IR and 2D NMR spectral data.

Figure 5.1. Isolated compounds from the roots of Solori thorelii

5) Research Outcome
Isolation and structural identification of isolated compounds have been completed. All

compounds will be sent for bioactivities evaluation.

Project 6: : Investigate on Roots of Baliospermum calycinum

Researcher: Mongkol Nontakitticharoen (Project Leader)

1) Keywords: Baliospermum calycinum, phorbol ester, bioactive compound

2) Objective
2.1) To isolate and characterize phytochemicals from root of B. calycinum.
2.2) To evaluate the biological activity of the isolated compounds towards human disease
such as Alzheimer's Disease (AD) and type 2 diabetes mellitus (T2DM), malaria, TB, and

cytotoxic to cancer cell lines.

3) Introduction
Drugs derived from secondary metabolites in nature sources such as plants, marine
creatures and microorganism still play an important role compared with synthetic drugs.

Among these natural sources, compounds found in plants continue being a high potential to
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be become drugs and has the potential to develop plant is being a potential source for finding
new drugs. It is well known that local Thai people used medicinal plants to treat various
illnesses which provide effective relief of symptoms abate until healed. Phytochemical
investigation of Thai medicinal plants creates a chance to build the knowledge and open
opportunity to discover bioactive compounds that are effective in treating various diseases.
There are two species of medicinal plant genus Baliospermum in the family Euphorbiaceae
found in Thailand, B. montanum and B. calycinum. Various parts of both plants including
roots, leaves, and seeds are used traditionally for treatment of different ailments.
Phytochemicals from roots of B. montanum were reported to possess anticancer,
antimicrobial, immunomodulatory, and abtihelmintic activities. Thus, it is interested to study
the chemical constituents and their biological activities from B. calycinum.

4) Result and Discussion

Air-dried powdered of B. calycinum roots (2.2 kg) were ground and extracted
successively with organic solvents including hexane, ethyl acetate (EtOAc) and methanol
(MeOH). Each 15 L of solvent extraction was carried out at room temperature for 3 days in
triplicate. The solvents were evaporated under reduced pressure to afford crude hexane
(11.00 g), EtOAc (82.08 g) and MeOH (204.30 g) extracts, respectively.

Crude hexane extract (10.00 g) was subjected to silica gel flash column
chromatography (FCC) eluted with gradient solvent system of hexane:EtOAc:MeOH to obtain
seven fractions (BCHF, — BCHF;), based on TLC analyses. The white precipitates in fraction
BCHF, were filtered out and recrystallized from acetone to give compound 6.1 (18.3 mg).
Fraction BCHF; was separated over silica gel column chromatography (CC) eluted with
gradient solvent system of hexane:EtOAc:MeOH. The obtained fractions were combined
based on TLC patterns to yield 14 fractions (BCHF;, — BCHF;,,). The white precipitates in
fraction BCHF;, were filtered out to give compound 6.2 (18.7 mg). Fraction BCHF;4 (0.0787
g) was further separated over silica gel CC eluted with gradient solvent system of
hexane:EtOAc:MeOH to afford four sub-fractions (BCFHsg, — BCHF5g,), based on TLC
characteristics. Sub-fractions BCHF; 4, and BCHF; 5 ; were separated by silica gel preparative
thin layer chromatography (prep. TLC) using 20%EtOAc:hexane as eluent to afford
compounds 6.3 (6.3 mg), 6.4, and 6.5 (2.6 mg), respectively. Fraction BCHF;,, (0.1228 g)
was separated over silica gel CC eluted with gradient solvent system of hexane:EtOAc:MeOH
to obtain three sub-fractions (BCFH;4,; — BCHF54,3), based on TLC patterns. The white
precipitate in sub-fraction BCHF;,,, was then recrystallized from acetone to give compound
6.6 (25.9 mg). The remaining fractions obtained from the crude hexane extract have also

been purified. Unfortunately, additional compounds have not been isolated.
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Crude EtOAc extract (60.00 g) was subjected to silica gel flash column
chromatography eluted by gradient solvent systems of hexane:EtOAc:MeOH to obtain eleven
fractions (BCEF, — BCEF,), based on TLC analyses. The white precipitate of BCEF; was
filtered out and recrystallized from methanol to afford compound 6.7 (3.2 g). Fraction BCEF,
(2.0 g) was separated by reverse phase (C-18) column chromatography eluted by
10%H,0:MeOH to give ten sub-fractions (BCEF,; — BCEF, ), based on TLC analyses.
Sub-fraction BCEF,,4 (150.0 mg) was separated by silica gel column chromatography eluted
with gradient solvent systems of hexane:EtOAc:MeOH to give compounds 6.8 (3.8 mg) and
6.9 (9.3 mg). Fraction BCEF,; (23.6 g) was recrhromatographed instead to afford 20
subfractions (BCEF; ; — BCEF; 5), based on TLC analysis patterns. The subfraction BCEF; (454
(117.1 mg) was purified by silica gel flash column chromatography eluted with a gradient
systems of ethyl acetate and methanol to afford eight subfractions (BCEF; 1551 — BCEF; 1563)-
The precipitates of subfraction BCEF; 57 (17.3 mg) was recrystallized from the mixture of
ethyl acetate, acetone, and methanol to give compound 6.10 (7.2 mg). The subfraction
BCEF; 55 (1.1 g) was further separated by reverse phase RP-18 column chromatography
eluted with 20%H,0:MeOH to get nine subfractions, BCEF; 5514 - BCEF;5519. Purification
of these subfractions as well as all remaining subfractions from siliga gel column
chromatography are in progress.

Crude methanol extract (50.00 g) was separated by silica gel flash column
chromatography eluted by gradient solvent systems of hexane:EtOAc:MeOH to obtain ten
fractions (BCMF; — BCMF,;), based on TLC analyses. Fraction BCMF, (0.95 g) was further
separated by silica gel column chromatography eluted with gradient solvent systems of
hexane:EtOAc:MeOH to give 14 sub-fractions (BCMF,, — BCMF,,,). Fraction BCMF, was
subjected to Sephadex LH-20 column chromatography eluted by MeOH to afford 14 sub-
fractions (BCMF; ;, — BCMF; 4,), based on TLC analyses.

The structures of the isolated compounds were identified based on spectroscopic
methods including IR, 1D and 2D NMR experiments. The results revealed that compounds
6.1 and 6.5 were known steroids as stigmasterol and stigmast-4-en-6 #-ol-3-one, respectively,
compound 6.2 was unsaturated fatty acid, compound 6.3 was a new phorbol ester. While
compounds 6.4 and 6.6 were phenylpropanones as shown in Figure 6.1.

Structure elucidation of compounds 6.7 — 6.9 are in progress. Based on their NMR
spectral data suggested that compound 6.7 is a triterpene glycoside, whereas compounds 6.8

and 6.9 are polyaromatics.
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MeO
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Figure 6.1 Some isolated compounds from the root of B. calycinum

5) Research Outcome
The isolation and structural determination of compounds 6.1-6.6 are completed.
Whereas, structural identification of compounds 6.7—6.10 and biological evaluation of all

isolated compounds are in progress.

Project 7: Investigate on Roots of Walsura trichostemon
Researcher: Natcha Panthama (Project Leader)
1) Keywords
Walsura trichostemon, Meliaceae,
2) Objective
2.1) To isolate and determine the chemical constituents from the roots of W. trichostemon.
2.2) To evaluate the antibacterial activity of isolated compounds.
3) Introduction
Walsura trichostemon Miq. is a Thai medicinal plant in the family Meliaceae. It is

known as “Lamyai Pa” in Thailand, which comprises about 40 species widely distributed in
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Southeast Asia. Among them, Walsura trichostemon or ‘Lamyai Pa’ in Thai and it has been
used as a traditional in Thai medicine for the treatment of tendon disabilities, haemorrhoids,
staunch and to clean wounds (Wongprasert et al. 2011; Sichaem, Khumkratok et al. 2014).
Several Walsura species were reported for their antileukemic, antibacterial, antioxidant,
antifeeding, and antimalarial activities. (Han et al. 2012; Sarkar et al. 2019). Phytochemical
and pharmacological studies on this genus revealed a variety of bioactive constituents:
limonoids showing antimalarial, cytotoxic, cell-protecting, anti-inflammatory and 11b-HSD1
inhibitory activities (Yin et al. 2007; Han et al. 2013; Nugroho et al. 2013; Ji et al. 2016; An et
al. 2017); tirucallane presenting cytotoxic, anti-malarial, antifeedant, antifungal, antiplatelet
aggregation, and antitubercular activities (Huang et al. 2007; Sichaem, Khumkratok et al.
2014); phenolic glycosides exhibiting antioxidant activity (Luo et al. 2006; Voravuthikunchai et
al. 2010) and apotirucallane displaying cytotoxic and insecticidal activities (Sichaem et al.
2012; Sichaem, Khumkratok et al. 2014; Suri Appa Rao et al. 2015). Previous investigation of
the chemical constituents of this plant provided tirucallane, apotirucallane and limonoids
(Sichaem et al. 2012, Sichaem, Khumkratok et al. 2014; Phontree et al. 2014; Sichaem,
Siripong et al. 2014). In order to search for further biologically active tirucallane, the EtOAc

and MeOH extracts from W. trichostemon roots were investigated.

4) Result and Discussion

Air-dried roots of Walsura trichostemon (2 Kg) were ground and then extracted
successively with hexane, EtOAc and MeOH, three times. The solvents were evaporated
under reduced pressure to give crude hexane (8.26 g, 0.41%), EtOAc (46.08 g, 2.30%) and
MeOH (93.57 g, 4.68%) extracts, respectively.

Compound 7.1 was obtained as a white solid with the molecular mormula of C,,H,,O,
as determined by HRESIMS, showing an ion peak at m/z 537.35577 [M+ Na]". The IR
spectrum of 7.1 presented the absorption bands of hydroxyl (3452 cm™), ester carbonyl (1712
cm™') and o,B-conjugated ketone (1378 cm™) groups. The '°C NMR and DEPT spectra
showed 32 carbons resonances corres- ponding to nine methyl, two sp2 methines, four sp2
quaternary (including two carbonyl carbons), four sp3 quaternary, seven sp3 methines, and
six sp3 methylenes carbons. The 'H NMR data indicated that 7.1 showed characteristic
pattern of tirucallane triterpene skeleton [eight methyl (&, 2.17 (s), 1.96 (s), 1.10 (s), 0.90 (s),
0.89 (s), 0.88 (s), 0.74 (s) and 0.47 (d, J = 7.2 Hz)), two olefinic methine (6,4 6.12 (s) and
5.32 (br d, J = 8.8 Hz)), three oxymethine (6, 4.79 (t, J = 6.4 Hz), 4.17 (s) and 3.40 (br s)),
four methine and six methylene (6, 2.34-0.85) protons] the same as reported for 3-
epimesendanin S (Han et al. 2013). However, the difference is the presence of an acetoxyl

group [0y 2.03 (s); &6c 171.0] at C-12 in 7.1 instead of a hydroxyl group in 3-epimesendanin
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S. This acetate group was supported by HMBC correlations of downfield triplet signals of H-
12 at 6, 4.79 (J = 6.4 Hz) to acetyl carbonyl carbon at 6, 171.0, together with the COSY
correlations of H-9/H-11/H-12. The COSY correlations of H-15/H-16/H-17/H-20/H-22 and the
HMBC correlation of H-22 to C-17 indicated the side chain CH(CH3;)CH(OH)COCH=C(CH,),
connecting to a tetracyclic ring at C-17. H-3 was [-oriented and H-12 was a-oriented, based
on the NOESY correlation between H-3 and CH;-28 as well as H-12 and CH;-18,
respectively. The [B-orientation of methyl group at C-20 and a-orientation of OH group at C-22
on the side chain were identified based on the similarity of the NMR spectroscopic data of 7.1
and those of 3-epimesendanin S (Han et al. 2013). From the above evidences, compound 7.1
was concluded to be a new tirucallane derivative, and was named 3-epimesendanin S 12-
acetate.

By comparison of spectroscopic data with the previously reported values, the
structures of known compounds 7.2-7.5 (Figure 7.1) were established as 3-epimesendanin S
(7.2) [Han et al. 2013), meliasenin G (7.3) (Zhang et al. 2010), B-sitosterol (7.4) and 3 -
sitosterol glucoside (7.5) (Khatun et al. 2012). The antibacterial activity of isolated compounds
7.1-7.3 was evaluated against three Gram-positive and three Gram-negative bacteria).
Compounds 7.1 and 7.2 displayed antibacterial activity against B. cereus and B. subtilis with
MIC values in the range of 16-128 pg/mL and compound 7.3 showed activity against B.
cereus with MIC values of 64 Lig/mL. Compound 7.2 exhibited activity against B. cereus and
B. subtilis with MIC values of 16 and 64 pg/mL, respectively, better than 7.1. This indicated
that a hydroxyl group at C-12 might play an important role to enhance the activity. Only
compound 7.3 showed activity against Gram-negative bacteria, P. aeruginosa and E. coli, with
MIC values of 64 and 128 pg/mL, respectively. In addition, compounds 7.1-7.3 were
evaluated for AChE inhibitory activity but showed no activity.

//1,

71 R=0Ac 73 7.4 R=H
7.2 R=0H ) 7.5 R=glc

Figure 7.1. Isolated compounds from the root of W. trichostemon.
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Project 8: Investigation of the Luminescent Mushroom Neonothopanus nambi PW2

Researcher: Ratsami Lekphrom (Project Leader)

1) Keywords
Neonothopanus nambi, luminescent mushroom, antimalarial, cytotoxicity, antimycobacterial
2) Objective
2.1) To isolate and determine the chemical constituents from the luminescent mushroom
Neonothopanus nambi
2.2) To evaluate cytotoxicity toward cancer cell lines of newly isolated compounds.
3) Introduction
Neonothopanus nambi, also called ‘Hed Ruang Sang Sirin-ratsami’ or Sirin-ratsami
mushroom”, is a bioluminescent mushroom belonging to the family Omphalotaceae. It can be
found on dead wood in broad-leaved forests in the Northeastern part of Thailand. The

mushroom glows with yellow greenish light under dark conditions (Buaart et al. 2011;
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Kanokmedhakul et al. 2012). Bioluminescent mechanisms are often oxygen-dependent and
involve a molecule called luciferin (Tsarkova et al. 2016; Bondar et al. 2011). Fungal
bioluminescence is less understood, although several bioluminescent molecules have recently
been reported, including 3-hydroxyhispidin found in N. nambi and Panellus stipticus as well as
riboflavin contained in Mycena chlorophos (Purtov et al. 2015; Hayashi et al. 2012; Zernov et
al. 2017; Intaraudom et al. 2013). Moreover, Tsarkova’'s group unveiled that many different
luminophores coexist in the extract of N. nambi and could be observed under blue and green
visible light (Tsarkova et al. 2016). They also reported the isolation of a novel ambiscalarane
and six known secondary metabolites. We previously reported sesquiterpenes and dimeric
sesquiterpenes from N. nambi. One of them, aurisin A, was reported as a biological control
against a root-knot nematode (Meloidogyne incognita Chitwood) of tomatoes, chili’'s and

potatoes (Namanusart et al. 2013). In our efforts to obtain a larger quantity of this compound,
we re-investigated the phytochemical constituents of N. nambi.
4) Result and Discussion

The crude EtOAc extracts of two isolates of cultured mycelium of N. nambi PW1 and
PW2 provided three new p-terphenyls: p-terphynylambi A (8.1), p-terphynylambi B (8.2) and
p-terphynylambi C ( 8.3) ; along with six known sesquiterpenes: aurisin A ( 8.4)
(Kanokmedhakul et al. 2012), aurisin G ( 8.5) (Intaraudom et al. 2013), aurisin Z ( 8.6)
(Tsarkova et al. 2016), axinysone B ( 8.7) (Zubia et al. 2008), nambinone C ( 8.8)
(Kanokmedhakul et al. 2012) and 4,8,14-trihydroxyilludala-2,6,8-triene (8.9) (Clericuzio et al.
1997). Besides compounds 8.1-8.3, 8.5 and 8.7 are reported for the first time in the genus
Neonothopanus. In addition, compound 8.9 is reported for the first time in the family

Omphalotaceae. The structures are shown in Figure 8.1.

8.6 8.7R'=R2=H, R®= OH 8.9
88R'=R%2=0H,R%=H

Figure 8.1 Structures of isolated compounds from N. numbi.
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The molecular formula of 8.1 was determined as C,,H.,O; on the basis of
HRESITOFMS (m/z 389.0632 [M+Na]’). The IR spectrum of 8.1 showed the presence of
hydroxyl (3388 cm'1), ester (1749, 1732 cm'11) and aromatic (1470, 1425 cm—1) groups. The
'H NMR spectral data exhibited seven aromatic protons at 6 7.42 (H-6, 1H, s), 6.99 (H-3, 1H,
s), 6.57 (H-50, 1H, s), 7.23 (H-2" and H-6’, 2H, d, 8.4) and 6.79 (H-3" and H-5", 2H, d, 8.4);
and acetyl protons at 6 2.19 (3H, s). The BC NMR spectral data showed the presence of
three aromatic patterns including eighteen carbons & 156.0, 150.5, 148.9,148.8, 144.6, 1411,
132.1, 130.1x2, 129.0, 125.6, 115.2x2, 115.1, 114.0, 109.7, 107.2 and 98.2; and acetyl
groups at 6 170.0 and 20.5. The COSY correlations of 8.1 showed ortho relationships of H-
2"(6") H-3"(5"). The HMBC spectrum revealed the correlations of a methine proton at 6 6.57
(H-5") coupled to C-1', C-3" and C-6"; two pairs of symmetric aromatic protons, H-2" (6")
coupled to C-4' and H-3"(5") correlated to C-1"and C-4"; a methine proton at 6 6.99 (H-3)
correlated to C-1, C-2, C-4 and C-5; and another methine aromatic proton at 7.42 (H-6)
coupled to C-1', C-4 and C-5. Therefore, compound 8.1 was identified as a new p-terphenyl
derivative, named neonambiterphenyl A. Our assignment was confirmed as the NMR spectra
of 8.1 were similar to those reported for the known compound boletopsin A, a KDR kinase
inhibitor isolated from the mushroom Boletopsis leucomeles (Kaneko et al. 2010).

The molecular formula of 8.2 was determined as C,,H.,O; on the basis of
HRESITOFMS (m/z 405.0580 [M+Nal*). The IR spectrum showed the presence of hydroxyl
(3354 cm™), ester (1730 cm™) and aromatic (1469, 1426 cm™1) groups. The 'H and *C NMR
spectral data were similar to those of 8.1, except for position C-3" at & 144.2, where H-3" in 1
is replaced by a hydroxyl group. The key HMBC correlations between C-4" and C-6" with H-2"
and H-6" supported this assignment. Therefore, 8.2 was assigned as a new p-terphenyl
derivative, named neonambiterphenyl B.

The molecular formula of 8.3, C,H.,Os, was determined on the basis of
HRESITOFMS (m/z 349.0727 [M-H]’). The IR spectrum showed the presence of hydroxyl
(3353 cm'1), ketone (1750 cm'1) and aromatic (1440, 1370 cm'1) groups. The 'H NMR spectral
data showed the presence of nine methine protons, including four pairs of symmetric doublets
at 6 7.15 (H-2 and H-6, 2H, d, 8.4), 6.83 (H-3, H-5, H-3" and H-5", 4H, d, 7.6) and 7.39 (H-2"
and H-6", 2H, d, 8.4), revealing two p-hydroxy-substituted benzene rings, and a methine at 6
6.82 (H-20, 1H, s). Moreover, the 'H NMR data showed acetyl protons at & 2.19 (3H, s). The
C NMR and HSQC spectral data showed three carbonyls: two of them belonging to a
quinone system at 6 186.8 and 180.5 (C-3' and C-6'), and an ester carbonyl at & 168.7, with
a methyl at & 20.2. Furthermore, the 3C NMR signals of two phydroxy-substituted benzene
rings were found at 6 159.3 (C-4"), 158.3 (C-4), 131.6x2 (C-2, C-6), 131.0x2 (C-2" and C-6"),
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123.3 (C-1"), 119.3 (C-1), 115.6x2 (C-3" and C-5"), 115.2x2 (C-3 and C-5) and four more
carbons in a quinone ring were found at 6 147.2 (C-5"), 144.2 (C-1"), 134.3 (C-4'), 130.4 (C-
2"). The COSY spectrum of 8.3 showed ortho correlations from two p-hydroxyphenyls: H-
2(6)<->H-3(5) and H-2" (6")<->H-3"(5"). The HMBC spectrum of 3 showed two correlations of
H-2(6) with C-1" and C-4; H-3(5) with C-1, C-4

and C-5(3); H-3" (5") with C-1", C-4" and C-5" (3"); H-2" (6") with C-4' and C-4". These NMR
spectra were similar to those of betulinan C (El-Elimat et al. 2013). Compound 8.3 was
therefore identified as a benzoquinone derivative, disubstituted by hydroxyphenyls at C-1' and
C-4'. The differences between the reported betulinan C and 3 arise from the substitution of
two phenyl rings with para-hydroxyl groups and the replacement of a methoxy group at C-5'
on the quinone ring by an acetate group. Therefore, compound 8.3 was assigned as a new
benzoquinone, named neonambiquinone A.

Since compounds 8.4 and 8.8 have already been reported in our previous studies [2],
the newly isolated compounds (8.1-8.3, 8.5-8.7 and 8.9) were tested against several targets.
Compounds 8.1-8.3 and 8.5-8.7 showed cytotoxicity against NCI-H187 cell line with ICx,
values of 16.82, 5.60, 44.69, 5.03, 9.40 and 49.31 ug/mL, respectively. While, compounds
8.1, 8.2 and 8.5 showed cytotoxicity against KB cell line with 1C5, values of 9.12, 40.90 and
1.45 ug/mL, respectively. Moreover, compounds 8.1 and 8.5 exhibited cytotoxicity against the
MCEF-7 cell line with 1Cg, values of 11.82 and 18.64 ug/mL, respectively. Compound 8.1 and
8.5 also showed cytotoxicity to Vero cells with IC5, values 38.72 and 32.90 pg/mL,
respectively. None of these compounds showed antimycobacterial activity against M.
tuberculosis. Meanwhile, compound 8.3, 8.6 and 8.7 showed specific cytotoxicity against NCI-
H187 cell lines. In addition, Compounds 8.1-8.6 were evaluated for antibacterial activity
against three Gramnegative and two Gram-positive bacteria. These bacteria are human
opportunistic pathogen involved in infections acquired in a hospital setting and resistant to
disinfectants as well as antibiotics. All tested compounds exhibited moderate antibacterial
against Bacillus coahuilensis with MIC values in the range of 64—-128 ug/mL. Compounds 8.1,
8.2 and 8.3 exhibited moderate antibacterial against Staphylococcus aureus with MIC values
of 4, 8 and 64 ug/mL, respectively. Moreover, Compounds 8.1, 8.4 and 8.5 also exhibited
moderate antibacterial against Pseudomonas aeruginosa with MIC values of 128 ug/mL for
all. Only compound 8.1 showed antibacterial activities against Shigella sonnei with MIC values

of 128 pg/mL.
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Project 9: Investigate on Vines of Salacia chinensis Linn.
Researcher: Chulida Hemtasin (Project Leader)
1) Keywords

Salacia chinensis, freidelanes, triterpenes, Celastraceae
2) Objective

To investigate the chemical constituents and their bioactivities on

vines of Salacia chinensis
3) Introduction
Salacia chinensis Linn. is growing widely in Myanmar, Thailand, India and Malaysia.’

This plant has gained importance as a rich repository of chemical constituents and is known
to contribute to various medicinal properties. Phytochemical profiling reveals the presence of
constituents such as salacinol, friedelanetype ftriterpene, norfriedelanetype triterpene,

* However, there have not been

salaquinone, and eudesmane-type sesquiterpenes.””
previously reports of the extracts from vines of S. chinensis Linn. We were therefore
motivated to investigate its constituents and search of potentially bioactive compounds from
the S. chinensis Linn.
4) Result and Discussion

Air-dried vines of Salacia chinensis (5.0 Kg) was successively immersed at room
temperature in hexane, EtOAc and MeOH for 6 days. After evaporation of solvents, the
brown solid of hexane extract (35.7 g), red brown solid of EtOAc extract (99.4 g) and brown

viscous liquid of MeOH extract (437.5 g) were obtained. Chromatographic separation of all

crude extracts gave seven compounds 9.1-9.7 as belows.
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Compound 9.1 was obtaines as a yellow viscous solid. The 'H NMR spectrum
showed resonances of methine proton at & 5.11 (triplet, J = 8.0 Hz, H-2), two methelene
protons at ¢ 2.06 (dd, J = 14.8, 8.0 Hz, H,3), 1.97 (t, J = 8.0, 6.8 Hz, H,4) and methyl
proton at & 1.59 (s, Hs-5). The °C NMR appeared of methine carbon at & 134.9 (C-2),
quaternary carbon at & 124.2 (C-1), two methelene carbons at & 39.7 (C-3) and 26.7 (C-4)
and meyhyl carbon at 0 16.0 (C-5). On the basis of the above evidence and SciFinder
scholars 2019 data base, 9.1 was deduced to be a synthetic commercial product 1-
methylcyclobut-1-ene. It should be noted that this is the first reported of 9.1 as a natural
product.

Compound 9.2 was obtained as white needle solid. The IR spectrum showed the
absorption bands for nonconjugate carbonyl groups (1729, 1703 cm™). The 'H and "*C NMR
data were characteristic of 1,3-diketofriedelane triterpenoid, showing seven methyl singlets at
0 0.67 (H;-24), 1.17 (H3-25), 1.00 (H3-26), 0.99 (H3-27), 1.15 (H;-28), 0.97 (H;-29) and 0.92
(H5-30), a methyl doublet at ¢ 1.03 (J = 6.5 Hz, H;-23), two methylene doublets of 1,3-
diketone at & 3.22 and 3.43 (each 1H, J = 15.8 Hz, H,-2) and two keto-carbonyl signals at o
202.8 (C-1) and 204.1 (C-3). In addition to eight methyls and two carbonyls, DEPT and HSQC
experiments helped categorizing the rest of its carbonyl signals as those of ten methylene (C-
2,6,7, 11, 12, 15, 16, 19, 21, and 22), four methine (C-4, 8, 10 and 18) and six quaternary
carbons (C-5, 9, 13, 14, 17 and 20). The HMBC correlations of H-2 to C-1, C-3, C-4, C-10
and C-23 confirmed the location of diketo-carbonyl at C-1 and C-2. The HMBC spectrum
demonstrated correlations of H-4 to C-3, C-5, C-10, and C-24; H-10 to C-1, C-5, C-4, and C-
24; Hs-24 to C-5, C-4, and C-10; H-8 to C-9, C-14, and C-25; H;-26 to C-13, C-14, and C-15;
H-18 to C-17, C-13, C-14, and C-19; H;-27 to C-13, C-14, C-12, and C-18; and H;-28 to C-
17, C-16, C-22; establishing the friedelane triterpenoid skeleton of 9.2. Comparison of
physical properties and spectroscopic data of 9.2 with data values reported for known
triterpenoid derivatives in the literature, 9.2 was defined as a known friedelane-1,3-dione
which has previously been isolated from the roots of S. campestris.

Compound 9.3 had the molecular formula, C;H,0O; deduced from the
HRESITOFMS (m/z 455.3481 [M+H]"), indicating three degrees of unsaturation. The IR
spectrum displayed absorption band of ketone carbonyl (1695 cm™). The 'H and "*C NMR
data were characteristic of 1,3-diketofriedelane triterpenoid, showing seven methyl singlets, a
methyl doublet, two methylene doublets of 1,3-diketone and two keto-carbonyl signals (C-1)
and (C-3). In addition to eight methyls and two carbonyls, DEPT and HSQC experiments
helped categorizing the rest of its carbonyl signals as those of nine methylene (C-2, 6, 7, 11,

12, 16, 19, 21, and 22), four methine (C-4, 8, 10 and 18) and six quaternary carbons (C-5, 9,
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13, 14, 17 and 20). The HMBC correlations of H-2 to C-1, C-3, C-4, C-10 and C-23 confirmed
the location of diketo-carbonyl at C-1 and C-3. The HMBC spectrum demonstrated
correlations of H-4 to C-3, C-5, C-10, and C-24; H-10 to C-1, C-5, C-4, and C-24; H;-24 to C-
5, C-4, and C-10; H-8 to C-9, C-14, and C-25; H;-26 to C-13, C-14, and C-15; H-18 to C-17,
C-13, C-14, and C-19; H;-27 to C-13, C-14, C-12, and C-18; and H;-28 to C-17, C-16, C-22;
establishing the friedelane triterpenoid skeleton. These spectral data are similar to those of
friedelane-1,3-dione (9.2) except for the absence of methylene proton (H,-15), which was
replaced by carbonyl group (0 214.0). On the basis of the above evidence and SciFinder
Scholars 2018 data base, 9.3 was deduced as a new friedelane triterpenoid (Figure 9.1).

Compound 9.4 was isolated as white solid, the molecular formula, C,H,;O deduced
from the HRESITOFMS (m/z 411.3606 [M+H]"), indicating two degrees of unsaturation. The
IR spectrum showed the presence of hydroxyl group (3411 cm'1). The 'H NMR spectrum
showed resonances of oxymethine proton at ¢, 3.51 (quin, J = 5.2 Hz, H-3) and two olefinic
protons at &, 5.35 (d, J = 4.4 Hz, H-6) and 5.10 (d, J = 6.0 Hz, H-11). The "*C and DEPT
spectra confirmed the presence of 35 carbons, concisting of two olefinic (J 124.2), one
oxygenated methine (J; 71.7), seven methine, thirteen methylene, seven methyl and five
quarternary carbons. The olefinic protons at C-6 and C-11 were evident from 'H-"H cosY
correlation of H-6/H-7; H-11/H,-12 and the key HMBC correlation between H,-4 to C-6 and
H,-7 to C-6; H-12 to C-11. The down-field chemical shift of H-3 and the HMBC correlation of
H,-1 to C-3 and H,-4 to C-3 in the HMBC spectrum suggested an hydroxyl group attached to
the C-3.The HMBC data confirmed the location of the hydroxyl at C-3 by showing correlations
of H-4 to C-3, H-1 to C-3 and H;-23 to C-3. The methylene carbons at C-6 and C-11 were
displaced with olefinic carbons at d; 124.2 and 121.6. The HMBC correlation of H,-4 to C-2,
C-5, C-10 and C-6; H,-6 to C-3, C-10 and C-7; H;-25 to C-10, C-5, C-9; H,-7 to C-5, C-6 and
C-9; H-18 to C-13, C-12, C-19, C-26 confirmed the friedelane-1,3-dione skeleton. On the
basis of the above evidence and SciFinder Scholars 2019 data base, 9.4 was deduced as a
new pentacyclic triterpenoid

Compound 9.5 had the molecular formula, C33H5,0, deduced from the HRESITOFMS
(m/z 483.3818 [M+H]"), indicating three degrees of unsaturation. The IR spectrum showed the
presence of ester group at 1729 cm”. The 'H NMR spectrum gave an impression of
pentacyclic triterpene because the resonances for seven methyl groups at & 2.01 (Hs-2),
1.00 x 2 (H;-25 and H;-27), 0.92 (H,-28), 0.82 (H;-29), 0.80 (H;-30), and 0.66 (Hs-26),
oxymethine proton at &, 4.58 (mult, J = 4.8 Hz, H-3) and olefinic protone at §,5.35 (d, J = 4.4
Hz, H-6). The 3C and DEPT spectra confirmed the presence of 32 carbons, concisting of one

ester carbonyl (& 170.4), one olefinic (& 122.6), one oxygenated methine (& 73.9), eleven
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methylene, seven methyl and four quarternary carbons. The oxygenated proton at C-3 was
evident from 'H-"H COSY correlation of H-7/H-9 and the key HMBC correlation between H-4
to C-6 and H-7 to C-6. The down-field chemical shift of H-3 and the HMBC correlation of H-3
with & 170.4 (s) in the HMBC spectrum suggested an acetyl attached to the C-3. The HMBC
correlation of H,-4 to C-2, C-5, C-10 and C-6; H,-6 to C-3, C-10 and C-7; H;-25 to C-10, C-5,
C-9; H,-7 to C-5, C-6 and C-9; H-18 to C-13, C-12, C-19, C-26 confirmed the pentacyclic
triterpene skeleton. On the basis of the above evidence and SciFinder Scholars 2019 data
base, 9.5 was deduced as a new pentacyclic triterpenoid.

Compound 9.6 had the molecular formula, C;;Hg,0; deduced from the HRESITOFMS
(m/z 455.3481 [M+H]"), indicating one degree of unsaturation. The IR spectrum displayed the
absorption band of hydroxyl at 3384 cm”. The ®C NMR and DEPT experiment revealed the
presences of thirtynine carbons, attributable to fourteen methine, thirteen methylene, seven
methyl and five (including a carbonyl group) quaternary carbons. The 'H NMR spectrum
showed the typical pattern of pentacyclic triterpenoid, connected in a pyranose acetate with
five oxy-methine protons at &, at 3.26 (t, H-1"), 3.33 (t, H-2"), 3.40 (g, H-3'), 3.42 (g, H-4’) and
4.27 (brd, H-5’), together with doublet signal of methylene proton at &, 4.33 and singlet signal
of acetyl group at &, 2.05 (H;-2”). The HMBC correlation of H-1' to C-5' and C-4": H-2’ to C-
1, C-3 and C-4’; H-3' to C-1’; H-4’ to C-1’ and C-2’; H-5’ to C-1", C-1’, and C-3’ confirmed
the structure of pyranose acetate. The COSY spectrum of H,-3"/H-1’, together with the HMBC
correlation of H,-3” to C-3 and C-1’, confirming the connection of this unit at C-3. The 'H
NMR spectrum showed resonances of an olefinic protons at &, at 5.32 (brd, H-6), together
with three singlet signals of methyl proton at &, 0.96 (H;-23), 0.96 (H;-24) and 0.63 (H;-25).
On the basis of the above evidence and SciFinder Scholars 2019 data base, 9.6 was

deduced as a newpentacyclic triterpenoid glycoside (Figure 9.1).
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Figure 9.1 Isolated compounds from vines of S. chinensis
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Investigation of the chemical constituents from vines of Salacia chinensis led to the
isolation of seven compounds.They were four new compounds (9.3-9.5 and 9.6) and two
known compounds (9.2 and 9.7) and a new natural product (9.1). Compounds 9.1-9.4 and 9.7
were inactive for antibacterial activities. Compounds 9.3 and 9.5 showed the evidence of anti
a-glucosidase inhibitors for type 2 diabetes mellitus at 1C5, 43.89 and 139.16 UM,
respectively.

4) Research Outcome
All laboratory experiment have been completed. The preparation of manuscript is in

progress.

Project 10: Investigate on Two Plants: Helixanthera parasitica Lour. and
Croton krabas.
Researcher: Oue-artorn Rajachan (Project Leader)

Project 10A: Investigate on stems of Helixanthera parasitica Lour.

1) Keywords
Helixanthera parasitica, Loranthaceae, flavan, antimalarial activity, cytotoxic
2) Objective
2.1) To isolate and determine the chemical constituents from the stems of
H. parasitica.
2.2) To evaluate the bioactive principles from isolated compounds against some
human disease such as TB, antimalarial and cancer.
3) Introduction
Helixanthera parasitica Lour. (Loranthaceae) is parasitic plant, 1-2 m in height, found
throughout Thailand. It is known in Thai as “Ka fag koh” (n1{nnia). A water decoction of its
stem mixing with other parasitic plants has been used in Thai traditional medicine for liver and
kidney disease."” However, previous report on phytochemical investigations of H. parasitica
has resulted in the isolation of gallic acid, ethyl gallate, quercitrin, and 4,7,3'4'-
tetrahydroxyflavan.3 Furthermore, an aqueous extract from the whole part of this plant has
been reported to possess both anti-metastatic and antioxidant activity by an in vitro invasion
test.* As part of our search for bioactive compounds from Thai plants, the crude EtOAc

extract from the stem of H. parasitica exhibited anti-malarial activity against Plasmodium
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falciparum with 1C5, value of 3.25 ug/mL. Therefore, we are interested to investigate the

chemical compositions and their biological activities from this plant.

4) Result of research activity during this period

The stems of H. parasitica were collected from Phu ruea district, Loei province,
Thailand and identified by Prof. Dr. Pranom Chantaranothai, Department of Biology, Khon
Kaen University, Thailand. Air-dried stems of H. parasitica (2.7 kg) were ground into the
powder and extracted successively with EtOAc (7L x 2) and MeOH (7L x 2) to give the
corresponding crude EtOAc (109 g) and MeOH (211 g) extracts, respectively. All crude
extracts were tested for their bioactivity and the result showed that the crude EtOAc exhibited
anti-malarial activity against P. falciparum with 1C5, value of 3.25 ug/mL.

The structures of isolated compounds were identified by physical and spectroscopic
data measurements (IR, 1D and 2D NMR, and MS) and by comparing the data obtained with
published values, to yield four known compounds including 5,7,3'4'-tetrahydroxyflavan
(10A.1),° (-)-syringaresinol (10A.2)° methyl 3,4, 5-trihydroxybenzoate (10A.4) and (-)-
epicatechin (10A.5). Whereas, compounds 10A.3, 10A.6, and 10A.7 were identified as new
flavans (Figure 10A.1).

Compound 10A.3 was obtained as brown solid and its molecular formula, C,,H;50,,
was deduced from the HRESITOFMS (observed m/z 449.0846 [M+Na]’), indicating 14
degrees of unsaturation. The IR spectrum displayed the presence of hydroxyl (3309 cm™),
and conjugated carbonyl ester (1704 cm'1). The *C NMR and DEPT spectra indicated the
presence of two methylene, eight methine (seven aromatic), eleven quaternary aromatic, and
one carbonyl carbon moieties. The 'H NMR data of 10A.3 was similar to those of the isolated
5,7,3',4'-tetrahydroxyflavan (10A.1),5 except for the presence of aromatic methine proton at O
7.17 (2H, s, H-2" and H-6", gallate ester skeleton). The HMBC also confirmed the presence of
this gallate by showing the correlations of H-2" to C-1", C-3", C-4", C-6", and C-7"; and H-6"
to C-1", C-2", C-4", C-5", and C-7". The HMBC correlations of H-6 to C-5, C-7, C-4a, and C-
8; and H-8 to C-8a, C-7, C-4a, and C-6 demonstrated that the gallate ester connected to C-7
flavan position. Compound 10A.3 demonstrated the negative specific rotation ([0(]23D -453 ¢
0.1, MeOH), which was assigned the stereochemistry at C-2 as S. Based on the
spectroscopic evidence, compound 10A.3 was determined as a new flavan, named (2S)-7-O-
galloyl-5,3',4'-trinydroxyflavan.

The mixture of compounds 10A.6 and 10A.7 was light brown amorphous powder. Their
molecular formula were determined based on the HREIMS data as C,4H,,0,; (observed m/z

601.0960 [M+Na]’), corresponding to 19 degrees of unsaturation and the presence of an
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additional galloyl unit. The IR spectrum demonstrated the absorption bands of hydroxyl (3280
cm™), and conjugated carbonyl ester (1695 cm™) groups. The 'H NMR spectrum of 10A.6 and
10.A7 clearly showed the mixture of two flavans, especially the signal at &, 4.87 (1H, d, J =
10.4 Hz, H-2) and 54 492 (1H, d, J = 10.4 Hz, H-2) of compounds 10A.6 and 10A.7,
respectively. The ratio of 2:3 (1.0:1.1) was deduced from 'H NMR integrals at &, 6.95 (H-5',
10A.6) and 6.88 (H-6', 10A.7). The 'H NMR spectrum of 10A.6 was similar to that of 10A.3
except for the presence of an additional proton signal at &, 7.22 (2H, d, 94, J = 0.8 Hz, H-2"
and H-6") and the chemical shift of ring B, proposing the connection of galloyl group to C-3'
of ring B. The HMBC exhibited correlations of this proton signal at ¢, 7.22 to C-1", C-3", C-
4™ C-5", and C-7" which also confirmed an extra galloyl unit. The connection of this galloyl
unit to C-3' of ring B was also supported by the HMBC correlations of H-2 (4.87, 1H, d, J =
10.4 Hz) to C-3, C-4, C-8a, C-1', C-2', and C-6'; H-5' (6.95, 1H, d, J = 8 Hz) to C-1', C-3', C-
4', and C-6"; and H-6' (7.15-7.12, 1H, m, overlap with H-2') to C-2', C-4', and C-5'. Besides,
the 'H and C NMR spectral data of 10A.7 were similar to those of 10A.6 except for the 'H
NMR chemical shift of ring B, suggesting that the galloyl ester was located at C-4'. The
HMBC also revealed the correlations of H-2 (4.92, 1H, d, J = 10.4 Hz) to C-3, C-4, C-8a, C-1',
C-2', and C-6'; H-5' (7.04, 1H, brd, J = 5.6 Hz) to C-1', C-3', C-4', and C-6'; and H-6' (6.88,
1H, dd, J = 8.4, 2.0 Hz) to C-2', C-4', and C-5' which corresponded to the connection of this
galloyl group to C-4' of ring B. The 3C NMR of 10A.7 exhibited the signal at 0. 141.6 (C-1')
which appeared at lower field than 10A.6 (J; 134.5, C-1') due to the lack of resonance effect
of hydroxyl group at C-4'. The configuration at C-2 of 10A.6 and 10A.7 was determined as S
from its specific rotation ([0]%°; -23.5 ¢ 0.1, MeOH). Therefore, compound 10A.6 was defined
as (2S)-7,3'-O-digalloyl-5,4'-dihydroxyflavan. Whereas, compound 10A.7 was identified as a
positional isomer of 10A.6, named (2S)-7,4'-O-digalloyl-5,3'-dihydroxyflavan.

All isolated compounds were evaluated for their bioactivities (Table 10A.1). Compounds
10A.3 and the mixture of 10A.6 and 10A.7 showed significant antimalarial activity against P.
falciparum with 1C5, values of 0.59 and 1.38 UM, respectively. In addition, compounds 10A.3
and the mixture of 10A.6 and 10A.7 exhibited moderate cytotoxicity toward NCI-H187 cancer
cell with ICg, values of 16.7 and 11.1 uM, respectively. Moreover, the mixture of 10A.6 and
10A.7 displayed cytotoxicity against KB and MCF-7 cancer cell lines with I1C5, values of 30.0
and 19.7 uM, respectively. However, the mixture of 10A.6 and 10A.7 was cytotoxic toward
normal cell line (ICs, 73.9 uM). While, the latter compounds were inactive for all bioactivity

tests (IC5, > 100 puM). The comparison of flavans 10A.1, 10A.3, and 10A.6 and 10A.7, it
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should be noted that the addition of galloyl groups increased the cytotoxicity toward three

cancer cell lines (KB, MCF-7, and NCI-H187).
OR,

OH
R R R Rs
10A3 G H H
10A.6 G G H H
10A.7 G H G G=
10A1 H H H
10.A5 H H H OH

Figure 10A.1. Structure of isolated compounds from H. parasitica.

Table 10A.1 Biological activity of compounds 10A.3, 10A.6, and 10A.7

antimalarial cytotoxicity IC,, (UM)
compound
IC,, (UM) KB?® MCF-7° NCI-H187° Vero cells’
10A.3 0.59 Inactive® Inactive 16.7 Inactive
10A.6 + 10A.7 1.38 30.0 19.7 11.1 73.9
Dihydroartemisinin 0.008
Doxorubicin 12.1
Ellipticine 8.2 6.7 3.4

®Human epidermoid carcinoma in the mouth. "Human breast adenocarcinoma.

°Human small cell lung cancer. “African green monkey kidney.° > 100 HUM.
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5) Research Outcome:

Publication

Rajachan, O.; Hongtanee, L.; Chalermsaen, K.; Kanokmedhakul, K.; Kanokmedhakul, S.
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Poster Presentation

Rajachan, O.; Kanokmedhakul, S.; Kanokmedhakul, K. Chemical constituents from the stem

barks of Helixanthera parasitica. Pure and Applied Chemistry International Conference
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Project 10B: Investigate on Stems of Croton krabas.

1) Keywords

Croton krabas, Euphorbiaceae, Clerodane diterpene, antibaterial

2) Objective

2.

1) To isolate and determine the chemical constituents from the stems of Croton krabas.

2.2) To evaluate the bioactive principles from isolated compounds against some human

disease such as antibacterial and cancer.

3) Introduction

Croton krabas Gagnep. belongs to the family Euphorbiaceae which is known as “Fai

nam” in Thai. It is a shrubby tree, 1-3 m in height, widely found in Lao, Cambodia and

Thailand. The water decoctions of its bark and flowers are traditionally used as carminatives.

The phytochemical investigations from the plant genus Croton have been explored. Many
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compounds from this genus also exhibited many biological activities. However, the
phytochemical investigation and bioactivity of the C. krabas has not been previously reported.
Interestingly, the crude hexane and EtOAc extracts of this plant exhibited antibacterial as
shown in Table 10B.1. Therefore, it is interested to study the chemical constituents and their

biological activities from the stems of C. krabas.

Table 10B.1 Antibacterial screening of the crude extracts from the stems of

C. krabas.

Zone of inhibition (mm)
Test bacterium

Hexane extract EtOAc extract

Bacillus cereus ATCC 11778 12x12 13x13

4) Result and Discussion

Air-dried powdered of the stems of C. krabas (3.6 kg) were extracted successively
with organic solvents including hexane, EtOAc and MeOH. Each 12 L of solvent extraction
was carried out at room temperature for 3 days in triplicate. The solvents were evaporated
under reduced pressure to give crude hexane (43 g), EtOAc (43 g) and MeOH (118 g)
extracts, respectively.

The crude hexane extract (43 g) was applied over silica gel FCC, eluted with a
gradient system of n-hexane-EtOAc-MeOH to give nine fractions CKH1-CKHO9.
Recrystallization of fraction CKH2 from CH,Cl,-MeOH gave compound 10B.1. Fraction CKH3
was recrystallized from CH,CIl,-MeOH to obtain compound 10B.2. Fraction CKH4 was
separated by silica gel CC, eluted with 10% acetone-hexane yielding three subfractions,
CKH4.1-CKH4.3. Subfraction 4.3 was purified by silica gel CC, eluted with an isocratic
system of 10% acetone-hexane to give four subfractions, CKH4.3.1—-CKH4.3.3. Subfraction
CKH4.3.1 was further separated by silica gel CC, using 2% EtOAC-CH,CI, as an eluent, to
give two subfractions, CKH4.3.1.1 and CKH4.3.1.2. Subfraction CKH4.3.1.2 was subjected to
Sephadex LH-20 CC, eluted with MeOH yielding compound 10B.3. Subfraction CKH4.3.2
gave a white solid of compound 10B.4. Fraction CKH6 was isolated by silica gel CC, eluted
with an isocratic system of 2% EtOAC-CH,CI, to give four subfractions, CKH6.1-CKH6.4.
Subfraction CKH6.3 was applied on reverse phase RP-18 CC, eluted with 20 H,0-MeOH to
give compound 10B.5. Subfraction CKH7 was purified by reverse phase RP-18 CC, eluted
with 20 H,0-MeOH to obtain four sunfrations, CKH7.1—-CKH7.4. Subfraction 7.3 was furture
separated by silica gel CC, using 2% EtOAC-CH,CI, as an eluent, to give compound 10B.6.
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The crude EtOAc extract (43 g) was applied over silica gel FCC, eluted with a
gradient system of n-hexane-EtOAc-MeOH to give seven fractions CKE1-CKE7. Fraction
CKE2 was separated by silica gel CC, eluted with 10% acetone-hexane yielding compound
10B.5. Fraction CKE6 was further separated by silica gel CC, using 15% acetone-hexane as
an eluent, to give four subfractions, CKE6.1- CKEG6.4. Recrystallization of subfraction CK6.2
from CH,Cl,-MeOH gave compound 10B.7.

The structures of isolated compounds were identified by physical and spectroscopic
data measurements (IR, 'H and "*C NMR) and by comparing with published values, to obtain
three known compounds including lupeol (1OB.1)1, crotonpyrone A (1OB.3)2, and 12-oxo-
hardwickiic acid (1OB.5)3 (Figure 10B.1). While, structural identification of compounds 10B.2,
10B.4, 10B.6, and 10B.7 are in progress.

o)
\
o) o| _ o
AN
OCH,
10B.3 coon  10B5

Figure 10B.1. Structure of isolated compounds from the stems of C. krabas.
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5) Research Outcome:

The remaining of EtOAc extract of the stems of C. krabas will be continuously purified

by chromatographic techniques. All isolated compounds will be identified and will be sent to

biologically evaluation. The manuscript will be prepared.
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Part ll: Development of Chaetoglobosin C as a Microbial Elicitor to be Nanoproduct for
Plant Immunity
Project 11: Preparation and Evaluation of Biocontrol Agent
Researcher: Kasem Soytong (Project Leader)
1) Keywords
Chaetomium chaetoglobosin C, elicitor, plant immunity, biocontrol
2) Objective
To develop biocontrol agents against plant diseases.

3) Introduction

Plant disease is one of the serious problems for farmers in Thailand and worldwide.
The use of chemical fungicides, insecticides and herbicides for protecting their crops causes
hazards in food production and environmental problems. For example, Fusarium wilt, one of
the most serious diseases caused by Fusarium oxysporum f. sp. lycopersici (Sacc.) in
tomatoes (Lycopersicon esculentum Mill.) results in yield loss and causes economic problems.
Generally, chemical application has been used to control the disease. However, the
pathogens have become resistant to these chemicals. This method then does not control the
disease while causing health and environmental problems. In this regard, the alternative
method with emphasis on biological control of plant diseases should be used to reduce
chemicals used. Our collaboration research, with plant pathologist Assoc. Prof. Kasem
Soytong, working on biological active compounds from antagonistic fungi both in laboratory
and field ftrials found that some natural compounds, such as cheatoglobosin C from
antagonistic fungus Chaetomium globosm, shows potential for biological control activity. In
addition, study of Chaetomium Chaetomium cupreum and Chaetomium globosum is to
develop natural products for plant disease control, induce plant immunity, and for

environmental friendly agriculture.

4) Result and Discussion
4.1) Study on pathogen and antagonists
Phytophthora palmivora was isolated to pomelo and confirmed patholognecity test. It
was cultured in V8 medium for morphological characterization. The isolate is confirmed
identification by morphological and molecular phylogeny. Pathogenicity test was done to
confirm pathogenic isolate. Morphology of Phytophthora palmivora was studied to confirm

species (Figure 11.1).
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A B C D

Figure 11.1 Characteristics of Phytophthora palmivora, A: colony on V8 medium,

B: Sporangia (400 X) C and D: Oogonium (400 X)

Morphology: Chaetomium cupreum and Chaetomium globosum were cultured and

confirm species by culturing on PAD and observation (Figures 11.2 and 11.3).

Figure 11.2. Chaetomium cupreum, A: colony on PDA, B: Perithecium (100 X)
C: Terminal hairs (400X) and D: ascospores (400X).

Figure 11.3. Chaetomium globosum, A: colony on PDA, B: Perithecium (400X)

C: terminal hairs (400X) and D: ascospores (400X).
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4.2) Pathogenicity test
Phytophthora palmivora was inoculated by detached leaf method which resulted brown
lesion and invaded clearly symptom in 5 days incubation (average of four replications). The

non inoculated control was no lesion (Table 11.1 and Figure 11.4).

Table 11.1 Pathogenecity test of Phytophthora palmivora

Isolate Colony diameter
(cm)

Control 0.50

Phytophthora palmivora 4.33

Figure 11.4. Pathogenicity test, A: Front side, B back side; First of leaf (left hand side)

is non inoculated. The other four are inoculated with Phytophthora palmivora.

Testing nanoproducts to control P. palmivora causing root rot of Pamelo in laboratory

P. palmivora growing on PDA incorporated with nano-cupreum and nano-globosum at
the concentrations of 3, 5 and 10 ppm were performed. The result showed that nano-
globosum and nano-cupreum expressed antifungal activity against P. palmivora at the EDs,

of 4.12 and 2.60 ppm, respectively (Table 11.2, Figures 11.5 and 11.6).
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Table 11.2 Testing nanoproducts to control P. palmivora causing root rot of

pamelo in laboratory

Treatments Conc. (ppm) Colony dia.(cm) %inhibition” ED,, (ppm)

Nano-cupreum 0 5.00a"
3 1.03b 79.4
5 0.5b 90
10 0.5b 90 4.12
Nano-globosum 0 5.00a
3 0.68bc 86.4
5 0.5b 90
10 0.5b 90 2.60
C.V. (%) 19.50

1 Average of four replications. Means followed by a common letter a a column are not

significantly different by DMRT at P=0.05.

2 % Inhibition = colony diameter in control plate — colony diameter in treated plate/

colony diameter in control plate X 100.

Figure 11.5 Nano-cupreum testing against Phytophthora palmivora at

0 ppm (A), 3 ppm (B), 5 ppm (C), 10 ppm (D)
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Figure 11.6 Nano-globosum testing against Phytophthora palmivora

at 0 ppm (A), 3 ppm (B), 5 ppm (C), 10 ppm (D)

4.3) Preparation and characterization of Nano-chaetoglobosinC
Electrospinning

The solution of chaetoglobosin C (10 mg in 0.5 ml DMSO) was drop into polylactic
acid (1 grams in 5 mL tetrahydrofuran). The mixture was loaded into a syringe and placed
into the electrospinning set-up. The tip of the syringe was clipped with the positive pole while
the aluminum foil was clipped with the negative pole and serves as the collector. The voltage
used was 25 to 30 kilovolts. The product was carefully scraped from the aluminum foil and
stored in tightly capped bottles. The characteristics of the products were noted, viewed under
the scanning electron microscope and the properties were analyzed using Fourier Transform

Infrared spectroscopy.

5) Research Outcome
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Blast. International Journal of Agricultural Technology 2018,14(6), 923-932.
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experiment. International Journal of Agricultural Technology 2018,14(7), 1961-1968.
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Two new meroditerpene pyrones, chevalone F (1) and 11-hydroxychevalone E (2), a new tryptoquivaline analog,
tryptoquivaline V (3) and a new brasiliamide analog, brasiliamide G (4), together with thirteen known com-
pounds, chevalones A-C (5-7), chevalone E (8), 11-hydroxychevalone C (9), pyripyropene A (10), iso-
chaetominine C (11), pyrrolobenzoxazine terpenoids CJ-12662 (12) and CJ-12663 (13), fischerindoline (14),
eurochevalierine (15), 1,4-diacetyl-2,5-dibenzylpiperazine-3,7”-oxide (16) and lecanorin (17) were isolated
from the fungus Neosartorya pseudofischeri. Their structures were established on the basis of spectroscopic evi-
dence. Compound 2 showed weak antibacterial activity against Escherichia coli and Salmonella enterica serovar

Typhimurium, whereas compounds 7, 12, 13 and 15 showed antibacterial activity against Bacillus cereus and
Staphylococcus aureus. In addition, compounds 13 and 14 showed cytotoxicity against KB and MCF-7 cancer cell
lines, as well as the Vero cell line.

1. Introduction

The genus Neosartorya (Trichomaceae) is a source of bioactive sec-
ondary metabolites such as sesquiterpene alkaloids, sartorymensin
analogs and meroterpenoids. These compounds show cytotoxicity
against human U373 glioblastoma, MCF-7 breast cancer, and A549 non-
small-cell-lung cancer cell lines [1-3]. The fungus Neosartorya pseudo-
fischeri has been found in both marine and terrestrial sources, for ex-
ample sea star (Acanthaster planci) [4,5] and soil [1,6]. Various bioac-
tive compounds have been reported from N. pseudofischeri such
as pyripyropenes A, 1,4-diacetyl-2,5-dibenzylpiperazine-3,7”-oxide,
pseudofischerine [1] neosartin analogs, bis-N-norgliovictin [4], tricho-
dermamide A and indolyl-3-acetic acid methyl ester [5]. In our search
for bioactive compounds from soil fungi isolated in Thailand, we have
found that the n-hexane extract from biomass of the fungus N. pseu-
dofischeri shows anti-mycobacterial activity against Mycobacterium tu-
berculosis, with 50% inhibition at a concentration of 50 pg/mL. Herein,
we report the isolation of four new compounds (1-4), together with
thirteen known compounds (5-17), as well as the biological activities of
the fungus N. pseudofischeri.

* Corresponding author.
E-mail address: somdej@kku.ac.th (S. Kanokmedhakul).

https://doi.org/10.1016/j.fitote.2019.104257

2. Experimental
2.1. General experimental procedures

Melting points were obtained using a Gallenkamp melting point
apparatus (Leicestershire, U.K.) and were uncorrected. A JASCO DIP-
1000 digital polarimeter was used to identify the optical rotation. The
ECD and UV spectra were measured using a JASCO J-810 apparatus. IR
spectra were obtained using a Bruker Tenser 27 spectrophotometer
(Agilent Technologies, U.S.A.). NMR spectra were recorded on a Varian
Mercury Plus 400 spectrometer (Varian, Inc., U.S.A.) using CDCl; and
CD30D as solvents (Merck, Darmstadt, Germany). Mass spectra were
determined on a Micromass Q-TOF 2 hybrid quadrupole time-of-flight
(Q-TOF) mass spectrometer (Bruker, Germany) with a Z-spray ES
source. TLC was performed on silica gel 60 PFp54 TLC aluminum sheet
(Merck, Darmstadt, Germany). The column chromatography was car-
ried out on silica gel 0.063-0.200mm or <0.063mm (Merck,
Darmstadt, Germany) and sephadex LH-20 (Amersham Pharmacia,
Biotech AB, Sweden). Preparative thin-layer chromatography (PLC) was
carried out on glass supported silica gel 60 PF,s5, plates (Merck,
Darmstadt, Germany).

Received 19 May 2019; Received in revised form 1 July 2019; Accepted 1 July 2019

Available online 03 July 2019
0367-326X/ © 2019 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/0367326X
https://www.elsevier.com/locate/fitote
https://doi.org/10.1016/j.fitote.2019.104257
https://doi.org/10.1016/j.fitote.2019.104257
mailto:somdej@kku.ac.th
https://doi.org/10.1016/j.fitote.2019.104257
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fitote.2019.104257&domain=pdf

J. Paluka, et al.

2.2. Fungal material

The fungus N. pseudofischeri was isolated from soil collected in a
Chiang Mai forest, Thailand in 2012, and was identified by M. Soytong
[6]. A voucher specimen EU13 was deposited at the Department of
Plant Production Technology, Faculty of Agricultural Technology, King
Mongkut's Institute of Technology Ladkrabang, Bangkok 10520, Thai-
land. The fungus was cultured in conical flasks (500 mL, 80 flasks) with
potato dextrose (50 mL/flask) and incubated in a standing condition at
30 °C for 30 days. Dried fungal biomass was harvested and was air dried
for 3 days.

2.3. Extraction and isolation

The dried biomass of N. pseudofischeri (135 g) was ground and ex-
tracted successively at room temperature with n-hexane (3 x 1L),
EtOAc (3 X 1L), and MeOH (3 X 1L). Removal of solvents under re-
duced pressure gave crude n-hexane (3.38g), EtOAc (4.05g), and
MeOH (6.47 g) extracts. The n-hexane extract was subjected to silica gel
column chromatography (CC), eluting with a gradient system of n-
hexane-EtOAc and EtOAc-MeOH to give fifty-six fractions. On the basis
of their TLC characteristics, they were combined to 9 fractions, NpH;-
NpH,. Fractions NpH4 and NpHeg were recrystallized from n-hexane-
EtOAc to afford colorless crystals of 6 (356 mg) and a white solid of 5
(60 mg), respectively. Fraction NpH; was purified by preparative thin-
layer chromatography (PLC) using CH,Cl,-MeOH (98:2, x2) as eluent,
affording a yellow solid of 13 (8 mg, Ry 0.39) and a white solid of 12
(23 mg, Ry 0.29). Fraction NpHg was purified by silica gel flash column
chromatography (FCC), eluted with a gradient system of n-hexane-
EtOAc, followed by PLC purification (3% MeOH-CHCl,, x2) to yield a
yellow solid of 15 (8 mg, Ry 0.64) and a white solid of 14 (8 mg, Ry
0.53). A solid from fraction NpHg was filtered out and recrystallized
from CH,Cl,-MeOH to afford 7 (91 mg), and the filtrate was further
separated by FCC, eluted with a gradient system of n-hexane-EtOAc to
give four subfractions, NpHg 1-NpHg 4. Subfraction NpHg ; was isolated
by PLC (5% MeOH-CH,Cl,, x3) to yield a white solid of 1 (6 mg, R
0.53), a white solid of 8 (4 mg, R;0.37) and a yellow solid of 4 (7 mg, R
0.25). Purification of subfraction NpHg 3 by PLC (30% EtOAc-n-hexane,
x4) afforded a yellowish solid of 10 (4 mg, R;0.21). Subfraction NpHg 4
was refined by Sephadex LH-20 CC, eluting with MeOH, to give a pale
yellow solid of 16 (9 mg).

The EtOAc extract was separated into sixty fractions by silica gel CC,
eluting with a gradient system of n-hexane-EtOAc and EtOAc-MeOH to
yield seven fractions, NpE;-NpE;. Then, compounds 6 (19 mg) and 5
(60 mg) were isolated from fraction NpE, by FCC using a gradient
system of n-hexane-EtOAc. Fraction NpE; was purified by PLC (4%
MeOH-CH,Cl,, x4) to yield a pale yellow solid of 11 (6 mg, R;0.47) and
13 (16 mg, R;0.53). Fraction NpEs was separated by FCC, eluting with a
gradient system of n-hexane-EtOAc to give three subfractions, NpEs ;-
NpEs 3. Subfraction NpEs ; was purified by PLC (3% MeOH-CH,Cl,, x2)
to afford 7 (5 mg, R 0.53). Subfraction NpEs 3 was isolated by silica gel
FCC, eluted with a gradient system of CH,Cl,-MeOH, to give colorless
needles of 3 (6 mg), a white solid of 9 (7 mg) and an additional amount
of 10 (13 mg). Fraction NpEg was separated on silica gel FCC, eluting
with a gradient system of n-hexane-EtOAc, to give four subfractions,
NpEe 1-NpEg 4. Subfraction NpEg; was further purified by PLC
(30% n-hexane-EtOAc) to yield 4 (49 mg, Ry 0.53). Subfraction NpEg »
was purified by PLC (20% n-hexane-EtOAc, x4) to afford 8 (27 mg, R
0.47). Subfraction NpEg 4 was purified by PLC (5% MeOH-CHCl,, x4)
to give white solids 2 (5mg, R;0.89) and 16 (14 mg, R; 0.61).

The MeOH extract was separated using a similar method to those of
n-hexane and EtOAc extract, to give six fractions, NpM;-NpMs. Fraction
NpM, yielded an additional amount of 5 (15 mg). Fraction NpM3 was
separated by PLC (40% n-hexane-EtOAc, x3) to give 11 (22 mg, Rf0.50)
and 7 (6 mg, Ry 0.37). Fraction NpMs was further purified by PLC (40%
n-hexane-EtOAc, x7) to give 14 (7mg, Ry 0.63). Fraction NpMg was
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Table 1
'H and '>C NMR spectral data of compounds 1 (CDCl;) and 2
(CDCl; + CD30D).

Position 1 2
Sy (mult. J in Hz) 8¢, type Sy (mult. J in Hz) 8¢, type
1 1.97 (m), 1.48 (m) 39.1, CH, 1.79 (m), 0.98 (m) 38.2, CH,
2 2.48 (m) 33.8,CH, 1.57 (m) 26.7, CH,
3 217.3,C 3.06 (dd, 11.0, 5.3) 78.5, CH
4 47.2,C 37.9,C
5 1.43 (m) 54.7, CH 0.62 (m) 56.1, CH
6 1.57 (m), 1.39 (m) 19.0, CH,  1.49 (m) 18.2, CH,
7 1.95 (dd, 12.7, 3.8), 40.0, CH, 1.76 (tt, 12.2, 2.9), 43.0, CH,
1.09 (m) 0.91 (m)
8 37.2,C 37.5,C
9 1.04 (m) 59.6, CH 0.75 (m) 60.7, CH
10 36.7, C 38.8,C
11 1.73 (m), 1.42 (m) 19.1, CH, 4.48 (m) 66.6, CH
12 2.12 (dd, 13.2, 3.1), 40.1, CH,  2.19 (dd, 13.2, 3.6), 47.9, CH,
1.71 (m) 1.73 (m)
13 84.0, C 85.3, C
14 1.51 (m) 52.2, CH 1.46 (m) 52.8, CH
15 2.55 (dd, 16.4, 4.6), 15.4, CH, 2.47 (dd, 16.5, 4.7), 15.1, CH,
2.15 (m) 2.16 (m)
16 1.31 (s) 20.5,CH; 1.43 (s) 21.6, CH3
17 0.92 (s) 15.6, CHz 1.15 (s) 17.0, CH3
18 0.93 (s) 16.2, CH; 1.16 (s) 17.3, CHs
19 1.09 (s) 26.6, CH;  0.84 (s) 27.9, CH3
20 1.05 (s) 20.8,CH; 0.69 (s) 15.1, CH3
1’ -
2’ 180.5, C 163.2, C
3 98.4, C 98.8, C
4 162.6, C 181.0, C
5 5.98 (s) 111.9,CH 5.69 (s) 111.0, CH
6’ 160.5, C - 161.5, C
7’ 2.20 (s) 19.2,CHz 2.14 (s) 18.9, CH3

separated by FCC, eluted with a gradient system of CH,Cl,-MeOH, to
afford 16 (22 mg, Rf 0.58) and the pale yellow solid 17 (22 mg).

Chevalone F (1): White solid; Rf = 0.61 (MeOH-CHCl,; 1:19); mp
177-178°C; [a]p>® -115.3 (c 0.1, CHCls); ECD (¢ 240 uM, MeOH)
nm 220 (+8.8), 243 (—55.9), 257 (—56.2), 301 (+4.7); UV
(MeOH) Apax (log £) 226 (3.87), 245 (4.08), 259 (4.11) nm; IR
(Neat) Vinax 2918, 2851, 1697, 1665, 1613, 1585, 1427, 1386 cm ™ };
'H and '*C NMR data (CDCls, 400 MHz), see Table 1; HRESITOFMS
m/z 435.2557 [M + Na] " (calced. for Co6H3604 + Na, 435.2511).

11-Hydroxychevalone E (2): White solid; Ry = 0.39 (MeOH-CH,Cly;
1:19); mp 196-198 °C; [alp?® +14.1 (c 0.1, CHCl3); ECD (c 230 puM,
MeOH) nm 203 (—43.0), 211 (+5.8), 241 (—8.6), 262 (—8.4); UV
(MeOH) Apax (log £) 203 (4.05), 232 (3.61), 260 (3.53) nm; IR
(Neat) Vimax 3408, 2933, 2867, 1665, 1577, 1431 cm ™ %; 'H and '°C
NMR data (CDCl; + CD;0D, 400 MHz), see Table 1; HRESITOFMS
m/z 453.2622 [M + Na]™* (caled. for Co6HssOs + Na, 453.2617).

Tryptoquivaline V (3): Colorless needles; R = 0.41 (MeOH-CH,Cl;
1:19); mp 250-252 °C (decomp.); [a]lp2® +184.6 (c 0.1, CHCls); ECD
(c 190 uM, MeOH) nm 203 (16.7) 208 (—3.8), 214 (+16.9), 234
(—3.6) 248 (—8.5), 266 (+1.6), 274 (+8.4); UV (MeOH) Amay (log
€) 209 (4.30), 225 (4.13), 255 (3.75), 301 (3.19) nm; IR (Neat) Viax
2962, 2926, 1725, 1671, 1606, 1473, 1262 cm™1; 'H NMR (CDCl,,
400 MHz) § 8.31 (1H, d, J = 8.0 Hz, H-20), 8.11 (1H, s, H-26), 7.81
(1H, t, J = 8.0 Hz, H-22), 7.75 (1H, d, J = 8.0 Hz, H-23), 7.78 (1H,
d, J = 7.8Hz, H-5), 7.55 (1H, t, J = 8.0Hz, H-21), 7.52 (1H, d,
J=7.8Hz, H8), 7.41 (1H, t, J=7.8Hz, H-7), 7.28 (1H, t,
J = 7.8Hz, H-6), 5.76 (1H, s, H-2), 5.04 (1H, dd, J = 9.8, 11.4 Hz,
H-12), 3.85 (1H, d, J = 3.9Hz, H-15), 3.21 (1H, dd, J=9.8,
10.8 Hz, H-13a), 2.68 (1H, dd, J = 10.8, 11.4 Hz, H-13b), 2.23 (1H,
m, H-27), 1.12 (3H, d, J = 7.4 Hz, H-28), 1.10 (3H, d, J = 7.4 Hz, H-
29); '*C NMR (100 MHz) § 171.5 (C-14), 171.4 (C-11), 160.2 (C-18),
147.4 (C-24), 145.7 (C-26), 137.5 (C-9), 135.0 (C-22), 133.7 (C-4),
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Table 2
'H and '3C NMR spectral data of compounds 4a and 4b (CDCl).
Position 4a 4b
8y (mult. J in Hz) 8¢ HMBC COSY Sy (mult. J in Sc
Hz)
2 128.2 125.8
3a 3.68 (d, 15.1) 384 1,7,9 3B 4.01 (overlap) 42.5
3B 5.50 (brd, 15.1) 1,5,9 3a 4.59 (brd, 7.8)
5 4.04 (m) 559 6,7” 6,7” 4.95 (broad) 49.7
6a 3.41 (dd, 13.0, 46.6 77,7 5, 6a 3.41 (overlap) 46.7
4.4)
6B 4.30 (d, 13.0) 5, 6B 4.30 (overlap)
7 169.8 169.8
8 2.28 (s) 21.8 7 2.28 (overlap) 21.9
9 169.6 169.1
10 1.66 (s) 209 5,9 1.88 (s) 21.7
1’ 134.0 134.0
2/ 6.48 (s) 1089 4,67 6.47 (s) 108.8
3 143.7 143.8
4’ 135.3 135.2
5 149.2 149.3
6’ 6.48 (s) 102.9 2,4,5,7 6.47 (s) 102.8
7’ 6.35 (brd, 6.7Hz) 126.5 3,1’ 2 6.38 (s) 126.7
8 3.93 (s) 56.8 3,4 3.92 (s) 56.9
9’ 6.00 (brs) 101.7 4,5 6.01 (s) 101.8
1” 137.1 137.2
27, 6” 7.12 (d, 7.4) 129.2 67, 27 37, 5” 7.12 (overlap) 129.2
37, 5" 7.30 (t, 7.0) 128.9 17,5”,3” 2”,4”,6” 7.30 (overlap) 129.1
4” 7.26 (t, 7.3) 127.1 37, 5" 37,57 7.26 (overlap) 128.6
7”a 2.86 (dd, 13.4, 373 17,27,6”, 5,7"b 3.11 (broad) 36.1
5.9) 56
7”b 2.93 (d, 8.7) 5,7%a 3.08 (brd, 11.9)

130.9 (C-7), 127.9 (C-21), 127.5 (C-23), 126.8 (C-20), 126.7 (C-6),
125.4 (C-5), 121.8 (C-19), 116.3 (C-8), 91.7 (C-3), 84.9 (C-2), 70.2
(C-15), 57.8 (C-12), 33.6 (C-13), 32.1 (C-27), 18.9 (C-28), 17.4 (C-
29); HRESITOFMS m/z 453.1572 [M + Na] ™, 431.1735 [M + H] *
(CalCd. for C24H22N404 + Na, 453.1539 and C24H22N404 + H,
431.1719).

Brasiliamide G (4): Yellow solid; Ry = 0.59 (MeOH-CHCl,; 1:19);
mp 87-89 °C; [a]p?® +25.9(c 0.1, CHCl3); ECD (¢ 59 uM, MeOH) nm
237 (+18.9), 280 (+16.2); UV (MeOH) Anax (log ) 205 (4.65), 230
(4.38), 285 (4.18) nm; IR (Neat) Vpmax 3279, 2926, 1627, 1391, 1136,
1088, 1037 cm™!; 'H NMR and '3C NMR (CDCl;, 400 MHz), see
Table 2; HRESITOFMS m/z 445.1749 [M + Na]* (caled. for
C24H26N205 + Na, 445.1739)

2.4. Biological activity procedures

2.4.1. Antimalarial assay

Antimalarial activity was evaluated against the parasite Plasmodium
falciparum (K1, multidrug-resistant strain), using the culture method of
Trager and Jensen [7]. Quantitative assessment of activity in vitro was
determined by means of the microculture radioisotope technique based
on the method described by Desjardins [8]. The standard drug was
dihydroartemisinin.

2.4.2. Antimycobacterial assay

Antimycobacterial activity was assessed against Mycobacterium tu-
berculosis H37Ra using the Microplate Alamar Blue Assay (MABA) [9].
The standard drug was isoniazid.

2.4.3. Cytotoxicity assays

Cytotoxicity assays against epidermal carcinoma of the mouth with
HeLa cell contamination (KB, ATCC CCL-17), and human breast ade-
nocarcinoma (MCF-7) were performed employing the Resazurin mi-
croplate assay (REMA) described by O'Brien and co-workers [10]. The
reference substance was doxorubicin. Cytotoxicity against the primate

Fitoterapia 137 (2019) 104257

cell line (Vero) was tested using the green fluorescent protein (GFP)
detection method by Hunt and co-workers [11].

2.4.4. Antibacterial assay

The minimum inhibitory concentrations (MICs) were determined by
the dilution method as described in the M07-A9 [12]. Resazurin solu-
tion was used as an indicator of microbial growth. MICs were recorded
by reading the lowest concentration capable of inhibiting visible
growth. The tests were performed as an independent experiment and
each carried out in triplicate. Five microorganism cultures, Bacillus
cereus ATCC 11778, Staphylococcus aureus ATCC 25923, Escherichia coli
ATCC 25922, Pseudomonas aeruginosa ATCC 27853, and Salmonella
enterica serovar Typhimurium ATCC 13311 were used. The reference
substances were vancomycin and gentamycin.

3. Results and discussion

Chromatographic separation of n-hexane, EtOAc and MeOH extracts
from the fungal biomass of N. pseudofischeri gave seventeen compounds.
Their structures were identified by spectroscopic data (UV, IR, 'H and
13C NMR), as well as by comparison to published data, as two new
meroditerpene pyrones (1 and 2), a new tryptoquivaline analog (3) and
a new brasiliamide analog (4), as well as thirteen known compounds,
chevalones A-C (5-7) [13], chevalone E (8) [14], 11-hydroxychevalone
C (9) [15], pyripyropene A (10) [4], isochaetominine C (11) [16],
pyrrolobenzoxazine terpenoids CJ-12662 (12) and CJ-12663 (13) [17],
fischerindoline (14) [18], eurochevalierine (15) [13], 1,4-diacetyl-2,5-
dibenzylpiperazine-3,7”-oxide (16), and lecanorin (17) [1] as shown in
Fig. 1.

Compound 1 had the molecular formula CosH3604, deduced from
the HRESITOFMS (m/z 435.2557 [M + Na]*), indicating nine degrees
of unsaturation. The UV spectrum showed absorption maxima at 226,
245, and 259nm. The IR spectrum showed the presence of ketone
(1697 cm), a,B-unsaturated ketone (1665 cm), and alkene (1613 and
1585 cm) functionalities. Analysis of 'H and '3C NMR (Table 1) as well
as 2D-NMR (COSY, HMBC and NOESY) spectroscopic data indicated
that the main skeleton of 1 was the same as the isolated meroditerpene
pyrone, chevalone C (8), which was reported from Eurotium chevalieri
[13]. However, the hydroxyl group at C-3 of 8 was replaced by a car-
bonyl group (8¢.3 217.3) in 1. The HMBC spectrum showed the corre-
lations of methylene protons, H-1 to C-3 and C-5; and H-5 to C-3 con-
firmed the position of a carbonyl group at C-3 in 1. Based on the above
analysis, compound 1 was determined as a new meroditerpene pyrone
and has been named chevalone F.

Compound 2 had the molecular formula CysH3505, deduced from
the HRESITOFMS (m/z 453.2622 [M + Na] ™), indicating eight degrees
of unsaturation. The UV spectrum showed absorption maxima at 203,
232, and 260 nm. The IR spectrum showed the presence of hydroxyl
(3408 cm), a,B-unsaturated ketone (1665 cm), and alkene (1577 cm™ Y
groups. The 'H and **C NMR spectroscopic data (Table 1) are similar to
those of a known isolate 11-hydroxychevalone C (9), which has pre-
viously been reported from Neosartorya spinosa [15], except for the
appearance of an acetyl group at C-3 in 9 which was replaced by a
hydroxyl group (8y,c 3.06, dd/ 78.5) in 2. The COSY spectrum ex-
hibited a cross coupling network between H-1/H-2/H-3 and H-9/H-11/
H-12, as well as the HMBC spectrum displaying correlations of H-19, H-
20 to C-3 and H-12 to C-11, supporting the positions of these two hy-
droxy groups at C-3 and C-11. On the basis of the same characteristic of
NOESY correlations and the coupling constants of these protons, the
relative configuration of 2 was defined to be the same as that of 9. Thus,
2 was assigned as a new meroditerpene pyrone and it has been named
11-hydroxychevalone E.

Compound 3 had the molecular formula C54H5,N404, deduced from
the HRESITOFMS (m/z 453.1572 [M + Na] "), indicating sixteen de-
grees of unsaturation. The UV spectrum showed absorption maxima at
209, 225, 255, and 301 nm. The IR spectrum showed the absorption
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Fig. 1. The structures of compounds 1-17.

bands of ester (1725cm™!), amide (1671cm™!), and alkene
(1606 cm ™ 1) groups. The *C NMR and DEPT spectra showed 24 carbon
signals, attributable to two methyl, one methylene, thirteen methine
(including eight aromatic carbons), four aliphatic and one olefinic, to-
gether with eight quaternary (four aromatic, three carbonyl and one
aliphatic) carbons. The 'H NMR spectrum showed resonances of two
doublets of methyl groups at § 1.12 (d, J = 7.4 Hz, H3-28) and 1.10 (d,
J = 7.4 Hz, H3-29), methylene protons at § 2.68 (dd, J = 10.8, 11.4 Hz,
H-13b) and 3.21, (dd, J = 9.8, 10.8 Hz, H-13a), four methine protons at
8 5.76 (s, H-2), 5.04 (dd, J = 9.8, 11.4 Hz, H-12), 3.85 (d, J = 3.9 Hz,
H-15), and 2.23 (m, H-27), eight aromatic protons at § 7.78 (d,
J =7.8Hz, H-5), 7.28 (t, J = 7.8 Hz, H-6), 7.41 (t, J = 7.8 Hz, H-7),
7.52 (d, J=7.8Hz, H-8), 831 (d, J=8.0Hz, H-20), 7.55 (t,
J = 8.0 Hz, H-21), 7.81 (t, J = 8.0 Hz, H-22), and 7.75 (d, J = 8.0 Hz,
H-23) and an olefinic proton at § 8.11 (s, H-26). Analysis of COSY and
HMBC spectroscopic data suggested that 3 has the same core structure
as the tryptoquivaline U, which has previously been isolated from
Neosartorya takakii [19]. However, there was a difference at the C-15
position, where a gem dimethyl group of tryptoquivaline U is replaced
by an isopropyl group in 3. The COSY correlations between H-2/H-15/
H-27/H-28/H-29, and the HMBC correlations of H-15 to C-14, C-28,

and C-29; and H-28 and H-29 to C-15 confirmed the substituent of an
isopropyl unit in the molecule.

The relative configuration of 3 was determined by NOESY correla-
tions between H-28 and H-2, H-27 and H-15, H-13b and H-5, H-13a and
H-12, and H-12 and H-26, suggesting each proton pairs were on the
same phase (Fig. 2). The NOE-difference data also supported the same
direction of H-12 and H-13a. Moreover, there was no correlation be-
tween H-2 and H-13 in NOESY, which was different from the corre-
sponding position in tryptoquivaline U. In addition, the optical rotation
of 3 ([a]p>® +184.6 (c 0.1, CHCl3)) showed significant difference from
tryptoquivaline U ([alp>® -196 (¢ 0.1, CHCl3)) [19], indicating a dif-
ferent configuration between them. Since the absolute configuration at
C-3 of tryptoquivaline U was assigned as 3S, the configuration at C-3 in
3 should be 3R. Therefore, the relative configuration of 3 was assigned
as 2R, 3R, 12R and 15S. From the above evidence, 3 is a new trypto-
quivaline analog, and it has been named tryptoquivaline V.

Compound 4 had the molecular formula C,4H,6N2Os, deduced from
the HRESITOFMS (m/z 445.1749 [M + Na] "), indicating thirteen de-
grees of unsaturation. The UV spectrum showed absorption maxima at
205, 230, and 285 nm. The IR spectrum indicated the presence of amide
(1627 cm™ 1), and ether (1136 and 1037 cm ™ 1) functionalities. The 'H
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Fig. 2. The key NOESY correlations (<=) and NOE-difference (<~ —) data of 3
energy minimized using MM2.

NMR, '*C NMR, COSY and HMBC spectroscopic data (Table 2) in-
dicated the presence of three partial structures, including a benzyl
moiety, a 3-methoxy-4,5-methylenedioxyphenyl unit, and a piperazine
ring. The COSY and HMBC spectroscopic data indicated that a benzyl
unit and a 3-methoxy-4,5-methylenedioxyphenyl unit were linked
through the piperazine ring at C-5 and C-2, respectively. As a result, the
core structure of 4 was the same as a brasiliamide B, which has pre-
viously been isolated from Penicillium brasilianum [20]. However, the
double bond in the piperazine ring C-2/C-3 (6¢ 121.4, 8y,c 6.16/112.8)
of brasiliamide B was isomerized to C-2/C-7’ (6c 128.2, 8y,c 6.35/
126.5) in 4. Moreover, the HMBC spectrum confirmed the structure of 4
by showing the correlations of olefinic proton H-7’ to C-1’ of the me-
thylenedioxyphenyl unit, aromatic protons H-2" and H-6" to C-7’, and
methylene proton H-3 to carbonyl carbon C-9.

According to the literature, the NMR spectra of brasiliamide analogs
show a mixture of resonances of their conformers for the piperazine
unit and the protons nearby due to the rotational arrangement of car-
bonyl groups of both acetamides [1,20,21]. A similar observation was
found for the brasiliamide derivative 4, by showing a mixture of re-
sonances for a major 4a and a minor 4b conformers (Fig. 3) in the ratio
of 3:1. The different NMR signals between 4a and 4b conformers was
caused by the rotation of the acetyl group of the N-4 amide, which
affects H-3, H-5, H-10 and H-7” as shown in Table 2. In addition, the
NOESY spectrum showed correlations between H-5 and H-10, H-3a, H-

4a

Fig. 3. The major (4a), minor (4b) rotamers and the key NOESY correlations of 4a energy minimized using MM2.
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6a; H-3a,f and H-2’; and H-8 and H-7’, which supports that the car-
bonyl acetamides at N-1 and N-4 of 4a are arranged to C-6 and C-3
directions, respectively (Fig. 3). From the above evidence, the structure
of 4 was determined to be a new (2E)-1,4-diacetyl-5-benzyl-2-(3-
methoxy-4,5-methylenedioxybenzylidene) piperazine and has been
named brasiliamide G.

Apart from four new compounds 1-4, this is the first isolation of
meroditerpene pyrones 5-9, and pyrrolobenzoxazine terpenoids 12 and
13 from the fungus N. pseudofischeri. It is noticed that pyripyropene A
(10) has been commonly found in the fungus N. pseudofischeri
[1,4,5,18].

The new compounds 1-4 did not display anti-malarial and anti-TB
activities, and were non-cytotoxic toward KB, MCF-7, and Vero cell
lines. Since compounds 7, 12, and 15 have previously been reported to
have anti-mycobacterial activity against M. tuberculosis [13], these
compounds should be responsible for the anti-TB activity of the n-
hexane extract in our screening test. Compound 13 showed weak cy-
totoxicity against KB and MCF-7 cell lines with ICsq values of 36.11 and
28.31 ug/mlL, respectively, while compound 14 exhibited weak cyto-
toxicity against the KB cell line, with an ICsy value of 35.23 pg/mlL.
Moreover, compounds 13 and 14 displayed weak cytotoxicity toward
Vero cells, with ICs, values of 30.89 and 21.24 ug/mlL, respectively.
Compound 2 showed weak antibacterial activity against E. coli and S.
typhimurium, both with MIC 128 pg/mL. Compounds 7, 12, 13 and 15
showed anti-bacterial activity against B. cereus with MIC values of 8, 64,
16, and 16 pg/mL, respectively, and they also exhibited activity against
S. aureus with MIC values of 16, 128, 64, and 64 ug/mL, respectively
(Table 3).
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Table 3
Antibacterial activity of compounds 1-17.

Compound Antibacterial activity (MIC, ug/mL)
Gram-positive Gram-negative

B. cereus®  S. aureus® E. coli  P. aeruginosa®  S. typhimurium®
1 >128 >128 >128 >128 >128
2 >128 >128 128 >128 128
3 >128 >128 >128 >128 >128
4 >128 >128 >128 >128 >128
5 >128 >128 >128 >128 >128
6 128 >128 >128 >128 >128
7 8 16 >128 >128 >128
8 >128 >128 >128 >128 >128
9 >128 >128 >128 >128 >128
10 >128 >128 128 >128 >128
11 >128 >128 128 >128 >128
12 64 128 >128 >128 >128
13 16 64 >128 >128 >128
14 128 >128 >128 >128 >128
15 16 64 >128 >128 >128
16 >128 >128 128 >128 >128
17 128 >128 128 >128 >128
Vancomycin 1.0 1.0 - - -
Gentamycin - - 2.0 0.5 0.5

& Bacillus cereus ATCC 11778 ATCC 11778.

b Staphylococcus aureus ATCC 25923 ATCC 25923.

¢ Escherichia coli ATCC 25922 ATCC 25922.

4" pseudomonas aeruginosa ATCC 27853 ATCC 27853.

¢ Salmonella enterica serovar Typhimurium ATCC 13311
Typhimurium ATCC 13311.

serovar

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.fitote.2019.104257.
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ABSTRACT

A new xanthoquinodin B9 (1), together with two known xantho-
quinodins, xanthoquinodin A1 (2) and xanthoquinodin A3 (3),
three epipolythiodioxopiperazines, chetomin (4), chaetocochin C
(5) and dethio-tetra(methylthio)chetomin (6), and four other com-
pounds, chrysophanol (7), emodin (8), alatinone (9), and ergosterol
(10) were isolated from the endophytic fungus Chaetomium
globosum 7s-1, isolated from Rhapis cochinchinensis (Lour.) Mart.
All isolated structures were established based on their spectro-
scopic data analyses. Compounds 1-6 showed antibacterial
activity against Gram positive bacteria with MICs ranging from
0.02 pM to 10.81 pM. Compounds 1-6 also exhibited cytotoxicity
against KB, MCF-7 and NCI-H187 cancer cell lines (IC5o 0.04-18.40
uM). However, they were cytotoxic towards a normal cell line (Vero
cell) with 1C5 values ranging from 0.04 to 3.86 puM.
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1. Introduction

Chaetomium globosum belongs to the Chaetomiaceae family (Youn et al. 2015). It has
been isolated from water-damaged building materials (Green et al. 2014), animals
(Chen et al. 2016), soil (Kanokmedhakul et al. 2002) and plants (Christensen et al.
1966). C. globosum is well-known to produce a variety of structural secondary metabo-
lites, including anthraquinones (Kanokmedhakul et al. 2002; Wijeratne et al. 2006),
azaphilones (Chen et al. 2016; McMullin et al. 2013; Wang, Zhang, et al. 2017),
azaphilone alkaloids (Chen et al. 2016), cytochalasan alkaloids (Chen, Zhu, et al. 2015;
Guo et al. 2017; Wang, Yan, et al 2017), depsidones (Li et al. 2008), epipolythiodioxopi-
perazines (Li et al. 2011; Xu et al. 2015), indole alkaloids (Xu et al. 2015), steroids (Li
et al. 2011), xanthones (Li et al. 2008; Wijeratne et al. 2006), and xanthoquinodins
(Kanokmedhakul et al. 2002). Most of these have exhibited a wide range of biological
activities such as acetylcholinesterase inhibitory (Li et al. 2016; Ruan et al. 2018),
antibacterial (Chen et al. 2016), antifungal (Li et al. 2011), anti-HIV (Chen, Zhu, et al.
2015), antioxidant (Li et al. 2016), and cytotoxic (Chen, Wang, et al. 2015; Li et al.
2008) activities. There have also been reports of its ability to degrade the cell walls of
a fungal pathogen, an oomycete (Pythium ultimum) (Inglis and Kawchuk 2002), and to
inhibit the growth and reproduction of Myzus persicae (Qi et al. 2011). Interestingly,
derivatives of epipolythiodioxopiperazine toxins have therapeutic potential and roles
in diseases (Brewer et al. 1972; Jordan and Cordiner 1987). As part of our search for
bioactive compounds from endophytic fungi, EEOAc and MeOH extracts of C. globosum
7s-1 exhibited antibacterial activity against Gram positive and Gram negative bacteria
at a concentration of 1 mg/mL. Moreover, they also showed cytotoxicity towards the
KB cell line with ICso values of 0.69 and 10.75 pg/mL respectively. We report herein
the chemical investigation and bioactivity of xanthoquinodins and epipolythiodioxopi-
perazines (1-6) from an endophytic fungus C. globosum 7s-1, isolated from Rhapis
cochinchinensis (Lour.) Mart. In addition, their antibacterial, anti-mycobacterial, and
anti-malarial activities, as well as cytotoxicity towards three cell lines and Vero cells,
are reported.

2. Results and discussion

Chromatographic separation of EtOAc and MeOH extracts of C. globosum 7s-1 gave a
new xanthoquinodin B9 (1), along with nine known compounds, xanthoquinodin A1
(2) (Tabata, Tomoda, et al. 1993), xanthoquinodin A3 (3) (Tabata, Tomoda, et al. 1993),
chetomin (4) (Fujimoto et al. 2004), chaetocochin C (5) (Li et al. 2006), dethio-tetra
(methylthio)chetomin (6) (Kikuchi et al. 1982), chrysophanol (7) (Ghisalberti et al.
1990), emodin (8) (Zhou et al. 2006), alatinone (9) (Hemlata 1993), and ergosterol (10)
(Ghisalberti et al. 1990) as shown in Figure 1.

Compound 1 had the molecular formula C3;H,40,,, deduced from the 3C NMR
and HRESITOFMS (m/z 573.1390 [M + H]™) data, implying 20 indices of hydrogen
deficiency. The UV spectrum exhibited absorption maxima at 236, 273 and 360 nm,
which is similar to that of xanthoquinodin type B (Tabata, Suzumura, et al. 1993;
Tabata, Tomoda, et al. 1993). The IR absorption indicated the presence of hydroxyl
(3366 cm™ '), carbonyl (1718 cm™') and aromatic (1594 and 1619 cm™') groups.
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Figure 1. Chemical constituents isolated from C. globosum 7s-1.

The '*C NMR and DEPT spectral data of 1 (Table S1 in supplementary material)
showed 31 carbon signals which are attributed to a methoxyl (5c 52.9) and a methyl
(0c 21.7) carbons, three sp3 methylenes (d¢ 41.8, 36.0 and 26.0), two sp3 methines (6¢
74.3 and 46.0), two sp3 quaternary carbons) dc 87.6 and 53.3, (five sp2 methines (5¢
1334, 133.1, 1246, 1199 and 1135) and 15 sp®> quaternary carbons, three
o, f-conjugated keto carbonyls (5c 200.2, 199.2, and 191.4) and an ester carbonyl (¢
174.9). The "H and "3C NMR spectroscopic data of 1 (Table S1 in supplementary mater-
ial) agrees well with that of xanthoquinodin B1 (Tabata, Tomoda, et al. 1993). The H
NMR spectrum displayed resonances of cis vinyl protons showing at oy 6.55 (1H, d, J =
8.3 Hz, H-13’) and 6.34 (1H, dd, J = 8.3, 7.0 Hz, H-12'), which coupled to H-11" at 4 4.
63 (1H, d, J = 7.0 Hz). The three signals of aromatic protons appeared at dy 5.57 (1H,
s), corresponding to a penta-substituted aromatic H-11, while d4 7.39 (1H, s) and 6.98
(1H, s) corresponded to meta-coupling of H-3' and H-5' respectively. An oxymethine
group at C-3 appeared at dy 4.22 (1H, dd, J = 12.5, 4.5 Hz). Resonance signals of three
methylene groups displayed at dy 2.99 (1H, d, J = 17.0 Hz, H,-15) and 2.70 (1H, d, J =
17.0 Hz, Hp-15'), 2.69 (1H, m, H-5), 2.49 (1H, dd, J = 18.0, 7.0 Hz, H-5), and two multi-
plet resonances at 2.20 and 1.98 of methylene protons H-4. Two singlet signals at oy
3.59 (3H, s) and 2.38 (3H, s) were resonances due to a methoxy carbonyl group of H-
16 and a methyl group of H-16/, respectively. The significant difference between com-
pound 1 and xanthoquinodin B1 was an arrangement of the keto-enolic system at C-6
(0c 191.4) and C-8 (6c 178.8). This was indicated by a difference in chemical shift of
protons and carbons at positions 2-5 (Table S1 in supplementary material). The HMBC
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spectrum of 1 clearly showed correlations of H-4 to C-6 (0¢ 191.4), H-5 to C-7 (¢ 100.
2), and %J correlation of the aromatic proton H-11 to C-8 (6 178.8) (Figure S6 in sup-
plementary material), confirming the location of the keto-enolic system at C-6 and C-8.
The NOESY and NOE spectra (measured in DMSO-d,, Figures S11 and S12 in supple-
mentary material), showed a correlation of 3-OH with H-16, indicating that they are in
the same orientation. The cross peak between H-11" and H-12" also implies that they
are in the same orientation. The assignment of 'H and '*C NMR spectral data as well
as HMBC correlations of 1 are summarized in Table S1 and Figure S6 in supplementary
material. The absolute configuration of 1 was assigned by the predicted ECD curves of
16 possible configurations which were optimized by the B3LYP/6-31G(d,p). The
predicted ECD curve of 1 corresponds to the experimental one (Figure S15 in
supplementary material), therefore the absolute configuration of 1 was assigned as 2§,
3S, 11'S and 14'R. Thus, compound 1 was defined as a new xanthoquinodin type B
and was named xanthoquinodin B9.

Compounds 1-6 were evaluated for their antibacterial activity against three Gram
positive bacteria and three Gram negative bacteria (Table S4 in supplementary
material). Xanthoquinodins 1-3 showed significant activity against Bacillus cereus with
MIC values of 0.87, 0.44 and 0.22 uM, respectively, which were more active than
standard drugs, vancomycin (1.35 pM) and kanamycin (3.43 pM). They also exhibited
activity against Staphylococcus aureus and MRSA with MIC values ranging from 0.87 to
1.75 uM whereas vancomycin showed activity against S. aureus and MRSA with a MIC
value of 0.67 uM, and kanamycin showed activity against S. aureus with a MIC value of
1.72 uM. The antibacterial activity against S. aureus of 2 and 3 confirmed the previous
study by Tabata using the paper disc method (Tabata, Suzumura, et al. 1993).
Epipolythiodioxopiperazines 4-6 exhibited a potent activity against Gram positive
bacteria with the MIC values ranging from 0.02 pM to 10.81 puM. Compound 4 showed
the highest activity towards B. cereus, S. aureus and MRSA with MIC values of 0.35 pM,
10.74 and 0.02 pM, respectively, which are remarkably more active than vancomycin
(1.35, 0.67 and 0.67 uM) (Figure S21-S24 in supplementary material). Among these
three compounds (4-6), the activities against all Gram positive bacteria were
decreased when the sulfide bridges opened as in compounds 5 and 6. However 6,
with both open sulfide bridges, demonstrated activity close to vancomycin against
MRSA. These results support that two sulfide bridges play an important role in activity
against Gram positive bacteria, as in previous reports (Brewer et al. 1972; Jordan and
Cordiner 1987). In contrast, all compounds showed weak activity against the Gram
negative bacteria tested (MICs of 45.06 to >223.72 uM).

In addition, compounds 1-6 were also tested for their anti-malarial, anti-TB and
cytotoxic activities (Table S5 in supplementary material). They showed anti-malarial
activity against Plasmodium falciparum with 1Cso values in the range of 0.40-6.29 uM.
Epipolythiodioxopiperazines 4-6 were also active against Mycobacterium tuberculosis
with MICs of 0.55, 4.06 and 8.11 pM, respectively, while xanthoquinodins 1-3 showed
weak activity or were inactive. Furthermore, they showed strong cytotoxicity against
three human cancer cell lines, KB, MCF-7 and NCI-H187, with I1Cso ranging from 0.04 to
18.40 uM. Compounds 2-6 showed cytotoxicity against MCF-7 cell line (ICso values of
1.09 to 13.12 uM) which were more active than the standard drug doxoburicin (17.24
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pM). Among them, 4 exhibited strong cytotoxicity against NCI-H187, with an 1C5o value
of 0.04 puM, which was more active than standard drugs doxoburicin (0.40 puM) and
ellipticine (9.54 pM). It should be noted that compounds 4 and 5 containing sulfide
bridges in the structures are more cytotoxic against the cancer cell lines tested than
the non-sulfide bridged structure, 6. However, all compounds 1-6 exhibited very
strong cytotoxicity towards the normal cell line (Vero cell) with 1Csq values ranging
from 0.04 to 3.86 uM, respectively, compared to the control drug, ellipticine (4.22 uM).

3. Experimental
3.1. Fungal material

The endophytic fungus C. globosum was isolated from the leaves of R. cochinchinensis
(Lour.) Mart. collected at Ladkrabang Bangkok, Thailand and was identified by Assoc.
Prof. Soytong, K. Department of Plant Production Technology, Faculty of Agricultural
Technology, King Mongkut's Institute of Technology Ladkrabang, Bangkok Thailand,
where the specimen (Voucher no. Cg.RL0O) was deposited. Its colonies of fungus were
slowly growing with little superficial mycelium and a dense olivaceous layer of
ascomata. Ascomata are dark brown or black in age, globose to subglobose; lateral
hairs straight, dark brown with paler tips, minutely roughened; terminal hairs, dark
olive brown with paler tips, wavy or loosely coiled or undulate. There are produced
asci in ascomatus, one ascus has eight ascospores. Ascospores are pale greenish to
dark olive-brown, flattened lemon-shaped, hardly apiculate (von Arx et al. 1986). The
fungus was cultured in 200 ml conical flasks (200 flasks) with potato dextrose broth
(PDB) (50 ml/flask) and incubated in a standing condition at 25-28 °C for 30 days. The
culture broth was filtered to give a wet fungal biomass, which was then air-dried at
room temperature.

3.2. Extraction and isolation

Air dried fungal biomass of C. globosum (113 g) was ground and extracted exhaust-
ively at room temperature with EtOAc (1L x 3) and MeOH (1L x 3) to obtain EtOAc
(6.5 g) and MeOH (17.3 g) extracts, respectively. The EtOAc extract was subjected to
flash column chromatography (FCC) over silica gel, eluting with a gradient system of
n-hexane-EtOAc and EtOAc-MeOH to give eight fractions (EA — EH). Solid in fraction
EA was recrystallized with MeOH to give 7 (7.5 mg) as orange solid. Fraction EC (7.2
mg) was subjected to CC on Sephadex LH-20, eluting with MeOH to obtain 8 (2.9 mg)
as orange solid. Fraction EE (899.3 mg) was further separated by silica gel FCC, eluted
with an isocratic system of MeOH-CH,Cl, (2:98) to give 2 (39.8 mg) as yellow solid and
3 (164 mgqg) as yellow solid. Fraction EF (732.1 mg) was subjected to silica gel
FCC, eluted with a gradient system of CH,Cl,-acetone, to give seven subfractions (EF1
— EF7). Subfraction EF2 (51.4 mg) was separated by silica gel CC using MeOH-CH,Cl,
(2:98) as an eluent to afford 4 (6.5 mg) as white solid. Subfraction EF4 (33.1 mg) was
subjected to CC on Sephadex LH-20, eluted with MeOH, and followed by silica gel CC,
eluted with acetone-CH,Cl, (10:90), to give 5 (11.2 gm) as white solid. Subfraction EF6
(42.5 mg) was purified using silica gel CC, eluted with acetone-CH,CI, (15:85), to give
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6 (6.0 mg) as white solid. Fraction EG (842.3 g) was subjected to silica gel FCC, eluted
with a gradient system of CH,Cl,-MeOH to obtain four subfractions (EG1 — EG4).
Subfraction EG2 (109.5 mg) was further separated by silica gel CC, eluted with MeOH-
CH,CI, (10:90) to give 9 (2.6 mg) as yellow solid. Fraction EH (155 mg) was purified by
silica gel CC eluted with MeOH-CH,Cl, (10:90) and followed by Sephadex LH-20 CC,
eluted with MeOH to obtain 1 (45.3 mg) as yellow solid. The MeOH extract (17.3 g)
was subjected to FCC, eluted with a gradient system of CH,Cl,-MeOH to give six frac-
tions (MA — MF). Solid in fraction MB (162.3 mg) was recrystallized with n-hexane to
give 10 (14.8 mg) as white solid. Fraction MC (1.4 g) was chromatographed on silica
gel FCC, eluting with a gradient system of CH,Cl,-MeOH to give seven subfractions
(MC1 — MC7). Subfraction MC2 (251.9 mg) was applied on a silica gel CC, eluted with
EtOAc-n-hexane (25:75) to give an additional amount of 8 (5.4 mg). Subfraction MC4
(197.0 mg) was purified by silica gel CC using acetone-n-hexane (40:60) as an eluent
to yield an additional amount of 4 (25.5 mg). Subfraction MC6 (71.7 mg) was further
subjected to Sephadex LH-20 CC, eluting with MeOH to give an additional amount of
3 (6.5 mg). Fraction MD (489.2 mg) was separated by CC on Sephadex LH-20 eluting
with MeOH to obtain four subfractions (MD1 — MD4). Subfraction MD3 (271.7 mg)
was then purified by silica gel CC, eluted with MeOH-CH,Cl, (10:90) to yield an add-
itional amount of 1 (152.6 mg). Fraction ME (318.7 mg) was subjected to CC on
Sephadex LH-20, eluted with MeOH to obtain four subfractions (ME1 — ME4).
Purification of subfraction ME2 (153.7 mg) by silica gel CC, using MeOH-CH,CI, (10:90)
as an eluent, gave an additional amount of 1 (10.2 mg). Subfraction ME4 was further
purified by CC on Sephadex LH-20, eluted with MeOH to give an additional amount of
9 (13.5 mq).

3.2.1. Xanthoquinodin B9 (1)

Yellow solid; mp 198 °C (decomp.); [a]p?> +218 (c 0.1, MeOH); UV (MeOH) /max (l0g &):
203 (4.47), 236 (4.36), 273 (4.11), 339 (4.25), 343 (4.26), 360 (4.28) nm; CD (c 0.045 mM,
MeOH) Jmax (Ag) 212 (—22.39), 222 (+2.47), 236 (—33.48), 259 (+18.98), 278 (—2.73),
325 (+3.66), 355 (+11.46); IR (KBr) Umax: 3366, 1718, 1619, 1594, 1445, 1268, 750 cm ™ ';
'"H NMR (500 MHz, CD;0D): § 13.79 (1H, s, 6'-OH), 12.12 (1H, s, 10-OH), 7.39 (1H, s, H-
3'), 6.98 (1H, s, H-5), 6.55 (1H, d, J = 8.3 Hz, H-13/), 6.34 (1H, dd, J = 8.3, 7.0 Hz, H-12),
5.57 (1H, s, H-11), 4.63 (1H, d, J = 7.0 Hz, H-11), 4.22 (1H, dd, J = 12.5, 4.5 Hz, H-3),
3.59 (3H, s, H-16), 2.99 (1H, d, J = 17.0 Hz, H-15"), 2.70 (1H, d, J = 7.0 Hz, H-15"), 2.69
(1H, m, H-5), 2.49 (1H, m, H-5), 2.38 (3H, s, H-16'), 2.20 (1H, m, H-4), 1.98 (1H, m, H-4);
3C NMR (125 MHz, CD30D): § 200.2 (C-1'), 199.2 (C-10'), 191.4 (C-6), 178.8 (C-8), 176.4
(C-8'), 1749 (C-15), 162.8 (C-6'), 160.4 (C-10), 155.4 (C-14), 145.7 (C-4'), 144.8 (C-12),
133.4 (C-2'), 1334 (C-13/), 133.1 (C-12'), 124.6 (C-5'), 119.9 (C-3'), 118.9 (C-7), 114.2
(C-13), 113.5 (C-11), 106.3 (C-9'), 105.5 (C-9), 100.2 (C-7), 87.6 (C-2), 74.3 (C-3), 53.3
(C-14'), 529 (C-16), 46.0 (C-11'), 41.8 (C-15), 36.0 (C-5), 26.0 (C-4), 21.7 (C-1¢);
HRESITOFMS m/z 573.1390 [M + H]* (calcd for C51H,5044, 573.1397).

General experimental procedures, biological assay, computational method of ECD
and 2D spectra for compound 1 are provided in supplementary material.
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4. Conclusion

A new arrangement of keto-enolic xanthoquinodin B9 (1), together with nine known
compounds (2-10), were isolated from the endophytic fungus C. globosum 7s-1. The
structures were elucidated using spectroscopic methods. Xanthoquinodins (1-3) and
epipolythiodioxopiperazines (4-6) showed significant activity against Gram positive
bacteria, anti-malarial and anti-TB activity, and also cytotoxicity against three cancer
cell lines (KB, MCF-7 and NCI-H187) as well as normal cells (Vero cell). Among these,
the two sulfide bridge chetomin (4) is the most active compound against all tests.
This suggests that all potently bioactive compounds need further study in detail to
make use of this finding. The antibacterial activity against methicillin resistance
S. aureus (MRSA) and Sa. typhimurium, as well as cytotoxicity against human epiderm-
oid carcinoma (KB), human small cell lung cancer (NCI-H187), and normal cell (Vero
cell), anti-mycobacterial, and anti-malarial activities of these isolated compounds were
reported for the first time.
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A new coruleoellagic acid derivative, 3,3',4,4',5'-pentamethyl- Received 28 July 2017
coruleoellagic acid (1) together with nine known compounds,  Accepted8October 2017
hexamethylcoruleoellagic acid (2), 3,4,3'-tri-O-methylellagic acid (3),
heptaphyllipe (4), 7—mthoxymukonaI (5), dentatin (6), sinapa'ldehyde Rhodamnia dumetorum:
(7), gallicacid (8), 2,6-dimethoxy-4H-pyran-4-one (9) and -sitosterol coruleoellagic acid;
(10) were isolated from the stems of Rhodamnia dumetorum. Their carbazole; gallic acid;
structures were identified by physical and spectroscopic data (IR, 1D antibacterial

and 2D NMR, and MS). Compounds 1, 2 and 7-10 were tested for

antibacterial activity against six pathogenic bacterial strains (Bacillus

cereus, Escherichia coli, Pseudomonas aeruginosa, Salmonella enterica

serovar Typhimurium, Staphylococcus aureus, and Methicillin resistant

S. aureus (MRSA)).
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Rhodamnia dumetorum

1. Introduction

Rhodamnia dumetorum (DC.) Merr. & L.M. Perry (Myrtaceae) is a shrub or tree up to 15 min
height, growing in Cambodia, Laos, Malaysia, Thailand and Vietnam. It is known as ‘Plong
Kam Aon’in Thai (Smitinand 2001). The bark and leaves of R. dumetorum have been used as
an astringent (Chansuwanit and Chanprasert 2011) and the roots has been used as an anti-py-
retic in Thai traditional medicine (Ratanadomrongpinyo 2008). Moreover, the ethanol extract
of the twigs of R. dumetorum from Vietnam has been reported to have inhibitory activity on
AGEs formation (Choi et al. 2015). In a previous investigation of secondary metabolites from
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Rhodamnia species, only essential oil has been reported (Brophy et al. 1997). We report herein
the isolation of a new coruleoellagic acid derivative (1) together with nine known compounds
(2-10) from stems of R. dumetorum. This is the first phytochemical study on the stems of this
plant.

2. Results and discussion

Hexane and EtOAc extracts from the stems of R. dumetorum were separated by chromato-
graphic methods to give a new coruleoellagic acid derivative, 3,3',4,4',5'-pentamethylcor-
uleoellagic acid (1) and nine known compounds, including hexamethylcoruleoellagic acid
(2) (Geevananda et al. 1979), 3,4,3'-tri-O-methylellagic acid (3) (Bai et al. 2008), heptaphylline
(4), 7-methoxymukonal (5), dentatin (6) (Songsiang et al. 2012), sinapyl aldehyde (7) (Hiltunen
et al. 2006), gallic acid (8) (Gottlieb et al. 1991), 2,6-dimethoxy-4H-pyran-4-one (9) (Zhu
etal. 2012) and B-sitosterol (10) (Figure 1). Their structures were determined using spectro-
scopic data and compared with those data reported in the literature.

Compound 1 was obtained as yellow needles, and its molecular formula, CoH160, Was
determined from the HRESITOFMS (observed m/z427.0645 [M + Na]*), indicating 12 degrees
of unsaturation. The IR spectrum of 1 showed absorption bands of hydroxyl (3295 cm~') and
two carbonyl (1733 and 1688 cm™") groups. The UV spectrum showed absorption maxima
at 247, 368 and 384 nm. The 3C NMR and DEPT spectra of 1 displayed 19 carbon signals
attributable to five methoxy (5. 62.5 (5'-OCH,), 62.2 (3'-OCH,), 62.1 (3-OCH,), 62.1 (4'-OCH,)

H

MeO AN HO

HO HO
OMe

Figure 1. The structures of compounds 1-10.
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and 61.6 (4-OCH,)), twelve hexasubstituted aromatic carbons (6C 111.9 (C-1), 134.7 (C-2),
148.0 (C-3), 141.8 (C-4), 152.8 (C-5), 97.2 (C-6), 114.9 (C-1"), 137.1 (C-2), 148.7 (C-3'), 147.3
(C-4),154.1 (C-5") and 106.8 (C-6')) and two carbonyl lactones (5. 155.5 (C-7") and 163.0 (C-7)).
The '"H NMR spectrum showed a chelated proton at 8, 10.45 and five methoxyl protons as
five singlet signals at 6H 4.26 (3-OCH,), 4.25 (4’-OCH3), 4,03 (5’-OCH3), 4.02 (4-OCH,) and 4.02
(3'-OCH,). The phenolic hydroxyl group at C-5 was confirmed by the HMBC correlations of
its proton to C-5 (6C 152.8), C-4 (6C 141.8) and C-6 (6C 97.2). The positions of five methoxyl
groups were confirmed by HMBC correlations of methoxyl protons at 3-OCH, to C-3,4-OCH,
to C-4, 5'-OCH, to C-5, 3'-OCH, to C-3" and 4'-OCH, to C-4". The structure of 1 was similar to
that of 5-methoxy-3,4,5,3"-tetra-O-methylflavellagic acid (Wolter-Filho et al. 1989), except
for the interchange between a phenolic hydroxyl group at C-4 and a methoxyl group at C-5.
Thus, the structure of 1 was determined as a new coruleoellagic acid derivative, which has
been named 3,3',4,4',5"-pentamethylcoruleoellagic acid.

Compounds 1, 2 and 7-10 were evaluated for antibacterial activity against three Gram-
negative and three Gram-positive bacteria (Table 1). These bacteria are human opportunistic
pathogen involved in infections acquired in a hospital setting and resistant to disinfectants
as well as antibiotics. All tested compounds exhibited moderate antibacterial against
Pseudomonas aeruginosa with MIC values in the range of 32-64 pg/mL. Compounds 7-10
exhibited moderate antibacterial against two Gram-negative bacteria (Escherichia coli and
Salmonella enterica serovar Typhimurium) with MIC values in the range of 32-128 pg/mL and
two Gram-positive bacteria (Bacillus cereus and Staphylococcus aureus) with MIC values in
the range of 4-128 pg/mL. Moreover, compounds 7-9 also exhibited moderate antibacterial
against MRSA with MIC values in the range of 8-128 ug/mL. The result of 7 agreed with the
report for antibacterial activity against E. coli (Barber et al. 2000) and B. cereus (Chitsazian-
Yazdi et al. 2015). Furthermore, the result of 8 agreed with the report for antibacterial activity
against Gram-negative P, aeruginosa, E. coli and S. enterica serovar Typhimurium and Gram-
positive B. cereus, S. aureus and MRSA (Al-Zahrani 2012; Gehrke et al. 2013; Fu et al. 2016). As
to previously observed biological activities of other isolated compounds, compound 3 has
been reported to possess a wide range of bioactivities, such as inhibition of on rat lens aldose
reductase (RLAR), formation of AGEs, antioxidant, oxidative burst and effect on T-cell prolif-
eration (Kim et al. 2008; Elhassan et al. 2015; Zhou et al. 2015). Compounds 4, 5 and 6 have

Table 1. Antibacterial activity of isolated compounds 1, 2 and 7-10.

MIC (ug/mL)
Gram-negative Gram-positive
Salmonella
Pseudomonas enterica serovar Staphylococcus

Compounds aeruginosa Escherichia coli ~ Typhimurium  Bacillus cereus aureus MRSA
1 64 >128 >128 >128 >128 >128
2 64 >128 >128 >128 >128 >128
7 64 128 128 128 64 128
8 64 128 128 4 64 16
9 32 64 32 32 16 8
10 64 128 128 128 128 >128
Kanamycin - 2 - 2 1 -
Cefepime 1 0.0625 0.031 - - -

Vancomycin - - - 2 1 1
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been previously reported to be potent lipid peroxidation inhibitors and cytotoxicity towards
several cancer cell lines, such as two cholangiocarcinoma (KKU-OCA17 and KKU-214), NCI-
H187, KB, MCF-7, HepG2, HL-60, HeLa and HT-29 as well as Vero cells (Thongthoom et al.
2010; Sharif etal. 2011; Songsiang et al. 2011, 2012; Chakthong et al. 2016; Kiem et al. 2016).
In addition, compounds 5 and 6 have been previously reported to exhibit antimycobacterial
activity against Mycobacterium tuberculosis. Compound 5 also exhibited antifungal activity
against Candida albicans (Sunthitikawinsakul et al. 2003). Moreover, compounds 4 and 6
showed antiplasmodial activity against Plasmodium falciparum (Yenjai et al. 2000).

3. Experimental
3.1. General experimental procedures

Melting points were determined on a SANYO Gallenkamp melting point apparatus
(Leicestershire, U.K.) and are uncorrected. IR spectra were recorded as thin films using a
BrukerTensor 27 FT-IR spectrometer (Agilent Technologies, U.S.A.). UV spectra were obtained
on an Agilent 8453 UV-vis spectrophotometer (Agilent Technologies, Germany). 'H and 3C
NMR spectra were recorded in CDCl, and/or CD,OD on a Varian Mercury Plus 400 spectrom-
eter (Varian, Inc., U.S.A.), using residue of those solvents as internal standards. HR-ESI-TOF-MS
were recorded on a Micromass Q-TOF-2 spectrometer (Bruker, Germany). Column chroma-
tography was carried out on Merck silica gel 60 (230—400 mesh), lichroprep RP-18 (particle
size 40-63 pm) (Merck, Darmstadt, Germany) and sephadex LH-20 (Amersham Pharmacia
Biotech AB, Sweden). TLC was performed with precoated Merck silica gel 60 PF,, aluminium
sheets; compounds were visualised under UV light (254 and 366 nm).

3.2. Plant material

The stems of R. dumetorum were collected from Yasothon Province, Thailand, in May 2015.
The plant was identified by Prof. Pranom Chantaranothai, Department of Biology, Faculty
of Science, Khon Kaen University, where a voucher specimen (S. Kanokmedhakul-29) is
deposited.

3.3. Extraction and isolation

Air-dried stems of R. dumetorum (6.0 Kg) were ground and extracted successively at room
temperature with hexane (3 x 15L) and EtOAc (3 x 15 L) to give crude hexane (6 g) and
EtOAc (43 g) extracts, respectively. Hexane extract was separated over silica gel column
chromatography (CC), eluted with a gradient system of hexane, hexane-EtOAc and EtOAc-
MeOH. An aliquot of 200 mL was collected for each fraction to give 59 fractions. According
to the TLC patterns, these fractions were combined to 13 subfractions, designated asH,-H,,.
Fraction H, was purified by silica gel flash column chromatography (FCC), eluted with an
isocratic system of hexane-acetone (99:1) to give 8 subfractions H, ,—H, g Subfraction H,
was purified by silica gel CC, eluted with an isocratic system of hexane-CH,Cl, (80:20) to give
2 subfractions, H, ; ,-H, . ,. Subraction H, . , was purified by preparative TLC using hexane-
CH,Cl, (30:70) as an eluent, to give a yellow solid of 4 (2.3 mg). Fraction H, was filtered out
to give colourless needles of 10 (79.7 mg). Fraction H, was purified by silica gel CC, eluted
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with a gradient system of hexane-CH,Cl, to give 8 subfractions, H, -H, .. Subfraction H, ,
was purified by silica gel CC, eluted with an isocratic system of CH,Cl,-EtOAc (99:1) to give
3 subfractions, H, , ,-H, , .. Subfraction H, . , was purified by preparative TLC using CH,Cl -
EtOAc (95:5) as an eluent, to give a yellow solid of 6 (2.0 mg) and an additional amount of
10 (242.1 mg). Subfraction H, , was filtrated out to give an additional amount of 10 (27.7 mg).
EtOAc extract was separated over silica gel CC, eluted with a gradient system of hexane,
hexane-EtOAc and EtOAc-MeOH. An aliquot of 200 mL was collected for each fraction to
give 57 fractions which were combined according to the TLC patterns into 13 subfractions,
designated as E,-E, . Fraction E, was applied on RP-18 CC, eluted with an isocratic system
of MeOH-H,0 (80:20) to give 8 subfractions, E, ,~E, .. Subfraction E,, was separated on
Sephadex LH 20 CC, eluted with MeOH to give 7 subfractions, E.5,Es5 5 Subfraction E..,
was purified by preparative TLC using CHZCIZ—EtOAc (99:1) as an eluent, to give 5 (2.1 mg).
Fraction E, was separated on RP-18 CC, eluted with MeOH-H,0 (80:20) to give 8 subfractions,
E, ,—E4 4 Solid in subfraction E, , was filtered to give a yellow solid of 1 (57.8 mg). Fraction E,
was purified by CC, eluted with a gradient system of hexane-CH,Cl, to give 10 subfractions,
E, -E o Subfraction E,,was separated on RP-18 CC, eluted with MeOH-H,0 (80:20) to give
4 subfractions, E, - sa Subfraction E,,, was separated on Sephadex LH 20 CC, eluted
with MeOH to give 3 subfractions, E, , | ,-E,, , ;. Subfraction E, , | ; was separated on Sephadex
LH-20 CC, eluted with MeOH to give a yellow amorphous solid of 7 (21.2 mg). Yellow needles
of 9 (14.9 mg) were obtained from E, , by crystallisation from CH,Cl,, and the filtrate was
purified by preparative TLC using CH,Cl,-EtOAc (99:1) as eluent, to give an additional amount
of 1 (12.2 mg), and pale yellow needles of 2 (15.3 mg). Solid in subfraction E, ; was filtered
to give a pale yellow solid of 3 (1.4 mg). Subfraction E, , , was separated on RP-18 CC, eluted
with MeOH-H,0 (80:20) to give 10 subfractions, e . Solid in subfraction E, 0, Was
filtered to give colourless needles of 8 (275.8 mq).

3.3.1. 3,3,4,4,5-pentamethylcoruleoellagic acid (1)

Yellow needles (CH,Cl,); m.p. 214-216 °C; UV (CH,Cl,) )\max (log €) 247 (3.71), 368 (3.14), 384
(3.16) nm; IR (film, CH,CL) v__ 3295 (OH), 2942, 1733 (C=0), 1688 (C=0), 1596, 1277, 1061,
931 cm™'; 'TH NMR (CDCIS, 400 MHz) & 10.45 (1H, s, 5-OH), 4.26 (1H, s, 3-0OCH,), 4.25 (TH, s,
4-OCH,), 4.03 (1H,s, 5'-OCH,), 4.02 (1H, s, 4-OCH,), 4.02 (TH, s, 3'-OCH,); '*C NMR (100 MHz2)
0 163.0(C-7), 155.5 (C-7"), 154.1 (C-5'), 152.8 (C-5), 148.7 (C-3'), 148.0 (C-3), 147.3 (C-4'),141.8
(C-4),137.1 (C-2"),134.7 (C-2), 1149 (C-1"),111.9(C-1), 106.8 (C-6'), 97.2 (C-6), 62.5 (5'—OCH3),
62.2 (3'-OCH,), 62.1 (3-OCH,), 62.1 (4-OCH,), 61.6 (4-OCH,); HRESIMS m/z 427.0645 [M + Na]+
(Caled for C,_H.. O, Na, 427.0641).

19° 716710

3.4. Antibacterial assay

The minimum inhibitory concentrations (MICs) were determined by the dilution method as
described in the M07-A9 (CLSI 2012). Resazurin solution was used as an indicator of microbial
growth. MICs were recorded by reading the lowest concentration capable of inhibiting visible
growth. The tests were performed in triplicate. Vancomycin, kanamycin and cefepime were
used as positive control drugs. Six microorganism cultures (B. cereus ATCC 11778, E. coli ATCC
25922, P. aeruginosa ATCC 27853, S. enterica serovar Typhimurium ATCC 13311, S. aureus ATCC
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6538 and Methicillin resistant S. aureus (MRSA)) were used. The experiment was performed
at the Department of Microbiology, Faculty of Science, Khon Kaen University.

4. Conclusion

Phytochemical investigation of the hexane and EtOAc extracts from the stems of R. dumeto-
rum led to the isolation of a new coruleoellagic acid derivative, 3,3',4,4',5'-pentamethylcor-
uleoellagic acid (1) and nine known compounds. They are a coruleoellagic acid derivative,
hexamethylcoruleoellagic acid (2); an ellagic acid derivative, 3,4,3'-tri-O-methylellagic acid
(3); two carbazoles, heptaphylline (4) and 7-methoxymukonal (5); a coumarin, dentatin (6);
two phenolic derivatives, sinapaldehyde (7) and gallic acid (8); a pyrone derivative,
2,6-dimethoxy-4H-pyran-4-one (9); and a sterol, 3-sitosterol (10). Compounds 1-2 showed
antibacterial activity against only Gram-negative bacteria, P. aeruginosa. While, compounds
7-10 showed antibacterial activity against both Gram-negative and Gram-positive bacteria.
Several of these isolated compounds have previously been reported for a wide range of
biological activities. All of these compounds are isolated from stems of R. dumetorum for the
first time. This is also the first report on the isolation of compounds 1-2, 4-6 and 9 from the
Myrtaceae family.
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Six new polyketide-derived oxaphenalenone dimers, talaromycesone C (1) and macrosporusones A-E (2-6),
together with eight known analogs, were isolated from the mycelium of the fungus Talaromyces macrosporus
KKU-1NK8. Their structures were established based on their spectroscopic data and MS. The absolute config-
urations of new compounds 1-6 were determined by ECD analyses. Compounds 3 and 8 exhibited antimalarial
activity against Plasmodium falciparum. Compound 3 showed activity against NCI-H187 cells, while compound 8
displayed activity against KB, MCF-7 and NCI-H187 cell lines. In addition, compound 11 showed antibacterial

activity against Bacillus cereus, Staphylococcus aureus and MRSA.

1. Introduction

The genus Talaromyces, a sexual state of the Penicillium species, was
introduced by Benjamin in 1995. It belongs to the family
Trichocomaceae [1]. Some species were isolated from soil, plants,
sponges, and foods. Many species are used in food and agricultural
production [2]. Previous reports on secondary metabolites from Ta-
laromyces species have resulted in the isolation of many different types
of compounds such as alkaloids [3], indole alkaloids [4], adenine [5],
tetramic acid derivatives [6], polyesters [7], diphenyl ether lactone
derivatives [8], meroterpenoids [9], oxaphenalenone dimers [8,10-13],
quinones [14-16], steroids and terpenoids [17]. One interesting type is
the oxaphenalenone dimer which is a polyketide-derived. Until now,
only 20 natural isolated members in this type have been reported
[8,10-13,18-20]. They showed various bioactive activities such as cy-
totoxicity against cancer cell lines [11] and antibacterial activity
against Gram positive bacteria [8,12,13], as well as acet-
ylcholinesterase inhibition [11]. Therefore, searching for bioactive
compounds from the fungus Talaromyces is still of interest. Since no
phytochemical investigation of T. macrosporus has been reported, our
investigation found that the crude EtOAc extracts of T. macrosporus
KKU-1NK8 exhibited cytotoxicity towards the KB cell line with 40%

inhibition at 50 pg/mL. We report herein the isolation of fourteen ox-
aphenalenone dimers from the fungus T. macrosporus (Fig. 1); six of
these (1-6) are reported as new oxaphenalenone dimers.

2. Experimental section
2.1. General experimental procedures

Melting points were obtained using a SANYO Gallenkamp melting
point apparatus and were uncorrected. Optical rotations were de-
termined using a JASCO DIP-1000 digital polarimeter. The CD and UV
spectra were measured using a JASCO J-810 apparatus. IR spectra were
obtained using a Bruker Tenser 27 spectrophotometer. NMR spectra
were recorded on a Varian Mercury Plus 400 spectrometer in CDCl; and
CD30D, and the internal standards were referenced from the residues of
these solvents. Mass spectra were determined on a Micromass Q-TOF 2
hybrid quadrupole time-of-flight (Q-TOF) mass spectrometer. TLC was
performed with MERCK silica gel 60 PF,54 TLC aluminum sheets. The
column chromatography was carried out on MERCK silica gel
0.063-0.200mm or <0.063mm and Sephadex LH-20. Preparative
layer chromatography (PLC) was carried out on silica gel 60 PFys4
(MERCK).
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2R"=H,R?=H
3R'=H,R?=Ac
4R"'=CI,R?=Ac
8R'=COH, R?=Ac

OH

HO
6a(1S)R=H
6b(1R)R = H

10a(1S) R = Ac
10b(1R) R = Ac

Fig. 1. Structures of compounds 1-14.

2.2. Fungal material

The fungus Talaromyces macrosporus KKU-1NK8 was collected from
the forest soil around the Pha Nok Kao Silvicultural Station, Khon Kaen
Province, Thailand, on July 2012. The internal transcribed spacer re-
gion sequences of T. macrosporus KKU-1NK8 were deposited in GenBank
as accession numbers MH620706. The production of bioactive meta-
bolites condition of T. macrosporus KKU-1NK8 was produced on 500 mL
malt extract peptone broth by incubating at 30 °C under static condi-
tions for 28 days.

2.3. Extraction and isolation

Air-dried biomass of the fungus T. macrosporus (89.4g) was ex-
tracted exhaustively three times with n-hexane (3 x 400 mL), EtOAc
(3 x 400 mL), and MeOH (3 x 400 mL) at room temperature to yield
crude n-hexane (10.0g, 11.2%), EtOAc (11.8g, 13.2%) and MeOH
(26.9 g, 30.1%) extracts. The n-hexane extract was separated on silica
gel flash column chromatography (FCC), eluted with a gradient system
of n-hexane-EtOAc and EtOAc-MeOH to give 5 fractions, H;-Hs.
Fraction H, was further separated by FCC, eluted with an isocratic
system of n-hexane-EtOAc (80:20) to give a pale yellow solid of 4
(8.9 mg). Fraction H; afforded a white solid of 11 (8.5 mg). Fraction Hg
was separated by FCC, eluting with an isocratic system of CH,Cl,-MeOH
(99:1) and afforded a yellow powder of 7 (10.5 mg).

The EtOAc extract was separated on silica gel FCC, eluting with a
gradient system of n-hexane-EtOAc and EtOAc-MeOH to give 6 frac-
tions, E;-E¢. Fraction E; was separated over silica gel FCC, eluting with
an isocratic system of CH,Cl,-MeOH (99:1) to give 6 subfractions, E3 ;-
E3 6. Subfraction E5 ; was carried out by PLC (CH,Cl,-MeOH; 97:3, X 2)
to afford yellow solids of 9 (5.6 mg, R 0.60) and 10 (6.7 mg, R¢ 0.54).
Subfraction Ej3 », was separated on silica gel FCC, eluting with an iso-
cratic system of CH,Cl,-MeOH (99:1) to give 3 subfractions, Es3 1-
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E3o3. Subfraction Es,; provided an additional amount of 10
(76.5mg). Subfraction E3,, provided an additional amount of 11
(18.2 mg). Subfraction E5 4 provided a pale yellow solid of 8 (10.3 mg).
Subfraction E; ¢ afforded a pale yellow solid of 14 (2.3 mg). Fraction E4
was separated by FCC, eluting with an isocratic system of n-hexane-
CH,Cl,-MeOH (19.5:79.5:1) to give 4 subfractions, E4 1-E4 4. Separation
of subfraction E;, gave an additional amount of 14 (2.5mg).
Subfraction E4 3 provided a pale yellow solid of 6 (8.0 mg). Subfraction
E4 4 gave a yellow solid of 13 (3.0 mg). Fraction Es was further sepa-
rated on silica gel by FCC, eluting with an isocratic system of CH,Cl, to
give 4 subfractions, Es;-Es 4. Subfraction Es» provided a pale yellow
solid of 5 (13.9 mg). Subfraction Es 3 gave an additional amount of 7
(42.9 mg). Subfraction Es 4 provided a pale yellow solid of 1 (3.9 mg).
Separation of fraction E¢ by PLC (CH,Cl,-MeOH; 1:99, X 2) yielded a
pale yellow solid of 3 (4.2 mg, R¢ 0.44).

The MeOH extract was separated on silica gel FCC, eluting with a
gradient system of n-hexane-EtOAc and EtOAc-MeOH to give 4 frac-
tions, M;-M,. Separation of fraction M, by PLC (CH,Cl,-MeOH; 97:3,
% 2) gave a pale yellow solid of 12 (3.5 mg, R¢ 0.60). Fraction M3 was
separated by PLC (CH,Cl,-MeOH; 95:3, X 3) to afford a pale yellow
solid of 2 (9.4 mg, R¢ 0.62) and an additional amount of 7 (3.5 mg, Ry
0.58).

2.3.1. Talaromycesone C (1)

Pale yellow solid; mp 264-266°C (dec); [alp®>® +164 (c 0.1,
MeOH); UV (MeOH) An.x (log &) 219 (4.29), 234 (4.29), 261 (4.36),
323 (3.67), 326 (3.67); ECD (¢ 50 uM, MeOH) nm 216 (—37.9), 243
(66.3), 272 (14.5), 298 (—20.2), 339 (9.4); IR (neat) vyax 3356, 2926,
1705, 1670, 1633, 1567, 1461, 1273, 1227 cm ™ *; 'H and '*C NMR, see
Tables 1 and 2; HRESITOFMS m/z 483.0684 [M + Na]™ (calcd for
C25H1609Na, 483.0692).

2.3.2. Macrosporusone A (2)

Pale yellow solid; mp 257-258°C (dec); [a]p*>® +160 (c 0.1,
MeOH); UV (MeOH) A« (log ¢) 240 (4.30), 273 (3.80), 324 (3.35);
ECD (c 120 uM, MeOH) nm 213 (—37.0), 247 (47.8), 302 (—7.2); IR
(Neat) vmax 3347, 2959, 2927, 2853, 1663, 1612, 1570,1460, 1270,
1231, 1127 cm ™ %; 'H and '3C NMR, see Tables 1 and 2; HRESITOFMS
m/z 441.0940 [M + Na] ™" (calcd for Co4H;50,Na, 441.0950).

2.3.3. Macrosporusone B (3)

Pale yellow solid; mp 262-265°C (dec); [a]1p®®* +122 (c 0.1,
MeOH); UV (MeOH) An,.x (log &) 207 (3.88), 239 (4.02), 277 (3.60),
323 (3.24); ECD (¢ 110 uM, MeOH) nm 216 (—29.9), 246 (51.5), 297

Table 1
H NMR Spectroscopic Data of Compounds 1-6 (CDCl3:CD50D, § in ppm).
Position 1 2 3 4 5 6a 6b
1 6.37, s 6.44, s
3a 6.57, s 6.72,s 7.21,s
5 6.61, s 6.62, s 6.71,s 6.84,s 6.92, s 6.77, s 6.84, s
9a 6.65, s 6.79, s
1’ 4.95,d 4.90, d 4.83,d 4.89,d 4.89,d 4.98, d 5.00, d
(12.4) (12.0) (12.4) (12.4) (12.8) (12.8) (12.8)
5.31,d 5.16,d 5.08,d 5.16,d 5.16, d 5.18,d 5.19,d
(12.4) (12.0) (12.4) (12.4) (12.8) (12.8) (12.8)
5’ 6.62, s 6.62, s 6.68,s 6.72,s 6.71, s 6.71, 6.71,
brs brs
8 4.61, s 4.88, s 4.99,s 5.06,s 5.00, s 493, s 4.95, s
9 473, s 4.59, s 5.74,s 5.79,s 4.76, s 4.67, s 4.69, s
Me-6 2.46, s 2.86, s 2.86,s 294,s 3.06, s 2.97,s 2.99, s
Me-6" 2.83,s 2.48, s 2.50,s 2.54,s 2.50, s 2.52, 2.52,
brs brs
Ac-9’ 1.99,s 2.03,s
4’-OH 11.86,s 11.77,s 11.83s 11.91s
9-OH
1-OMe 3.56, s 3.68, s
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Table 2

13C NMR spectroscopic data of compounds 1-6 (CDCl3:CDsOD, § in ppm).
Position 1 2 3 4 5 6a 6b
1 161.8 99.1 99.4
3 166.9 165.8 168.6 168.6
3a 98.7 106.8 106.8 104.4 97.2 96.8 96.8
3b 131.6 138.4 138.6 134.5 134.4 131.0 131.3
4 158.4 154.1 154.4 155.7 164.6 163.4 163.4
5 120.3 119.2 119.4 120.4 120.1 119.8 119.8
6 131.8 136.4 136.4 137.7 149.8 146.9 147.0
6a 117.0 121.0 121.0 121.7 118.8 119.7 119.7
7 132.2 136.5 136.5 135.5 149.8 139.9 139.9
8 134.4 130.9 131.0 130.2 132.1 132.2 132.3
9 153.4 152.0 151.0 164.2 164.4 151.0 151.1
9a 136.6 110.6 110.5 113.8 99.5 109.2 109.2
1 70.1 70.7 69.5 69.2 69.6 70.3 70.5
3 168.4 168.7 168.2 167.9 167.9 168.3 168.3
3’a 103.5 103.8 103.1 103.2 103.6 103.2 103.3
3b 147.7 147.9 146.7 146.0 146.7 147.3 147.6
4 164.0 163.8 163.9 164.4 164.6 164.2 164.2
5 120.3 120.1 120.5 121.0 120.9 120.5 120.5
6’ 147.4 153.5 153.7 153.9 153.7 153.9 153.9
6’a 116.7 117.3 117.1 116.9 116.8 117.1 117.3
7 192.6 193.2 191.6 190.9 190.8 192.3 192.3
8’ 63.9 60.1 61.9 61.8 66.2 65.1 65.2
9’ 86.7 86.4 86.3 86.1 86.0 86.0 86.0
9a 50.5 49.9 48.3 48.7 49.7 50.1 50.2
Me-6 22.2 24.3 24.4 24.7 25.3 25.0 25.1
Me-6" 23.7 23.7 23.7 23.8 23.7 23.7 23.7
Ac-9 20.8 20.7

170.6 170.4

1-OMe 55.8 55.9

(—13.9); IR (neat) vmax 3400, 2971, 2846, 1746, 1668, 1605, 1571,
1465, 1371, 1270, 1227 cm ™ %; 'H and '3C NMR, see Tables 1 and 2;
HRESITOFMS m/z 459.1088 [M-H]" (calcd for CyHo0Og, 459.1080).

2.3.4. Macrosporusone C (4)

Pale yellow solid; mp 248-249 °C (dec); [alp®*” +196 (c 0.1,
MeOH); UV (MeOH) Apax (log ) 241 (4.41), 272 (3.96), 323 (3.43);
ECD (¢ 100 uM, MeOH) nm 216 (—58.9), 246 (105.0), 294 (—36.9); IR
(neat) vmax 3425, 2972, 2931, 1740, 1670, 1632, 1569, 1463, 1268,
1228, 1045 cm ™ %; 'H and '3C NMR, see Tables 1 and 2; HRESITOFMS
m/z 495.0850 [M + H] and 497.0812 [M + H + 2]" (caled for
C26H19C103H, 495.0847 and C25H19C108H + 2, 4970817)

2.3.5. Macrosporusone E (5)

Pale yellow solid; mp 246-247°C (dec); [alp®*® +141 (¢ 0.1,
MeOH); UV (MeOH) Anmax (log €) 207 (3.95), 227 (3.95), 240 (3.98),
291 (3.53), 322 (3.40); ECD (c 100 uM, MeOH) nm 217 (—42.6), 243
(80.0), 272 (17.6), 301 (—20.2); IR (neat) vmax 3330, 2970, 2930,
1716, 1670, 1613, 1466, 1427, 1271 cm ~*; 'H and '3C NMR, see Tables
1 and 2; HRESITOFMS m/z 487.0669 [M-H] (calcd for Cy6H16010,
487.0665).

2.3.6. Macrosporusone D (6)

Pale yellow solid; mp 269-271°C (dec); [a]p*>® +148 (c 0.1,
MeOH); UV (MeOH) A.x (log €) 209 (3.89), 239 (4.05), 279 (3.62),
321 (3.40); ECD (c 100 uM, MeOH) nm 218 (—23.8), 245 (45.6), 298
(—15.3); IR (neat) vmax 3409, 2977, 2930, 1666, 1604, 1570, 1466,
1319, 1226 cm ™ '; 'H and '3C NMR, see Tables 1 and 2; HRESITOFMS
m/z 503.0975 [M-H] (calcd for Cy7H20040, 503.0978).

2.4. Calculation of ECD spectra

The ECD spectra of 1-5 were performed for two selected 8'R, 9’S,
9'aS and 8’S, YR, 9'aR stereoisomers and all calculations were per-
formed using the Gaussian09 program [21]. The ground-state geome-
tries of structures were optimized by B3LYP using the 6-31G (d,p) basis
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set. ECD spectra were calculated using the time dependent density
functional theory (TD-DFT) method with CAM-B3LYP functional and 6-
311+ +G (d,p) basis set. Polarizable Continuum Model (PCM) solva-
tion model using methanol was included in the calculations. All cal-
culations were performed using Gaussian09 program. Gaussian band-
shape with a bandwidth of 0.25 eV was used to simulate ECD spectra.

2.5. Biological activity procedures

2.5.1. Antimalarial assay

Antimalarial activity was evaluated against the parasite Plasmodium
falciparum (K1, multidrug-resistant strain), using the culture method of
Trager and Jensen [22]. Quantitative assessment of activity in vitro was
determined by means of the microculture radioisotope technique, based
upon the method described by Desjardins and co-workers [23]. The
inhibitory concentration (ICso) represents the concentration that causes
a 50% reduction in parasite growth as indicated by the in vitro uptake of
[*H]-hypoxanthine by P. falciparum.

2.5.2. Cytotoxicity assays

Cytotoxicity assays against human epidermoid carcinoma (KB),
human breast adenocarcinoma (MCF7), and human small cell lung
cancer (NCI-H187) were performed employing the Resazurin micro-
plate assay (REMA) described by O'Brien and co-workers [24]. The
reference substance was doxorubicin. Cytotoxicity against the primate
cell line (Vero) was tested using the green fluorescent protein (GFP)
detection method by Hunt and co-workers [25].

2.5.3. Antibacterial assay

The minimum inhibitory concentrations (MICs) were determined by
the dilution method, as described in the M07-A9 of the Clinical and
Laboratory Standards Institute [26,27]. Resazurin solution (0.18%) was
used as an indicator of microbial growth [24]. MICs were recorded by
reading the lowest concentration capable of inhibiting visible growth.
The tests were performed in triplicate. Cefepime, kanamycin and van-
comycin were used as positive control drugs (Table 4). Six micro-
organism cultures (Bacillus cereus ATCC 11778, Staphylococcus aureus
ATCC 6538, Methicillin resistant S. aureus (MRSA), Escherichia coli
ATCC 25922, Pseudomonas aeruginosa ATCC 27853, and Salmonella
enterica serovar Typhimurium ATCC 13311 were used. The experiment
was performed at the Department of Microbiology, Faculty of Science,
Khon Kaen University, Thailand.

3. Results and discussion

Chromatographic separation of extracts from the dried mycelium of
the fungus T. macrosporus KKU-1NK8 obtained six new oxaphenalenone
dimers (1-6) and eight known compounds (7-14). Their structures
were elucidated by spectroscopic methods. Structures of known com-
pounds were also compared with those reported in the literature. They
were talaromycesone B (7) [8], bacillisporin G (8) [12], xenoclauxin (9)
[10], bacillisporin F (10a) and 1-epi-bacillisporin F (10b) [12], ba-
cillisporins A and B (11 and 12) [10,11] and bacillisporins D and E (13
and 14) [11].

The IR spectra of 1-6 showed mainly absorption bands of hydroxyl,
lactone carbonyl, ketone, and aromatic groups (see supplementary data
section).

Compound 1 possessed the molecular formula C,5H;¢00, based on
the *C NMR and HRESITOFMS (m/z 483.0684) [M + Na] ™" data, im-
plying 18 degrees of unsaturation. Analysis of the 'H and *C NMR
spectroscopic data of 1 (Tables 1 and 2) with the assistance of 2D NMR
techniques (COSY, HMQC, HMBC, and NOESY) concluded that the
structure of 1 was similar to that of talaromycesone B (7) [8], except for
an acetyl group at C-9’ being replaced by a hydroxyl group in 1. The
structure of 1 was confirmed by HMBC correlations of H-9’ to C-7, C-8,
C-3'b, and C-7’ (Fig. 2). The absolute configuration of 1 was determined



B. Chaiyosang, et al.

Fitoterapia 134 (2019) 429-434

Fig. 2. COSY (bold line) and selected HMBC (arrowed line) correlations of 1-6.

120

Cal. ECD for 1 (8'R, 9'S, 9'aS)
Cal. ECD for 1 (8'S, 9'R, 9'aR)

Exp. ECD for 1
Exp. ECD for 2
Exp. ECD for 3
Exp. ECD for 4
Exp. ECD for 5

<
s

Ae M1 CM!

-60 4

-120

300 350

wavelenght (nm)

200 250 400

Fig. 3. Comparison of calculated ECD spectrum of 1 and experimental ECD
spectra of 1-5 (measured in MeOH).

by comparing its experimental and calculated ECD spectra. The ECD
calculations were generated for three chiral centers of two selected
possible stereoisomers, 8'R, 9’S, 9'aS and 8’S, 9'R, 9'aR using Gaussian
09 with DFT B3LYP/6-311+ +G (d,p) [21]. The ECD calculated spec-
trum of 1 generated for the 8'R, 9’S, 9'aS isomer shows a Cotton effect at
215nm (Ae — 56.5), 239 (Ae 65.1), 258 (Ae 38.2) and 335 (Ae — 9.1),
which agrees well with its experimental ECD spectrum (Fig. 3). From
the above evidence, compound 1 was named talaromycesone C and was
determined to be a new oxaphenalenone dimer (Fig. 1).

Compound 2 had the molecular formula C4H;505, based on the 3¢
NMR and HRESITOFMS (m/z 441.0940) [M + Na]* data, indicating 16
degrees of unsaturation. The NMR spectroscopic data of 2 (Tables 1 and
2) were similar to those of bacillisporin G (8) [12], expect for the ab-
sence of an aldehyde group at C-9a and that an acetyl group at C-9” was
replaced by a hydroxyl group. The '"H NMR spectral data of unit A
showed resonances of three aromatic protons at § 6.62 (s, H-5), 6.65 (s,
H-9a), and 6.57 (s, H-3a). The COSY data showed meta-coupling cor-
relations between H-5/H-3a and H-3a/H-9a (Fig. 2). The *C NMR
spectral data of unit A showed three methine aromatic carbons at &
106.8 (C-3a), 119.2 (C-5) and 110.6 (C-9a), five quaternary aromatic
carbons at § 138.4 (C-3b), 136.4 (C-6), 121.0 (C-6a), 136.5 (C-7) and
130.9 (C-8), two oxy-aromatic carbons at § 154.1 (C-4) and 152.0 (C-9),
and a methyl at § 24.3 (Me-6). The HMBC correlations of H-3a to C-4, C-
5, C-6a and C-9a; H-5 to C-3a, C-4 and C-6a; H-9a to C-3a, C-6a, C-8 and
C-9; and Me-6 to C-5, C-6 and C-6a confirmed the structure of unit A
(Fig. 2). The NMR spectroscopic data of unit B was similar to that of 1
(Tables 1 and 2). The absolute configuration of 2 was concluded to be
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8'R, 9’S, 9'aS, the same as that of 1, by comparing their ECD spectra
(Fig. 3). Thus, compound 2 was determined as a new oxaphenalenone
dimer and was named macrosporusone A (Fig. 1).

Compound 3 had the molecular formula C6H00Og, based on the 3¢
NMR and HRESITOFMS (m/z 459.1088) [M-H] data, implying 17 de-
grees of unsaturation. The 'H and '>C NMR spectroscopic data of 3
(Tables 1 and 2) were similar to those of 2, except that the hydroxyl
group at C-9’ was replaced by an acetoxyl group (8¢ carbonyl ester
group 170.6 and methyl group &y,c 1.99 (5)/20.8). The complete in-
terpretation of the NMR data of 3 was established as a result of con-
clusive DEPT, COSY, HMQC, HMBC, and NOESY experiments. The ECD
spectrum of 3 showed the same Cotton effect as that of 1 (Fig. 3).
Therefor, the new compound 3 was named macrosporusone B (Fig. 1).

Compound 4 had the molecular formula C,¢H,¢ClOg, based on the
3C NMR and HRESITOFMS (m/z 495.0850) [M + H]*, (m/z
497.0812) [M + H + 2] " data, indicating 17 degrees of unsaturation.
The 'H and '*C NMR spectroscopic data of 4 (Tables 1 and 2) were
similar to those of 3. The major distinction was the presence of a
chloride atom at C-9a in 4 (§c 113.8) which was confirmed by the
HMBC correlation of H-3a to C-9a. The absolute configuration of 4 was
determined by comparing its ECD spectrum with that of 1 (Fig. 3).
Thus, compound 4, macrosporusone C, was assigned as a new ox-
aphenalenone dimer (Fig. 1). It should be noted that this is the first
oxaphenalenone dimer reported with a chlorine atom in the molecule.

Compound 5 possesses the molecular formula CysH;6010, based on
the '3C NMR and HRESITOFMS (m/z 487.0669) [M-H]" data, implying
19 indices of deficiency. The NMR spectroscopic data of 5 (Tables 1 and
2) were similar to those of the isolated xenoclauxin (9) [10], except that
an acetoxyl group at C-9’ was replaced by a hydroxyl group. The 'H
NMR spectroscopic data of unit A showed resonances of aromatic
protons at § 6.92 (s, H-5), and methyl protons at § 3.06 (s, Me-6). The
NMR spectral data of unit B were similar to those of 1. The absolute
configuration of 5 was assigned to be the same as that of 1 by com-
parison of its ECD spectrum with that of 1 (Fig. 3). The complete
structure of 5 was confirmed by 2D NMR techniques, COSY, HMBC and
NOESY. From the above evidence, compound 5, named macro-
sporusone D, was determined as a new oxaphenalenone dimer (Fig. 1).

Compound 6 had the molecular formula Cs;H50019, based on the
13C NMR and HRESITOFMS (m/z 503.0975) [M-H]" data, implying 18
degrees of unsaturation. The NMR spectroscopic data of 6 (Tables 1 and
2) showed a mixture of epimers in the ratio of 1:1. Their resonance
signals were similar to those of the mixture of bacillisporin F (10a) and
1-epi-bacillisporin F (10b) [12], except that an acetoxyl group at C-9’
was replaced by a hydroxyl group. The '"H NMR spectral data of unit A
showed a mixture of two sets of aromatic proton signals at § 6.84/6.77
(s, H-5), methine protons at § 6.44/6.37 (s, H-1), methoxy protons at §
3.68/3.56 (s, MeO-1) and methyl protons at § 2.99/2.97 (s, Me-6). The
COSY spectrum showed an allylic coupling between H-5 and Me-6. The
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Table 3
Biological activity of compounds 1-3, 5, 7-12 and 14.
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Compound Antimalarial ICso (UM) Cytotoxicity ICso (M)

KB* MCF-7" NCI-H187¢ Vero cells*
1 Inactive® Inactive Inactive Inactive Inactive
2 Inactive 74.81 104.18 58.28 69.77
3 10.28 56.66 Inactive 16.73 13.74
5 Inactive Inactive Inactive Inactive 37.47
7 Inactive 48.78 64.29 32.72 Inactive
8 8.07 5.86 9.16 7.29 7.50
9 Inactive Inactive Inactive Inactive 93.27
10 Inactive 33.55 Inactive Inactive Inactive
11 Inactive 41.50 Inactive 69.44 34.86
12 Inactive 53.47 Inactive 99.43 37.67
14 Inactive 47.02 80.34 77.35 Inactive
Dihydroartemisinin 0.003
Doxorubicin 1.58 17.44 0.35
Ellipticine 13.80 9.26 3.45

2 Human epidermoid carcinoma in the mouth.
® Human breast adenocarcinoma.

Human small cell lung cancer.

African green monkey kidney.

e >150 uM.

HMBC spectrum demonstrated the correlations of MeO-1 to C-1, H-1 to
C-3, C-3b and C-9; H-5 to C-3, C-3a, C-4 and C-6a; and Me-6 to C-5, C-6
and C-6a (Fig. 2). The NMR spectroscopic data of unit B was similar to
that of 1. The configurations of 6a and 6b were determined as 1R, 8'R,
9’S, 9'aS and 1S, 8'R, 9’S, 9'aS by comparing their experimental ECD
spectra with those of bacillisporin F (10a) and 1-epi-bacillisporin F
(10b) [12]. Therefore, the compound 6 was deduced to be a mixture of
two new oxaphenalenone dimers and they were named macro-
sporusone E (6a) and 1-epi-macrosporusone E (6b) (Fig. 1).

The biological activities of the isolated compounds were evaluated.
Compounds 3 and 8 exhibited antimalarial activity against P. falciparum
with ICsq values of 10.28 and 8.07 puM, respectively. Compound 3 also
showed cytotoxicity against NCI-H187 cells with an ICso value of
16.73 uM, while compound 8 showed cytotoxicity against KB, MCF-7
and NCI-H187 cell lines with ICsy values of 5.86, 9.16 and 7.29 uM,
respectively. Moreover, compounds 2, 3, 5, 8 and 10-12 exhibited
cytotoxicity against Vero cells with ICsy values in the range of
7.50-93.27 uM (Table 3). In addition, compounds 1-3, 5, 7-12 and 14
were evaluated for their antibacterial activity against Gram positive
and Gram negative bacteria and the results are shown in Table 4.
Among them, compounds 11 and 14 showed the most potent

Table 4
Antibacterial activity of compounds 1-3, 7-8, 10-12 and 14.

antibacterial activity against B. cereus, S. aureus and MRSA with MICs in
the range of 1.94-15.03 uM.

4. Conclusion

The first chemical investigation of the soil fungus T. macrosporus
afforded six new polyketide-derived oxaphenalenone dimers, talar-
omycesone C (1) and macrosporusones A-E (2-6), together with eight
known analogs, talaromycesone B (7), bacillisporin G (8), xenoclauxin
(9), bacillisporin F (10), bacillisporins A and B (11 and 12) and ba-
cillisporins D and E. Their absolute configurations were assigned based
on ECD spectra analysis. The new talaromycesone C (1) is reported as
the second analogue of oxaphenalenone dimers with 5-membered lac-
tone ring in unit A. Compounds 3 and 8 exhibited antimalarial activity
against P. falciparum. Compound 3 showed activity against the NCI-
H187 cell line, while compound 8 showed cytotoxic activity against KB,
MCF-7 and NCI-H187 cell lines. In addition, compound 11 showed
antibacterial activity against MRSA, S. aureus and B. cereus; the latter
had activity close to the standard drugs, vancomycin and kanamycin.

Compound Antibacterial activity (MIC, pM)
Gram positive bacteria Gram negative bacteria
B. cereus S. aureus MRSA® E. coli P. aeruginosa S. Typhimurium

1 inactive Inactive Inactive Inactive 278.21 278.21
2 153.07 Inactive Inactive Inactive 306.14 Inactive
3 139.10 Inactive Inactive Inactive 278.19 Inactive
7 254.93 Inactive Inactive 254.93 254.93 inactive
8 32.78 131.12 Inactive Inactive 262.24 262.24
10 Inactive 58.60 29.30 Inactive 234.38 234.38
11 1.94 7.75 3.88 248.01 124.01 248.01
12 16.87 33.75 16.87 269.99 269.99 269.99
14 3.76 15.03 7.52 240.56 240.56 Inactive

Vancomycin 1.38 0.35 0.35

Kanamycin 4.13 2.06 8.26

Cefepime 0.06 4.16 0.06

2 Methicillin resistant S. aureus.
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Three new polyoxygenated cyclohexene derivatives named cherrevenisyls A and B (1 and 2), and ellipeiopsol E
(3), along with fifteen known compounds, were isolated from the roots of Uvaria cherrevensis. Their structures
were determined by spectroscopic methods including 2D NMR techniques and mass spectrometry. The absolute
configurations of 1 and 2 were assigned. Compounds 1, 2 and 5 showed antimalarial activity against Plasmodium
falciparum with ICso ranging from 3.34-7.34 ug/mL. Compounds 5-18 exhibited cytotoxicity against three
cancer cell lines (KB, MCF-7 and NCI-H187) with ICs, values in ranging from 1.26-49.03 pg/mL.

1. Introduction

Uvaria cherrevensis (Pierre ex Finet & Gagnep.) L. L. Zhou, Y. C. F. S
(Annonaceae) is a shrub that reaches up to 1.5 m in height and is found
in deciduous forests throughout Thailand. Its synonym is Ellipeiopsis
cherrevensis (Pierre ex Finet & Gagnep.) R. E. Fr and is known as “Nom
maeo pa”, “Phi phuan noi”, and “Phi khao” in Thai [1]. A water de-
coction of its roots is used as traditional medicine to treat urinary dis-
orders [2]. The genus Uvaria is known to be a rich source of poly-
oxygenated cyclohexene derivatives [3-8]. Previous investigations of
the aerial parts of E. Cherrevensis (U. cherrevensis) led to the isolation of
several polyoxygenated cyclohexene derivatives [9,10], as well as a
cytotoxic C-benzoylated chalcone, flavonoids and alkaloids [10]. Re-
cently, Auranwiwat et al. reported 2-phenylnaphthalenes and a cyclo-
hexene from the stems and roots extracts of this plant [11]. In our
continuing search for bioactive constituents from Thai plants, we noted
that the roots extracts (EtOAc and MeOH) of U. cherrevensis showed
cytotoxicity against KB cell lines with an ICs, value of 12.6 pg/mL. We
report herein the isolation, the structural characterization, and bioac-
tivities of three new polyoxygenated cyclohexene derivatives (1-3),
together with fifteen known compounds (4-18). Among them, com-
pounds 7, 8 and 14 are reported for the first time from the genus Uvaria.

2. Experimental
2.1. General experimental procedures

Melting points were determined using a Gallenkamp melting point

* Corresponding author.
E-mail address: somdej@kku.ac.th (S. Kanokmedhakul).

https://doi.org/10.1016/j.fitote.2018.01.018

apparatus and were uncorrected. Optical rotations were obtained using
a JASCO DIP-1000 digital polarimeter. IR spectra were taken on a
Perkin-Elmer Spectrum One spectrophotometer. NMR spectra were re-
corded in CDCl; and CD30D on a Varian Mercury Plus 400 spectro-
meter, using residual CHCl; and CH30H as an internal standard. HRMS
spectra were obtained using a Micromass LCT mass spectrometer, and
the lock mass calibration was applied for the determination of accurate
masses. Column chromatography and preparative TLC were carried out
on silica gel 60 (230-400 mesh) and PF,s,, respectively.

2.2. Plant materials

The roots of U. cherrevensis were collected from Ban Na-khum
Village, Ubonratana District, Khon Kaen Province, Thailand, in July
2011 and were identified by Prof. P. Chantaranothai, Department of
Biology, Khon Kaen University, Thailand, where a voucher specimen S.
Kanokmedhakul 19 was deposited.

2.3. Extraction and isolation

Air-dried roots of U. cherrevensis (1.1 kg) were ground to powder and
then extracted successively with EtOAc (3L X 3) and MeOH (3L X 3).
Removal of solvents from each extract under reduced pressure gave the
crude EtOAc (57.5 g, 5.23%) and MeOH (65.9 g, 5.99%) extracts.

The EtOAc extract (55.0 g) was separated on silica gel column
chromatography (CC), eluting with a gradient system of n-hexane-
EtOAc (90:10 to 0:100 v/v) and then EtOAc-MeOH (100:0 to 0:100 v/v)
to give six fractions, EF;-EF¢. Evaporation of EF; gave compound 5 as a
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colourless oil (746.2 mg). Fraction EF, was purified by silica gel flash
column chromatography (FCC), eluting with a gradient system of n-
hexane-EtOAc (90:10 to 0:100 v/v) and then EtOAc-MeOH (100:0 to
0:100 v/v) to give ten subfractions, EF, 1-EF5 ;0. Subfraction EF, s was
purified on silica gel CC, eluting with a gradient system of n-hexane-
EtOAc (80:20 to 0:100 v/v) to yield compound 6 as a colourless oil
(269.8 mg). Subfraction EF, ¢ was separated by silica gel FCC, eluting
with a gradient system of n-hexane-EtOAc to yield compound 7 as a
colourless oil (190.0 mg) and an additional amount of 5 (36.3 mg).
Subfraction EF, g was chromatographed on silica gel FCC, eluting with a
gradient system of n-hexane-EtOAc (80:20 to 0:100 v/v) to give com-
pound 8 as a colourless solid (26.4 mg) and compound 9 as a colourless
oil (17.3 mg). Subfraction HF; ¢ was purified on silica gel CC, gradually
eluting with n-hexane-EtOAc (80:20 to 0:100 v/v) and EtOAc-MeOH
(80:20 to 0:100v/v) to give five subfractions, EF5g1-EF5gs.
Subfraction MF, o, was subjected to silica gel CC, using the same sol-
vent system as that of subfraction EF, g above to give compound 10 as a
colourless oil (55.6 mg). Subfraction EF, g 3 was purified by silica gel
CC eluting with a gradient system of n-hexane-CH,Cl, (80:30 to
0:100 v/v) to yield compounds 1 and 2 as white amorphous solids (49.0
and 25.0 mg). Subfraction EF, ¢ 5 was further purified by silica gel FCC,
using the same solvent system as that of subfraction EF,g to give
compounds 11 and 12 as two yellow oils (16.4 and 55.2 mg). Fraction
EF3; was chromatographed on silica gel CC and eluted with a gradient of
n-hexane-EtOAc (90:10 to 0:100 v/v) to give nine subfractions, EF3 ;-
EF3 . Subfraction EF;, was subjected to silica gel CC, eluting with a
gradient system of n-hexane-CH,Cl, (70:30 to 0:100v/v) to yield
compound 13 as a white solid (11.5 mg). Subfraction EF; 3 was sepa-
rated by silica gel CC, using the same solvent system as that of sub-
fraction EF3 5 to yield compound 14 as a colourless amorphous powder
(11.2mg) and compound 15 as colourless crystals (37.1 mg).
Subfraction EF3 5 was separated by silica gel CC, eluting with a gradient
system of CH,Cl,-EtOAc (100:0 to 0:100 v/v) to give compound 16 as
orange needles (80.5mg) and compound 17 as colourless needles
(44.6 mg). Subfraction EF3; ¢ was re-crystallized from n-hexane-EtOAc
(30:70) to yield 3 as a pale yellow amorphous solid (40.2 mg). Fraction
EF, was separated by silica gel CC, eluting with a gradient system of
CH,Cl,-MeOH (100:0 to 0:100 v/v) to give compound 4 as a white
amorphous solid (20.2 mg). Fraction EFg was separated by silica gel CC,
eluting with a gradient system of CH,Cl,-MeOH (80:20 to 0:100 v/v) to
give compound 18 as a yellow solid (120.5 mg).

The MeOH extract (60.0 g) was separated on silica gel CC, eluting with
a gradient system of n-hexane-EtOAc (60:40 to 0:100v/v) and then
EtOAc-MeOH (80:20 to 0:100 v/v) to give seven fractions, MF;-MF,.
Fraction MF, was separated by CC, eluting with a gradient system of n-
hexane-EtOAc (60:40 to 0:100 v/v) to give four subfractions, MF4 1-MF, 4.
Subfraction MF,; afforded an additional amount of 14 (11.7 mg).
Subfraction MF4, was purified by preparative TLC, using n-hexane-
CH,Cl,-EtOAc (20-10:70) as eluent to yield an additional amount of 11
(Rf = 0.42, 9.3 mg) and 12 (Rf = 0.40, 16.7 mg). Fraction MF3 was fur-
ther subjected to silica gel FCC, eluting with a gradient system of n-
hexane-EtOAc (50:50 to 0:100 v/v) and then MeOH to give an additional
amount of 14 (11.9 mg). Fraction EFs was separated by silica gel CC,
eluting with a gradient system of CH,Cl,-MeOH (80:20 to 0:100 v/v) to
give an additional amount of 17 (20.2 mg).

2.3.1. Cherrevenisyl A (1)

White amorphous solid; [a]3® + 94.4 (¢ 0.1, CHCls); UV (CHCls)
Amax (log €) 268 (4.25) 331 (4.23); IR (KBr) vmax 2927, 1717, 1601,
1491, 707cem™%; 'H and '3C NMR, see Table 1; HRESIMS m/z
745.2269 [M + Na]™* (caled for C41H3g015Na 745.2261).

2.3.2. Cherrevenisyl B (2)

White amorphous solid; [a] + 9.2 (¢ 0.1, CHCls); UV (MeOH)
Amax (log &) 235 (4.5); ECD (c 0.09 mM, MeOH) Anyax (Ae): 206
(+80.35), 235 (—26.49); IR (KBr) vmax 2925, 1715, 1601, 1561,
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Table 1
'H and 'C NMR spectral data (8, ppm) for compounds 1 and 2 (CDCls).

Position 1 2
Sy (J in Hz) 8¢, type Sy (J in Hz) 8¢, type
Ring A
1 134.3, C 134.3,C
2 5.79 d (9.2) 67.6, CH 5.56 d (9.2) 67.6, CH
3 5.27 dd 74.0, CH 5.06 dd (9.2, 73.2, CH
(9.2,7.6) 7.2)
4 3.34t (7.6) 31.9, CH 3.30 br m 31.6, CH
5 3.17 brm 39.3, CH 3.10 m 39.1, CH
6 6.11 brs 128.0, C 6.07 brs 128.2, C
1-CH,0Bz
1 129.8, C 129.6, C
2,6 8.05d (7.2) 129.7, C 8.01d(7.2) 129.5, CH
3,5 7.48d (7.2) 128.5, CH 7.45m 128.6, CH
4 7.5m 133.1, CH 7.58 m 133.4, CH
co 166.0, C 166.4, C
CH, 4.79 ABq (12.8) 64.3, CH, 4.73 brs 64.4, CH,
2-OAc 1.97s 170.2, C; 20.1, 2.01s 170.7, C; 20.5,
CH3 CH;
3-OAc 1.92s 170.3, C; 20.7, 2.01s 170.6, C; 20.5,
CHj; CHj
Ring B
1 46.5, C 46.4, C
2/ 5.17 d (3.2) 74.4, CH 5.10d (2.8) 74.6, CH
3 4.53t(3.2) 78.0, CH 4.51t(2.8) 78.2, CH
4 3.02 dd (6.8, 35.2, CH 3.01 dd (6.6, 35.0, CH
3.2) 2.8)
5 6.47 dd (8.0, 129.8, CH 6.40 dd 130.7, CH
6.8) (8.0,6.6)
6’ 5.86 d (8.0) 132.6, CH 5.83d (8.0) 132.6, CH
1"-CH,0Bz
1 129.5, C 129.3, C
2,6 8.00d (7.2) 129.6, CH 7.95d (7.2) 129.5, CH
3,5 7.49 (m) 128.6, CH 7.42 m 128.5, CH
4 7.60 (m) 133.5, CH 7.58 m 133.3, CH
co 166.1, C 166.3, C
CH, 4.69 d (11.6) 61.2, CH, 4.64 d (12.0) 61.2, CH,
4.56 d (11.6) 4.54 d (12.0)
2-OAc 2.03s 169.7, C; 20.8, 2.03s 170.4, C; 20.7,
CHj; CHj3
3-OBz
1 129.3, C
2,6 7.98d (7.2) 129.6, CH
3,5 7.46 m 128.4, CH
4 7.57 m 133.4, CH
co 165.2, C
3-0OAc 2.06 s 170.9, C; 20.4,
CH,

712 cm™'; 'H and '*C NMR see Table 1; HRESIMS m/z 683.2109 [M
+ Na]™* (caled for C36H36012Na 683.2104).

2.3.3. Ellipeiopsol E (3)

Pale yellow amorphous solid; [a]2 —165.0 (¢ 0.1, CH3OH; IR (KBr)
Umax 3372, 2971, 2938, 1719, 1601, 1583, 714 cm ™ *; 'H and '°C NMR,
see Table 2; HRESIMS m/z 387.1062 [M + Na]* (caled for
CygH500gNa 387.1056).

2.4. Antimalarial assay

Antiplasmodial activity was evaluated against the parasite
Plasmodium falciparum (K1, multidrug resistant strain), using the
method of Trager and Jensen [23]. Quantitative assessment of anti-
malarial activity in vitro was determined by means of the microculture
radioisotope technique, based upon the method described by Desjardins
et al. [24]. The inhibitory concentration (ICsy) represents the con-
centration which causes 50% reduction in parasite growth as indicated
by the in vitro incorporation of [*H]-hypoxanthine by P. falciparum. The
standard compound was dihydroartemisinin.
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Table 2
'H and '*C NMR spectral data (8, ppm) for compound 3 (DMSO).

Position 3
8y (J in Hz) 8¢, type
1 74.3, C
2 5.28 d (8.0) 72.2, CH
3 5.48 m 71.1, CH
4 4.08 br s 68.9, CH
5 5.82 dd (10.0, 4.4) 130.6, CH
6 5.58 d (10.0) 126.3, CH
7 4.32.d (11.0), 4.12d (11.0) 66.8, CH,
Cco 166.1, C
1 130.3, C
2,67 8.02 d (8.0) 129.9, CH
3,5’ 7.50t (7.6) 133.6, CH
4 7.62t (7.6) 129.0, CH
2-OAc 2.0s 170.5, G; 21.1, CH3
3-OAc 1.98s 170.5, C; 21.0, CH3

2.5. Antimycobacterial assay

The antimycobacterial activity was assessed against Mycobacterium
tuberculosis H37Ra using the Microplate Alamar Blue Assay (MABA)
[25]. Standard drugs, isoniazid and kanamycin sulfate, were used as the
reference compounds.

2.6. Cytotoxicity assay

The cytotoxicity assays against human epidermoid carcinoma (KB),
human small cell lung cancer (NCI-H187) and human breast cancer
(MCF-7) cell lines were performed employing the colorimetric method
as described by Skehan et al. [26]. The reference substance was ellip-
ticine.

BZO\/” OH
HO,, ©,0Ac
“'OAc
4
H OBz
: OBz { .
R OR RO RO
7 R =0Me 9R=Bz 1M1 R=Bz
8 R=OH 10R = Ac 12R = Ac

HO O OMe O
|
HO
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OBz
OBz
OAc
—_—
AcO "’OBz
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Fig. 2. Proposed mechanism of formation of 1 from 9 and 10 by Diels-Alder reaction.

3. Results and discussion

Structures of isolated compounds were identified by physical and
spectroscopic data measurements (IR, 'H and '*C NMR, 2D NMR) as
well as mass spectrometry. Obtained data of known compounds were
also compared with published values. Fifteen compounds were identi-
fied as (—)-uvaribonol F (4) [11], benzoylbenzoate (5) [12], 2-meth-
oxybenzyl benzoate (6) [12], endo-5-methoxy-3-patchoulene (7) [13],
(6S)-patchoulan-4-ene-6-ol (8) [14], (—)-1,6-desoxytingtanoxide (9)
[31, (—)-1,6-desoxysenepoxide (10) [3], tingtanoxide (11) [3], a-se-
nepoxide (12) [3], uvarigranol B (13) [15], curcuminol F (14) [16],
ellipeiopsol D (15) [10], 2’,4’-dihydroxy-3’-(2-hydroxybenzyl-6’)-
methoxychalcone (16) [10], chamanetin 5-methyl ether (17) [17] and
( £ )-dichamanetin 5-methylether (18) [18] (Fig. 1).

Compound 1 was obtained as a white amorphous solid. The mole-
cular formula, C4;H3s012, was deduced from the HRESIMS (m/z
745.2269 [M + Na]*), implying 23 degrees of unsaturation. The IR
spectrum indicated bands for a mono-substituted benzene (1601, 1491
and 707 cm™ 1) and an ester carbonyl group (1717 cm™1). The 'H and
13C NMR spectroscopic data of 1 (Table 1) showed resonances corre-
sponding to 15 protons of three mono-substituted aromatic benzene
rings, together with resonances for two sets of oxymethylene protons at
Su 4.79 (2H, ABq, J = 12.8 Hz, H-7), and § 4.56 and 4.69 (both d,
J =11.6Hz, H-7) revealing two sets of benzoyl methylene
(—CH,0COPh) groups and a benzoyl (—OCOPh) group in the molecule.
The resonances at 8y,c 5.86 (d, J = 8.0 Hz, H-6")/132.6 and 6.47 (dd,
J = 8.0, 6.8 Hz, H-5)/129.8, and &y,c 6.11 (brs, H-6)/128.0 were

Fig. 1. Structures of isolated compounds.
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Fig. 3. COSY (bold line) and Selected HMBC (H — C) correlations for 1.

Fig. 4. NOESY correlations for 1, energy minimized using MM2.

attributed to a di-substituted and a tri-substituted double bond, respec-
tively. Analysis of the 'H and **C NMR spectroscopic data and 2D NMR
spectra (COSY, HSQC, HMBC and NOESY), combined with MS, led us to
conclude that 1 contained two cyclohexene moieties of (—)-1,6-deso-
xysenepoxide (9) and (—)-1,6-desoxytingtanoxide (10), which was the
endo-addition product from their Diels-Alder reaction [19] (Fig. 2). The
COSY correlations of H-2/H-3/H-5/H-6/H-7 (allylic coupling) and H-2"/
H-3’/H-4’/H-5'/H-6’, revealing the partial cyclohexene units in the mo-
lecule as highlighted in Fig. 3. Key HMBC correlations showed two linked
cyclohexene moieties from H-4 to C-3’ and C-4’; as well as oxymethylene
protons of 1’-CH,0Bz to C-5, C-1’, C-2’; and H-2’ to C-5 (Fig. 3). The
relative stereochemistry of 1 was determined by analysis of coupling
constants and from NOESY experiment (Fig. 4). A trans-diaxial re-
lationship between H-2 and H-3 was indicated by the vicinal coupling
constant J, 3 of 9.2 Hz. In contrast, the coupling constant, J, 3 of H-2’
and H-3’ is 3.2 Hz corresponding to axial and equatorial orientations. The
NOESY correlation between H-2 and H-5’, H-3’ and H-5" and the struc-
tural constraints of the bridged ring structure indicated that H-2’ and H-
3’ were in axial and equatorial orientations, respectively. On the basis of
the above data, the relative stereochemistry of 1 was assigned as 2R,3R.
Since compound 1 was deduced from Diels-Alder reaction of compounds
9 and 10, which both have been clearly reported for their absolute
configurations as 2R,3R [3]. Therefore, 1 would retain the same absolute
configuration as 2R,3R and 2’R,3’R. Thus 1 was assigned to a new dimer
polyoxygenated cyclohexene, which was named cherrevenisyl A.
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Compound 2 was obtained as a white amorphous solid. It has a
molecular formula of C3¢H360,5 based on the HRESIMS (m/z 683.2109
[M + Na] ™), implying 19 degrees of unsaturation. The IR spectrum
showed similar absorption bands to those of 1. Analysis of the 'H and
13C NMR spectroscopic data (Table 1) with 2D NMR techniques (COSY,
HSQC, HMBC, and NOESY) indicated that 2 has a similar core structure
to 1, except for the benzoyl group at C-3’ which was replaced by an
acetyl group (8y 2.06, 8¢ 20.4, 170.9). Compound 2 contained two
cyclohexene moieties of (—)-1,6-desoxytingtanoxide (10), which was
also the endo-addition adduct from their Diels-Alder reaction [19]
(Fig. 2). The relative configuration of 2 was deduced from the coupling
constants and NOESY spectrum as well as the comparison with those of
1, indicating that compound 2 possesses the same relative configuration
as 1. The absolute configuration of 2 would be 2R,3R and 2’R,3'R as
described for compound 1 above. Thus, the structure of 2 was deduced
as a new dimer polyoxygenated cyclohexene, which was named cher-
revenisyl B.

Compound 3 was obtained as a pale yellow amorphous solid, and its
molecular formula C;gH;00g was deduced from HRESIMS (m/z
387.1062 [M + Na]™*), implying nine degrees of unsaturation. The IR
spectrum showed absorption bands for a hydroxy group (3372 cm™ 1),
monosubstituted aromatic rings (1601, 1583 and 714 cm ™ 1), and ester
carbonyl groups (1719 cm™ ). The 'H NMR spectroscopic data of 3
(Table 2) showed resonances for a mono-substituted benzene of benzoyl
methyl group, three oxymethines (6y 5.28, H-2; 5.48, H-3; 4.08, H-4),
an oxymethylene (6y 4.12, 4.32, H,-7), and two olefinic protons (dy
5.82, H-5; 5.58, H-6), together with two acetoxy groups. In addition,
the 3C NMR spectroscopic data (Table 2) showed 18 carbon resonances
including five oxygenated sp® carbons (8¢ 66.8, 68.9, 71.1, 72.2, and
74.3), two olefinic carbons (6:126.3 and 130.6), and two acetate
groups. Analysis of the COSY and HMQC spectra revealed the partial
connections (bold line) of H-2/H-3/H-4/H-5/H-6 which were further
connected based on long-range HMBC correlations (Fig. 5a). The HMBC
spectrum of 3 revealed long range correlations of the oxymethylene
protons at 8y 4.12, 4.32 (H»-7) to the oxymethine carbon at ¢ 72.2 (C-
2) and the quaternary oxygenated carbon at § 74.3 (C-1). Furthermore,
significant correlations of the oxymethine protons at 8y 5.28 (H-2) and
5.48 (H-3) to the carbonyl carbons at §c 170.5 proved the location of
each acetate group at C-2 and C-3, respectively. The H,-7 oxymethylene
protons and the aromatic protons at 8y 8.02 (H-2,6") correlated to the
ester carbonyl carbon at §c 166.1 which indicated the presence of the
benzoyl group at C-7. An additional hydroxy group was placed at the C-
1 position based on the molecular formula and the '*C NMR chemical
shift of C-1. The location of the secondary hydroxy group at the C-4 was
indicated by COSY correlations and also supported by the chemical shift
of H-4. The relative stereochemistry of compound 3 was further con-
firmed by the NOESY spectrum (Fig. 5b). H-3 showed a through-space
correlation with H-4. The same type of interaction was observed be-
tween H-2 and H-7. 1D and 2D NMR spectroscopic analyses indicated
that compound 3 has the same structure skeleton as an unnamed syn-
thetic intermediate of crotepoxide [20], which was later isolated as a
natural product named artabotrol A from the fungus Artabotrys mada-
gascariensis [21]. However, the absolute configurations of carbons C-1
and C-4 of 3 were opposite to those reported for artabotrol A. Besides,

O
7 O
(o) OH

Laron

5 5 P

oA
4
on = 0
a b

Fig. 5. a) 1H,lH COSY (bold line) and selected HMBC (H — C) correlations of 3. b) Key
NOESY correlation of 3.
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Table 3
Biological activities of the isolated compounds.

Compound Antimalarial ~ AntiTB Cytotoxicity

(ICso, pg/mL) (MIC, pg/mL) (ICso, pg/mL)
KB* MCF-7" NCI-H187°

1 7.34 Inactive Inactive Inactive 13.03

2 3.97 Inactive Inactive Inactive Inactive

3 Inactive Inactive 46.63 Inactive Inactive

4 Inactive Inactive Inactive Inactive Inactive

5 3.34 50.0 17.84 Inactive 3.46

6 Inactive Inactive Inactive Inactive Inactive

7 Inactive Inactive 49.03 Inactive 7.01

8 Inactive Inactive 22.93 23.99 21.34

9 Inactive Inactive 47.75 Inactive 2.84

10 Inactive Inactive 48.84 29.83 4.04

11 Inactive Inactive 11.19 10.34 24.64

12 Inactive Inactive 10.58 14.15 Inactive

13 Inactive Inactive Inactive Inactive Inactive

14 Inactive Inactive 41.51 Inactive 10.72

15 Inactive Inactive 11.27 21.48 Inactive

16 Inactive Inactive 1.26 2.08 3.98

17 Inactive Inactive 42.37 27.82 8.17

18 Inactive Inactive 11.36 6.45 12.81

Dihydroartemisinin 0.001

Isoniazid 0.05

Kanamycin sulfate 2.5

Ellipticine 0.36 0.26 0.32

2 Human epidermoid carcinoma in the mouth.
> Human breast adenocarcinoma.
¢ Human small cell lung cancer.

the sign of optical rotation for 3 (— 165.0°) was also opposite to that of
artabotral A (4 89.4°). Thus, compound 3 was determined as a new
polyoxygenated cyclohexene, which was named ellipeiopsol E.

The results of bioactivity tests on the isolated compounds are shown
in Table 3. Compounds 1, 2 and 5 exhibited antimalarial activity
against Plasmodium falciparum with ICso 7.34, 3.97 and 3.34 pg/mlL,
respectively. Only compound 5 showed a weak antimycobacterial ac-
tivity against Mycobacterium tuberculosis with MIC 50.0 ug/mL. Most of
the isolated compounds, with the exception of 2, 6 and 13, showed
cytotoxicity against three human cancer cell lines (KB, MCF-7 and NCI-
H187) with ICsq values ranging from 1.26-48.84 ug/mL. It should be
noted that 2 is the most potent antimalarial agent which is not cytotoxic
against the three cancer cell lines tested. Compound 1 also showed
cytotoxicity against the NCI-H187 cell line, suggesting that the presence
of the benzoyl and acetyl groups on structures 1 and 2 plays a role in
these activities. On the other hand, 2-methoxybenzylbenzoate (6),
bearing a methoxy group at C-2, was inactive when compared with
benzylbenzoate (5). Moreover, compound 5 was reported to have cy-
totoxicities against other cancer cells. [22]. However, all compounds
were not test for their cytotoxicity against a non-cancerous cell line.

Conflict of interest

All the authors declare that there is no conflict of interest con-
cerning this work.

Acknowledgments

We thank the Thailand Research Fund (RTA5980002) for financial
support. Support from the Higher Education Research Promotion and
National Research University Project of Thailand, Office of the Higher
Education Commission, through the Advanced Functional Materials
Cluster of Khon Kaen University and the Center for Innovation in
Chemistry (PERCH-CIC), Ministry of Education, Thailand, are gratefully
acknowledged. We are indebted to the Bioassay Research Facility of the

424

Fitoterapia 127 (2018) 420-424

National Center for Genetic Engineering and Biotechnology via the
Bioresources Research Network (BRN) for bioactivity tests.

Appendix A. Supplementary data

Spectroscopic data of compounds 1-3 can be found online at https://
doi.org/10.1016/j.fitote.2018.01.018.

References

[1] T. Smitinand, Thai Plant Names, Revised Edition, Prachachon Co. Limited,
Bangkok, 2001, p. 357.

Mabhidol University Foundation, Kok Ya E-San, Amarin Printing, Bangkok, 2000, pp.
103.

M. Kodpinid, C. Sadavongvivad, C. Thebtaranonth, Y. Thebtaranonth, Structures of
- senepoxide, tingtanoxide, and their diene precursors. Constituents of Uvaria
ferruginea, Tetrahedron Lett. 24 (1983) 2019-2022.

S.D. Jolad, J.J. Hoffmann, K.H. Schram, J.R. Cole, M.S. Tempesta, R.B. Bates,
Structures of zeylenol and zeylena, constituents of Uvaria zeylanica (Annonaceae), J.
Org. Chem. 46 (1981) 4267-4272.

V.S. Parmar, O.D. Tyagi, A. Malhotra, S.K. Singh, K.S. Bisht, R. Jain, Novel con-
stituents of Uvaria species, Nat. Prod. Rep. 11 (1994) 219-224.

Y.H. Liao, Z.M. Zou, J. Guo, L.Z. Xu, M. Zhu, S.L. Yang, Five polyoxygenated cy-
clohexenes from Uvaria grandiflora, J. Chin. Pharm. Sci. 9 (2000) 170-173.

X.P. Pan, R.-Y. Chen, D.Q. Yu, Polyoxygenated cyclohexenes from Uvaria grand-
iflora, Phytochemistry 47 (1988) 1063-1066.

G.X. Zhou, Y.J. Zhang, R.Y. Chen, D.Q. Yu, Three polyoxygenated cyclohexenes
from Uvaria calamistrata, J. Asian Nat. Prod. Res. 12 (2010) 696-701.

A. Kijjoa, J. Bessa, M.M.M. Pinto, C. Anatachoke, A.M.S. Solva, G. Eaton, W. Herz,
Polyoxygenated cyclohexene derivatives from Ellipeiopsis cherrevensis,
Phytochemistry 59 (2002) 543-549.

L. Wirasathien, T. Pengsuparp, M. Moriysu, K. Kawanishi, R. Suttisri, Cytotoxic C-
benzylated chalcone and other constituents of Ellipeiopsis cherrevensis, Arch. Pharm.
Res. 29 (2006) 497-502.

C. Auranwiwat, P. Wongsomboon, T. Thaima, R. Rattanajak,

S. Kamchonwongpaisan, A.C. Willis, W. Lie, S.G. Pyne, T. Limtharakul (nee
Ritthiwigrom), 2-Phenylnaphthalenes and a polyoxygenated cyclohexene from the
stem and root extracts of Uvaria cherrevensis (Annonaceae), Fitoterapia 120 (2017)
103-107.

M. Kodpinid, C. Sadavongvivad, C. Thebtaranonth, Y. Thebtaranonth, Benzyl
benzoates from the roots of Uvaria purpurea, Phytochemistry 23 (1984) 199-200.
T.A. Yapi, J.B. Boti, B.K. Attioua, A.C. Ahibo, A. Bighelli, J. Casanova, F. Tomi,
Three new natural compounds from the root bark essential oil from Xylopia ae-
thiopica, Phytochem. Anal. 23 (2012) 651-656.

S.J. Kim, H.J. Kim, H.J. Kim, Y.P. Jang, M.S. Oh, D.S. Jang, New patchoulane-type
sesquiterpenes from the rhizomes of Cyperus rotundus, Bull. Kor. Chem. Soc. 33
(2012) 3115-3118.

X.P. Pan, D.Q. Yu, Two polyoxygenated cyclohexenes from Uvaria grandiflora,
Phytochemistry 40 (1995) 1079-1711.

Z.J. Ma, Z.K. Meng, P. Zhang, Chemical constituents from Curcuma wenyujin,
Fitoterapia 80 (2009) 374-376.

M. Kodpinid, C. Thebtaranonth, Y. Thebtaranonth, Benzyl benzoates and O-hy-
droxybenzyl flavanones from Uvaria ferruginea, Phytochemistry 24 (1985)
3071-3072.

H.N. El-Sohly, W.L. Lasswell, C.D. Hufford, Two new C-benzylated flavanones from
Uvaria chamae and '>C NMR analysis of flavanone methyl ethers, J. Nat. Prod. 42
(1979) 264-270.

P.C. Stevenson, N.C. Veitch, M.S.J. Simmonds, Polyoxygenated cyclohexene deri-
vatives and other compound constituents from Kaempferia rotunda L,
Phytochemistry 68 (2007) 1579-1586.

A.M. Kupchan, R.J. Hemingway, R.M. Smith, Tumor inhibitors. XLV. Crotepoxide, a
novel cyclohexane diepoxide tumor inhibitor from Croton macrostachys, J. Org.
Chem. 34 (1968) 3898-3902.

B.T. Murphy, S. Cao, P.J. Brodie, J.S. Miller, F. Ratovoson, C. Birkinshaw,

E. Rakotobe, V.E. Rasamison, K. Tendyke, E.M. Suh, D.G. Kingston,
Antiproliferative compounds of Artabotrys madagascariensis from the Madagascar
rainforest, Nat. Prod. Res. 22 (2008) 1169-1175.

S. Lallo, S. Lee, D.F. Dibwe, Y. Tezuka, H. Morita, A new polyoxygenated cyclo-
hexane and other constituents from Kaempferia rotunda and their cytotoxic activity,
Nat. Prod. Res. 28 (2014) 1754-1759.

W. Trager, J.B. Jensen, Human malaria parasites in continuous culture, Science 193
(1976) 673-675.

R.E. Desjardins, C.J. Canfield, J.D. Haynes, J.D. Chulay, Quantitative assessment of
antimalarial activity in vitro by a semiautomated microdilution technique,
Antimicrob. Agents Chemother. 16 (1979) 710-718.

L. Collins, S.G. Franzblau, Microplate Alamar Blue assay versus BACTEC 460 system
for high-throughput screening of compounds against Mycobacterium tuberculosis and
Mycobacterium avium, Antimicrob. Agents Chemother. 41 (1997) 1004-1009.

P. Skehan, R. Storeng, D. Scudiero, A. Monks, J. McMahon, D. Vistica, J.T. Warren,
H. Bokesch, S. Kenney, M.R. Boyd, New colorimetric cytotoxicity assay for antic-
ancer-drug screening, J. Natl. Cancer Inst. 82 (1990) 1107-1112.

[2

[3]

[4]

[5]
[6]
[71
[8]

[9

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]


https://doi.org/10.1016/j.fitote.2018.01.018
https://doi.org/10.1016/j.fitote.2018.01.018
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0005
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0005
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0010
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0010
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0010
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0015
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0015
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0015
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0020
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0020
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0025
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0025
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0030
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0030
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0035
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0035
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0040
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0040
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0040
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0045
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0045
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0045
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0050
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0050
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0050
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0050
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0050
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0055
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0055
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0060
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0060
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0060
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0065
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0065
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0065
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0070
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0070
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0075
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0075
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0080
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0080
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0080
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0085
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0085
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0085
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0090
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0090
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0090
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0095
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0095
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0095
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0100
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0100
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0100
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0100
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0105
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0105
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0105
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0110
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0110
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0115
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0115
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0115
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0120
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0120
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0120
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0125
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0125
http://refhub.elsevier.com/S0367-326X(17)31649-0/rf0125

Natural Product Research
Formerly Natural Product Letters

ISSN: 1478-6419 (Print) 1478-6427 (Online) Journal homepage: https://www.tandfonline.com/loi/gnp|20

Taylor & Francis

Taylor & Francis Group

Inhibition of nitric oxide production by clerodane
diterpenoids from leaves and stems of Croton
poomae Esser

Apisara Somteds, Cholpisut Tantapakul, Kwanjai Kanokmedhakul, Surat
Laphookhieo, Piyaporn Phukhatmuen & Somdej Kanokmedhakul

To cite this article: Apisara Somteds, Cholpisut Tantapakul, Kwanjai Kanokmedhakul, Surat
Laphookhieo, Piyaporn Phukhatmuen & Somdej Kanokmedhakul (2019): Inhibition of nitric oxide
production by clerodane diterpenoids from leaves and stems of Crofon poomae Esser, Natural
Product Research, DOI: 10.1080/14786419.2019.1667350

To link to this article: https://doi.org/10.1080/14786419.2019.1667350

A
h View supplementary material (&

ﬁ Published online: 23 Sep 2019.

N
CA/ Submit your article to this journal &

A
h View related articles &'

@ View Crossmark data (&

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallnformation?journalCode=gnpl20


https://www.tandfonline.com/action/journalInformation?journalCode=gnpl20
https://www.tandfonline.com/loi/gnpl20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14786419.2019.1667350
https://doi.org/10.1080/14786419.2019.1667350
https://www.tandfonline.com/doi/suppl/10.1080/14786419.2019.1667350
https://www.tandfonline.com/doi/suppl/10.1080/14786419.2019.1667350
https://www.tandfonline.com/action/authorSubmission?journalCode=gnpl20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=gnpl20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/14786419.2019.1667350
https://www.tandfonline.com/doi/mlt/10.1080/14786419.2019.1667350
http://crossmark.crossref.org/dialog/?doi=10.1080/14786419.2019.1667350&domain=pdf&date_stamp=2019-09-23
http://crossmark.crossref.org/dialog/?doi=10.1080/14786419.2019.1667350&domain=pdf&date_stamp=2019-09-23

NATURAL PRODUCT RESEARCH Taylor & Francis
https://doi.org/10.1080/14786419.2019.1667350 Taylor & Francis Group

'.) Check for updates

Inhibition of nitric oxide production by clerodane
diterpenoids from leaves and stems of Croton
poomae Esser

Apisara Somteds®, Cholpisut Tantapakul®, Kwanjai Kanokmedhakul?, Surat
Laphookhieo®, Piyaporn Phukhatmuen® and Somdej Kanokmedhakul®

®Natural Products Research Unit, Department of Chemistry and Center of Excellence for Innovation
in Chemistry, Faculty of Science, Khon Kaen University, Khon Kaen, Thailand; ®Center of Chemical
Innovation for Sustainability (CIS), School of Science, Mae Fah Luang University, Chiang Rai, Thailand

ABSTRACT ARTICLE HISTORY
Chromatographic separation of crude extracts from the leaves Received 20 July 2019
and stems of Croton poomae Esser led to the isolation of two Accepted 1 September 2019
new clerodane diterpenes crotonolide K (1) and furocrotinsulolide
A acetate (2) and six known clerodane diterpenes (3-8), together
with twelve known compounds (9-20). Their structures were
established from spectroscopic analysis. The clerodane diterpe-
noids 1-8 were evaluated for inhibition of nitric oxide (NO) pro-
duction in LPS-activated RAW 264.7 macrophages. Compounds 1,
2, 5, 7 and 8 showed potent inhibitory effects, with 1Cso values
ranging from 32.19 to 48.85uM, which is better than both the
standard drugs indomethacin (154.5uM) and dexamethasone
(56.28 pM).

KEYWORDS
Anti-inflammatory; nitric
oxide; Croton poomae;
clerodane diterpenoids

Craton poomae Esser Inhibition of nitric oxide production

1. Introduction

Croton is a large genus in the Euphorbiaceae family consisting of approximately 1,300
species. Many species have long been used as traditional medicines in Asia, Africa and
South America (Salatino et al. 2007). Previous investigations of Croton have shown a
wide range of secondary metabolites, such as alkaloids (Suarez et al. 2004), phenolics
(Tala et al. 2013), terpenoids (Aguilar-Guadarrama and Rios, 2004; Kuo et al. 2013) and
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Figure 1. The structures of compounds 1-20.

volatile oils (Cavalcanti et al. 2012; Silva-Alves et al. 2015). Some of these compounds
display interesting biological activities, for example anti-inflammatory (Suérez et al. 2006;
Kuo et al. 2013; Cordeiro et al. 2016; Yang et al. 2016), cytotoxic (Sommit et al. 2003;
Zhang et al. 2013; Liu et al. 2014), antiviral (Wang et al. 2012), and antimicrobial (Liu
et al. 2014). In Thailand, Croton poomae is locally known as “Plau Phu Wua”, named after
Phu Wua, the single locality where it is commonly found. C. poomae is a tree, 10m in
height, and widely distributed in the North-Eastern part of Thailand (Esser, 2002).
Although C. poomae has been reported as a new species since 2002, its phytochemistry
and biological activity have not been reported. Recently, there was a report of clerodane
diterpenoids from the genus Croton that displayed nitric oxide (NO) inhibition (Zhang
et al. 2017). Therefore, the investigation of C. poomae became a focus of our work.
Herein we report the isolation and structural determination of twenty compounds
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including two new clerodane diterpenoids (1 and 2), as well as the inhibition of NO pro-
duction activity by clerodane diterpenoids 1-8 from C. poomae.

2. Results and discussion

The n-hexane, EtOAc and MeOH extracts of dried leaves and stems of C. poomae were
separated by silica gel column chromatography (CC), silica gel flash column chroma-
tography (FCC) and Sephadex LH-20 column chromatography to yield two new clero-
dane diterpenoids, crotonolide K (1) and furocrotinsulolide A acetate (2) and eighteen
known compounds (3-20). Structures of known compounds were identified by spec-
troscopic data measurements, as well as by comparing the data obtained with
published values, as furocrotinsulolide A (3) (Graikou et al. 2005), 3,4,15,16-diepoxy-
cleroda-13(16),14-diene-12,17-olide (4) (Pudhom and Sommit 2011), 15,16-epoxy-3p-
hydroxy-5(10),13(16),14-ent-halimatriene-17,(125)-olide (5) (Aldhaher et al. 2017),
crotonolide E (6) (Liu et al. 2014), crotonolide F (7) (Liu et al. 2014), 35,4f:15,16-die-
poxy-13(16),14-clerodadiene (8) (Harinantenaina et al. 2006), 1-hydroxy-guai-3,10(14)-
diene (9) (Ezzat and Motaal 2012), spathulenol (10) (Ragasa et al. 2003), 1/-hydroxy-
4(15),5E,10(14)-germacratriene (11) (Brown et al. 2003), scopoletin (12) (Vasconcelos
et al. 1998), fraxidin (13) (Garcez et al. 1999), 4-hydroxy-3-methoxybenzaldehyde (14)
(Ito et al. 2001), trans-coniferyl aldehyde (15) (Miyazawa and Hisama 2003), sinapyl
aldehyde (16) (Hiltunen et al. 2006), f5-sitosterol (17) (Chang et al. 2000), stigmasterol
(18) (Alam et al. 1996), stigmast-5-en-7-one (19) (Sangsopha et al. 2018), and 7-oxo-
p-sitosterol (20) (Pettit et al. 2000) as shown in Figure 1.

Compound 1 had the molecular formula CoH,504 deduced from the '*C NMR and
HRESIMS, m/z 353.1729 [M + Na]™ (calcd. for C5oH,604 + Na, 353.1727) data, indicating
eight degrees of unsaturation. The IR spectrum showed the presence of a hydroxyl
group at 3488cm ™, the carbonyl of an ester group at 1720cm ' and alkenes at 1459
and 1373cm™". The UV spectrum indicated an ester group at 210nm. The 'H and '3C
NMR spectroscopic data of 1 (Table S1 in supplementary material) were similar to
those of a known isolated clerodane diterpenoid, 15,16-epoxy-3/-hydroxy-
5(10),13(16),14-ent-halimatriene-17,(125)-olide (5) (Aldhaher et al. 2017). The main dif-
ference was the presence of the double bond at C-5/C-6 (in 1) instead of C-5/C-10 (in
5). This was confirmed by the appearance of two methine protons at dy 5.63, d,
J=6.1Hz, H-6/6c 119.5 and oy 2.13, m, H-10/6¢ 44.2 in 1, as well as the HMBC correla-
tions of H-10 to C-6 and C-20, and H-6 to C-4, C-7, C-8 and C-10 (Figure S1). The res-
onance of H-3 as a broad singlet at J4 3.51 indicated a f-equatorial orientation
(Graikou et al. 2005) which was confirmed by the NOESY correlations between H-3
and Hs-18, and H3-18 and H-10 (Figure S2). The correlations between H-12 and Hs-20
revealed that these protons were in o-orientation. From the above evidence, the rela-
tive configuration of 1 was assigned as the same as that of 5 except H-3 (Aldhaher
et al. 2017). Moreover, the absolute configuration of 1 was determined by comparison
of the experimental ECD with its calculated ECD spectra. The ECD calculations were
generated for two selected possible stereoisomers, 3R, 8R, 9R, 10R, 125 and 3§, 8S, 95,
10S, 12 R using Gaussian09 with DFT B3LYP/6-3114++G (d,p). The ECD experimental
spectrum of 1 corresponded to its calculated spectrum (Figure S4), therefore the
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absolute configuration of 1 was assigned as 3R, 8R, 9R, 10R, 12S. Thus, 1 was deduced
as a new celodane diterpene, 15,16-epoxy-3a-hydroxy-5(6)13(16),14-ent-halimatriene-
17,(125)-olide and was named crotonolide K.

Compound 2 had the molecular formula Cy,H300¢, deduced from the '*C NMR and
HRESIMS, m/z 413.1941 [M+ Na]* (calcd. for C55H300¢ + Na, 413.1940) data, indicating
eight degrees of unsaturation. The IR spectrum showed the absorption bands of
hydroxyl (3433cm™"), ester carbonyl (1715cm™ "), and alkene (1504cm™") groups. The
UV spectrum indicated an ester group at 211 nm. The 'H and ">C NMR spectral data of
2 (Table S1 in supplementary material) were similar to those of the known isolated furo-
crotinsulolide A (3) (Graikou et al. 2005). However, the hydroxy group at C-3 in 3 was
replaced by an acetoxy group, which was confirmed by NMR resonances at Jy 2.01, s/
Oc 22.8 and ¢ 170.2, and the high-field carbon signal of C-3 at Jc 68.6. The resonance
of H-3 at dy 4.73 appeared as a broad singlet, indicating a B-equatorial orientation of H-
3 in 2 was the same as those of 1 and 3 (Graikou et al. 2005). The NOESY correlations
between H-12 and Hs-20, H3-18 and Hs-19, and Hs-19 and Hs3-20 revealed that these
protons were o-orientation, while the correlations between H-2 and H-3, H-2p and H-
10, and H-8 and H-10 suggested the B-orientation of H-3, H-8 and H-10 (Figure S3).
Consequently, the relative configuration of 2 was assigned to be the same as that of
furocrotinsulolide A (3) (Graikou et al. 2005). Furthermore, the absolute configuration of
2 was assigned by comparison of the experimental ECD with its calculated ECD spectra
of two selected possible stereoisomers (3R, 4R, 5R, 8R, 9R, 10R, 125 and 3S, 4S, 58, 8§,
9S, 10S, 12R). The experimental ECD spectrum of 2 was matched with its calculated ECD
spectrum of 3R, 4R, 5R, 8R, 9R, 10R, 12S (Figure S5). Therefore, 2 was identified as a new
clerodane diterpenoid and was named furocrotinsulolide A acetate.

Compounds 1-8 were evaluated for their inhibition of NO production by LPS-
induced RAW 264.7 macrophages. The results show that 1, 2, 5, 7 and 8 inhibited NO
production with ICso values of 46.43, 31.99, 48.85, 42.04, and 32.19 uM, respectively,
which makes them more potent than the standard drugs, indomethacin (IC5q =
154.5uM) and dexamethasone (ICs, = 56.28 uM). Compounds 3, 4, and 6 showed
weak inhibitory activity with 1Cso values of 81.97, 86.98, and 74.78 uM, respectively
(Table S2 in supplementary material).

3. Experimental
3.1. Plant material

Leaves and stems of C. poomae Esser. were collected from Bung Kan Province,
Thailand, in December 2016, and were identified by Prof. Pranom Chantaranothai,
Department of Biology, Khon Kaen University, Thailand, where a voucher specimen (S.
Kanokmedhakul 32) has been deposited.

3.2. Extraction and isolation

Air-dried leaves of C. poomae (1.6 kg) were ground and successively extracted with n-
hexane, EtOAc, and MeOH (3 x 20L). The solvents were evaporated to dryness under
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reduced pressure to give crude n-hexane (39.9g, 2.49%), EtOAc (4799, 2.99%), and
MeOH (225.5 g, 14.09%) extracts, respectively.

The EtOAc extract (47.99) was separated on silica gel CC, eluted with a gradient
system of n-hexane-EtOAc and EtOAc-MeOH to give four fractions (EL;-EL,). Fraction
EL; was separated by silica gel CC, eluted with CH,Cl,-EtOAc (99.5:0.5 to 80:20), to
give five subfractions (ELs;-ELszs). Purification of subfraction ELs; by silica gel CC,
eluted with n-hexane-EtOAc (70:30) yielded a white solid of 6 (2.0 mg). Subfraction
ELs, was purified by silica gel CC, eluted with n-hexane-EtOAc (65:35) to yield a yellow
oil of 5 (18.3 mg). Subfraction EL; s was subjected to silica gel CC, eluted with CH,Cl,-
EtOAc (80:20), to yield a white solid of 2 (17.1 mg). The MeOH extract (225.5g) was
subjected to silica gel CC, eluted with a gradient system of n-hexane-EtOAc and
EtOAc-MeOH, to give five fractions (ML;-MLs). Fraction ML, was separated by silica gel
CC, eluted with n-hexane-CH,Cl, (40:60 to 0:100), to yield a white solid of 4
(885.4 mg), a yellow oil of 5 (23.3 mg) and colorless needles of 3 (123.5 mq).

The above extraction procedure was repeated with air-dried stems of C. poomae
(12.4kg) to give crude n-hexane (44.2g, 0.36%), crude EtOAc (52.699g, 0.43%), and
crude MeOH (386.5g, 3.12%) extracts, respectively. Solid in n-hexane extract was
washed with MeOH to give a white solid of 4 (4.0 g). The n-hexane extract (39.3 g) was
subjected to CC over silica gel, eluted with a gradient system of n-hexane-EtOAc and
EtOAc-MeOH to give nine fractions (HS;-HSy). Fraction HS, was purified by silica gel
CC, eluted with n-hexane-CH,Cl, (80:20 to 50:50), to yield a white amorphous powder
of 8 (168.1 mg) and colorless oil of 9 (6.7 mg). Fraction HS; was separated by silica gel
CC, eluted with n-hexane-EtOAc (100:0 to 50:50), to afford a white amorphous powder
of 10 (146.1mg) and a white solid of 19 (76.4mg). Fraction HSs was re-chromato-
graphed on silica gel CC, using CH,Cl,-EtOAc (100:0 to 50:50) as eluent, to give a yel-
low oil of 5 (62.9mg), a pale oil of 1 (39.5mg) and a yellow oil of 7 (14.6 mg). Solid in
subfraction HS3 was filtered out to give a white solid of 20 (68.0 mg). Fraction HS; was
separated by silica gel CC, eluted with n-hexane-CH,Cl, (20:80), to afford a colorless oil
of 11 (38.1 mg). The EtOAc extract (52.69g) was chromatographed by silica gel flash
column chromatography (FCC), eluted with a gradient system of n-hexane-EtOAc and
EtOAc-MeOH, to afford seven fractions (ES,-ES;). Fractions ES3 was applied to silica gel
CC, eluted with n-hexane-EtOAc (100:0 to 70:30), to give a white amorphous powder
of 10 (182.4 mg), a white solid of 17 (10.9 mg), and colorless needles of 18 (12.5 mg).
Fraction ES; was purified by silica gel FCC, eluted with n-hexane-acetone (80:20), to
give orange needles of 15 (14.3mg), orange needles of 16 (6.8 mg), a yellow oil of 5
(16.5mg) and colorless needles of 14 (15.5mgq). Fractions ESs was further purified by
silica gel CC, eluted with a gradient system of CH,Cl,-MeOH (97:3 to 90:10), to afford a
white solid of 12 (4.6 mg), orange needles of 13 (3.2mg) and colorless needles of 3
(340.9 mg). The MeOH extract (386.5g) was chromatographed on silica gel CC, eluted
with a gradient system of n-hexane-EtOAc and EtOAc-MeOH, to give four fractions
(MS;-MS,). Fraction MS, was subjected to silica gel CC, eluted with n-hexane-CH,Cl,
(40:60 to 0:100), to give seven subfractions (MS,;-MS, ;). Subfraction MS,; was chro-
matographed over Sephadex LH-20CC, eluted with MeOH, to give an additional
amount of 6 (6.4mg). Subfraction MS,4 was further purified by silica gel CC, eluted
with CH,Cl,-EtOAc (97:3), to yield an additional amount of 5 (8.4 mg).
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3.2.1. Crotonolide K (1)

Pale oil, [4]3** -41 (c 0.1, MeOH); UV (MeOH) Amax (log &) 210 (3.92) nm; ECD (c
3.58 x 10°* M, MeOH) hmax (I0g €) 202 (+4.86), 215 (-5.33) nm; IR (Neat) Vpmax 3488,
2946, 1720, 1459, 1373, 1265, 1227, 1135, 1079, 1029, 992, 945, 910, 874, 789, 733,
702cm™"; "H NMR (400 MHz, CDCls): 6 7.45 (1H, brs, H-16), 7.39 (1H, t, J= 1.8 Hz, H-15),
6.42 (1H, d, J=1.8Hz, H-14), 5.63 (1H, d, J=6.1Hz, H-6), 5.42 (1H, dd, J=12.4, 3.8 Hz,
H-12), 3.51 (1H, brs, H-3), 2.56-2.44 (1H, m, H-7pB), 2.30-2.22 (1H, m, H-110), 2.19-2.06
(1H, m, H-7a), 2.26 (1H, m, H-8), 2.13 (1H, m, H-10), 1.94-1.82 (1H, m, H-2a), 1.78-1.68
(1H, m, H-2B), 1.78-1.68 (1H, m, H-11p), 1.65-1.58 (1H, m, H-1p), 1.57-1.48 (1H, m, H-
1a), 1.15 (3H, s, H-19), 1.02 (3H, s, H-18), 0.99 (3H, s, H-20); "*C NMR (100 MHz, CDCl5):
5 172.9 (C-17), 143.7 (C-15), 141.5 (C-5), 139.6 (C-16), 125.4 (C-13), 119.5 (C-6), 108.6 (C-
14), 76.0 (C-3), 72.3 (C-12), 46.5 (C-8), 44.2 (C-10), 42.1 (C-11), 41.1 (C-4), 34.7 (C-9), 28.5
(C-18), 27.8 (C-2), 25.3 (C-19), 23.8 (C-7), 194 (C-1), 157 (C-20); HR-ESI-MS, m/z
353.1729 [M + Nal* (calcd. for CooH2604 + Na, 353.1727).

3.2.2. Furocrotinsulolide a acetate (2)
White solid, [a)3? +50 (c 0.1, MeOH); UV (MeOH) Amay (log &) 211 (3.58) nm; ECD (c
552 x 107* M, MeOH) Apax (log &) 203 (43.61), 220 (-5.02) nm; IR (Neat) vpax 3433,
2950, 2929, 2855, 1715, 1504, 1456, 1394, 1369, 1243, 1137, 1071, 1034, 874, 802,
753cm™"; '"H NMR (400 MHz, CDCly): 6 7.44 (1H, t, J=1.5Hz, H-16), 741 (1H, t
J=1.5Hz, H-15), 6.43 (1H, t, J=1.5Hz, H-14), 5.50 (1H, dd, J=11.5, 5.6 Hz, H-12), 4.73
(TH, brs, H-3), 2.37 (1H, dd, J=13.4, 5.6 Hz, H-118), 2.11 (1H, m, H-8), 2.08-2.03 (TH, m,
H-7B), 2.01 (3H, s, H-22), 1.80-1.65 (2H, m, H-2), 1.71-1.66 (1H, m, H-1a), 1.69 (1H, m, H-
10), 1.68-1.60 (1H, m, H-11a), 1.68-1.60 (1H, m, H-7a), 1.66-1.63 (1H, m, H-6p), 1.59 (3H,
s, H-18), 1.57-1.52 (1H, m, H-60), 1.42-1.35 (1H, m, H-1PB), 1.21 (3H, s, H-19), 1.10 (3H, s,
H-20); '*C NMR (100 MHz, CDCI 3): 0 172.7 (C-17), 170.2 (C-21), 143.8 (C-15), 1394 (C-
16), 126.2 (C-13), 108.6 (C-14), 88.7 (C-4), 72.2 (C-12), 68.7 (C-3), 51.3 (C-8), 47.7 (C-10),
45.0 (C-11), 42.1 (C-5), 36.9 (C-9), 31.5 (C-6), 30.3 (C-2), 22.8 (C-22), 17.8 (C-7), 17.3 (C-
19), 16.2 (C-1), 15.5 (C-18), 14.9 (C-20); HR-ESI-MS, m/z 413.1941 [M + Na]™ (calcd. for
Ca0H2604 + Na, 413.1940).

General experimental procedures, spectroscopic data and biological assay for
isolated compounds are provided in supplementary material.

4. Conclusion

This is the first report of the phytochemical and biological activity investigation of two
new clerodane diterpenoids, crotonolide K (1) and furocrotinsulolide A acetate (2), and
eighteen known compounds (3-20) from leaves and stems of C. poomae. The inhib-
ition of NO production in LPS-activated RAW 264.7 macrophages of clerodane
diterpenoids (1-8) showed that 1, 2, 5, 7, and 8 exhibited 1Cs, values ranging from
31.99-48.85 uM, which is significantly more potent inhibitory activity than the standard
drugs, indomethacin and dexamethasone. Compounds 3, 4 and 6 exhibited moderate
inhibition with 1Cs5o values ranging from 74.78-86.98 M. This result supports the anti-
inflammatory activity of clerodane diterpenoids from Croton species (Zhang et al.


https://doi.org/10.1080/14786419.2019.1667350

NATURAL PRODUCT RESEARCH 7

2017). Therefore, C. poomae is one of the valuable sources of bioactive clerodane
diterpenoids.
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ABSTRACT ARTICLE HISTORY
A new xanthone derivative, methyl 8-hydroxy-3-hydroxymethy Received 8 November 2016
Ixanthone-1-carboxylate (1), and seven known compounds, 8-hydroxy Accepted 6 January 2017
-3-methylxanthone-1-carboxylate (2), methyl 8-hydroxy-6-methylxan

) KEYWORDS
thone-1-carboxylate (3), ergosterol (4), cyathisterone (5), ergosta- Apiospora montagnei;
4,6,8(14),22-tetraen-3-one (6), calvasterone (7) and 2-hexyl-3- xanthone; cytotoxicit'y
methylmaleic anhydride (8) were first isolated from the fungus
Apiospora montagnei. Their structures were elucidated on the basis
of spectroscopic analysis (UV, IR, MS, 1D, and 2D NMR). Compounds
5 and 6 showed weak to very weak cytotoxicity against cancer cell
lines, NCI-H187 and KB.

5.9\

Apiospora montagnei Sacc.

1. Introduction

The fungus Apiospora montagnei Sacc. belongs to the Apiosporaceae family (Klemke et al.
2004). It is the only species in the genus Apiospora that has been studied. Previous reports
have shown that A. montagnei produces several secondary metabolites such as amide,

CONTACT Kwanjai Kanokmedhakul € kwanjai@kku.ac.th
@ Supplemental data for this article can be accessed at http://dx.doi.org/10.1080/14786419.2017.1290622.

© 2017 Informa UK Limited, trading as Taylor & Francis Group


mailto: kwanjai@kku.ac.th
http://dx.doi.org/10.1080/14786419.2017.1290622
http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/14786419.2017.1290622&domain=pdf
Computer
Rectangle


NATURAL PRODUCT RESEARCH 1767

coumarin (Alfatafta et al. 1994), isocoumarins (Ramos et al. 2013), cyclic peptides (Koguchi
et al. 2000; Kohno et al. 2000), diterpene, monomethyl esters, polyketide and xanthone
derivative (Klemke et al. 2004). Some of these compounds show antibacterial activity
(Alfatafta et al. 1994), cytotoxicity (Klemke et al. 2004) and proteasome inhibitory activity
(Kohno et al. 2000). Therefore, the chemical constituents and the biological activities of this
fungus were our interests in this study. We report herein the isolation and elucidation of a
new xanthone (1) and seven known compounds (2—8).

2. Results and discussion

Chromatographic separation of n-hexane, EtOAc and MeOH extracts yielded eight com-
pounds (1-8). The new compound (1) was determined by spectroscopic techniques (IR, UV,
'H and *C NMR, 2D NMR, and MS), whereas the seven known compounds were identified
by their physical properties and spectroscopic data measurements, as well as by comparing
the data obtained with published values, as being methyl 8-hydroxy-3-methylxanthone-1-car-
boxylate (2) (Li et al. 2011), methyl 8-hydroxy-6-methylxanthone-1-carboxylate (3) (Kachi &
Sassa 1986), ergosterol (4) (Smith & Korn 1968), cyathisterone (5) (Kawahara et al. 1994),
ergosta-4,6,8(14),22-tetraen-3-one (6) (Kawahara et al. 1994), calvasterone (7) (Kawahara
et al. 1994) and 2-hexyl-3-methylmaleic anhydride (8) (Buttery et al. 1980).

Compound 1 was obtained as yellow needles, and its molecular formula, C, H,,0,, was
deduced from HR-ESI-TOF-MS (m/z 301.0719 [M + H]*). The IR spectrum showed broad
absorption bands at 3430 (hydroxyl), 1731 (carbonyl of ester), and 1650 (aromatic ketone)
cm~". The UV spectrum exhibited adsorptions at 234, 259, 287, and 366 nm, which correspond
to xanthone chromophores (Kachi & Sassa 1986; Tian et al. 2015; Daengrot et al. 2016). The
'H NMR spectral data consisted of a chelated hydroxyl proton (5H 12.23, 1H, s, 8-OH), a set
of meta-coupled aromatic protons [, 7.53 (1H, brs, H-4) and 7.26 (1H, brs, H-2)], and a set
of 1,2,3-trisubstituent aromatic protons [§,, 7.57 (1H, t, J = 8.4 Hz,H-6), 6.88 (1H, d, / = 8.4 Hz,
H-5),and 6.80 (1H, d, J = 8.4 Hz, H-7)]. The latter was confirmed by COSY correlations between
H-5+H-6+H-7. Moreover, the 'TH NMR spectrum of 1 also exhibited the characteristic signals
of methyl ester [6H 4.01 3H, s, CO,Me)] and oxymethylene protons [6H 4.85 (2H, s, H-10)].
The HMBC spectrum showed correlations of the H-2 (5H 7.26) and OMe (6H 4.01) to the car-
bonyl of ester (5. 169.6), and H-10 to C-2 (6 120.5) and C-4 (6. 116.3), confirming the methyl
ester and hydroxymethyl units were located at C-1 and C-3, respectively. The COSY and HMBC
correlations are shown in Figure S1 (in Supplementary material). Therefore, compound 1
was assigned as a new methyl 8-hydroxy-3-hydroxymethylxanthone-1-carboxylate.

Compounds 1, 2, 5, 6 and 8 were evaluated for their biological activities (Table S1). All
compounds were inactive towards antimalarial test. The results showed that compound 5
exhibited weak cytotoxicity against the NCI-H187 cell line with an IC, value of 14.80 uM,
whereas compound 6 showed very weak cytotoxicity against KB and NCI-H187 cell lines
with IC,, values of 48.10 and 58.80 uM, respectively.

3. Experimental
3.1. General experimental procedures

Melting points were determined on a SANYO MPU350BM3.5 melting point apparatus (SANYO
Gallenkamp PLC, Leicestershire, UK) and were uncorrected. IR spectra were recorded using
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a BrukerTensor 27 FT-IR spectrometer (Agilent Technologies, USA). UV spectra were measured
on an Agilent 8453 UV-visible spectrophotometer (Agilent Technologies, USA). NMR spectra
were obtained from a Varian Mercury Plus 400 spectrometer (Varian, Inc., USA). Chemical
shifts were recorded on a & (ppm) scale using CDCl, as the solvent, and using residual CHC,
as an internal standard. HR-ESI-TOF-MS spectra were acquired using a Micromass Q-TOF-2
spectrometer (Bruker, Germany). Column chromatography was carried out over Merck silica
gel 60 (230—-400 mesh) (Merck, Darmstadt, Germany). TLC was performed with precoated
Merck silica gel 60 PF,, aluminium sheets (Merck, Darmstadt, Germany); the spots were
visualised under UV light (254 and 366 nm) and further by spraying with anisaldehyde and
then heating until charred.

3.2. Fungal material

3.2.1. Collection, isolation and taxonomy

The fungus A. montagnei was isolated from the leaf surface of Vanilla siamensis at Pathum
Thani Province, and was identified by Assoc. Prof. Kasem Soytong. Colony is white when
young and becomes brown to dark brown when mature. Mycelium is both immersed and
superficial in medium. Conidiophores areseptate, single or slightly straight, smooth wall,
hyaline to pale brown, sparingly septate. Conidia are lenticular, pale brown to brown, equa-
torial germ slit. This morphological identification is similar report of Kirk (1991). A voucher
specimen (No. Am01) was deposited at the Department of Plant Production Technology,
Faculty of Agricultural Technology, King Mongkut’s Institute of Technology Ladkrabang,
Bangkok Thailand. The fungus was cultivated on Potato Dextrose Broth (PDB) at 28—30 °C
for 30 days and filtered out to yield biomass and then air-dried.

3.3. Extraction and isolation

Air-dried biomass of A. montagnei (140 g) was ground into powder and then extracted suc-
cessively three times with n-hexane (1L X 3), EtOAc (1L x 3) and MeOH (1L x 3), respectively,
at room temperature. The filtered extracts were evaporated to yield crude extracts of n-hex-
ane (5.8 g,4.14%), EtOAc (7.3 g, 5.21%) and MeOH (7.1 g, 5.07%). The crude n-hexane extract
(5.8 g) was subjected to silica gel flash column chromatography (FCC), eluted with a gradient
system of n-hexane-EtOAc, EtOAc-MeOH to give eleven fractions (HF,—HF, ). Fraction HF,
was subjected to FCC, eluted with a gradient system of n-hexane-EtOAc to give three sub-
fractions (HF, ,—HF ). Subfraction HF,, was separated by preparative TLC using MeOH-
CHZCI2 (2:98) as an eluent, to afford compound 6 (54.3 mg). Subfraction HF, was repeated
by FCC, eluted with an isocratic system of n-hexane—CHZCIz-EtOAc (80:10:10) to provide two
fractions (HF, and HF ). Subfraction HF, was further purified by preparative TLC, using
CH,Cl,-n-hexane (50:50) as eluent, to yield compound 2 (12.4 mg). Fraction HF, was chro-
matographed on FCC, eluted with CH,Cl, to give two subfractions (HF7.1 and HFn). Subfraction
HF,, was repeated on FCC, eluting with an isocratic system of n-hexane-CH,Cl,-MeOH
(48:50:2) to provide three subfractions (HF,, ,—HF, ). Compound 5 (13.4 mg) was obtained
from subfractions HF, ., and HF, by preparative TLC using n-hexane-CHZCIz-MeOH (48:50:2)
as evaluated solvent. Fraction HF; was subjected by FCC, eluted with an isocratic system of
n-hexane-CHCl,-MeOH (48:50:2) to give four subfractions (HF, ,—HF; ). Subfraction HF , was
then purified by preparative TLC using n-hexane-CH,Cl, (50:50) as eluent, to yield compound
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3 (6.7 mg). Compound 4 (14.2 mg) was purified from subfraction HF,, by preparative TLC
using MeOH-CH,Cl, (2:98) as eluent. Fraction HF; was separated by FCC, eluted with an
isocratic system of n-hexane-CH,Cl -MeOH (48:50:2) to give two subfractions (HF, , and HF ).
Compound 7 (5.0 mg) was then recrystallized from subfraction HF, , using MeOH.The crude
EtOAc extract (7.3 g) was subjected to silica gel FCC and eluted with a gradient system of
n-hexane-EtOAc and EtOAc-MeOH to obtain nine fractions (EF,—EF,). Fraction EF, was further
purified by FCC, eluting with an isocratic system of n—hexane-CHzCI2 (50:50), to yield com-
pound 8 (74.2 mq). Fraction EF, had repeated FCC using CH,Cl, as eluent to provide six
subfractions (EF, ,—EF, /). Subfraction EF, , was purified by preparative TLC with CH,Cl-n-
hexane (50:50) as eluent, yielding an additional amount of compounds 8 (12.6 mg) and 2
(11.4 mq). Fraction EF, was separated by FCC, eluting with an isocratic system of n-hex-
ane-CHZCI2 (50:50), to give four subfractions (EF, ,—EFg ). Subfraction EF, , was further purified
by preparative TLC using CHZCIz—n-hexane (80:20) as eluent, to obtain compound 1 (6.8 mg).
The crude MeOH extract (7.1 g) was subjected to FCC, eluted with a gradient system of
EtOAc-MeOH, to provide four fractions (MF,—MF,). Fraction MF, was further subjected to
FCC, eluting with a gradient system of n-hexane-CH,Cl, to give three subfractions (MF, .-
MF, ,). Subfraction MF, | was then purified by preparative TLC using n-hexane-CH,Cl, (50:50)
as eluent, to yield an additional amount of compound 8 (8.2 mg). The additional amount of
compound 2 (6.0 mg) was purified by preparative TLC, eluting with n-hexane-CH,Cl -MeOH
(50:49:1). Fraction MF, was separated by FCC using a gradient system of n-hexane-EtOAc
and EtOAc-MeOH as eluent, to give three subfractions (MF, ,—MF, ). Subfraction MF, , was
further purified by preparative TLC, eluting with n-hexane-CH,Cl, (50:50), to obtain an addi-
tional amount of compound 1 (5.4 mg).

3.3.1. Methyl 8-hydroxy-3-hydroxymethylxanthone-1-carboxylate (1)

Yellow needles; mp 152155 °C; UV (CH,Cl,) A__ (log €): 234 (4.38), 259 (4.37), 287 (3.94), 366
(3.63) nm; IR (KBr) v, :3430,2952,2852,1731,1650, 1572, 1468, 1377 cm~"; "THNMR (400 MHz,
CDCl,):612.23(1H, s,8-0OH), 7.57 (1H, 1, J = 8.4 Hz, H-6), 7.53 (TH, brs, H-4), 7.26 (1H, brs, H-2),
6.88 (1H,d,J = 8.4 Hz, H-5),6.80 (1H, d, ) = 8.4 Hz, H-7), 4.85 (2H, 5, H-10), 4.01 (3H, 5, CO,Me);
3C NMR (100 MHz, CDCl,): 6 180.7 (C-9), 169.6 (1-CO,Me), 161.7 (C-8), 156.3 (C-4a), 155.7
(C-4b), 149.6 (C-3), 137.0 (C-6), 133.6 (C-1), 120.5 (C-2), 116.3 (C-4), 116.2 (C-9a), 110.9 (C-7),
108.9 (C-8a), 106.8 (C-5), 63.7 (C-10), 53.1 (1-COOMe); HRESITOFMS: m/z 301.0719 [M + H]*
(caled for C, .H.,O,, 301.0712).
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3.4. Biological activity procedures

3.4.1. Antimalarial assay

Antimalarial activity was evaluated against the parasite Plasmodium falciparum (K1, multi-
drug resistant strain), using the method of Targer and Jensen (Trager & Jensen 1976).
Quantitative assessment of malarial activity in vitro was determined by means of a micro-
culture radioisotope technique based upon the method of Desjardins (Desjardins et al. 1979).
Theinhibitory concentration (IC,,) represents the concentration which causes 50% reduction
in parasite growth as indicated by the in vitro uptake of [*H]-hypoxanthine by P. falciparum.
The standard compound was artemisinin.



1770 (&) S.ARTHANETAL.

6 8

Figure 1. Structure of compounds 1-8.

3.4.2. Antimycobacterial assay

Antimycobacterial activity was assessed against Mycobacterium tuberculosis H37Ra using
the Microplate Alamar blue assay (MABA) (Collins & Franzblau 1997). The standard drug was
isoniazid.

3.4.3. Cytotoxicity assay

Cytotoxicity assays against human epidermoid carcinoma (KB), human breast adenocarci-
noma (MCF7) and human small cell lung cancer (NCI-H187) were performed employing the
colorimetric method as described by Skehan and co-workers (Skehan et al. 1990). The ref-
erence substances were amphotericin B and ellipticine.

4. Conclusion

The investigation of constituents of the dried fungal biomass of A. montagnei led to the
isolation of one new xanthone, methyl 8-hydroxy-3-hydroxymethylxanthone-1-carboxylate
(1), and seven known compounds (2—8) (Figure 1). All of these compounds were reported
from A. montagnei for the first time. The occurrence of xanthone derivatives (1-3) from this
fungus is in agreement with the previous report (Klemke et al. 2004). This might be consid-
ered as one of markers for the fungus A. montagnei. The structures were elucidated by inten-
sive spectroscopic analyses. Cyathisterone (5) exhibited weak cytotoxicity against NCI-H187
cancer cell. In addition, ergosta-4,6,8(14),22-tetraen-3-one (6) showed very weak cytotoxicity
towards KB and NCI-H187 cancer cell lines.
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ABSTRACT: Two new sterigmatocystin derivatives, oxisterigmatocystins E and F (1 and 2, respectively), along with nine
known compounds, oxisterigmatocystins G and H (3 and 4, respectively), sterigmatocystin (5), N-0532B (6), O-
methylsterigmatocystin (7), N-0532A (8), 6-O-methylversicolorin A (9), 6,8-O-dimethylversicolorin A (10), and 8-O-
methylaverufin (11), were isolated from the fungus Botryotrichum piluliferum. The structures of these mycotoxins were elucidated
by spectroscopic evidence. Among these, compounds 3, 4, and 9 were discovered as natural products for the first time.
Compounds 1, 3, and 4 displayed antimalarial activity toward Plasmodium falciparum (ICsy = 7.9—23.9 uM). In addition,
compounds 1—6 and 8—11 exhibited cytotoxicity against KB, MCF-7, and NCI-H187 cell lines (ICs, = 0.38—78.6 uM).
However, compounds 1—9 showed cytotoxic effects against the Vero cell line (ICs, = 0.65—12.3 uM). This finding should
promote awareness of the contamination of B. piluliferum in the food chain and agricultural soil.

KEYWORDS: Botryotrichum piluliferum, Chaetomiaceae, sterigmatocystin, mycotoxin, cytotoxicity

B INTRODUCTION

The fungus Botryotrichum piluliferum belongs to the family
Chaetomiaceae." Colonies grown on potato dextrose agar are
white when young and turn pale brown when mature, at 30 °C
in 7 days, with septate mycelia, branches, and setae. Conidia are
chain-like on hyaline conidiophores, globose, 12.50—15.50 ym
diameter, with irregularly thick walls of 3.0—3.5 pm. Tele-
omorphs were not found in this isolate. It was morphologically
identified according to Domsch et al.' and Downing.” The
fungus B. piluliferum has been reported as one of the seedborne
fungi of chili pepper.” Previous chemical investigation on the
genus Botryotrichum has reported it to contain asterriquinone
CT2 from Botryotrichum spp.* and botryolides A—E,’
decarestrictine D, and sterigmatocystin® from Botryotrichum
sp. (NRRL38180).” However, no studies on the chemical
constituents and bioactivity of B. piluliferum have been found.

Many fungi such as Aspergillus species,’ Aschersonia coffeae
Henn. BCC 28712,” and Penicillium chrysogenum8 including
Botryotrichum sp. (NRRL 38180)° have been reported to
produce mycotoxins. Mycotoxins have been reported as
mutagenic and having carcinogenic effects in animals and

110
humans.”

In our continuing investigation on bioactive
metabolites from fungi isolated from Thai soil, crude n-hexane
and EtOAc extracts of B. piluliferum displayed cytotoxicity
against the KB cell line with 85.5 and 59.7% inhibition,
respectively, at a concentration of 50 pg/mL. Moreover, the
EtOAc extract presented cytotoxicity toward the MCEF-7 cell
line with 57.5% inhibition. Herein, the isolation, structural
elucidation, and bioactivities of 11 mycotoxins from B. pilulife-

rum are presented.

-4 ACS Publications  © 2017 American Chemical Society
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B MATERIALS AND METHODS

General Experimental Procedures. Optical rotations were
measured on a DIP-1000 digital polarimeter (JASCO, Easton, MD,
USA). IR spectra were obtained using a Bruker Tenser 27
spectrophotometer (Bruker, Ettlingen, Germany). UV spectra were
recorded on an Agilent 8453 UV—visible spectrophotometer (Agilent
Technologies, Santa Clara, CA, USA). NMR spectra were acquired on
a Varian Mercury Plus 400 spectrometer (Varian, Palo Alto, CA,
USA). HRESI-TOFMS were recorded on a Micromass Q-TOF 2
hybrid quadrupole time-of-flight (Q-TOF) mass spectrometer (Micro-
mass, Manchester, UK). Silica gel 60 (Merck, Darmstadt, Germany)
230—400 mesh was used for CC. TLC was performed on precoated
silica gel 60 PF254 (Merck).

Fungal Material. The fungus strain (no. Bp01) was isolated from
forest soil collected from Three Pagoda Pass, Sangkhla Buri,
Kanchanaburi province, Thailand, in 2010. It was identified as
B. piluliferum by K. Soytong, one of the co-authors. The fungus was
cultured at 25—28 °C for 9 weeks using the method described in our
previous paper.'' The biomass was collected by filtering, air-dried, and
ground into a powder.

Extraction and Isolation. The biomass powder of B. piluliferum
(240 g) was extracted successively with n-hexane (1 L X 3), EtOAc (1
L X 3), and MeOH (1 L X 3) by stirring at room temperature. The n-
hexane extract (5.7 g) was separated by silica gel flash column
chromatography (FCC) (45 X S cm), eluting with a mixture of n-
hexane/EtOAc (95:5, 90:10, 80:20, 70:30, 60:40, 40:60, 20:80, 0:100
v/v, 300 mL each) and EtOAc/MeOH (90:10, 80:20, 70:30, 50:50,
30:70, 0:100 v/v, 300 mL each), to give 36 fractions. Analysis of TLC
characteristics gave five pooled fractions, FH,—FHs. Recrystallization
of fraction FH,; (76 mg) from CH,Cl, yielded 9 (30 mg). Fraction
FH, (196 mg) was purified using preparative TLC, eluted with 101
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Table 1. 'H and *C NMR Spectroscopic Data for Compounds 1—4

1 2 3 4

position Ou ¢ Ou ¢ Ou ¢ Ou ¢
1 163.7 163.6 163.4 163.3
2 6.38 s 90.9 638 s 90.4 633 s 90.6 633 s 90.2
3 163.7 163.9 163.1 163.3
4 105.9 106.2 105.6 106.0
4a 153.6 153.3 1583.5 1532
5 7.08 d (9.0)° 1137 7.14d (9.0) 1138 6.89d (84) 1090 693 d (84) 109.1
7.58 d (9.0) 134.2 7.61 d (9.0) 134.3 7.48 t (8.4) 133.7 749 t (8.4) 133.7
124.7 1248 675 d (84) 1064 677 d (84) 106.5
8 156.2 156.3 160.7 160.8
8a 119.1 119.2 1139 114.0
9 173.9 174.2 1752 175.3
9a 108.4 108.2 109.1 108.9
10a 154.7 154.8 156.7 156.8
1 6.51 d (6.0) 112.6 6.55 d (6.0) 113.8 6.48 d (6.0) 112.4 6.51 d (6.0) 113.6
2 4.30 ddd (9.6, 7.2, 6.0) 42.6 426 ddd (7.2, 6.0, 2.4) 42.7 4.28 ddd (10.4, 6.0, 4.0) 42.7 4.25 dd (104, 6.0) 42.7
3 2.55 m 37.1 2.54 dd (7.2, 4.0) 37.0 2.54 td (8.4, 4.0) 37.1 2.54 dd (6.0, 2.4) 37.0
4’ 6.39 dd (9.6, 4.0) 98.6 6.46 brd (4.0) 98.7 6.38 t (4.0) 98.6 6.43 brd (2.4) 98.7
s 169.8 169.8 169.8 169.8
6’ 2.11s 21.2 1.69 s 21.1 210 s 21.2 1.67 s 21.1
1-OMe 3.96 s 56.9 397 s 56.9 391s 56.7 391 s 56.5
8-OMe 4.03 s 62.0 4.05 s 62.0 395 s 56.5 395 s 56.7

“Values in parentheses are coupling constants in hertz.

mL of n-hexane/CH,Cl,/MeOH (40:60:1, developed six times) to
give S (44 mg, Ry= 0.47) and 6 (13 mg, Re= 0.56). Fraction FH; (681
mg) was further subjected to a silica gel FCC (45 X 3 cm) eluting with
1.8 L of an isocratic system of n-hexane/CH,Cl, (40:60) to give 10 (3
mg) and 8 (41 mg). Fraction FH, (154 mg) was subjected to
Sephadex LH-20 (4S X 2 cm), eluting with 400 mL of MeOH to yield
11 (17 mg). Compound 7 (9 mg, R; = 0.42) was obtained from FHj
(102 mg) using preparative TLC with hexane/CH,Cl,/MeOH
(5:95:2, developed three times). The EtOAc extract (9.3 g) was
chromatographed on silica gel FCC (45 X 6 cm), eluting with a
mixture of n-hexane/acetone (100:0, 90:10, 80:20, 70:30, 60:40, 40:60,
20:80, 0:100 v/v, 500 mL each) followed by acetone/MeOH (90:10,
80:20, 70, 60:40, 50:50, 30:70, 0:100 v/v, 300 mL each) to give 41
collected fractions. On the basis of their TLC characteristics, these
gave six pooled fractions, FE,—FE,. Fraction FE, (325 mg) was
chromatographed over silica gel FCC (45 X 3 cm), eluting with 1.5 L
of n-hexane/CH,Cl, (20:80) and pooled to two subfractions, FE, (62
mg) and FE,, (115 mg). Fraction FE,; was purified using preparative
TLC and eluted with 100 mL of CH,Cl,/MeOH (98:2, developed
three times) to afford 1 (7 mg, R, = 0.49). Fraction FE; (1.25 g) was
placed on silica gel FCC (45 X 4 cm), eluted with 2.4 L of an isocratic
system of CH,Cl,/EtOAc (97:3), and pooled to two subfractions,
FE;; (102 mg) and FEs, (720 mg). Subfraction FEg; was purified
using preparative TLC and eluted with 101 mL of CH,Cl,/EtOAc/
MeOH (70:30:1, developed six times) to yield 3 (15 mg, Re= 0.64)
and 4 (11 mg, R; = 0.57). The MeOH extract (16.1 g) was applied to
silica gel FCC (4S5 X 6 cm), eluted with a mixture of n-hexane/EtOAc
(100:0, 90:10, 80:20, 70:30, 60:40, 40:60, 20:80, 0:100 v/v, 300 mL
each) and EtOAc/MeOH, (90:10, 80:20, 70:30, 60:40, 50:50, 30:70,
0:100 v/v, 300 mL each) to give 32 collected fractions. On the basis of
their TLC characteristics, these gave four pooled fractions, FM,—FM.,.
Fraction FM, (97 mg) was chromatographed on silica gel FCC,
eluting with an isocratic system of CH,Cl,/EtOAc (70:30, 1 L) to give
11 (6 mg). Purification of FM; (150 mg) by preparative TLC, using
101 mL of CH,Cl,/EtOAc/MeOH (75:25:1, developed four times),
gave 1 (4 mg, Ry = 0.77) and 2 (3 mg, R, = 0.72).
Oxisterigmatocystin E, 1: pale yellow solid; mp 223-224 °C;
[a]®p —121.7 (¢ 0.1, CHCL); UV (MeOH) A, (log €) 224 (3.59),
245 (3.67), 307 (3.19) nm; IR (film, CH,CL,) vy, 2932, 2852, 1749,
1664, 1639, 1593, 1418, 1228, 1084 cm™'; 'H and *C NMR data
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(CDCl;, 400 and 100 MHz) (Table 1); HR-ESI-TOFMS m/z
433.0677 [M + H]* (caled for C,H;,ClOg + H, 433.0690), m/z
435.0666 [M + 2 + H]* (caled for C,;H,,ClOg + 2 + H, 435.0661).

Oxisterigmatocystin F, 2: pale yellow solid; mp 184—185 °C;
[a]®p —196.5 (¢ 0.1, CHCLy); UV (MeOH) A, (log €) 220 (3.50),
243 (3.69), 309 (3.10) nm; IR (film, CH,CL,) v,,,, 2928, 2853, 1752,
1659, 1634, 1591, 1452, 1222, 1080 cm™'; 'H and *C NMR data
(CDCl;, 400 and 100 MHz) (Table 1); HR-ESI-TOFMS m/z
433.0689 [M + H]* (caled for C,;H;,ClOg + H, 433.0690), m/z
435.0674 [M + 2 + H]" (caled for C,;H,,ClOg + 2 + H, 435.0661).

Oxisterigmatocystin G, 3: pale yellow solid; mp 202—203 °C;
[a]®p —99.5 (¢ 0.1, CHCL); UV (MeOH) A, (log €) 207 (3.43),
238 (3.53), 307 (3.13) nm; IR (film, CH,CL,) vy, 2929, 2863, 1752,
1659, 1635, 1591, 1462, 1223, 1081 cm™'; 'H and *C NMR data
(CDCl;, 400 and 100 MHz) (Table 1); HR-ESI-TOFMS m/z
399.1099 [M + H]* (caled for C, H,4Og + H, 399.1080).

Oxisterigmatocystin H, 4: pale yellow solid; mp 180—182 °C;
[a]®p —198.2 (¢ 0.1, CHCL); UV (MeOH) A, (log €) 205 (3.70),
237 (3.72), 309 (3.42) nm; IR (film, CH,CL,) v, 2848, 1752, 1659,
1641, 1600, 1471, 1267, 1100 cm™; 'H and *C NMR data (CDCL,,
400 and 100 MHz) (Table 1); HR-ESI-TOFMS m/z 399.1097 [M +
H]* (caled for C,H;3Og + H, 399.1080).

6-O-Methylversicolorin A, 9: yellow needles; mp 233-235 °C;
[a]*, —312.8 (c 0.1, CHCL,); UV (MeOH) 4., (log €) 229 (3.34),
288 (3.54), 445 (3.06) nm; IR (film, CH,Cl,) vy, 2927, 2852, 1629,
1613, 1579, 1383, 1305, 1212, 1155 cm™}; 'H NMR (CDCl,, 400
MHz) 6 3.92 (3H, s, OMe-6), 4.72 (1H, dt, ] = 7.2, 2.4 Hz, H-2'), 5.44
(1H, t, J = 2.4 Hz, H-3'), 6.50 (1H, t, ] = 2.4 Hz, H-4'), 6.65 (1H, d, |
=24 Hz, H-7),6.81 (1H,d, ] = 7.2 Hz, H-1'), 7.32 (1H, d, ] = 2.4 Hz,
H-5), 7.33 (1H, s, H-4), 12.26 (1H, s, OH-8), and 12.38 (1H, s, OH-
1); *C NMR (CDCl,, 100 MHz) 6 48.3 (C-2'), 56.2 (OMe-6), 101.9
(C-3'), 103.6 (C-4), 107.0 (C-7), 108.6 (C-5), 110.0 (C-8a), 112.0
(C-9a), 113.1 (C-1"), 120.7 (C-2), 135.1 (C-4a), 136.0 (C-10a), 145.7
(C-4'),159.6 (C-1), 164.8 (C-3), 165.2 (C-8), 166.5 (C-6), 181.5 (C-
10), and 190.3 (C-9); HR-ESI-TOFMS m/z 375.0481 [M + Na]*
(caled for C,oH;,0; + Na, 375.0481).

Antimalarial Assay. The antimalarial assay was carried out using a
method described by Trager and Jensen'” and Desjardins et al." as
described in our previous paper."'

DOI: 10.1021/acs jafc.6b05522
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Cytotoxicity Assays. Cytotoxicity assays against three cancer cell
lines, KB, MCF-7, and NCI-H187, were carried out by O’Brien’s
method."* The cytotoxicity assays against Vero cell used the method
described by Hunt and co-workers," as in our previous paper."'

B RESULTS AND DISCUSSION

The chromatographic separation of biomass powder of
B. piluliferum gave two new sterigmatocystin derivatives, 1
and 2, and nine known compounds, 3—11 (Figure 1). Their

8
OCH;0

OCHj

1 R=Cl
3 R=H

OO0
R
OCH;O  OCHj,

7R=H
8 R=Cl

Figure 1. Structures of the isolated compounds 1—11.

structures were identified by spectroscopic data and by
comparing the data obtained to those of related known
compounds published in the literature. They were oxister-
igmatocystins E and F (1 and 2, respectively), oxisterigmato-
cystins G and H (3 and 4, respectively), sterigmatocystin (5),"°
N-0532B (6),'” O-methylsterigmatocystin (7),"® N-0532A
(8),"” 6-O-methylversicolorin A (9), 6,8-O-dimethylversicolor-
in A (10)," and 8-O-methylaverufin (11).” Compounds 3, 4,
and 9 were isolated from the natural source for the first time.

Compounds 1 and 2 had the molecular formula C,;H;,ClO,
derived from *C NMR and HR-ESI-TOEMS, signifying 13
indices of hydrogen deficiency. The IR spectra of compounds 1
and 2 showed absorption bands for ester (1749/1752 cm™),
aromatic ketone (1664/1659 cm™), and aromatic (1418/1452
cm™") groups. The *C NMR and DEPT spectra of these two
compounds indicated 21 carbon signals attributable to 3
methyls (2 methoxy and an acetoxy group), a methylene, 3 sp*
methines, 3 sp® methines, and 11 sp® quaternary (including two
carbonyl) carbons. The 'H and *C NMR spectroscopic data of
1 (Table 1) agreed with those of isolated N-0532A (8),"
except that the double bond at C-3" was saturated by a proton
at C-3' [8yc 2.55 (m, H,-3')/37.1] and an acetoxy group at C-
4 [6y)c 2.11(s)/21.2, 6c 169.8]. The three resonances of
aromatic protons appeared at § 6.38 (s, H-2), 7.08 (d, ] = 9.0
Hz, H-5), and 7.58 (d, ] = 9.0 Hz, H-6). Correlations of H-1'/
H-2'/H,-3'/H-4" in the COSY spectrum confirmed the lack of
a double bond at C-3' of the bishydrofuran unit. The HMBC
also indicated the connectivity of an acetoxy group through C-
4’ by showing correlations of H;-6" to C-5" and C-4’ and H-4
to C-S' (Figure 2).

The 'H and “C NMR spectroscopic data of 2 (Table 1)
were similar to those of 1, except that the resonance of methyl
protons of the acetoxy group at C-4’ of 2 (5 1.69) appeared at a
higher field than that of 1 (§ 2.11). The coupling constants
between H-1' and H-2' (J = 6.0 Hz) and the NOESY
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Figure 2. Selected HMBC correlations of compound 1.

correlations of the two protons of 1 and 2 revealed a cis ring
fusion, the same as in the sterigmatocystin (5),'****" which
allowed assignment of the absolute configurations at both C-1’
and C-2" as S. The assignment of configurations at C-4’ of 1
and 2 as R and S were determined by comparing the '"H NMR
resonances of an acetoxy group to those reported for related
analogues, dothistromin pentaacetate”” and oxisterigmatocystin
D.*’ The methyl protons of the 4'-acetoxy group of 2 appeared
at a higher field (6y 1.69) than in 1 (8y 2.11), agreeing with
that reported for endo dothistromin pentaacetate (5 1.67),”
which was due to the strong shielding effect of xanthone
(Figure 3). On the other hand, the 4'-acetoxy group of 1
showed a resonance at oy 2.11, suggesting the exo arrangement
(Figure 3), which corresponds to that of oxisterigmatocystin D
(8y 2.07).” Furthermore, the optical rotation value of 1 was
different from that of 2, suggesting the different configurations
at C-4’ of the two compounds. On the basis of the above
evidence, the structure of 1, oxisterigmatocystin E, was
determined as a new sterigmatocystin derivative. Compound
2, oxisterigmatocystin F, was identified as the C-4" epimer of 1
(Figure 1).

Compounds 3 and 4 possessed a molecular formula of
C,;H,30; from *C NMR and HR-ESI-TOFMS, indicating 13
degrees of hydrogen deficiency. IR spectra of both 3 and 4
showed bands for ester (1752/1752 cm™), aromatic ketone
(1659/1659 cm™), and aromatic (1462/1471 cm™") groups.
Their *C NMR and DEPT spectra displayed 21 carbon signals
attributable to 3 methyls (2 methoxy groups and an acetoxy
group), a methylene, 4 sp> methines, 3 sp> methines, and 10 sp*
quaternary (including two carbonyl) carbons. The 'H NMR,
C NMR, and DEPT spectroscopic data of 3 (Table 1) were
similar to those of 1, except for the presence of an additional
sp” methine proton at C-7 [y 6.75 (d, ] = 8.4 Hz, H-7)]. This
information, together with the absence of Cl isotope in the MS
data, established that the chlorine atom was displaced by an sp*
methine proton. The COSY spectrum showed correlations of
H-5/H-6/H-7, indicating trisubstitution of the aromatic ring.
The HMBC spectrum of 3 clearly demonstrated correlations of
H-7 to C-8a and C-5, H-6 to C-8 and C-10a, and H-5 to C-7,
C-8a, and C-10a, confirming the structure of 3. Because the
resonances of acetoxy groups of 3 (8 2.10) and 4 (6y 1.67)
appeared at low and high fields in the same manner as those of
1 and 2, the configurations at C-4" of 3 and 4 were assigned as
R and §, respectively. Moreover, the optical rotation values of 3
and 4 were comparable to those of 1 and 2, respectively.
However, compounds 3 and 4 have been previously reported as
synthetic mixture products during the preparation of O-
methylsterigmatocystin (7). This is the first isolation of
compounds 3 and 4 from a natural source, and they have been
named oxisterigmatocystin G (3) and oxisterigmatocystin H
(4). Their spectroscopic data were also reported.

DOI: 10.1021/acs jafc.6b05522
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1

Figure 3. Structures of 1 (exo-form) and 2 (endo- form), energy minimized using MM2.

Table 2. Biological Activity of Compounds 1—11

cytotoxicity ICgy (M)

compound antimalarial ICs, (uM) KB“ MCE-7° NCI-H187° Vero cell?
1 79 7.7 78.6 109 9.7
2 >100 28.5 38.7 25.7 4.3
3 14.7 3.5 6.9 11.6 1.6
4 239 25.1 33.6 22.8 6.0
S >100 >100 >100 70.3 0.82
6 >100 >100 >100 62.2 0.65
7 >100 >100 >100 >100 12.3
8 >100 >100 >100 353 2.3
9 >100 >100 36.1 2.1 2.5
10 >100 >100 >100 0.38 >100
11 >100 >100 >100 44.9 >100
dihydroartemisinin 0.004
doxorubicin 0.83 17.0 0.16
ellipticine 4.9 4.7 2.5

“Human epidermoid carcinoma in the mouth. “Human breast adenocarcinoma. “Human small cell lung cancer. “African green monkey kidney.

Compound 9 had the molecular formula C,yH;,0,, deduced
from C NMR and HR-ESI-TOFMS, requiring 14 degrees of
hydrogen deficiency. The IR spectrum displayed absorption
bands for aromatic ketones (1629 and 1613 cm™) and
aromatic (1579 cm™) groups. The *C NMR and DEPT
spectra displayed 19 carbon signals for a methoxy, S sp
methines, 2 sp® methines, and 11 sp’ quaternary (including
two carbonyl) carbons. Careful examination of 1D and 2D
NMR data indicated that the structure of 9 was similar to that
of 6,8-O-dimethylversicolorin A, which has been previously
reported as a methylation product of versicolorin A.>> The
HMBC spectrum revealed correlations of hydroxyl proton at C-
8 to C-7, C-8, and C-8a, confirming the position of the
hydroxyl group at C-8. Besides, the correlations of H-4 to C-2,
C-3, C-10, and C-9a, H-5 to C-7, C-8a, and C-10, H-7 to C-5,
C-6, C-8, and C-8a, H-1’ to C-3, C-2/, C-3, and C-4’, H-3' to
C-1’ and C-2/, H-4' to C-2’, methoxyl protons at C-6 to C-6,
and hydroxyl proton (OH-1) to C-1, C-2, and C-9a indicated
the structure of 9. The absolute configuration of 9 was assigned
to be the same as that of 6,8-O-dimethylversicolorin A (10) by
comparing their optical rotations, —320 (c 0.12, dioxane) for
10" and —312.8 (¢ 0.1, CHCL,) for 9. Thus, this is the first
report of 6-O-methylversicolorin A (9) isolated from a natural
source.

Compounds 1, 3, and 4 showed antimalarial activity against
P. falciparum with ICy, values of 7.9, 14.7, and 23.9 uM,
respectively. Compounds 1—4 exhibited cytotoxicity against
three cancer cell lines (KB, MCF-7, and NCI-H187) with ICs,
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values ranging from 3.5 to 78.6 yM. Compound 3 showed
significant cytotoxicity against KB cells with an ICg, value of 3.5
uM, which is lower than that of the control drug ellipticine.
Furthermore, 3 was cytotoxic against the MCF-7 cell line with
an ICs, value of 6.9 uM, which is lower than that of the control
drug doxorubicin. However, 3 was highly cytotoxic toward the
normal cell line (Vero cell) with an ICs, value of 1.6 uM, which
is lower than the that of the control drug ellipticine, 2.5 M.
Among compounds 1—4, the influence of an exo versus an endo
arrangement was noted. The exo arrangements in 1 and 3
showed both higher antimalarial activity and cytotoxicity
against cancer cells than their endo analogues, 2 and 4. It
should be noted that the missing double bond at C-3" and the
presence of an acetoxy group at C-4’ of sterigmatocystin
derivatives 1—4 would play important roles for cytotoxicity
enhancement when compared to derivatives 5—8. Moreover,
the double bond at C-3' and C-4" of sterigmatocystin
derivatives 5—8 exhibited no cytotoxicity (>100 uM) toward
KB and MCF-7, which corresponds to the results for related
structures in a previous paper.” In addition, compounds 9 and
10 showed strong cytotoxicity against the NCI-H187 cell line
with ICs, values of 2.1 and 0.38 uM, respectively, which were
lower than that of the control drug ellipticine. By comparison
between compounds 9 and 10, the presence of a methoxy
group at C-8 led to a decrease in cytotoxicity toward normal
cells. Interestingly, compound 10 was not cytotoxic against Vero
cells and should be further studied in detail. However, most of
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the isolated compounds showed cytotoxicity against Vero cells
with ICy, values in the range from 0.65 to 12.3 uM (Table 2).

Sterigmatocystin (S) has been reported to contaminate
foodstuffs such as wheat, rice, coffee bean, corn, and red
pepper. Furthermore, it has been discovered in cheese
contaminated with Aspergillus versicolor.” On the basis of our
results, most isolated compounds from B. piluliferum are
mycotoxins with structures metabolically related to the aflatoxin
carcinogen. These mycotoxins could be responsible for the
toxicity of the fungus B. piluliferum. As mentioned above, the
fungus B. piluliferum was found in the seeds of chili pepper,’
and so the contamination of B. piluliferum in the food chain and
agricultural soil should be monitored.
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Bicyclic lactones and racemic mixtures of dimeric
styrylpyrones from the leaves of Miliusa velutinat

N. Wongsa,® K. Kanokmedhakul, ©*? J. Boonmak, ©¢ S. Youngme®
and S. Kanokmedhakul®

A unique class of eight bicyclic lactones with a C;g carbon architecture, named velutinones A—H (1-8), three
new dimeric styrylpyrones, velutinindimers A—C (9-11), five known compounds, the kawapyrone, yangonin
(12), three flavonoids (13-15), and an acetogenin, cananginone H (16) were isolated from the leaves of
Miliusa velutina. The absolute configurations of 2 and 5 were assigned by Mosher's method, whereas
ECD, optical rotations, and X-ray crystallographic analysis indicated the racemic nature of compounds
10 and 11. Compounds 2—4 and 7-11 showed antimalarial activity with ICsq values in the range of 5.4-
10.0 uM. Moreover, 1-4 and 6-8 displayed cytotoxicity against the KB, MCF7, and NCI-H187 cancer cell
lines and Vero cell lines with ICsg values in the range of 4.0-24.1 uM.

1. Introduction

Miliusa velutina (Dunal) Hook. f. & Thomson belongs to the
family Annonaceae. This plant is found widely in Thailand with
local names “Khang hua mu” or “Kong kang”. A water decoction
of the wood is used traditionally as a tonic and an aphrodisiac.’
The genus Miliusa comprises ca. 50 species distributed from India,
South East Asia, to Australia. At least 19 species of Miliusa, have
been found in Thailand.>® Eight of the Miliusa genera growing
worldwide have been investigated for their phytochemistry and
biological activities.*” Among these species, a Thai medicinal
plant, M. velutina, has been shown to contain the acetogenin,
goniothalamusin,” an aporphine alkaloid, (+)-isocorydine o-N-
oxide,"® and four alkaloids, reticuline, liriodenine, norcorydine,
and isocorydine.” Recently, the isolation and characterization of
the linear acetogenins, cananginones A-I from the stem bark of M.
velutina were reported.’®* In a continued investigation of this
plant, the crude n-hexane and EtOAc extracts from the leaves of
this plant were found to exhibit activity towards Mycobacterium
tuberculosis with 99.6 and 98.9% inhibition at a concentration
of 50 ug mL™*, respectively. Herein the isolation, structural iden-
tification, and bioactivities of eight new bicyclic lactones (1-8),

“Natural Products Research Unit, Department of Chemistry and Center of Excellence
for Innovation in Chemistry, Faculty of Science, Khon Kaen University, Khon Kaen
40002, Thailand. E-mail: kwanjai@kku.ac.th
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and three new cyclobutane dimers (9-11), as well as five known
compounds (12-16) from the leaves of M. velutina are discussed

(Fig. 1).

2. Experimental section

2.1. General procedures

A Gallenkamp melting point apparatus (0-300 °C, 4 °C min™ ",

uncorrected) was used to measure melting points. Optical
rotations were recorded on a JASCO P-1020 polarimeter
and ECD spectra were recorded on a JASCO J-810 apparatus.
UV spectra were recorded using an Agilent 8453 UV-visible
spectrophotometer. FTIR spectra were recorded on a Bruker
Tensor 27 spectrophotometer. The NMR spectra were acquired
on a Varian Mercury Plus 400 spectrometer. HRESITOFMS
spectra were recorded on a Micromass Q-TOF-2 mass spec-
trometer. Flash column chromatography (FCC) was performed
on MERCK silica gel 60 (230-400 mesh) and LiChroprep®
RP-18 (40-63 pm). Thin layer chromatography (TLC) was
performed using precoated MERCK silica gel 60 PF,5, and
RP-18 F,5,S.

2.2. Plant material

The leaves of M. velutina were collected in Nam Som district,
Udon Thani province, Thailand in November 2010. The identi-
fication of the plant was performed by Prof. Pranom Chantar-
anothai. A voucher specimen (S. Kanokmedhakul-17) was
deposited at the herbarium of the Department of Biology,
Faculty of Science, Khon Kaen University, Thailand. It should be
noted that, in our previous report* on this plant, it was
collected in different locations and was misidentified as Can-
anga latifolia because of incomplete material for species iden-
tification. It was identified based on the vegetative part (leaf and

RSC Adv., 2017, 7, 25285-25297 | 25285
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Fig. 1 Structures of isolated compounds 1-16.

stem). Later in 2015, plants with fruit from both locations were

14: R; = R, = OH

2.3. Extraction and isolation

collected and the samples identified and confirmed as Miliusa
velutina, and this has been corrected as an erratum.>" Since the
work has been published for some time, to avoid any future
confusion, the names of the new compounds have not been
changed.

25286 | RSC Adv., 2017, 7, 25285-25297

The dried, milled leaves of M. velutina (2.5 kg) were extracted
with n-hexane (3 x 10 L) and EtOAc (3 x 10 L) to give 127 g
(5.1%) and 93 g (3.7%) of n-hexane and EtOAc extracts,
respectively. The n-hexane extract was separated using silica gel
flash column chromatography (FCC), eluted with a gradient
system of n-hexane-EtOAc (100:0, 90:10, 85:15, 70: 30,

This journal is © The Royal Society of Chemistry 2017
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50:50, 40:60, 20:80, 0:100) and EtOAc-MeOH, EtOAc-
MeOH (80 : 20, 50:50, 30:70, 15:85, 0:100) to afford 5
fractions, LH;-LHs. Fraction LH; (48.2 g) was chromatographed
on silica gel FCC, eluting with n-hexane-acetone (4 : 1) to yield 3
subtractions, LH; ;-LHj; 5. Subfraction LH;, (32.8 g) was puri-
fied by LiChroprep RP-18 column chromatography, eluted with
MeOH-H,0 (4 : 1) to give 6 fractions, LHz,;-LHj,¢. Further
purification of subfraction LH;,; (0.48 g) by silica gel FCC,
eluting with n-hexane-EtOAc (4 : 1) gave compounds 4 (53.8 mg)
and 2 (23 mg) as colorless viscous liquids. Subfraction LE; , ,
(23.6 g) was separated on silica gel FCC, eluting with n-hexane-
EtOAc (85 : 15) to give 1 (20.3 g) as a colorless viscous liquid.
Subfraction LH;, 3 (1.7 g) was chromatographed on silica gel
FCC, eluting with n-hexane-EtOAc (85 : 15) to give 1 (1.59 g) and
6 (57.3 mg) as colorless viscous liquids. Subfraction LH; 5 (9.6 )
was purified by silica gel FCC, eluting with n-hexane-acetone
(7 : 1) to afford 5 subfractions, LH; 3 ,-LH3 35. Further purifi-
cation of subfraction LH; 3, (0.28 g) by silica gel FCC, eluted
with n-hexane-EtOAc (3:1) gave 8 (49.8 mg) as a colorless
viscous liquid. Subfraction LE;;, (0.49 g) was chromato-
graphed on silica gel FCC, eluted with n-hexane-EtOAc (1 : 1) to
afford 7 (408.5 mg) as a colorless viscous liquid. Subfraction
LH3 4.4 (0.68 g) was purified by silica gel FCC, eluting with n-
hexane-EtOAc (75 : 35) to give an extra amount of 2 (551.7 mg).
Subfraction LH;,5 (0.56 g) was purified by silica gel FCC,
eluting with n-hexane-EtOAc (1:1) to give 3 (507.4 mg) as
a colorless viscous liquid. Fraction LH, (6.7 g) was purified by
silica gel FCC, eluting with acetone-CH,Cl, (1:4) to yield 3
subfractions, LH, ;-LH, ;. Subfraction LH,; (3.0 g) was chro-
matographed on silica gel FCC, eluted with n-hexane-acetone
(7 : 3) to give 3 subfractions, LH, 3 1—~LH, 3 3. Solid in subfraction
LH, ;.3 (1.6 g) was crystallized from CH,Cl,-n-hexane to give 12
(332 mg) as a yellow solid. Fraction LH; (1.9 g) was separated on
silica gel FCC, eluted with n-hexane-acetone (7 : 3) to give 2
subfractions, LHs;-LHs,. Solid in subfraction LHs, (0.62 g)
was crystallized from MeOH-n-hexane to give 10 (30 mg) as
colorless needles. The EtOAc extract was separated over silica
gel FCC, using gradient elution with n-hexane-EtOAc (80 : 20 to
0:100) and EtOAc-MeOH (80 : 20 to 0: 100) to afford 6 frac-
tions, LE;-LE,. Fraction LE, (6.3 g) was then purified by silica
gel FCC, eluting with n-hexane-acetone (4 :1) to give 2 sub-
fractions, LE, 1-LE, ,. Further purification of subfraction LE, ,
(0.74 ¢) by silica gel FCC, eluting with n-hexane-EtOAc (4 : 1)
gave 13 (552 mg) as a white solid. Fraction LE; (3.6 g) was
purified by silica gel FCC, eluting with n-hexane-acetone (3 : 1)
to give 2 subfractions, LE; ;-LE; ,. Subfraction LE; , (0.31 g) was
further separated by LiChroprep RP-18 column chromatog-
raphy, eluting with MeOH-H,O (6 : 1) to give 16 (17.6 mg) as
a colorless viscous liquid. Fraction LE, (12.0 g) was separated by
silica gel FCC, eluting with n-hexane-acetone (7 : 3) to give 4
subfractions, LE, ;-LE, 4. Subfraction LE,; (2.6 g) was purified
by LiChroprep RP-18 column chromatography, eluting with
MeOH-H,O (4 : 1) to give 2 subfractions, LE,; 1-LE4;,. Sub-
fraction LE,,; ; (1.8 g) was separated on silica gel FCC, eluting
with MeOH-CH,Cl, (1:19) to give 3 subfractions, LE; ;11—
LE; ;113 Solid in subfraction LH, ;44 was crystallized from
MeOH to give 12 (21 mg) as a yellow solid. Subfraction LE, ; 1,

This journal is © The Royal Society of Chemistry 2017
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(1.4 g) was purified by silica gel FCC, eluting with n-hexane-
EtOAc (1: 1) to give an additional amount of 2 (214 mg). Sub-
fraction LE, 1, (0.67 g) was purified by silica gel FCC, eluting
with n-hexane-acetone (7 : 3) to give 5 (25.8 mg) as a colorless
viscous liquid. Subfraction LE, , (3.0 g) was purified by silica gel
FCC, eluting with n-hexane-acetone (7:3) to give 2 sub-
fractions, LE, , 1-LE4,,. Solid in subfraction LH,,; was crys-
tallized from MeOH to give an additional amount of 12 (105.3
mg). Solid in subfraction LH,,, (0.54 g) was crystallized from
MeOH to give 14 (30 mg) as a white solid. Subfraction LE, ; (2.9
g) was purified by silica gel FCC, eluting with n-hexane-EtOAc
(1:1), to give an additional amount of 3 (174 mg). Solid in
subfraction LE, 4 (0.12 g) was crystallized from DMF-CH,Cl, to
give 15 (26 mg) as a yellow solid. Fraction LE; (8.4 g) was puri-
fied by silica gel FCC, eluting with MeOH-CH,Cl, (3 : 97) to give
2 subfractions, LEs ;-LEs ,. Solid in subfraction LEs ; (1.6 g) was
crystallized from MeOH-CH,ClI, to give 10 (1.08 g) as colorless
needles and the filtrate was further purified by silica gel FCC,
eluting with EtOAc-CH,Cl, (15 : 85) to yield 9 (22 mg) as a white
solid and 11 (75 mg) as colorless needles. Solids in subfractions
LEs, (6.2 g) and LE¢ (10.9 g) were crystallized from DMF-CH,Cl,
to give 15 (931 mg) as a yellow solid.

2.3.1 Velutinone A (1). Colorless viscous liquid; Ry = 0.39
(n-hexane-EtOAc, 7 : 3); []5 —68.0 (¢ 0.20, CHCl;); ECD (80 pM,
MeOH) Amax (A¢) 215 (—19.02) nm; IR (ATR) vpay 2966, 2916,
2854, 1781, 1685, 1440, 1418, 1383, 1161, and 997 cm™}; for 'H
and *C NMR spectroscopic data, see Table 1; HRESITOFMS m/z
311.1611 [M + Na]" (caled for C;5H,,0; + Na, 311.1618).

2.3.2 Velutinone B (2). Colorless viscous liquid; Ry = 0.34
(n-hexane-EtOAc, 1 : 1); [«]3' —61.2 (¢ 0.20, CHCI;); ECD (130
UM, MeOH) Apax (A€) 215 (—28.90) nm; IR (ATR) vppax 3468, 2920,
2857,1777, 1683, 1447, 1385, 1165, 1065, 995, and 990 cm ™ *; for
'H and "*C NMR spectroscopic data, see Table 1; HRESITOFMS
m/z 305.1740 [M + H]" (calcd for C;3H,,0, + H', 305.1747).

2.3.3 Velutinone C (3). Colorless viscous liquid; Ry = 0.29
(n-hexane-EtOAc, 1 : 1); [a] —55.4 (¢ 0.20, CHCl,); ECD (50 uM,
MeOH) Amax (A€) 213 (=7.63) nm; IR (ATR) vpay 3447, 2972,
2929, 1778, 1682, 1481, 1385, 1155, and 975 cm ™ '; for 'H and
3C NMR spectroscopic data, see Table 1; HRESITOFMS m/z
327.1543 [M + Na]" (caled for C,4H,,0, + Na, 327.1572).

2.3.4 Velutinone D (4). Colorless viscous liquid; Ry = 0.39
(n-hexane-EtOAc, 1 : 1); [a]}’ —58.4 (¢ 0.20, CHCl,); ECD (56 uM,
MeOH) Amax (A¢) 213 (—9.74) nm; IR (ATR) 7pay 3393, 2978,
2931, 1778, 1682, 1417, 1384, 1165, and 996 cm™%; for 'H and
3C NMR spectroscopic data, see Table 1; HRESITOFMS m/z
343.1472 [M + Na]" (caled for Cy5H,405 + Na, 343.1521).

2.3.5 Velutinone E (5). Colorless viscous liquid; Ry = 0.37
(n-hexane-EtOAc, 1 : 1); [a] —32.5 (¢ 0.20, CHCl,); ECD (62 uM,
MeOH) Amax (A€) 202 (—13.84) nm; IR (ATR) vmay 3442, 3030,
2967, 2921, 2856, 1771, 1668, 1446, 1419, 1377, 1328, 1167,
1069, 1030, and 990 cm™'; for "H and *C NMR spectroscopic
data, see Table 2; HRESITOFMS m/z 291.1935 [M + H|" (calced for
Cy5H,60; + H', 291.1955).

2.3.6 Velutinone F (6). Colorless viscous liquid; Ry = 0.50
(n-hexane-EtOAc, 7 : 3); [a]5 —29.5 (¢ 0.20, CHCl;); ECD (72 pM,
MeOH) Ay (A€) 207 (+4.83) nm; IR (ATR) vyax 2967, 2917, 2855,
1789,1719, 1423, 1377, 1347, 1161, 1035, 857, and 802 cm™; for

RSC Adv., 2017, 7, 25285-25297 | 25287
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Table 1 'H and 3C NMR spectroscopic data of 1-4 in CDClz

Paper

1 2 3 4
No. 6c¢ 0y (J in Hz) Oc 0u (J in Hz) doc 0y (J in Hz) oc 0y (J in Hz)
1 174.2 174.3 174.2 174.4
2 38.9  2.48,d (17.4), 38.9  2.43,d(17.8), 39.0  2.40,s 39.0  2.42,s
Ha/2.39, d (17.4), HB He/2.39, d (17.8), HB
2a 44.7 44.6 44.5 44.5
3 42,6 2.52,s 42.7  2.55,d (16.7), 42.9  2.53,d (16.7), 43.0  2.56,d (16.7),
Ho/2.50, d (16.7), HB Ho/2.48, d (16.7), HB Ha/2.50, d (16.7), HB
4 196.2 196.2 196.1 196.3
5 131.2 6.17, dd (10.3, 1.2) 131.2 6.13, dd (10.3, 1.2) 131.2 6.12, dd (10.3, 1.2) 131.2 6.18, dd (10.3, 1.2)
6 141.4  6.75,dd (10.3, 3.3) 141.4°  6.74,dd (10.3, 3.3) 1413 6.74,dd (10.3, 3.3) 1414  6.76,dd (10.3, 3.3)
6a 77.8  4.87,dd (3.3, 1.2) 77.9  4.87,d(3.3) 77.9  4.86,dd, (3.3, 1.2) 78.1  4.88,dd, (3.3, 1.2)
1/ 36.0  2.31,dd (14.4, 7.7), 36.2  2.31,dd (14.5, 7.7), 36.6  2.30, dd (14.4, 7.7), 36.8  2.32,dd (14.4, 7.7),
Ha/2.21, Ha/2.22, dd (14.5, 7.7), Ha/2.23, dd (14.4, 7.7), Ha/2.26, dd (14.4, 7.7),
dd (14.4, 7.7), Hb Hb Hb Hb
2/ 116.9  5.10,td (7.7, 1.4) 116.9  5.15,td (7.7, 1.4) 1175 5.11,td (7.7, 1.4) 117.8  5.15,td (7.7, 1.4)
3/ 141.5 141.4° 140.3 140.0
4 39.9  2.10-2.02, m“ 359  2.14-1.98, m 42.4  2.68,d (6.5) 42.5  2.73,d (5.5)
5/ 262  2.10-2.02, m“ 33.0  1.65-1.58, m 123.8  5.51, dt (15.6, 6.6) 128.0  5.62, dt (15.8, 6.0)
6 123.7  5.01,t(5.4) 75.3  4.00, t (6.3) 140.2  5.60, d, (15.6) 1359  5.56,d, (15.8)
7' 131.9 147.3 70.4 81.8
8 25.7 1.65, s 111.1 4.91, brs, 29.7 1.28, s 24.3 1.31, s
Ha/4.82, t (1.4), Hb
9 17.7  1.58,s 175  1.70,s 29.7  1.28,s 242  1.31,s
10’ 16.3  1.60, s 16.4 1.61, s 16.5 1.58,s 16.6  1.60, s
“ Overlap of the signals.
Table 2 *H and **C NMR spectroscopic data of 5-8 in CDClg
5 6 7 8
No. doc 0y (J in Hz) dc 6y (J in Hz) doc 0y (J in Hz) ¢ 0y (J in Hz)
1 176.2 173.8 173.9 173.7
2 37.1¢ 2.38,d (17.4), 38.3 2.32, d (17.4), 38.4 2.30-2.24, m* 38.4 2.30-2.24, m*
Ho/2.19, Ho/2.28,
d (17.4), HB d (17.4), HB
2a 42.3 47.5 47.4 47.4
3 37.2¢ 2.25-2.17, m%, 39.9¢ 2.86, d (13.9), 39.9 2.82, d (13.9), 39.9 2.84, d (13.9),
Ha/1.58-1.51, Ho/2.14, Ha/2.11, Ha/2.12,
m, HpB d (13.9), HB d (13.9), HB d (13.9), HB
4 63.7 4.31, m 204.6 204.5 204.5
5 135.2 5.97, brd (10.2) 58.6 3.65, d (3.6) 58.5 3.62,d (3.6) 58.5 3.62,d (3.7)
6 125.2 6.75-5.65, m 54.9 3.37,d (3.6) 54.8 3.34,d (3.6) 54.8 3.34,d (3.7)
6a 80.1 4.62, m 76.6 4.71,d (3.6) 76.6 4.68, s 76.5 4.69, s
1 36.5 2.25-2.09, m 36.9 2.29, dd (14.4, 7.7), 36.8 2.25-2.09, m* 36.9¢ 2.32-2.09, m*
Ha/2.20,
dd (14.4, 7.7), Hb
2/ 117.5 5.12,td (7.7, 1.4) 116.2 5.08, td (7.7, 1.4) 116.3 5.10, td (7.8, 1.4) 116.7 5.14, td (7.7, 1.4)
3/ 140.2 141.8 141.6 141.1
q 39.8 2.08-1.98, m* 39.9¢ 2.10-2.02, m® 35.8 2.01-1.96, m* 36.7% 2.32-2.09, m*
5 26.3 2.08-1.98, m* 26.2 2.10-2.02, m® 32.8
6’ 123.8 5.01, m 123.6 5.04, t (6.6) 75.1 1.64-1.55, m 27.2 1.69-1.53, m
7' 131.6 132.0 147.3 3.98, t (6.0) 63.7 3.65, t (6.7)
;4 25.6 1.63, s 25.7 1.68, s 111.0 4.79, brs, 58.2
Ha/4.89, t (0.8), Hb
9 17.6 1.56, s 17.7 1.59, s 17.5 1.68, s 24.7 1.27,s
10’ 16.2 1.58, s 16.4 1.61,s 16.4 1.60, s 18.7 1.23, s

¢ overlapping of the signals.
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'H and "*C NMR spectroscopic data, see Table 2; HRESITOFMS
m/z 327.1562 [M + Na]" (calcd for C;3H,,0, + Na, 327.1567).

2.3.7 Velutinone G (7). Colorless viscous liquid; Ry = 0.42
(hexane-EtOAc, 1 : 3); [a]F —25.6 (c 0.20, CHCl,); ECD (94 uM,
MeOH) Apay (A¢) 205 (+11.89) nm; IR (ATR) vpyay 3481, 2939, 2858,
1783, 1718, 1651, 1422, 1347, 1164, 1033, and 902 cm™* for 'H
and "*C NMR spectroscopic data, see Table 2; HRESITOFMS m/z
321.1690 [M + H]" (caled for C,3H,,05 + H', 321.1697).

2.3.8 Velutinone H (8). Colorless viscous liquid; Rf = 0.29
(n-hexane-EtOAc, 7 : 3); [a]d' —23.5 (¢ 0.20, CHCl,); ECD (75 uM,
MeOH) Apmax (Ae) 215 (+11.84) nm; IR (ATR) vpay 2962, 2924,
2855, 1785, 1719, 1423, 1378, 1163, and 1034 cm ™ *; for *H and
3C NMR spectroscopic data, see Table 2; HRESITOFMS m/z
321.1690 [M + H]" (caled for C,3H,,05 + H', 321.1697).

2.3.9 Velutindimer A (9). White solid; mp 201-203 °C; R =
0.13 (n-hexane-EtOAc, 1 : 1); [a]3 + 0.08 (c 0.63, MeOH-CHCl;,
3:1); ECD (26 utM, MeOH) Amax (A¢) 285 (0.00) nm; UV (MeOH)
Amax (108 €) 226 (4.53), 285 (4.20); IR (ATR) vax 3088, 2944, 2837,
1715, 1643, 1611, 1564, 1513, 1455, 1409, 1249, 1180, 1034, and
818 cm ™ *; for *H and **C NMR spectroscopic data, see Table 3;
HRESITOFMS m/z 539.1651 [M + Na]" (caled for C5oH,505 + Na,
539.1682).

2.3.10 Velutinin dimer B (10). Colorless needles; mp 205-
207 °C; Ry = 0.21 (n-hexane-EtOAc, 1:1); [«]3¥ +0.08 (c 0.63,

Table 3 *H and *C NMR spectroscopic data of 9-11 in CDCls
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MeOH-CHCl;, 5:3); ECD (33 pM, MeOH) Ay (Ag) 265
(0.00) nm; UV (MeOH) Apax (10g €) 265 (4.45); IR (ATR) 70y 2940,
2838, 1699, 1647, 1608, 1566, 1512, 1455, 1410, 1391, 1246,
1176, 1031 and 814 cm ™ %; for *H and *C NMR spectroscopic
data, see Table 3; HRESITOFMS m/z 539.1666 [M + Na]" (caled
for C30H,50g + Na, 539.1682).

2.3.11 Velutinin dimer C (11). Colorless needles; mp 207-
209 °C; Ry = 0.18 (n-hexane-EtOAc, 1: 1); [«]y +0.03 (c 0.23,
MeOH-CHCl3, 9 : 1); ECD (22 pM, MeOH) Amax (A¢) 268 (0.00)
UV (MeOH) Amax (log €) 268 (4.59); IR (ATR) vpax 2924, 2837,
1708, 1649, 1625, 1608, 1567, 1513, 1455, 1406, 1248, 1176,
1031, and 821 cm ™ *; for 'H and **C NMR spectroscopic data, see
Table 3; HRESITOFMS m/z 539.1664 [M + Na]' (caled for
C30H,505 + Na, 539.1682).

2.4. Preparation of the (R)-and (S)-o-methoxy-o-
(trifluoromethyl) phenyl acetate of 2

The determination of configuration for the stereogenic carbinol
carbons was carried out following the method reported by
Ohtani et al.** A solution of (S)-MPTA-CI (10 pL, 53.4 pmol) was
added to a solution mixture of 2 (8 mg, 27.5 pmol) and DMAP (5
mg) in dry CH,Cl, (1 mL) and stirred under N, at room
temperature for 6 h. Then the solvent was removed in vacuo. The

9 10 11
No. position dc 0y (J in Hz) o 0y (J in Hz) o 0y (J in Hz)
2 164.0 163.9 164.1
3 87.7 5.21,d (2.2) 88.6 5.33,d (2.2) 88.9 5.45, d (2.2)
4 170.1 170.5 170.6
5 101.3 5.71,d (2.2) 102.5 5.89, d (2.2) 102.0 5.99, d (2.2)
6 162.9 158.9 158.7
7 43.0 4.35, dd (10.0, 7.6) 55.0 4.09, d (10.8) 54.5 3.64, d (10.3)
8 45.5 4.16, dd (10.0, 7.6) 38.7 4.26, dd (10.8, 9.9) 45.6 4.00, dd (10.3, 9.7)
9 129.4 127.7 131.4
10 128.5 7.19, d (8.7) 128.6 7.16, d (8.7) 127.4 7.22, d (8.6)
11 113.9 6.82, d (8.7) 113.8 6.85, d (8.7) 114.2 6.89, d (8.6)
12 158.6 159.2 159.0
13 113.9 6.82, d (8.7) 113.8 6.85, d (8.7) 114.2 6.89, d (8.6)
14 128.5 7.19, d (8.7) 128.6 7.16, d (8.7) 127.4 7.22, d (8.6)
2/ 164.0 164.7 165.4
3 87.7 5.21, d (2.2) 91.7 5.29, s 89.2 5.19, s
4 170.1 170.1 171.4
5 101.3 5.71,d (2.2) 45.8 3.55, d (9.9) 44.2 3.20, d (9.7)
6’ 162.9 79.4 82.6
7' 43.0 4.35, dd (10.0, 7.6) 122.2 6.42, d (15.8) 125.2 6.18, d (15.9)
8 45.5 4.16, dd (10.0, 7.6) 130.8 6.86, d (15.8) 131.3 6.63, d (15.9)
9 129.4 127.7 127.9
10’ 128.5 7.19, d (8.7) 128.1 7.34,d (8.7) 128.8 7.33,d (8.7)
11/ 113.9 6.82, d (8.7) 114.1 6.85, d (8.7) 114.0 6.84, d (8.7)
12/ 158.6 159.7 159.9
13/ 113.9 6.82, d (8.7) 114.1 6.85, d (8.7) 114.0 6.84, d (8.7)
14/ 128.5 7.19,d (8.7) 128.1 7.34,d (8.7) 128.8 7.33,d (8.7)
4-OMe 55.7 3.75, 8 55.8 3.69, s 55.8 3.76, s
12-OMe 55.2 3.67,s 55.3 3.79, s 55.27 3.79, s
4'-OMe 55.7 3.75, s 55.5 3.32, s 56.1 3.77, s
12/-OMe 55.2 3.67, s 55.3 3.78, s 55.30 3.80, s
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residue was separated on preparative TLC (CH,Cl,) to give the
(R)-ester (2a, 7 mg, 50%). The (S)-ester of 2 was prepared using
the procedure described above [alcohol 2 (10 mg, 34.4 umol),
CH,Cl, (1 mL), dimethylaminopyridine (5 mg), and (R)-MPTA-CI
(10 pL, 53.4 pmol)] to yield (S)-ester (2b, 12 mg, 71%).

2.4.1 Compound 2a. Colorless viscous liquid; 'H NMR
(CDCl,, 400 MHz) 6 6.67 (1H, dd, J = 10.3, 3.3 Hz, H-6), 6.19 (1H,
dd,J=10.3,1.2 Hz, H-5), 5.37 (1H, dt,J = 12.0, 6.4, 6.4 Hz, H-6'),
5.07 (1H, dt,J = 7.6, 1.1 Hz, H-2'), 5.02 (brs, H-8'a), 4.98 (1H, brs,
H-8'b), 4.87 (1H, dd, J = 3.3, 1.2, H-6a), 2.56 (1H, d, ] = 16.7 Hz,
H-3a),2.51 (1H, d, ] = 16.6 Hz, H-3B), 2.46 (1H, d, J = 17.4 Hz, H-
2a),2.39 (1H, d,J = 17.4 Hz, H-2B), 2.32 (1H, dd, / = 14.0, 7.7 Hz,
H-1'a), 2.22 (1H, dd, J = 14.6, 7.6 Hz, H-1'b), 2.05-1.65 (4H, m,
H-4' and 5'), 1.57 (3H, s, H-9), 1.72 (3H, s, H-10'), [the o-
methoxy-a-(trifluoromethyl)phenyl acetate portion exhibited
6 7.50 and 7.40 (5H, m, C¢H;), 3.52 (3H, s, OCH3)].

2.4.2 Compound 2b. Colorless viscous liquid; '"H NMR
(CDCl,, 400 MHz) 6 6.76 (1H, dd, J = 10.3, 3.5 Hz, H-6), 6.19 (1H,
brs, J = 10.3 Hz, H-5), 5.37 (1H, ddd, J = 17.5, 6.7, 5.5 Hz, H-6'),
5.05 (1H, dt, J = 14.3, 7.7, 7.7 Hz, H-2'), 5.02 (1H, brs, H-8'a),
4.98 (1H, brs, H-8'b), 4.87 (1H, dd, J = 3.3, 1.2 Hz, H-6a), 2.56
(1H, d,J = 16.7 Hz, H-3a), 2.51 (1H, J = 16.7 Hz, H-3B), 2.46 (1H,
d,J = 17.3, Hz, H-2a), 2.39 (1H, d, J = 17.3, Hz, H-2p), 2.30 (1H,
dd,j=14.2,7.8 Hz, H-1'a), 2.22 (1H, dd, J = 14.2, 7.6 Hz, H-1'D),
2.09-1.90 (2H, m, H-4"), 1.90-165 (2H, m, H-5'), 1.72 (3H, s, H-
10'), 1.59 (3H, s, H-9'), [the a-methoxy-o-(trifluoromethyl)phenyl
acetate portion exhibited 6 7.50 and 7.41 (5H, m, C¢Hs), 3.52
(3H, s, OCH3)].

2.5. Preparation of the (R)-and (S)-o-methoxy-o-
(trifluoromethyl) phenyl acetate of (5)

The esterification of 5 was carried out using the procedure
described for the preparation of 2a and 2b to yield (S)-ester (5a,
7 mg, (50%)) and (R)-ester (5b, 12 mg, (71%)).

2.5.1 Compound 5a. Colorless viscous liquid; 'H NMR
(CDCls, 400 MHz) 6 6.03 (1H, d, J = 11.4 Hz, H-5), 5.97 (1H, dd, J
=11.4, 1.7 Hz, H-6), 5.65 (1H, t, ] = 5.8 Hz, H-4), 5.07 (1H, t,] =
7.6 Hz, H-2'), 5.01 (1H, t, J = 6.6 Hz, H-6'), 4.64 (1H, brs, H-6a),
2.41 (1H, J = 17.4 Hz, H-2a), 2.35 (1H, ] = 17.4 Hz, H-2B), 2.21
(1H, dd,J = 14.4, 8.0 Hz, H-1'a), 2.18 (1H, dd, ] = 13.9, 4.8 Hz, H-
3PB), 2.14 (1H, dd, = 14.4, 7.4 Hz, H-1'b), 2.08-1.98 (4H, m, H-4'
and 5'), 1.71 (1H, dd, J = 13.9, 7.9 Hz, H-3a), 1.65 (3H, s, H-8'),
1.58 (3H, s, H-10), 1.55 (3H, s, H-9'), [the a-methoxy-o-(tri-
fluoromethyl)phenyl acetate portion exhibited ¢ 7.50 and 7.41
(5H, m, C¢Hs), 3.55 (3H, s, OCH,)].

2.5.2 Compound 5b. Colorless viscous liquid; "H NMR
(CDCl;, 400 MHz) 6 5.95 (1H, d, ] = 11.0 Hz, H-5), 5.92 (1H, d, ] =
11.0 Hz, H-6), 5.66 (1H, t,] = 6.8 Hz, H-4), 5.12 (1H, t,] = 7.7 Hz,
H-2'),5.03 (1H, t, ] = 6.6 Hz, H-6'), 4.63 (1H, brs, H-6a), 2.44 (1H,
J=17.4 Hz, H-2a), 2.35 (1H, ] = 17.4 Hz, H-28), 2.24 (1H, dd, ] =
14.6, 5.5 Hz, H-1'a), 2.21 (1H, dd, J = 14.0, 4.3 Hz, H-3p), 2.18
(1H, dd, J = 14.6, 7.6 Hz, H-1'D), 2.09-2.02 (4H, m, H-4’ and 5),
1.82 (1H, dd, J = 14.0, 8.2 Hz, H-3a), 1.65 (3H, s, H-8'), 1.59
(3H, s, H-10'), 1.57 (3H, s, H-9), [the o-methoxy-o-(tri-
fluoromethyl)phenyl acetate portion exhibited ¢ 7.50 and 7.41
(5H, m, C¢Hs), 3.54 (3H, s, OCH,)].
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2.6. X-ray crystallographic analyses of 10 and 11

The reflection data were collected on a Bruker D8 Quest
PHOTON100 CMOS detector with graphite-monochromated
MoKa. radiation using the APEX2 program.** Raw data frame
integration was performed with SAINT,*® which also applied
correction for Lorentz and polarization effects. An empirical
absorption correction using the SADABS program® was applied.
The structure was solved by direct methods and refined by full-
matrix least-squares method on F* with anisotropic thermal
parameters for all non-hydrogen atoms using the SHELXTL
software package.*® All hydrogen atoms were placed in calcu-
lated positions and refined isotropically. Crystallographic data
of 10 and 11 were deposited with the following Cambridge
Crystallographic Data Centre codes: CCDC 1415288 and CCDC
1062125, respectively.

2.6.1 Crystal data of 10. C3oH,505 (M = 516.52 g mol )
orthorhombic, space group Pna2, (no. 33), a = 23.725(4) A, b =
5.5211(10) A, ¢ = 39.408(7) A, V = 5162.0(16) A>, Z = 8, T =
293(2) K, uw(MoKa) = 0.096 mm ™", Degie = 1.329 g cm ™, 135 470
reflections measured (6.204° =< 260 = 52.798°), 10 518 unique
(Rint = 0.0929, Rgigma = 0.0445) which were used in all calcula-
tions. The final R, was 0.0508 (I > 2¢(I)) and wR, was 0.1225 (all
data).

2.6.2 Crystal data of 11. C;;H,4Cl;05, MW = 635.89 g
mol?, triclinic, space group P1, a = 11.6555(5) A, b = 12.1165(5)
A, ¢ = 12.1203(5) A, @ = 113.9720(10), B = 102.4530(10), v =
92.9570(10), V = 1508.54(11) A®, Z = 2, T = 293(2) K, u(MoKa) =
0.354 mm ', Deqe = 1.400 g cm ™3, 61 914 reflections measured,
7472 unique (R;,; = 0.0262) which were used in all calculations.
The final R, was 0.0642 (I > 20(I)) and wR, was 0.2211 (all data).

2.7. Antimalarial assay

Antimalarial activity was performed against P. falciparum (K1,
multidrug resistant strain, see ESIt), using the method of Trager
and Jensen.” Quantitative assessment of malarial activity in vitro
was determined by means of the microculture radioisotope
technique based upon the method described by Desjardins
et al?® The inhibitory concentration (ICs,) represents the
concentration that causes 50% reduction in parasite growth as
indicated by the in vitro uptake of [*H]-hypoxanthine by P. falci-
parum. The standard compound was dihydroartemisinin.

2.8. Antimycobacterial assay

Antimycobacterial activity was performed against M. tuberculosis
H37Ra (purchased from ATCC) using the MicroplateAlamar Blue
Assay (MABA).”” The standard drug streptomycin was used as
reference substance.

2.9. Cytotoxicity assay

Cytotoxicity assays against human epidermoid carcinoma (KB),
human breast cancer (MCF7), and human small cell lung cancer
(NCI-H187) cell lines human breast adenocarcinoma Resazurin
microplate assay described by O'Brien and co-workers.”® The
reference substances were ellipticine and doxorubicin. Cyto-
toxicity test against primate cell line (Vero) was performed using

This journal is © The Royal Society of Chemistry 2017
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the green fluorescent protein detection method described by
Hunt and co-workers.” The reference substances used were
ellipticine and doxorubicin. All cells were purchased from
ATCC.

3. Results and discussion

Chromatographic fractionation of n-hexane and EtOAc extracts
yielded eight new bicyclic lactones, velutinones A-H (1-8), three
cyclobutane dimers, velutinindimers A-C (9-11), and four
known compounds (12-15), kawapyrone, yangonin (12),* three
flavonoids, sakuranetin (13),** 7-O-methyleriodictyol (14)** and
rhamnetin (15),* and an acetogenin, cananginone H (16)>**
(Fig. 1).

The IR spectra of 1-4 showed absorption bands of a y-
lactone moiety at (1789-1771 cm™ ') and a conjugated carbonyl
functionality (1685-1862 cm™ ") similar to the absorption bands
of a synthetic bicyclic cyclohexenone.***

Compound 1 possessed the molecular formula C;3H,,03
based on the *C NMR and HRESITOFMS (m/z 311.1611 [M +
Na]") data, indicating seven indices of hydrogen deficiency. The
"H NMR data (Table 1) had resonances at 6 2.48 (d, J = 17.4 Hz,
H-20), 2.39 (d, 17.4 Hz, H-2B), 2.52 (s, 2H, H-3), 6.17 (dd, J =
10.3, 1.2 Hz, H-5), 6.75 (dd, J = 10.3, 3.3 Hz, H-6), and 4.87 (dd, J
= 3.3, 1.2 Hz, H-6a). The *C NMR data (Table 1), DEPT, and
HMQC experiments indicated seven resonances which were
associated with an o,B-unsaturated carbonyl (6 196.2/C-4),
a lactone carbonyl (6 174.2/C-1), two olefinic (6 131.2/C-5 and
141.4/C-6), two methylene (6 38.9/C-2 and 42.6/C-3), one
methine (6 77.8/C-6a), and one quaternary (6 44.7/C-2a) carbons.
Interpretation of the COSY and HMBC correlations (Fig. 2)
indicated that 1 has a core structure of a five-membered lactone
ring fused to an o,B-unsaturated cyclohexanone ring. This
arrangement is similar to that of a compound isolated from the
fruit kernels of Otoba parvifolia®-=® and from a total synthesis of
its core structure,* except for the side chain at C-2a which was
replaced by a geranyl moiety in 1. This geranyl side chain
(C1oH1,) was evident from the 'H and *C NMR spectroscopic
data (Table 1). The COSY spectrum showed the connectivity of
the geranyl side chain by correlations between H-1' and H-2/,
and amongst H-4/, H-5' and H-6'. The HMBC spectrum exhibi-
ted correlations of H-1' to C-2, C-3, C-2a, C-6a, C-2’and C-3'; H-2/
to C-2a, C-1/, C-3/, C-4/, and C-10’; H-4' to C-2/, C-3/, C-5, C-6
and C-10'; H-6' to C-4/, C-5', C-8’, and C-9’ indicating that the
geranyl group was linked to the stereogenic quaternary carbon
C-2a (Fig. 2). The relative configuration at C-2a and C-6a was

Fig. 2 Selected HMBC correlations of 1.
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established as syn from the NOESY correlation of H-6a and H-1'.
Based on the above evidence, the structure of 1, velutinone A,
was defined as shown in Fig. 1.

Compound 2 had the molecular formula C,gH,,0, derived
from the "*C NMR and HRESITOFMS (m/z 305.1740 [M + H]")
data, demonstrating the same index of hydrogen deficiency, but
having one additional oxygen atom compared to 1. The "H and
3C NMR spectroscopic data of 2 (Table 1) were similar to those
of 1, except for the geranyl side chain being oxidized at C-6' and
having a 7/, 8’ terminal double bond. The NMR spectroscopic
data displayed resonances for an olefinic methylene protons at
0y 4.82 (t, ] = 1.4 Hz, 4.91 (brs), H-8')/6¢ 111.1 and an oxy-
methine at 6y 4.00 (t, ] = 6.3 Hz, H-6')/6c 75.3. The HMBC
correlations of H-5' to C-3/, C-4/, C-6/, and C-7'; H-6' to C-4/, C-5/,
C-7',C-8,and C-9’; and H-8' to C-6', C-7/, and C-9' confirmed the
position of the terminal olefinic moiety and the hydroxy group
in the side chain. The assignment of the (6'S) absolute config-
uration was done via the modified Mosher's ester method®*(-
Fig. 3). Therefore, the structure of compound 2, velutinone B,
was defined as shown in Fig. 1.

Compound 3 had the molecular formula C;3H,,0,, deduced
from "*C NMR and HRESITOFMS (m/z 327.1543 [M + Na]") data,
implying the same index of hydrogen deficiency, but having one
additional oxygen atom compared to 1. The 'H and *C NMR
spectroscopic data of 3 (Table 1) were similar to those of 1,
except for the appearance of the olefinic protons at g 5.51 (dt, J
= 15.6, 6.6 Hz, H-5') and 6y 5.60 (d, J = 15.6 Hz, H-6'), and one
additional oxygenated carbon signal at 6c 70.4 (C-7'). The
position of the hydroxy group at C-7' on the side chain was
confirmed by the HMBC correlations of H-5' to C-3/, C-4/, C-6/,
and C-7'; and H-6 to C-4/, C-5', C-7' and C-8'/C-9'. Therefore, the
structure of compound 3, velutinone C, was defined as shown
(Fig. 1).

Compound 4 had the molecular formula C;gH,,05 derived
from the *C NMR and HRESITOFMS (m/z 343.1472 [M + Na]")
data, demonstrating the same index of hydrogen deficiency, but
having one additional oxygen atom compared to 3. The NMR
spectroscopic data of 4 (Table 1) was similar to that of 3, except
for the resonance of a C-7 hydroxy group. The *C NMR spec-
trum revealed the unusual downfield oxygenated carbon signal
at 6¢ 81.8 for C-7/, suggesting the presence of a hydroperoxy
group.’” Thus the structure of compound 4, velutinone D, was
determined as shown (Fig. 1).

00026 OR 2003
+0.0007 ?/

+0.0008
CH0.0018

Q. +0.003

+0.0015 4
-0.0087

2a: R = (S)-MTPA
2b: R = (R)-MTPA

Fig.3 Advalues (Ad = ds — 0r in ppm) obtained for MTPA esters 2a and
2b.
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Compound 5 had the molecular formula C;gH,s0; derived
from the "*C NMR and HRESITOFMS (m/z 291.1935 [M + Na]")
data, implying six indices of hydrogen deficiency. The IR spec-
trum showed hydroxy (3442 cm™") and y-lactone carbonyl (1771
cm ') functionalities. The NMR data of 5 (Table 2) corre-
sponded to those of 1, except that the ketone carbonyl reso-
nance for C-4 was replaced by a resonance for an oxymethine
group at oy 4.31 (m)/d¢ 63.7. The assignment of (4S) absolute
configuration was done via the modified Mosher's ester
method® (Fig. 4). The configurations of (2aR and 6aR) were
assigned by NOESY and a molecular modeling study. NOESY
correlations were observed between H-4 and H-2a, H-6a and H-
1'a, H-6a and H-3B, H-1'b and H-2p, and H-3a and H-2' (Fig. 5).
Therefore, the structure of compound 5, velutinone E, was
established as shown (Fig. 1).

Compound 6 had the molecular formula C;gH,,0, derived
from the "*C NMR and HRESITOFMS (m/z 327.1562 [M + Na]")
data, implying the same index of hydrogen deficiency, but
having one more oxygen atom than 1. The IR spectrum showed
bands for y-lactone (1789 cm™ ' and a cyclohexanone (1719
cm ') groups. The NMR data of 6 (Table 2) was similar to that of
1, except for the resonances of the C-5/6 double bond which
were replaced by those of an epoxide moiety [0y 3.65 (d, ] =
3.6 Hz, H-5)/6¢ 58.6 and 6y 3.37 (d, J = 3.6 Hz, H-6)/6¢ 54.9)]. The
relative configuration of the epoxide was assigned by the NOESY
correlations between H-6 and H-6a. Hence, the structure of
compound 6, velutinone F, was defined as shown (Fig. 1).

-0.028, -0.047 -0.015

-0.044

-0.001

RO
-0.008
+0.080
-0.004
+0053
+0.001

5a, R = (S)-MTPA
5b, R = (R)-MTPA

Fig.4 Ad values (A6 = 6s — 6r in ppm) obtained for MTPA esters 5a and
5b.

Fig. 5 Key NOESY correlations of 5, energy minimized using MM2.
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Compound 7 had the molecular formula C,3H,405, estab-
lished from the *C NMR and HRESITOFMS (m/z 321.1690 [M +
Na]") data, having the same index of hydrogen deficiency as in 2.
The IR spectrum displayed an extra hydroxyl band at (3481
cm™ ") which differed from that of 6. The NMR data of 7 (Table 2)
corresponded to that of 2, except for the resonances of a C-5/6
double bond, which was replaced by resonances for an
epoxide moiety [0y 3.62 (d, ] = 3.6 Hz, H-5)/6¢ 58.5 and 6y 3.34
(d,J = 3.6 Hz, H-6)/6¢ 54.8] as in that of 6. The 6'S configuration
was assigned by comparison of the NMR data to that of 2. Thus
the structure of 7, velutinone G, was defined as shown (Fig. 1).

Compound 8 possessed the molecular formula C;gH,,05
from the *C NMR and HRESITOFMS (m/z 321.1690 [M + HJ")
data, having seven indices of hydrogen deficiency as in 6, but
having one additional oxygen. The IR spectrum was also similar
to that of 6. The NMR data of 8 (Table 2) corresponded to that of
6, except for the resonances for a C-6'/7" double bond which
were replaced by resonances for an epoxide [0y 3.65 (t, ] =
6.7 Hz, H-6'/6¢ 63.7 and d¢ 58.2, C-7')] at this position. The
configuration at C-6’ of 8 was proposed to be S, based on its ring
opening to give 7. Hence, structure of 8, velutinone H, was
designated as shown in Fig. 1.

There are only two closely related bicyclic lactones, pan-
amonons A and B,*® which have NMR data similar to those of
compounds 1-8. However, the relative configuration at the ring
junction (C-2a and C-6a) of 1-8 were assigned as 2aR and 6aR
which different from panamonons A and B (2aR and 6a5).>® The
ECD spectra of compounds 1-4, containing an a,B-unsaturated
ketone, and compound 5, showed negative Cotton effects in the
range of 202-215 nm. While, compounds 6-8 contained a satu-
rated ketone, exhibited positive Cotton effects in the range of
205-215 nm (Fig. 6).

To confirm the natural occurrence of 1-8, the isolates velu-
tinone A (1) with a geranyl side chain and velutinone H (8) with
two epoxide rings were stirred with or without silica gel in EtOAc
and MeOH for 4 days following the conditions of the separation
process. No change on TLC was observed. We conclude that
isolates 1-8 are natural occurring products not artefacts.

The putative biosynthetic pathway towards compounds 1-
8 is shown in Fig. 7. The precursor, homogentisic acid,****
could be prenylated by geranyl diphosphate to form inter-
mediate A ** which may be reduced and lactonized to form
compound 1. Reduction of 1 would produce 5, while epoxi-
dation of 1 would afford 6 or intermediate B. Oxidation of 5
would give 4 which could be reduced to give 3 or B, the latter
via intermediate C. Protonation and deprotonation of B may
give 2 and 3. The hydroxy group of 3 could be oxidized to give
4. Compound 8 could be derived from 6 or B via an oxidation
reaction. Further protonation and deprotonation of 8 would
give 7.

Compound 9 showed an [M + Na]" ion peak at m/z 539.1651
in its HRESITOFMS, which in conjunction with the "*C NMR
data indicated the molecular formula Cj3,H»3O0sg, requiring
seventeen indices of hydrogen deficiency. The IR spectrum
showed bands for unsaturated lactone (1715 cm™') and
aromatic (1643 cm™ ") groups. The UV spectrum also indicated
an aromatic moiety (286 nm). Since the NMR spectroscopic data

This journal is © The Royal Society of Chemistry 2017
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Fig. 7 Plausible biogenetic pathway of 1-8.

of 9 (Table 3) displayed half the number of resonance signals
expected for 28 protons and 30 carbons, the structure should be
a symmetrical dimer. These NMR resonances corresponded to
those of the cyclobutane dimer, achyrodimer A,* except for
hydroxy groups at C-12 and C-12’ of the aromatic rings which
were replaced by methoxy groups. The "H NMR spectroscopic
data (Table 3) showed resonances for the para-substituted
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benzene rings at 6 6.82 and 7.19 (each 4H, d, J = 8.7 Hz), four
methines of the cyclobutyl ring at 6 4.16 and 4.35 (each 2H, dd,
J = 7.6, 10.0 Hz), four olefinic protons for the two o-pyrone
moieities at 6 5.21 and 5.71 (each 2H, d, /] = 2.2 Hz), and four
methoxy groups at 6 3.75 and 3.67 (each 6H, s). The *C NMR
data (Table 3) showed resonances for the para-disubstituted
benzene rings at 6 129.4 (C-9, 9'), 128.5 (C-10, 10’ and C-14, 14'),
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Fig. 8 ECD (a) and UV (b) spectra (in MeOH) of compounds 9, 10 and 11.

and 113.9 (C-11, 11'), the cyclobutyl methines at 6 43.0 (C-7, 7'),
and 45.5(C-8, 8') the o-pyrone methines at ¢ 87.7 (C-3, 3'), 101.3
(C-5, 5') and methoxy groups at ¢ 55.7 (4, 4-OMe) and 55.2 (12,
12’-OMe), and a carbonyl group at 162.9 (C-6, 6'). The correla-
tions of H-7/7' to C-5/5', C-6/6', C-8/8', and C-9/9’, and of H-8/8’
to C-6/6', C-7/7', C-10/10’, and C-14/14' from the HMBC spec-
trum revealed the connection of a cyclobutane ring to an a-
pyrone ring, and benzene rings at C-7/7’ and C-8/8', respectively.
Resonances for two sets of methoxy protons at 0y 3.75 and 3.67
showed correlations with C-4/4' and C-12/12/, respectively,
confirming the location of methoxy groups at C-4/4’ and C-12/
12’. The correlations between H-7 (7') and H-8 (8') in the NOESY
spectrum indicated the relative configuration on the cyclo-
butane ring as reported for achyrodimer A.** The specific rota-
tion value of 9 was almost zero [+0.08 (¢ 0.63, MeOH-CHCl;;
3 : 1)] which was also the same as that reported for a symmetric
achyrodimer A.** Moreover, the ECD spectrum of 9 showed no
signal for a Cotton effect (Fig. 8).*° Based on this evidence the
structure of compound 9 could contain a plane of symmetry.
Hence, 9 was concluded to be a new symmetrical cyclobutane
dimer of the isolated styrylpyrone, yangonin (12), and it was
named velutinindimer A.

Compound 10 possessed the molecular formula C;¢yH,gOg
from the "*C NMR and HRESITOFMS (m/z 539.1666 [M + Na]")
data, having the same index of hydrogen deficiency as 9. The IR
spectrum displayed bands for lactone (1699 cm™") and aromatic
(1647 cm™") groups. The UV spectrum also supported an
aromatic moiety (268 nm). The "H NMR data of 10 (Table 3)
showed resonances for two para-disubstituted benzene rings at
4 6.85, 7.16, and 7.34 and 6.85 (each 2H, d, J = 8.7 Hz), an E-
double bond at ¢ 6.42 and 6.86 (each 1H, d, J = 15.8 Hz), a-
pyrone ring at ¢ 5.33 and 5.89 (each 1H, d, J = 2.2 Hz, H-3 and H-
5, respectively) and 5.29 (s, H-3'), three methine protons at
6 3.55 (d, J = 9.9 Hz, H-5'), 4.26 (dd, J = 10.8, 9.9 Hz, H-8), 4.09
(d, J = 10.8 Hz, H-7), and four methoxy groups at é 3.32, 3.69,
3.78, and 3.79. The >C NMR spectrum, DEPT and HMQC
experiments of 10 showed 30 resonances, including two sets of
p-disubstituted benzene rings, one a-pyrone ring, one olefinic,
one cyclobutane ring, and four methoxy carbons. The HMBC
spectrum displayed *J correlations of H-3 to C-5; H-5 to C-3, and
C-7; H-7 to C-5, C-9, C-5', and C-7'; H-8 to C-6, C-10, C-14, C-4/,
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and C-6'; H-10, 14 to C-8, and C-12; H-11, 13 to C-9; H-3' to C-5';
H-5' to C-7, C-9, C-3/ and C-7’; H-7' to C-7, C-5/, and C-9'; H-8' to
C-6/,C-10', and C-14'; H-10', 14’ to C-8' and C-12'; H-11/, 13’ to C-
9’ and C-12/; 4-OMe to C-4; 12-OMe to C-12; 4-OMe to C-4’; and
12'-OMe to C-12' confirming the structure of 10 (Fig. 9). The
NMR data of 10 was comparable to the cyclobutane dimer
achyrodimer D, reported from the aerial parts of Achyrocline
bogotensis.* It was found that 10 was the methoxy derivative of
achyrodimer D. The relative configuration of 10 was determined
from the relatively large coupling constants (9.9-10.8 Hz)
between H-7 and H-8, and H-8 and H-5', and the NOESY corre-
lations between H-8 and H-5', H-7 and H-14, H-8 and H-10, H-5
and H-7, H-7 and H-10', and H-8' and H-14'. The magnitude of
the coupling constant between H-7 and H-8 (J;ans = 10.8 Hz), and

Fig. 10 ORTEP plot of the asymmetric units in 10. The thermal ellip-
soids are shown at 40% probability.

This journal is © The Royal Society of Chemistry 2017
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Fig. 11 Packing structure of 11 showing the inverted racemic mixture.
The chloroform solvate molecule is omitted for clarity.

Fig.12 ORTEP plot of the asymmetric unit in 11. The thermal ellipsoids
are shown at 30% probability level. The chloroform solvate molecule is
omitted for clarity.

H-8 and H-5' (J.;s = 9.9 Hz) could be correlated to the dihedral
angle between those protons, which corresponded with the
values from the Karplus equation for a four membered ring.**

Table 4 Biological activities of the isolated compounds

RSC Advances

The ECD measurement of 10 in MeOH showed no signal of the
Cotton effect*® (Fig. 8), and also the specific rotation value of 10
was almost zero (+0.08). These could suggest that compound 10
was a racemic mixture. Finally, the X-ray crystallographic analysis
supported the structure of an isolated 10 containing asymmetric
units of a racemic mixture (Fig. 10), and the one with the relative
configuration (5'S, 6'R, 7S, and 8S5) is shown in Fig. 1. Thus, the
structure of 10 was an unsymmetrical cyclobutane dimer of the
isolated yangonin (12), and it was named velutinindimer B.

Compound 11 exhibited an [M + Na]" peak at m/z 539.1664 in
the positive HRESITOFMS corresponding to the molecular
formula C3,H,50gNa, the same as that of 10. The IR spectrum
showed bands for a lactone moiety (1708 cm™ ') and an aromatic
ring (1649 cm™'). The UV spectrum indicated an aromatic
moiety (273 nm). The NMR data (Table 3) and 2D NMR of 11
demonstrated a similar structure to a dimeric 10. Nevertheless,
slight differences in chemical shifts around compounds 11 and
10 in the 'H and '*C NMR data at positions 7, 8,9, 5/, 7 and §'
(Table 3) suggested different configurations at the cyclobutane
ring between the two compounds. The large coupling constant
of H-7 and H-8 (Jirans = 10.3 Hz) and H-8 and H-5" (Jirans = 9.7
Hz) could be explained in the same way as for 10.** The NOESY
spectrum displayed correlations of H-5' and H-7, H-7 and H-14,
H-8 and H-10, H-7 and H-10', and H-8' and H-14/, indicating the
relative configuration of 11. Compound 11 also showed no
signal of the Cotton effect (Fig. 7)* and also its specific rotation
value was almost zero (+0.3) suggesting that it should be
a racemic mixture as compound 10. The X-ray crystallographic
analysis confirmed that the isolated compound 11 was
a racemic mixture as in 10, and the one with the relative
configuration 5'R, 6'S, 7R, and 8S is shown in Fig. 1, 11 and 12.
From the above evidence, the structure of 11 was determined to
be another new dimeric styrylpyrone and it was named veluti-
nindimer C.

To confirm the natural occurrence of styrylpyrone dimers, 9-
11, the isolated yangonin (12), was stirred with silica gel in
EtOAc and MeOH for a week, following the conditions for our

Antimalarial Anti-TB Cytotoxicity (ICso, uM)
Compound (ICs0, UM) (MIC, uM) KB* MCF7” NCI-H187° Vero cell?
1 Inactive 43.4 4.0 4.8 4.2 5.8
2 9.6 82.1 9.6 12.9 6.5 8.8
3 10.0 Inactive 12.9 10.9 11.4 10.3
4 9.6 Inactive 10.5 15.2 8.7 11.7
6 Inactive Inactive 14.5 20.7 11.5 11.2
7 9.8 Inactive 24.1 21.0 14.7 17.9
8 7.3 Inactive 10.5 11.9 6.8 18.2
9 6.4 Inactive Inactive Inactive Inactive Inactive
10 5.4 Inactive Inactive Inactive Inactive Inactive
11 5.8 Inactive Inactive Inactive Inactive Inactive
Dihydroartemisinin 0.004
Streptomycin 0.3-0.5
Ellipticine 0.8 5.6 3.1
Doxorubicin 0.3 0.1 0.01

“ Human oral epidermoid carcinoma. ” Human breast cancer cells. © Human lung cancer cells. ¥ Normal African green monkey kidney cells.
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separation process. The formation of 9, 10 and 11 was not
observed. It is worth noting that isolated dimers 10 and 11 were
racemic mixtures occurring from asymmetrical 2 + 2 cycload-
dition of the isolated styrylpyrone, yangonin (12), while
compound 9 has an axis of a symmetric dimer and so is not
chiral.

The biological activities of the isolated compounds (purity >
95% from the NMR spectra) are shown in Table 4. Compounds 1
and 2, with MIC values of 43.4 and 82.1 uM respectively, should
be responsible for the antimycobacterial activity against M.
tuberculosis exhibited in the primary screening. From this
result, the a,B-unsaturated carbonyl in the core structure plays
an important role against TB, while the hydroxy or peroxide
functionalities at C-6' or C-7' reduce this activity. Since our
previous work reported the antimalarial activity and cytotoxicity
of compounds from M. velutina,**** the compounds isolated
herein have been further evaluated for their activities.
Compounds 2-4 and 7-11 displayed antimalarial activity toward
P. falciparum with ICs, values in the range of 5.4-10.0 uM. In
addition, compounds 1-4 and 6-8 exhibited cytotoxicity against
three cancer cell lines tested, with ICs, values in the range of
4.0-24.1 pM. Among these, 1, 2 and 8 exhibited moderate
cytotoxicity against NCI-H187 cell lines with ICs, values of 4.2,
6.5 and 6.8 uM, respectively, which were close to the standard
drug, ellipticine (5.6 pM). Compounds 1-4 and 6-8 exhibited
cytotoxicity towards the Vero cell line with ICs, values in the
range of 5.8-18.2 uM. However, dimeric styrylpyrones 9-11
showed no cytotoxicity in the test.

4. Conclusions

Isolation of the leaves extracts of M. velutina yielded an unique
class of eight bicyclic lactones with a C,g carbons architecture,
named velutinones A-H (1-8), three new dimeric styrylpyrones,
velutinindimers A-C (9-11), five known compounds, the kawa-
pyrone, yangonin (12), three flavonoids (13-15), and an aceto-
genin, cananginone H (16). Velutinindimers A-C (9-11) are
dimmers occurring from symmetrical and asymmetrical 2 + 2
cycloaddition of the isolated styrylpyrone, yangonin (12). The
structures of velutinindimers B and C (10 and 11) were identi-
fied as mixtures which were confirmed by X-ray crystallo-
graphic, ECD and specific rotation analyses. Biological activity
of the isolated compounds had been evaluated. Compounds 2-4
and 7-11showed antimalarial activity with ICs, values in the
range of 5.4-10.0 uM. Moreover, 1-4 and 6-8 displayed cyto-
toxicity against the KB, MCF7, and NCI-H187 cancer cell lines
and Vero cell lines with ICs, values in the range of 4.0-24.1 uM.
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ARTICLE INFO ABSTRACT

Chromatographic separation of fruits and flowers of the Thai medicinal plant, Miliusa velutina, resulted in the
isolation of five new rare homogentisic acid derivatives, miliusanal (1) and miliusanones A-D (2-5), together
with fifteen known secondary metabolites (6-20). Their structures were determined through the use of extensive

Keywords:
Miliusa velutina
Homogentisic acid derivative

:m?baclter‘iall spectroscopic data. The absolute configurations of homogentisic acid derivatives 2-7 were identified using
C;:g;ii?; NOESY data and a comparison of experimental and calculated ECD spectral data. Compounds 2, 3, 6, and 7

showed antimalarial activity with ICs, values in the range of 3.3-5.2 pg/mL. Compound 6 also showed activity
against Mycobacterium tuberculosis with an MIC value of 50 ug/mL. Compounds 1-3, 6 and 7 exhibited cyto-
toxicity againt KB, MCF-7, NCI-H187 and Vero cell lines with ICso values in the range of 5.8-40.4 ug/mL. In
addition, compounds 1, 2 and 6 showed moderate antibacterial activities against three Gram-positive bacteria
(Bacillus cereus, Staphylococcus aureus, and Methicillin resistant S. aureus) with MICs in the range of 32-64 ug/

mL.

1. Introduction

The genus Miliusa (Annonaceae family) consists of 50 species that
are found in the tropical rainforests of India, Malaysia, North Australia,
and South China [1]. Previous phytochemical investigations of the
genus Miliusa showed a number of different types of natural products,
including alkaloids [2,3], acetogenins [4-6], flavonoids [3,7], ger-
anylated homogentisic acid derivatives [8], terpenoids [9], bicyclic
lactones and dimeric styrylpyrones [10]. Many of these compounds
exhibit antibacterial, antimalarial, antiviral, cytotoxic and acet-
ylcholinesterase inhibitory activities [3-6,10-12]. The Thai medicinal
plant, Miliusa velutina, locally known as Khang Hua Mu or Kong Kang,
grows widely in the northeastern part of Thailand [13]. The wood of
this plant is used as a tonic and an aphrodisiac in Thai traditional
medicine [14]. Our previous phytochemical studies of leaves and stem
bark of M. velutina resulted in the isolation of linear acetogenins, bi-
cyclic lactones and dimeric styrylpyrones [5,6,10]. Continued study of
the fruits and flowers of M. velutina has shown that both of their EtOAc
extracts showed cytotoxicity toward human oral epidermoid carcinoma
(KB) with ICsq values of 76.3 and 17.1 pg/mL, respectively. In addition,

* Corresponding author.
E-mail address: somdej@kku.ac.th (S. Kanokmedhakul).

https://doi.org/10.1016/j.fitote.2019.02.007

the EtOAc extract from the fruits of this plant showed antibacterial
activity against Bacillus cereus with MIC value of 160 ug/mL. This work
presents the isolation and structural elucidation of five new homo-
gentisic acid derivatives (1-5), along with fifteen known compounds
(6-20), from the fruits and flowers of M. velutina, and their biological
activities.

2. Experimental
2.1. General experimental procedures

Optical rotations were determined on a JASCO P-1020 polarimeter
and ECD spectra were recorded on a JASCO J-810 apparatus. UV
spectra were recorded using an Agilent 8453 UV-visible spectro-
photometer. IR spectra were obtained using a Bruker Tenser 27 spec-
trophotometer. NMR spectra were recorded using a Varian Mercury
Plus 400 spectrometer; the internal standards CDCl; and CD30D were
referenced from the residue of those solvents. HRESITOFMS spectra
were recorded on a Micromass Q-TOF-2 mass spectrometer. Column
chromatography was carried out on MERCK silica gel 0.063-0.200 nm
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or < 0.063 mm. Preparative layer chromatography (PLC) was carried
out on Merck silica gel 60 PF,s4 glass plate (20 x 20 cm). TLC was
performed with precoated MERCK silica gel 60 PF,s4 aluminum sheets;
the spots were visualized under UV light (254 and 366 nm) and further
by spraying with anisaldehyde, then heating until charred.

2.2. Plant material

The fruits and flowers of Miliusa velutina were collected from Phu
Wiang, Khon Kaen, Thailand in May 2015 and 2016, respectively. Plant
specimens (KKU no. 29004 and 29,005, respectively) were identified by
Prof. Pranom Chantaranothai and were deposited at the herbarium of
the Department of Biology, Faculty of Science, Khon Kaen University,
Thailand.

2.3. Extraction and isolation

Air-dried fruits of M. velutina (4.1 kg) were ground into powder and
then extracted successively with n-hexane (3 x 10L), EtOAc (3 x 10L)
and MeOH (3 x 10L) at room temperature to yield crude n-hexane
(103.4g, 2.5%), EtOAc (110.9g, 2.7%) and MeOH (320.6g, 7.8%)
extracts, respectively.

The n-hexane extract (82.5g) was separated by silica gel flash
column chromatography (FCC), with a gradient system eluting with n-
hexane-CH,Cl, and CH,Cl,-MeOH to give 11 fractions (FRH;-FRH;1).
Fraction FRH;, (9.26 g) was subjected to silica gel FCC, eluted with a
gradient system of CH,Cl,-EtOAc, to give nine subfractions (FRH;g 1-
FRHjgo). Subfraction FRHjps (2.86g) was recrystallized from n-
hexane-EtOAc to afford a mixture of 19 and 20 (103.3 mg). Subfraction
FRHi0, (0.29g) was recrystallized from n-hexane-EtOAc to give 8
(5.8 mg) and subfraction FRH;¢ 7. Subfraction FRH;7 .5 (0.22 g) was
purified by preparative TLC using 5% Me,CO-CH,Cl, as eluent to afford
6 (10.8 mg, Ry 0.38).

The EtOAc extract (90.8 g) was isolated by FCC, eluted with a gra-
dient system of n-hexane-EtOAc and EtOAc-MeOH, to give 13 fractions
(FRE;-FRE,3). Fraction FREs (0.34 g) was subjected to silica gel FCC,
eluted with a gradient system of n-hexane-Me,CO, to give five sub-
fractions (FREs 1-FREs 5). Subfraction FREs » (12.6 mg) was purified by
preparative TLC, using 90% CH,Cl,-n-hexane as eluent, to afford
compound 3 (3.2mg, Ry 0.60). Subfraction FREs 4 (0.338 g) was pur-
ified by silica gel CC, eluted with CH,Cl,, to give 1 (38.0 mg). Fraction
FREg (1.20 g) was separated on silica gel FCC, eluted with a gradient
system of n-hexane-CH,Cl, and CH,Cl,-Me,CO, to give seven subfrac-
tions (FREg;-FREg ;). Subfraction FREg3 (19.6 mg) was purified by
preparative TLC (20% Me,CO-n-hexane) to give 15 (3.2 mg, Ry 0.56)
and 16 (1.8 mg, Rr 0.44). Subfraction FREg 5 (37.6 mg) was applied on
silica gel CC, eluted with an isocratic system of 80% CH,Cl,-n-hexane,
to afford 13 (2.8 mg) and 14 (1.6 mg). Fraction FREg (3.17 g) was
subjected to silica gel FCC, eluted with a gradient system of n-hexane-
CH,Cl, and CH,Cl,-Me,CO to give eight subfractions (FREg1-FREgg).
Subfraction FREg 4 (86.4 mg) was separated on silica gel CC, eluted with
an isocratic system of 20% Me,CO-n-hexane, to give 2 (19.1 mg).
Fraction FREg (6.49 g) was isolated by silica gel FCC, eluted with a
gradient system of n-hexane-EtOAc, to give seven subfractions (FREg ;-
FREg 7). Subfraction FREg; (26.0 mg) was purified by preparative TLC
(20% EtOAc-n-hexane) to give an additional amount of 3 (3.4 mg, R
0.64). Subfraction FREg3 (1.40g) was separated on silica gel FCC,
eluted with a gradient system of n-hexane-EtOAc, to give eight sub-
fractions (FREg 31-FREg3g). Subfraction FREg 34 (90.6 mg) was pur-
ified by preparative TLC (100% CHCl,) to give 6 (47.1 mg, Rf 0.22).
Subfraction FREg¢ (0.24 g) was purified by preparative TLC (60%
EtOAc-n-hexane) to yield 7 (23.3 mg, Ry 0.22). Fraction FRE;, (1.35g)
was purified by silica gel FCC with a gradient system of n-hexane-
Me,CO, and then further purified on preparative TLC (40% Me,CO-n-
hexane), to give an additional amount of 7 (28.7 mg, Ry 0.33). Fraction
FRE;; (1.11 g) was purified by silica gel FCC, eluted with a gradient
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system of n-hexane-EtOAc, to give nine subfractions (FRE;; 1-FRE11 o).
Subfraction FRE;; s (0.187 g) was purified by preparative TLC (70%
EtOAc-n-hexane, x3) to give 9 (7.4 mg, Ry 0.82). Subfraction FRE;; g
(0.18 g) was purified by preparative TLC (70% EtOAc-n-hexane, x 4) to
give 10 (24.5 mg, R¢0.73). The MeOH extract (50.0 g) was separated on
silica gel CC, eluted with a gradient of n-hexane-EtOAc and EtOAc-
MeOH, to give eleven fractions (FRM;-FRMj;). Fraction FRMs (0.29 g)
was purified by silica gel FCC, eluted with a gradient system of n-
hexane-EtOAc, to give five subfractions (FRMs ;-FRMs 5). Subfraction
FRM;5 3 (78.0 mg) was purified by preparative TLC (5% MeOH-CH,Cl,)
to give 17 (18.9 mg, Ry 0.56). Fraction FRM¢ (0.34 g) was purified by
Sephadex LH-20 CC, eluted with MeOH to give 18 (1.5 mg).

Air-dried flowers of M. velutina (500 g) were ground and extracted
successively with EtOAc (3 x 1.5L) and MeOH (3 x 1.5L) at room
temperature. Removal of solvents from the extracts under reduced
pressure gave crude EtOAc (17.9g, 3.6%) and MeOH (56.9 g, 11.4%)
extracts, respectively.

The EtOAc extract (17.1 g) was separated on silica gel FCC, eluted
with a gradient system of n-hexane-EtOAc and EtOAc-MeOH to give 9
fractions (FLE;-FLEg). Fraction FLE, (1.02 g) was purified on silica gel
FCC, eluted with a gradient system of n-hexane-EtOAc, to give seven
subfractions (FLE,;-FLE, ). Solid in subfraction FLE,, (0.26 g) was
crystallized from acetone to give 20 (12.3mg). Subfraction FLE, 3
(0.52 g) was purified on silica gel FCC, eluted with CH,Cl,, to give four
subfractions (FLE, 31-FLE5 3 4). Subfraction FLE, 33 (0.11g) was sub-
jected to Sephadex LH-20 CC, eluted with MeOH, to afford 11
(65.7 mg). Fraction FLE, (2.38g) was separated on silica gel FCC,
eluted with a gradient system of n-hexane-EtOAc, to give six subfrac-
tions (FLE41-FLE4¢). Solid in subfraction FLE, 4 (0.60g) was crystal-
lized from n-hexane-EtOAc to obtain 8 (36.8 mg). Fraction FLEs (1.74 g)
was separated on silica gel FCC, eluted with 40% EtOAc-n-hexane, to
give four subfractions (FLEs ;-FLEs 4). Subfraction FLEs 5 (0.040 g) was
separated on silica gel FCC, eluted with a gradient system of 10-15%
Me,CO-CH,Cl,, to give 12 (9.8 mg). Subfraction FLEs 3 (0.24g) was
purified by preparative TLC (MeOH-CH,Cl,) to obtain 7 (44.9mg, Rs
0.28) and 8 (7.0 mg, R;0.89). Subfraction FLEs 4 (1.31 g) was separated
on silica gel FCC, eluted with a gradient system of 5-60% Me,CO-
CH,Cl,, to give twelve subfractions (FLEs 41-FLEs415). Subfraction
FLEs5 4.9 gave 4 (11.6 mg). Subfraction FLEs 4 15, was subjected to silica
gel FCC, eluted with a gradient system of 5-20% MeOH-CH,Cl, to give
5 (11.4 mg). Subfraction FLE¢ (0.35 g) was separated on silica gel FCC,
eluted with a gradient system of 2-30% MeOH-CH,Cl, to give five
subfractions (FLE¢ ;-FLEg 5). Subfraction FLEg; (0.062 g) was purified
by preparative TLC (30% Me,CO-n-hexane, x2) to obtain 9 (18.7 mg, R¢
0.21). Subfraction FLE;, (0.34 g) was separated by reverse phase RP-18,
eluted with a gradient system of 40% H,0-MeOH, to give three sub-
fractions (FLE; ;-FLE, 3). Subfraction FLE; 5, was subjected to Sephadex
LH-20 CC, eluted with MeOH, to give 10 (7.3 mg).

2.4. Physical and spectroscopic data of new compounds isolated from the
fruits and flowers of Miliusa velutina

Miliusanal (1): Yellow solid; Ry 0.41 (20% EtOAc-n-hexane); mp
98-99°C; UV (MeOH) Apax (log €) 267 (4.57) and 370 (4.20) nm; IR
(film)rmax 3261, 2968, 2913, 2855, 1631, 1587 cm™'; 'H NMR
(400MHz, CDCl3): § 10.90 (s, 2-OH), 9.80 (s, CHO), 6.96 (d,
J = 2.0Hz, H-4), 6.83 (d, J = 2.0 Hz, H-6), 3.35 (d, J = 8.0 Hz, H-1),
5.30 (t, J = 8.0 Hz, H-2"), 2.11-2.08 (m, H-4’and H-5"), 5.10 (t, J = 6.0,
H-6"), 1.60 (s, H-8"), 1.68 (s, H-9"), 1.69 (s, H-10"); 13C NMR (100 MHz,
CDCl3): 6§ 119.7 (C-1), 154.1 (C-2), 132.0 (C-3), 125.1 (C-4), 148.0 (C-
5), 115.2 (C-6), 196.1 (CHO), 27.0 (C-19), 120.7 (C-2"), 137.7 (C-3"),
39.7 (C-4"), 26.6 (C-5), 124.2 (C-6"), 131.5 (C-7"), 17.7 (C-8"), 25.7 (C-
9", 16.1 (C-10"); HRESITTOFMS m/z 297.1510 [M + Nal™* (calcd for
C17H2203 + Na, 297.1467).

Miliusanone A (2): Colorless viscous liquid; Ry 0.62 (60% Me,CO-
CH,Cl,); [a]p®*2-48 (c, 0.1, CDCl,); ECD (143.6 uM, MeOH) Amax (A€)
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Table 1
'H (400 MHz) and *C (100 MHz) NMR spectral data of 27, 3* and 4°, 5°.
No. 2 3 4 5
8¢ 8u (J in Hz) 8¢ 8u (J in Hz) 8¢ 8u (J in Hz) Sc 8u (J in Hz)
1 176.0 171.4 174.1 173.7
2 39.6 2.37 d (16.0) Ha/ 39.9 2.35d (16.0) Ha/ 44.9 2.28 d (14.4) Ha/ 40.7 2.30 d (16.0) Ha/
2.78 d (16.0) Hb 2.73 d (16.0) Hb 2.54 d (14.4) Hb 2.59 d (16.0) Hb
1’ 47.0 47.2 48.8 47.5
2’ 200.0 200.4 204.4 202.2
3 130.1 6.06 d (10.2) 130.1 6.06 d (10.2) 128.4 5.88 d (11.3) 127.2 5.90 d (10.2)
4 144.0 6.78 dd (10.2, 3.6) 144.4 6.78 dd (10.2, 3.3) 153.5 6.86 d (11.3) 152.2 6.92 d (10.2)
5 66.0 5.60m 66.3 5.63m 65.0 4.61m 63.7 4.66 m
6’ 34.4 2.49 dd (14.8, 5.6) Ha/ 34.7 2.47 dd (12.0, 4.0) Ha/ 40.0 2.39-2.30 m“ Ha/ 38.8 2.56-2.36 m“ Ha/
2.12 dd (14.8, 6.0) HB 2.09 dd (12.0, 8.0) HB 2.01-1.90 m“ HB 2.07-1.93 m“ HB
17 35.2 2.36 dd (13.6, 6.5) Ha 35.2 2.35dd (16.0, 7.2) Ha 35.5 2.39-2.30 m“ Ha/ 34.6 2.56-2.36 m*®
2.46 dd (13.6, 6.6) Hb 2.46 dd (16.0, 7.2) Hb 2.52-2.44 m“ Hb
27 118.0 5.03t (6.4)° 118.3 5.02d (7.2)° 120.8 5.05t (6.0) 119.3 5.13t(7.4)
3” 139.5 139.2 138.4 138.4
4” 39.9 2.09-2.01 m*® 40.0 2.04-2.01 m® 36.6 2.01-1.90 m*® 36.7 2.28-2.21 m*®
2.07-1.93 m®
5” 26.4 2.09-2.01 m*® 26.4 2.04-2.01 m® 33.8 1.58-1.52 m* 29.3 1.76-1.64 m*
1.39-1.23 m*
6” 124.0 5.03t (6.4)° 124.1 5.04 d (7.2)° 75.6 3.92q (5.8) 77.4 3.22d (10.5)
7" 131.6 131.5 148.0 72.4
8” 25.7 1.66s 25.7 1.65s 111.4 4.77 s Ha 23.6 1.12s
4.85 d (5.8) Hb
9” 17.7 1.59s 17.7 1.66s 17.5 1.66s 24.3 1.16s
10” 16.4 1.59s 16.3 1.58s 16.5 1.58s 15.2 1.64s
CO,Me 21.0 2.09s 21.0 2.09s
CO,Me 170.2 170.1
OMe 51.5 3.64s
2 Recorded in CDCl;.
> Recorded in CDCl; + CD3OD.
¢ Overlap of the signals.
Table 2
Biological activities of homogentisic acid derivatives 1-7.
Compound Antimalarial Anti-TB Cytotoxicity (ICso, ug/mL)
ICso, (ng/mL) MIC, (ug/mL) KB® MCF-7° NCI-H187¢ Vero*
1 > 10 > 50 9.3 12.6 40.4 39.1
2 3.8 > 50 11.9 23.2 6.1 16.1
3 5.2 > 50 17.9 26.4 6.2 5.8
4 > 10 > 50 > 50 > 50 > 50 > 50
5 > 10 > 50 > 50 > 50 > 50 > 50
6 3.3 50 26.5 32.7 5.8 6.3
7 3.9 > 50 11.8 > 50 6.1 17.7
Mefloquine 0.011
Dihydroartemisinin 0.00062
Streptomycin 0.3-0.6
Ellipticine 2.0 2.4 1.5
Doxorubicin 0.6 8.5 0.2

a

b

Epidermal carcinoma of the mouth with HelLa cell contamination.
Human breast cancer cell.

¢ Human small lung cancer cell.

4 Normal African green monkey kidney cell.

201 (+29.9), 225 (—37.8), 340 (+5.3); IR (film)rmax: 3162, 2966,
2921, 2856, 1739, 1711, 1681 cm ™ *; for 'H and **C NMR spectroscopic
data, see Table 1; HRESITTOFMS m/z 371.1830 [M + Na]™* (calcd for
C20H2805 + Na, 371.8134).

Miliusanone B (3): Colorless viscous liquid; Rf 0.44 (30% EtOAc-n-
hexane); [a]p>*° -40 (¢, 0.1, CDCl3); ECD (138.0 UM, MeOH) Amax (Ae)
221 (—32.9), 337 (+3.1); IR (film)rya,: 2927, 2855, 1735, 1681,
1226 cm ™% for 'H and '3C NMR spectroscopic data, see Table 1;
HRESITTOFMS m/z 385.1984 [M + Nal]*t (caled for Cy;H300s + Na,
385.1985).

Miliusanone C (4): Colorless viscous liquid; Ry 0.22 (60% Me,CO-
CH,Cly); [alp**®-63 (c, 0.1, MeOH); ECD (310.0 uM, MeOH) Amax (A€)
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206 (+17.9), 234 (—14.3), 340 (+4.3); IR (film)rmax: 3395, 2920,
1710, 1669, 1450, 1379 cm~*; for *H and **C NMR spectroscopic data,
see Table 1; HRESITTOFMS m/z 345.1679 [M + Na]™ (caled for
C13H2605 + Na, 345.1678).

Miliusanone D (5): Colorless viscous liquid; Ry 0.11 (60% Me,CO-
CH,CL,); [alp?*® -86 (c, 0.1, MeOH); ECD (290.0 pM, MeOH) Apax (Ae)
203 (+30.1) 234 (—20.1), 341 (+4.3); IR (film)ypay: 3368, 2972,
2927, 1713, 1671, 1441, 1377 cm ™ *; for 'H and '3C NMR spectroscopic
data, see Table 1; HRESITTOFMS m/z 363.1784 [M + Na] ™ (calcd for
C18H2806 + Na, 363.1784)
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2.5. Antimalarial assay

Antimalarial activity was evaluated against Plasmodium falciparum
(K1, multidrug resistant strain), using the method of Trager and Jensen
[15]. Quantitative assessment of malarial activity in vitro was de-
termined by means of the microculture radioisotope technique based
upon the method described by Desjardins and co-worker [16]. The in-
hibitory concentration (ICso) represents the concentration that causes
50% reduction in parasite growth as indicated by the in vitro uptake of
[*H]-hypoxanthine by P. falciparum. The standard compounds were
mefloquine and dihydroartemisinin (Table 2).

2.6. Antimycobacterial assay

Antimycobacterial activity was assessed against Mycobacterium tu-
berculosis H37Ra (purchased from ATCC) using the Microplate Alamar
Blue Assay (MABA), as described by Collins and co-worker [17]. The
standard drug streptomycin was used as a reference substance
(Table 2).

2.7. Cytotoxicity assays

Cytotoxicity assays against epidermal carcinoma of the mouth with
HeLa cell contamination (KB, ATCC CCL-17), human breast adeno-
carcinoma (MCF7, ATCC HTB-22), and human small cell lung cancer
(NCI-H187, ATCC CRL-5804) were performed employing the resazurin
microplate assay (REMA) described by O'Brien and co-workers [18].
Cytotoxicity test against a primate cell line (Vero) was performed using
the green fluorescent protein detection method described by Hunt and
co-workers [19]. The reference substances used were ellipticine and
doxorubicin (Table 2).

2.8. Antibacterial assay

The minimum inhibitory concentrations (MICs) were determined by
the dilution method, as described in the document MO07-A9 of the
Clinical and Laboratory Standards Institute (CLSI) [20,21]. Resazurin
solution (0.18%) was used as an indicator of bacterial growth. MICs
were determined visually from the lowest concentrations capable of
inhibiting bacterial growth. The tests were performed in triplicate.
Cefepime, kanamycin and vancomycin were used as positive control

Table 3
Antibacterial activity of isolated compounds.
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drugs (Table 3). Six bacterial cultures (Bacillus cereus DMST 5040,
Staphylococcus aureus DMST 8013, methicillin resistant S. aureus
(MRSA), Escherichia coli DMST 4212, Pseudomonas aeruginosa DMST
4739, and Salmonella enterica serovar Typhimurium DMST 562) were
employed as the test organisms. The experiment was performed at the
Department of Microbiology, Faculty of Science, Khon Kaen University,
Thailand.

3. Results and discussion

Chromatographic separation of the extracts from fruits and flowers
of M. velutina gave twenty compounds, 1-20 (Fig. 1). Their structures
were determined by spectroscopic data (IR, UV, 'H and '3C NMR, and
2D-NMR) and MS. The known compounds were identified by physical
properties and spectroscopic data measurements, as well as by com-
paring the data obtained with their published values, as methyl-2-(1’g-
geranyl-5-hydroxy-2’-oxocyclohex-3’-enyl)acetate (6), 2-(1’8-geranyl-
5’B-hydroxy-2’-oxocyclohex-3’-enyl)acetic acid (7) [22], yagonin (8),
velutinindimer A (9), velutinindimers B (10) [10], cananginones A
(11), cananginones H (12) [5,6], 4-hydroxybenzonitrile (13) [23,24],
4-hydroxybenzaldehyde (14) [25], isovanillin (15) [26], 5-acetylox-
ymethylfurfural (16), 5-methoxyfurfural (17) and 5-hydro-
xymethylfurfural (18) [27]. Two common phytosterols were identified
by comparing their spectroscopic spectra with authentic samples as -
sitosterol (19) and stigmasterol (20). Structure elucidation of five new
compounds, 1-5 and absolute configurations of new and known com-
pounds, 2-7 are described as follows.

Compound 1 was obtained as a yellow solid. Its molecular formula,
C17H5503, deduced from HRESITTOFMS (m/z 297.1510 [M + Na] ™),
indicates seven degrees of unsaturation. The UV spectrum shows ab-
sorption maxima at 267 and 370nm. The IR spectrum exhibits ab-
sorbtion bands of hydroxyl (3261 cm ™ 1), aromatic aldehyde (2855 and
1631 cm ™ Y) and alkene (1587 cm™ 1) groups. The 13C NMR, HMQC and
DEPT spectra reveal the presence of six sp? quaternary groups, five sp?
methine (including one carbonyl), three methylene and three methyl
carbons. The 'H NMR spectrum shows an aldehyde proton at § 9.80
with its carbonyl (C-7) chelated with the hydrogen of a hydroxyl group
(6 10.90, s) at the ortho position (C-2). Two doublet signals at § 6.96
and 6.83 belong to aromatic protons with meta coupling (J = 2.0 Hz) of
H-4 and H-6, respectively. The resonance signals at § 3.35 (d,
J = 8.0Hz, H-1"), § 5.30 (t, J = 8.0 Hz, H-2"), § 2.11-2.08 (m, H-4 and

Compound Antibacterial activity (MIC, ug/mL)

Gram-positive Gram-negative

B. cereus® S. aureus” MRSA® E. coli* P. aeruginosa® S. Typhimurium’
1 32 64 64 > 128 64 128
2 64 128 > 128 > 128 128 > 128
4 > 128 > 128 > 128 > 128 > 128 > 128
5 > 128 > 128 > 128 > 128 > 128 > 128
6 32 64 64 > 128 128 > 128
7 128 >128 > 128 > 128 128 > 128
8 128 > 128 > 128 > 128 128 > 128
9 > 128 > 128 > 128 > 128 128 > 128
10 128 >128 > 128 > 128 128 > 128
Cefepime 0.03 2 0.03
Kanamycin 2 2 2
Vancomycin 1 1 0.5

@ Bacillus cereus DMST 5040.
Y Staphylococcus aureus DMST 8013.

c

4 Escherichia coli DMST 4212.

e

Methicillin resistant Staphylococcus aureus.

Pseudomonas aeruginosa DMST 4739.

£ Salmonella enterica serovar Typhimurium DMST 562.

68



T. Promgool, et al.

HO

Fitoterapia 134 (2019) 65-72

OMe CN CHO CHO

Fig. 1. Structures of compounds 1-20.

Fig. 2. COSY (bold line) and HMBC (arrow line) correlations of 1.

H-5), § 5.10 (t, J = 6.0 Hz, H-6"), § 1.60 (s, H-8"), § 1.68 (s, H-9") and §
1.69 (s, H-10") were assigned to a geranyl side chain. The COSY spec-
trum exhibits correlations of the side chain between H-1’/H-2’ and H-
4’/H5’/H-6’. The HMBC spectrum shows correlations of H-1" to C-2, C-3
and C-4; H-2" to C-1’, C-4’ and C-10’; H-4’ to C-2’, C-3’ and C-5’ and C-6;
H-5’ to C-4’, C-6’ and C-7’; H-8’ to C-7’ and C-9’; H-9’ to C-7’ and C-8’; H-
10’ to C-2’, C-3’ and C-4’, confirming the geranyl group which is linked
to the aromatic at C-3 (Fig. 2). Based on the above evidence, compound
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1 exhibits a core structure the same as 3-farnesyl-2,5-dihydrox-
ybenzaldehyde isolated from seeds of Otoba paruifolia [28]. Thus, 1 was
deduced to be a new rare homogentisic acid derivative, 3-geranyl-2,5-
dihydroxybenzaldehyde, which has been named miliusanal.
Compound 2 was obtained as a colorless viscous liquid. Its mole-
cular formula, CyoH»50s, was deduced from HRESITTOFMS (m/z
371.1830 [M + Na]™), revealing seven degrees of unsaturation. The
UV spectrum shows absorption maxima at 201 and 225nm. The IR
spectrum exhibits characteristics of carboxylic acid (3162 and
1711 cm™Y), ester (1739 cm™!) and conjugated ketone (1681 cm™Y)
groups. The '*C NMR, HMQC and DEPT spectra display the presence of
five sp? quaternary (including three carbonyl groups), four sp> methine,
one sp® quaternary, one oxymethine, five methylene and four methyl
carbons. The 'H NMR spectroscopic data (Table 1) shows sets of re-
sonance signals for a 4,6-disubstituted-2-cyclohexenone unit at § 6.06
(d, J = 10.2Hz, H-3"), 6.78 (dd, J = 10.2, 3.6 Hz, H-4"), an oxymethine
proton at § 5.60 (m, H-5"), 2.49 (dd, J = 14.8, 5.6 Hz, H-6’a), and 2.12
(dd, J = 14.8, 6.0 Hz, H-6’8). The geranyl moiety shows protons of
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Fig. 4. Key NOESY correlations of 2, energy minimized using MM2.

three methylene groups, two olefinic groups and three vinyl methyl
groups as in those of 1. The a-methylene carboxylic acid (-CH,-COOH)
protons show two doublet signals with a germinal coupling of 16.0 Hz
between § 2.37 and 2.78. The *C NMR spectroscopic data (Table 1)
shows a carboxylic carbon function at ¢ 176.0 (C-1), an enone car-
bonyl at ¢ 200.0 (C-2"), an acetate group (OAc) at ¢ 170.2 and 21.0,
and a secondary oxygenated carbon at §c 66.0 (C-5). The COSY spec-
trum shows correlations of the cyclohexenone unit, H-3’/H-4’/H-5’/H-
6’. The HMBC spectrum exhibits correlations of H-1” to C-2, C-2/, C-2”
and C-3”; H-2” to C-17, C-4” and C-10” confirming that the geranyl
group is linked to the stereogenic quaternary carbon at C-1” (Fig. 3).
The relative configuration of 2 was established on the basis of NOESY
correlations between H-3’ and H-4’, H-5” and H-6’a, H-1”b and H-2”,
and H-6’f and H-2a to H-1"a (Fig. 4). From the above data, 2 has a core
skeleton of rare homogentisic acid derivatives as in those of 6 and 7
[22]. The specific rotation of 2 [ —48 (c, 0.1, CHCl3)] and its analogues
6 and 7 [both —2.9 (c, 0.1, CHCl3)] have the same negative sign. Since
the absolute configurations of 6 and 7 have not been reported, the
absolute configuration of 2 was further determined by comparison of
the experimental ECD spectrum with its ECD calculated spectra.
Structures of four possible stereoisomers of 2 (two chiral carbons at C-1”
and C-5’) were optimized by the B3LYP/6-31G(d) method [29] and
their ECD spectra were calculated using the time-dependent density
functional theory (TD-DFT) method with CAM-B3LYP functional [30]
and 6-311+ +G(d,p) basis set. Polarizable continuum model (PCM)
solvation model using MeOH was included in the calculations [31].
Calculations were performed using the Gaussian09 program [32]. All
calculated ECD spectra are shown in the supplementary material (Fig.
S31). The ECD calculated spectrum of (1’R,5’S)-2 shows a Cotton effect
at Amax 202 (Ae + 14.7), 238nm (Ae — 38.0), and 314 (Ae + 4.0),
which agrees well with that of the experimental ECD spectrum of 2
(Fig. 5a). Thus, 2 was identified as a new homogentisic acid derivative
with the absolute configuration (1’R,5’S)-2, and has been named mili-
usanone A (Fig. 1). In addition, ECD spectra of 6 and 7 agree well with
that of 2 (Fig. 5b); therefore, the absolute configurations of 6 and 7
were concluded to be 1’R,5’S, the same as that of 2.

Compound 3 was obtained as a colorless viscous liquid. The HRE-
SITTOFMS (m/z 385.1984 [M + Na] *) revealed the molecular formula,
C21H300s5, which has one more carbon than 2. The UV spectrum shows
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absorption similar to that of 2. The IR spectrum shows absorption bands
of ester (1735cm™ 1) and conjugated ketone (1681 cm ™) functional-
ities. Analysis of the 'H and **C NMR spectroscopic data (Table 1) and
2D NMR techniques (COSY, HSQC, HMBC and NOESY) indicates a
structure similar to compound 2. However, the carboxylic acid (8¢
176.0) of 2 is replaced by an extra carbon as a methyl ester (8y,c 3.64/
51.5, 8¢ 171.4) in 3. The HMBC data confirms the location of the ester
at C-1 by showing correlations of H-2 to C-1, C-1’, C-2’, C-6” and C-1”,
and methoxy protons to C-1. The absolute configuration of 3 was as-
signed by comparing the ECD spectrum with calculated ECD spectra of
its four possible stereoisomers (two chiral carbons at C-1” and C-5’) (Fig.
S32 in the supplementary material). The calculated spectrum of
(1’R,5’S)-3 shows a Cotton effect at Ap.x 209 nm (Ae + 6.8), 222 nm
(Ae — 10.5), and 320 (Ae + 3.2), which matches the experimental ECD
spectrum of 3 well (Fig. 5¢). Thus, 3 was identified as a new homo-
gentisic acid derivative with 1’R,5’S configuration (Fig. 1), which we
named miliusanone B.

Compound 4 was obtained as a colorless viscous liquid. Its mole-
cular formula, C;gH,¢0s5, deduced from HRESITTOFMS (m/z 345.1679
[M + Na] ™), indicates six degrees of unsaturation. The UV spectrum
shows absorption maxima at 204 and 236 nm. The IR spectrum exhibits
the absorption bands of carboxylic acid (3395 and 1710 cm™ 1) and
conjugated ketone (1669 cm™ ') functionalities. The *H and '*C NMR
spectroscopic data of 4 (Table 1) indicates the same core structure as
that of 2. However, the acetoxy group at C-5’ of 2 is replaced by a
hydroxyl group (8y,c 4.61/65.0) in 4. Besides, the terminal side chain
of the geranyl moiety of 4 was identified as a terminal alkene [§c 148.0
(C-77) and 8y,c 4.77 (s), 4.85 (d, J = 5.8 Hz)/111.4 (C-8”)] and there is
an extra hydroxy group at C-6” [6y,c 3.92 (q, 5.8 Hz)/75.6]. This is
confirmed by the HMBC correlation of H-6” to C-4”, C-5”, C-7”, C-8”,
and C-9”. The NMR data in the side chain (C-5”- C-10”) of 4 (Table 1)
are comparable to those of velutinone B [(CDCl3)8y,c 4.00 (t, 6.3)/75.3
(C-6"), 1.58-1.65 (m)/33.0 (C-5"), 8¢ 147.3 (C-7") and 111.0 (C-8)]
[10]. This suggests the configuration at C-6” of 4 to be 6”S, the same as
6’S in velutinone B. Finally, the absolute configuration of 4 was con-
firmed by comparison to the calculated ECD spectra of its eight possible
stereoisomers (three chiral carbons at C-1’, C-5’, and C-6”) (Fig. S33 in
the supplementary material). The ECD calculated data of the generated
1’R,5’S,6”S isomer shows a Cotton effect at An.x 204 (Ae + 29.1),
236 nm (Ae — 19.7), and 311 (Ae + 1.9), which is in good agreement
with the experimental spectrum of 4 (Fig. 6). Thus, 4 was identified as a
new homogentisic acid derivative having 1’R,5’S,6”S configuration and
we named it miliusanone C (Fig. 1).

Compound 5 was obtained as a colorless viscous liquid. The HRE-
SITTOFMS (m/z 363.1784 [M + Na]*) indicates the molecular for-
mula, C;gH506, which has one more oxygen and two more hydrogen
atoms than 4. It specifies five degrees of unsaturation. The UV and IR
spectral data of 5 are similar to those of 4. The 'H and '°C NMR
spectroscopic data of 5 (Table 1) indicate the same core structure as 4.
However, the appearance of an additional hydroxyl group at C-7” (6c
72.4) and a missing terminal alkene at C-7”/C-8” of the geranyl side
chain is seen in 5. These are confirmed by the HMBC correlations of H-
5” to C-7”; H-6” to C-4”, C-7”, C-8”, and C-9”; H-8” to C-6”, C-7”, and C-
9” and H-9” to C-6”, C-7”, and C-8”. Since 5 and 4 have three chiral
carbons at the same positions and the comparison of their ECD spectra
is in agreement (Fig. 6), the absolute configuration of 5 was designated
to be 1’R,5’S,6”S, the same as that of 4. Thus, 5 was elucidated as a new
homogentisic acid derivative, which we named miliusanone D (Fig. 1).

Geranylated homogentisic acid derivatives with a C;g carbon are
members of a rare class of plant secondary metabolites. They have been
previously reported in genus Miliusa, including M. balansae, M. sinensis,
M. umpangensis and M. velutina [7,8,10,33]. Compound 6 was obtained
from M. umpangensis [7] and this is the first report for the isolation of 7
in the genus Miliusa. Therefore, the presence of geranylated homo-
gentisic acid derivatives (2-7) from M. velutina could support the che-
mosystematics of Miliusa.



T. Promgool, et al.

40

“ 3 Q) oo Caled ECD for (I'R,5'S)-2
] E Calcd.ECD for (1'S,5'R)-2
20 Y Expt. ECD for 2

Fitoterapia 134 (2019) 65-72

Expt. ECD for 2
Expt. ECD for 6
Expt. ECD for 7

200 220 240 260 280 300 320 340 360 380 400 200 220 240 260 280 300 320 340 360 380 400
Wavelength (nm) Wavelength (nm)
30 c) = ==--- Calcd. ECD for (1'R,5'S)-3
20 | e Calcd. ECD for (1'S,5'R)-3
Expt. ECD for 3
10
w DN T T e
<
-10
-20
-30
-40
200 220 240 260 280 300 320 340 360 380 400

Wavelength (nm)

Fig. 5. a) Experimental ECD spectrum of 2 and its calculated ECD spectra of two related possible stereoisomers. b) Experimental ECD spectra of 2, 6 and 7 in MeOH.
¢) Experimental ECD spectrum of 3 and its calculated ECD spectra of two related possible stereoisomers.
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Fig. 6. Experimental ECD spectra of 4 and 5, and calculated ECD spectra of two
related possible stereoisomers of 4 in MeOH.

Homogentisic acid derivatives 1-7 were assayed for their bioac-
tivity, and the results are shown in Tables 2 and 3. Compounds 2, 3, 6
and 7 exhibited antimalarial activity against Plasmodium falciparum
with ICs, values of 3.8, 5.2, 3.3, and 3.9 ug/mlL, respectively. This result
supports a previous report of 6 and 7 being antiplasmodial agents
against P. falciparum (D-6 and W-2 clones) [22]. Only 6 showed weak
antimycobacterial activity against Mycobacterium tuberculosis, with an
MIC of 50 pg/mL. Compounds 1-3, 6 and 7 showed cytotoxicity against
KB, MCF-7 and NCI-H187 cell lines with ICso values in the range of
5.8-40.4 ug/mL. However, these compounds showed -cytotoxicity
against Vero cell with ICso values in the range of 5.8-39.1 ug/mL
(Table 2). Compounds 1, 2, and 4-10 were also tested for antibacterial
activity using a broth microdilution method and the results are shown
in Table 3. Compounds 1 and 6 showed moderate antibacterial activ-
ities against three Gram-positive bacteria tested, with MICs in the range
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of 32-64ug/mL. Compounds 2, 7, 8 and 10 showed antibacterial
against B. cereus with MICs in the range of 64-128 ug/mL and 2 also
showed antibacterial against S. aureus with an MIC of 128 ug/mL.
Moreover, compounds 1, 2 and 6-10 showed antibacterial activity
against Gram-negative bacteria P. aeruginosa, with MICs in the range of
64-128 ug/mL. Compound 1 also exhibited antibacterial activity
against S. Typhimurium with an MIC of 128 pg/mL. It should be noted
that the transformations at the terminal side chain of the geranyl group
in 4 and 5 result in the lack of activities for all tests.

4. Conclusion

Five new rare homogentisic acid derivatives, 1-5, and fifteen known
compounds 6-20 were isolated from the fruits and flowers of the Thai
medicinal plant, M. velutina. The absolute configurations of homo-
gentisic acid derivatives 2-7 were assigned by a combination of NOESY
data and comparison of their experimental and theoretical computa-
tional ECD spectra. Most of these homogentisic acid derivatives with a
geranyl side chain displayed antimalarial (P. falciparum), cytotoxic (KB,
MCF7, NCI-H187 and Vero cell lines) and antibacterial (Gram-positive
and Gram-negative bacteria) activities (Tables 2 and 3). However,
compounds 4 and 5 with a hydroxyl group at the terminal side chain of
the geranyl group showed no activity in all tests. Besides five new rare
homogentisic acid derivatives, this investigation provides additional
data supporting the utilization of the traditional medicinal plant, M.
velutina.
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1. Introduction

Plumbagin and its derivatives are hydroxy-naphthoquinones distributed in the family
Ebenceae especially Diospyros species. They exhibited highly potent bioactivities such
as anticancer, antimicrobial, antimalarial, and antiinflammatory activities (Bao et al.
2017). Recent investigations indicated that plumbagin derivatives have been attracted
an increasing researchers due to its promising cytotoxic activity against various cancer
cell lines including breast, lung, cervical, leukemia, hepatocellular, and oral cavity can-
cers (Padhye et al. 2012).

Diospyros undulata Wall. ex G. Don (Ebenaceae) is distributed in rainforest and it is
a widely available medicinal plant in the north, northeast and south parts of Thailand
(Smitinand 2001). Previously work, we reported the isolation of naphthoquinone deriv-
atives and their cytotoxicity from the stem bark of D. undulata (Suchaichit et al. 2018).
In continuation of our investigation on the bioactive compounds from the roots of
this plant, further isolation of the D. undulata roots extracts obtained a new plumba-
gin derivative, 3-(5-oxohexyl)plumbagin (1), six known benzoquinone derivatives (2-7),
four known triterpenoids (8-11) and coniferyl aldehyde (12), as well as an evaluation
for their cytotoxic and antimicrobial activities.

2. Results and discussion

Separation of the CH,Cl, and MeOH extracts from D. undulata roots by flash column
chromatography on silica gel, preparative TLC and recrystallization yielded a new
plumbagin derivative (1) and 11 known compounds (2-12) (Figure 1). Their structures
were identified by spectroscopic methods (IR, 1D and 2D NMR and MS) including

o OH
CHB CH3
2 e b O‘
o
OH O CH3
OH O

af.

OH 0O

9 10 11 12
Figure 1. The structures of isolated compounds from roots of Diospyros undulata.
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comparison with data reported in the literature. The known compounds were identi-
fied as cis-isoshinanolone (2) (Bringmann et al. 2001), maritinone (3) (Gu et al. 2004),
plumbagin (4) (Rischer et al. 2002), 3,3-biplumbagin (5) (Higa et al. 2002), 7,7-biplum-
bagin (6) (Salae et al. 2010), isodiospyrin (7) (Ruphin et al. 2014; Van der Kooy et al.
2006), lupeol (8) (Abdullahi et al. 2013), friedelin (9) (Ee et al. 2004), betulin (10), betu-
linic acid (11) (Uddin et al. 2011), and coniferyl aldehyde (12) (Herath et al. 1998).

Compound 1, obtained as an orange amorphous powder, the molecular formula
based on high-resolution MS (HRESIMS) with a molecular ion peak at m/z 309.1116
[M +Na]" (calcd. For C;7H1504Na, 309.1103), indicating nine degrees of unsaturation.
The UV spectrum showed absorption maximum due to a conjugated ketone at 272
and 416 nm. The IR spectrum of 1 displayed the characteristic absorption bands of
hydroxy (3,445cm™") and carbonyl ketone (1,713cm™") groups. The 'H and '>C NMR
spectra of 1 showed characteristic of 1,4-naphthoquinone [64 7.60 (1H, dd, J=1.2,
7.2Hz, H-8), 7.55 (1H, t, J=8.0Hz, H-7), 7.20 (1H, dd, J=1.2, 8.0Hz, H-6), 2.13 (3H, s,
CHs3-11) and 12.18 (1H, s, OH-5)] similar to those of plumbagin (4), except for the add-
itional signals of methyl butyl ketone unit at C-3. The NMR data of this unit displayed
the magnetic nonequivalence of four methylene protons at oy 2.62 (2H, t, J=8.0Hz,
H-12), 249 (2H, t, J=7.2Hz, H-15), 1.71 (2H, quint, J=8.0Hz, H-14), 1.48 (2H, quint,
J=8.0Hz, H-13), methyl protons at dy 2.15 (3H, s, H-17) and a carbonyl carbon at Jc
208.0 (C-16). The COSY correlations exhibited the coupling through the sequence of
H-12 to H-15 and HMBC showed correlations from H-12 to C-13/C-14, H-14 to C-12/C-
15/C-16, and H-17 to C-15/C16 (Figure S9) indicating a 5-oxohexyl unit. The HMBC
data showed correlations from H-12 to C-2/C-4 confirmed that C-12 of 5-oxohexyl
group connected to the 1,4-naphthoquinone at C-3. Therefore, the compound 1 was
identified as a new 5-hydroxy-2-methyl-3-(5-oxohexyl)naphthalene-1,4-dione and was
named as 3-(5-oxohexyl)plumbagin.

The cytotoxic activity of the active constituent 1 was evaluated in vitro against
human small-cell lung carcinoma (NCI-H187), human breast adenocarcinoma (MCF-7),
human oral cavity carcinoma (KB) and African green monkey kidney fibroblasts (Vero)
using MTT colorimetric method (Brien et al. 2000; Hunt et al. 1999). The results
revealed potent cytotoxicity against three cancer cell lines (NCI-H187, MCF-7 and KB)
with 1Csq value 8.70, 12.90 and 28.70 uM, respectively and it was not cytotoxic to Vero
cells. Both naphthoquinone 1 and 4 (Suchaichit et al. 2018) exhibited potent cytotox-
icity to all three cancer cell lines but only 1 showed none cytotoxicity to normal cell,
suggesting that the 5-oxohexyl group at C-3 played an important role in the decrease
of cytotoxicity to normal cell and might be a lead compound for anticancer drug
development in the future. Benzoquinones 2-7 and triterpenes 8-11 have previously
been reported for cytotoxic against cancer cell lines (Suchaichit et al. 2018; Bishayee
et al. 2011).

The isolated compounds (1-11) were screened for their antibacterial activity against
1 gram-positive and 4 gram-negative bacteria using agar well diffusion method. The
results showed that compounds 1-7 and 11 displayed inhibition activity against at
least one pathogenic bacteria (Table S2). Gentamycin (GEN) and ceftazidime (CAZ)
antibiotics that used as positive control showed inhibition against all tested bacteria
except B. pseudomallei that resist to GEN (Table S3). Compound 4 showed inspiring
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activity as it inhibited E. coli, B. pseudomallei, A. baumannii and S. aureus with MBC of
250, 63, 125, and 63 ug/mL that were comparable to the range of standard control
drug GEN. Besides, compounds 4, 6, 7, and 11 also showed respectable activity
against B. pseudomallei, a gram-negative bacteria that caused melioidosis with the
MBC of 63, 125, 125, and 125 ug/mL, respectively. Further investigation may lead to
uncover the potential of these compounds as an alternative drug for the patients with
melioidosis. Compound 4 is the most effective one in this report as it could kill A. bau-
mannii, of which is an important nosocomial bacterial infection and dramatically resist-
ance to several antibiotics. The remarkable activity against the gram-positive
foodborne pathogen, S. aureus, of compounds 1, 2, 3, 4, 5, and 11 with MBC values
of 250, 250, 125, 63, 250, and 250 ug/mL raised attention that these compounds could
proceed further to test if any of them could be applied as antibacterial drugs in the
forthcoming. Coniferyl aldehyde (12) has previously been reported for their antimicro-
bial activities against some oral pathogens, including Streptococcus pyogenes,
Streptococcus mitis, Streptococcus mutans and Candida albicans (Meerungrueang and
Panichayupakaranant 2014).

3. Experimental
3.1. General experimental procedures

NMR spectra were measured on a Varian Mercury Plus 400 spectrometer. UV spectrum
were recorded on a Shimadzu 1700 UV-visible spectrophotometer. IR were obtained
using a Perkin-Elmer spectrum 100. The HRESIMS was recorded on a Bruker Micromass
Q-TOF-2™ spectrometer. Column chromatography (CC) was performed with MERCK sil-
ica gel 60 (230-400 mesh) and Sephadex LH-20 (40-70 pm; GE Health care). TLC was
performed with precoated MERCK silica gel 60 PF,54 aluminum sheets; the spots were
detected at 254 and 366 nm and further sprayed with anisaldehyde and then heating
until charred. Commercial grade solvents were distilled at their boiling point ranges
prior to use for extraction and chromatographic separations (CC and TLC), whereas AR
grade solvents were used for crystallization.

3.2. Plant material

Roots of Diospyros undulata were collected from Phu Pha Shing forest, Nong Wua So
district, Udon Thani, Thailand in April 2015. The species was identified by Dr.
Boonchuang Boonsuk. Voucher specimens were deposited at the herbarium of
Department of Biology, Faculty of Science, Khon Kaen University, Thailand (voucher
number P. Moosophon 1KKU).

3.3. Extraction and isolation

Dried and crushed roots of D. undulata (0.85kg) was extracted with CH,Cl,
(3 x 3L x 5days) and MeOH (3 x 3L x 5days). Evaporation of all extract solvents under
reduced pressure gave CH,Cl, (29.2g) and MeOH (75.3g) extracts, respectively. The
CH,Cl, extract was applied to silica gel flash column chromatography (FCC) and eluted
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with a gradient system of EtOAc-hexane (0:1-1:0) to yield six fractions, C1-C6. Fraction
C2 was subjected to FCC eluting with EtOAc-hexane (1:9) to afford orange needles of
4 (50mgq) and colorless crystals of 8 (25 mg). Fraction C3 was subjected to FCC eluted
with EtOAc-hexane (1:9-1:0) to give colorless crystals of 9 (30 mg). Purification of C4 by
FCC using CH,Cl,-hexane (1:1-1:0) as eluent gave four subfractions (C4.1-C4.4). Further
purification of subfraction C4.2 by preparative TLC developing with acetone-hexane
(1:5) obtained an orange amorphous powder of 1 (18 mg) and 5 (22 mg). Subfraction
C4.3 was purified by FCC using CH,Cl,-hexane (2:3) as a solvent to give a yellow oil of
3 (20mg). Fraction C5 was isolated by Sephadex LH-20 CC using MeOH to vyield four
subfractions, C5.1-C5.4. Subfraction C5.2 was purified by preparative TLC, developed
with EtOAc-hexane (1:5) to obtain a yellow oil of 7 (18 mg). Subfraction C5.4 was puri-
fied by FCC using EtOAc-hexane (3:7) as eluent to yield 6 (15mg). Fraction C6 was
separated by FCC, eluted with a gradient system of CH,Cl,-hexane (1:1-1:0) to give
2 (32mgq).

The MeOH extract 75.3 g was subjected to silica gel FCC, eluted with a gradient sys-
tem of EtOAc-hexane (1:1-1:0) and EtOAc-MeOH (1:0-0:1) to afford five fractions, M1-
M5. Fraction M1 was separated by FCC and eluted with EtOAc-hexane (1:1) to provide
an additional amount of 2 (30 mg). Fraction M2 was purified by Sephadex LH-20 using
MeOH as a solvent to yield four subfractions, M2.1- M2.4. Recrystallization of M2.3
with CH,Cl,-MeOH gave a white amorphous solid of 10 (35 mg). Fraction M3 was sep-
arated by FCC eluting with CH,Cl,-MeOH (1:0-1:1) to afford three subfractions, M3.1-
M3.3. Purification of M3.2 by preparative TLC, developed with acetone-CH,Cl, (1:5) to
obtain a white solid of 12 (3mg). Fraction M4 was separated by FCC eluting with
MeOH-CH,Cl, (1:9) to yield 11 (55 mg).

3-(5-oxohexyl)plumbagin  or  5-hydroxy-2-methyl-3-(5-oxohexyl)naphthalene-1,4-
dione (1): an orange amorphous powder; UV (EtOH) A.x (log €) 272 (4.29) 416 (4.22)
nm; IR (film) vmay (€m™"): 3445, 2923, 2853, 1713, 1631, 1607, 1456, 1360, 1263, 1156;
'"H NMR (400 MHz): §=12.18 (s, 1H, OH-5), 7.60 (dd, J=1.2, 7.2Hz, 1H, H-8), 7.55 (t,
J=8.0Hz, 1H, H-7), 7.20 (dd, J=1.2, 8.0Hz, 1H, H-6), 2.62 (t, J=8.0Hz, 2H, H-12), 2.49
(t, J=7.2Hz, 2H, H-15), 2.15 (s, 3H, H-17), 2.13 (s, 3H, CH5-11), 1.71 (quint, J=8.0Hz,
2H, H-14), 1.48 (quint, J=8.0Hz, 2H, H-13) ppm; *C NMR (100 MHz): § =208.0 (C-16),
190.0 (C-4), 184.4 (C-1), 161.2 (C-5), 146.6 (C-3), 144.8 (C-2), 135.9 (C-6), 132.1 (C-9),
118.9 (C-8), 114.9 (C-10), 43.2 (C-15), 30.0 (C-17), 28.1 (C-13), 26.2 (C-12), 23.8 (C-14),
12.5 (C-11) ppm; HRESIMS: m/z 309.1116 [M -+ Na]* (calcd for C,,H;304Na, 309.1103).

3.4. Bioassays

3.4.1. Cytotoxicity assay

Cytotoxicity assays against human oral cavity carcinoma (KB), human breast adenocar-
cinoma (MCF-7), and human small cell lung carcinoma (NCI-H187) were determined by
MTT colorimetric method (Brien et al. 2000). In brief, cells were diluted to 7 x 10* cell/
ml for KB and 9 x 10 cell/ml for MCF-7 and NCI-H187. Successively, 5 ul of test sample
diluted in 0.5% DMSO, and 45 ul of cell suspension were added to 384-well plates,
incubated at 37°C in 5% CO, incubator. After the incubator period (3 days for KB and
MCF-7, and 5days for NCI-H187), 12.5 pl of 62.5 ug/ml resazurin solution was added to
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each well, and the plates were then incubated at 37 °C for 4 hours. Fluorescence signal
was measured at the excitation and emission wavelengths of 530 and 590 nm.

The assay against African green monkey kidney fibroblasts (Vero) was performed by
adding 45l of cell suspension at 3.3 x 10* cells/ml to each well of 384-well plates
containing 5 pul of test compounds previously diluted in 0.5% DMSO, and then incu-
bated for 4 days in 37 °C incubator with 5% CO, (Hunt et al. 1999). Fluorescence signal
was measured with excitation and emission wavelengths of 485 and 535 nm.

3.4.2. Antimicrobial activity test by agar well diffusion method

Antimicrobial activities of bioactive compounds were investigated by agar well diffu-
sion method against clinical isolates of pathogenic bacteria which are E. coli, B. pseu-
domallei, A. baumannii, P. aeruginosa and S. aureus. Approximately 10°-10° CFU/mL of
each bacterium were swab on Mueller-Hinton agar (MHA) plate (Umer et al. 2013). The
plate was punched to obtain 6.6 mm of wells by sterile pipette tip and then 100 ul of
each compound was added into each well. Methanol as the extraction solvent was
used as negative control while CAZ and GEN were used as positive control. The plates
were left at room temperature to let the solution diffused for 30 min. Thereafter, the
plates were incubated at 37°C for 18-24 hours. Inhibition activity was evaluated by
measuring the diameter of inhibition zone against indicated bacteria.

3.4.3. Minimum bactericidal concentration (MBC) of bioactive compounds

The MBC of bioactive compounds that showed inhibition against indicated bacteria by
agar well diffusion method were determined by micro-broth dilution (Hoelzer et al.
2011). The compounds at concentration of 1.0 mg/mL were diluted by two-fold serial
dilution using Mueller-Hinton broth (MHB) in 96-well plate. Bacterial indicator approxi-
mately 10°-10° CFU/mL were added into each well, mixed gently and then incubated
at 37°C for 18-24hours. The last concentration that provided clear turbidity when
compared to bacterial growth control was recorded as MIC. The clear turbidity wells
were two-fold serially diluted with PBS, pH 7.2 and took 10 ul of each dilution to drop
onto MHA plate, incubated at 37°C for overnight and count the colony. The MBC of
each compound was recorded at the concentration that caused bacterial colony
decreased >3 log;o CFU/mL or 99.9% of bacterial cells count when compared to
growth control.

4. Conclusions

A new 3-(5-oxohexyl)plumbagin (1) and 11 known compounds including cis-isoshina-
nolone (2), maritinone (3), plumbagin (4), 3,3-biplumbagin (5), 7,7-biplumbagin (6),
isodiospyrin (7), lupeol (8), friedelin (9), betulin (10), betulinic acid (11) and coniferyl
aldehyde (12) were first investigated from roots of D. undulata. The new compound 1
showed potent cytotoxic activity against NCI-H187, MCF-7 and KB without showing
cytotoxicity towards normal cells. Moreover, compounds 1-3 and 5 exhibited antibac-
terial activity against only gram-positive bacteria, S. aureus and compounds 6 and 7
showed antibacterial activity against gram-negative, B. pseudomallei while compounds
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4 and 11 displayed antibacterial activity against both gram-negative and gram-positive
bacteria.
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nin S 12-acetate (1), together with four known compounds,
3-epimesendanin S (2), meliasenin G (3), f-sitosterol (4) and
p-sitosterol glucoside (5). Their structures were characterized by
intensive spectroscopy including 1D and 2D NMR, UV, IR and MS
spectrometric analysis. The isolated compounds were evaluated
for antibacterial and acetylcholinesterase inhibitory activities.
Compounds 1-2 showed antibacterial activity against Bacillus
cereus and Bacillus subtilis with MIC values ranging from
16-128 pg/mL. In addition, compound 3 was active against
Pseudomonas aeruginosa and Escherichia coli with MIC values of
64 and 128 ng/mL, respectively.
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1. Introduction

There are about 40 species of the genus Walsura widely distributed in Southeast Asia.
However, only four species are found Thailand. Among them, Walsura trichostemon or
‘Lamyai Pa’ in Thai has been used as a traditional in Thai medicine for the treatment
of tendon disabilities, haemorrhoids, staunch and to clean wounds (Wongprasert et al.
2011; Sichaem, Khumkratok et al. 2014). Several Walsura species were reported for
their antileukemic, antibacterial, antioxidant, antifeeding, and antimalarial activities.
(Han et al. 2012; Sarkar et al. 2019). Phytochemical and pharmacological studies
on this genus revealed a variety of bioactive constituents: limonoids showing anti-
malarial, cytotoxic, cell-protecting, anti-inflammatory and 113-HSD1 inhibitory activities
(Yin et al. 2007; Han et al. 2013; Nugroho et al. 2013; Ji et al. 2016; An et al. 2017);
tirucallane presenting cytotoxic, anti-malarial, antifeedant, antifungal, antiplatelet
aggregation, and antitubercular activities (Huang et al. 2007; Sichaem, Khumkratok
et al. 2014); phenolic glycosides exhibiting antioxidant activity (Luo et al. 2006;
Voravuthikunchai et al. 2010) and apotirucallane displaying cytotoxic and insecticidal
activities (Sichaem et al. 2012; Sichaem, Khumkratok et al. 2014; Suri Appa Rao et al.
2015). Previous investigation of the chemical constituents of this plant provided
tirucallane, apotirucallane and limonoids (Sichaem et al. 2012, Sichaem, Khumkratok
et al. 2014; Phontree et al. 2014; Sichaem, Siripong et al. 2014). In order to search
for further biologically active tirucallane, the EtOAc and MeOH extracts from
W. trichostemon roots were investigated. We report herein a new tirucallane, named
3-epimesendanin S 12-acetate (1), two known tirucallane derivatives (2-3) and two
known steroids (4-5) and their antibacterial activity from the roots of W. trichostemon.

2. Results and discussion

Compound 1 was obtained as a white solid with the molecular formula of C3;H5005
as determined by HRESIMS, showing an ion peak at m/z 537.3557 [M+Na]". The IR
spectrum of 1 presented the absorption bands of hydroxyl (3452cm™"), ester carbonyl
(1712cm™ ") and «,f-conjugated ketone (1678cm™"') groups. The '>*C NMR and DEPT
spectra (Table S1 in supplementary material) showed 32 carbons resonances
corresponding to nine methyl, two sp? methines, four sp? quaternary (including two
carbonyl carbons), four sp® quaternary, seven sp’ methines, and six sp®> methylenes
carbons. The "H NMR data (Table S1, in supplementary material) indicated that 1
showed characteristic pattern of tirucallane triterpene skeleton [eight methyl (5y 2.17
(s), 1.96 (s), 1.10 (s), 0.90 (s), 0.89 (s), 0.88 (s), 0.74 (s) and 0.47 (d, J=7.2Hz)), two
olefinic methine (04 6.12 (s) and 5.32 (br d, J=8.8Hz)), three oxymethine (6, 4.79
(t, J=6.4Hz), 417 (s) and 3.40 (br s)), four methine and six methylene (3 2.34-0.85)
protons] the same as reported for 3-epimesendanin S (Han et al. 2013). However, the
difference is the presence of an acetoxyl group [0y 2.03 (s); ¢ 171.0] at C-12 in 1
instead of a hydroxyl group in 3-epimesendanin S. This acetate group was supported
by HMBC correlations of downfield triplet signals of H-12 at oy 4.79 (J=6.4Hz) to ace-
tyl carbonyl carbon at dc 171.0, together with the COSY correlations of H-9/H-11/H-12.
The COSY correlations of H-15/H-16/H-17/H-20/H-22 and the HMBC correlation of H-22
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Figure 1. Chemical structures of compounds 1-5.

to C-17 indicated the side chain CH(CH3)CH(OH)COCH =C(CHs), connecting to
a tetracyclic ring at C-17. Selected correlations of COSY and HMBC are summarized in
supplementary material (Figure S10). H-3 was f-oriented and H-12 was «-oriented,
based on the NOESY correlation between H-3 and CHs-28 as well as H-12 and CHs-18,
respectively. The f-orientation of methyl group at C-20 and «-orientation of OH group
at C-22 on the side chain were identified based on the similarity of the NMR spectro-
scopic data of 1 and those of 3-epimesendanin S (Han et al. 2013). From the above
evidences, compound 1 was concluded to be a new tirucallane derivative, and was
named 3-epimesendanin S 12-acetate.

By comparison of spectroscopic data with the previously reported values, the
structures of known compounds 2-5 (Figure 1) were established as 3-epimesendanin
S (2) [Han et al. 2013), meliasenin G (3) (Zhang et al. 2010), f-sitosterol (4) (Mouffok
et al. 2012) and f-sitosterol glucoside (5) (Khatun et al. 2012). The antibacterial activity
of isolated compounds 1-3 was evaluated against three Gram-positive and three
Gram-negative bacteria (Table S2 in supplementary material). Compounds 1 and 2
displayed antibacterial activity against B. cereus and B. subtilis with MIC values in the
range of 16-128 ug/mL and compound 3 showed activity against B. cereus with MIC
values of 64 pg/mL. Compound 2 exhibited activity against B. cereus and B. subtilis
with MIC values of 16 and 64 pug/mL, respectively, better than 1. This indicated that a
hydroxyl group at C-12 might play an important role to enhance the activity. Only
compound 3 showed activity against Gram-negative bacteria, P. aeruginosa and E. coli,
with MIC values of 64 and 128 ug/mL, respectively. In addition, compounds 1-3 were
evaluated for AChE inhibitory activity but showed no activity.

3. Conclusions

A new tirucallane, 3-epimesendanin S 12-acetate (1) and four known compounds (2-5)
were isolated from W. trichostemon roots. Compounds 1-2 exhibited antibacterial
activity against Gram-positive bacteria (B. cereus and B. subtilis) and compound 3
displayed activity against Gram-negative bacteria (P. aeruginosa and E. coli). Among
these compounds, the isolated compound 2 showed the most potent activity against
B. cereus with MIC value of 16 ng/mL. This is the first report of antibacterial activity
of tirucallanes from this plant.
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Two new p-terphenyls, neonambiterphenyls A and B (1-2), a new Received 11 December 2018
benzoquinone, neonambiquinone A (3), together with six known Accepted 1 February 2019
sesquiterpenes (4-9), were isolated from the bioluminescent
mushroom Neonothopanus nambi PW3. The isolated compounds
were identified by mass, IR and spectroscopic analyses (1D and
2D NMR). Compounds 1-3 and 5-7 showed cytotoxicity against
cancer cell lines such as KB, NCI-H187 and MCF-7 with ICs, values
ranging from 1.45 to 49.31 ng/mL. In addition, compounds 1 and
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1. Introduction

Neonothopanus nambi, also called ‘Hed Ruang Sang Sirin-ratsami’ or Sirin-ratsami
mushroom”, is a bioluminescent mushroom belonging to the family Omphalotaceae. It
can be found on dead wood in broad-leaved forests in the Northeastern part of
Thailand. The mushroom glows with yellow greenish light under dark conditions (Bua-
art et al. 2011; Kanokmedhakul et al. 2012). Bioluminescent mechanisms are often oxy-
gen-dependent and involve a molecule called luciferin (Tsarkova et al. 2016; Bondar
et al. 2011). Fungal bioluminescence is less understood, although several biolumines-
cent molecules have recently been reported, including 3-hydroxyhispidin found in N.
nambi and Panellus stipticus as well as riboflavin contained in Mycena chlorophos
(Purtov et al. 2015; Hayashi et al. 2012; Zernov et al. 2017; Intaraudom et al. 2013).
Moreover, Tsarkova’s group unveiled that many different luminophores coexist in the
extract of N. nambi and could be observed under blue and green visible light
(Tsarkova et al. 2016). They also reported the isolation of a novel nambiscalarane and
six known secondary metabolites. We previously reported sesquiterpenes and dimeric
sesquiterpenes from N. nambi. One of them, aurisin A, was reported as a biological
control against a root-knot nematode (Meloidogyne incognita Chitwood) of tomatoes,
chili's and potatoes (Namanusart et al. 2013). In our efforts to obtain a larger quantity
of this compound, we re-investigated the phytochemical constituents of N. nambi. The
crude EtOAc extract of an isolate of cultured mycelium of N. Nambi PW3 provided two
new p-terphenyls: neonambiterphenyl A (1) and neonambiterphenyl B (2); a new
benzoquinone: neonambiquinone A (3); along with six known sesquiterpenes: aurisin
A (4) (Kanokmedhakul et al. 2012), aurisin G (5) (Intaraudom et al. 2013), aurisin Z (6)
(Tsarkova et al. 2016), axinysone B (7) (Zubia et al. 2008), nambinone C (8)
(Kanokmedhakul et al. 2012) and 4,8,14-trihydroxyilludala-2,6,8-triene (9) (Clericuzio
et al. 1997). The structures are shown in Figure 1.

2. Results and discussion

The molecular formula of 1 was determined as C,oH;40; on the basis of HRESITOFMS
(m/z 389.0632 [M+Nal"). The IR spectrum of 1 showed the presence of hydroxyl
(3388cm™ "), ester (1749, 1732cm™ ") and aromatic (1470, 1425cm™") groups. The 'H
NMR spectral data exhibited seven aromatic protons at 6 7.42 (H-6, 1H, s), 6.99 (H-3,
1H, s), 6.57 (H-5', 1H, s), 7.23 (H-2" and H-6", 2H, d, 8.4) and 6.79 (H-3" and H-5", 2 H,
d, 8.4); and acetyl protons at ¢ 2.19 (3H, s). The 3C NMR spectral data showed the
presence of three aromatic patterns including eighteen carbons 6 156.0, 150.5, 148.9,
148.8, 144.6, 141.1, 132.1, 130.1x2, 129.0, 125.6, 115.2x2, 115.1, 114.0, 109.7, 107.2 and
98.2; and acetyl groups at ¢ 170.0 and 20.5. The COSY correlations of 1 showed ortho
relationships of H-2"(6")«H-3"(5"). The HMBC spectrum revealed the correlations of a
methine proton at § 6.57 (H-5') coupled to C-1/, C-3' and C-6’; two pairs of symmetric
aromatic protons, H-2"(6") coupled to C-4' and H-3"(5") correlated to C-1” and C-4”; a
methine proton at ¢ 6.99 (H-3) correlated to C-1, C-2, C-4 and C-5; and another
methine aromatic proton at 7.42 (H-6) coupled to C-1/, C-4 and C-5. Therefore, com-
pound 1 was identified as a new p-terphenyl derivative, named neonambiterphenyl A.
Our assignment was confirmed as the NMR spectra of 1 were similar to those reported
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Figure 1. Structures of compounds 1-9, boletopsin A and betulinan C.

for the known compound boletopsin A, a KDR kinase inhibitor isolated from the mush-
room Boletopsis leucomeles (Kaneko et al. 2010).

The molecular formula of 2 was determined as CyoH:40s on the basis of
HRESITOFMS (m/z 405.0580 [M+Nal*). The IR spectrum showed the presence of
hydroxyl (3354cm™ "), ester (1730cm™") and aromatic (1469, 1426 cm™ ") groups. The
'H and "3C NMR spectral data were similar to those of 1, except for position C-3” at §
144.2, where H-3" in 1 is replaced by a hydroxyl group. The key HMBC correlations
between C-4' and C-6"” with H-2” and H-6" supported this assignment. Therefore, 2
was assigned as a new p-terphenyl derivative, named neonambiterphenyl B.

The molecular formula of 3, C;oH,404, was determined on the basis of HRESITOFMS
(m/z 349.0727 [M-H] ™). The IR spectrum showed the presence of hydroxyl (3353 cm™h,
ketone (1750cm™") and aromatic (1440, 1370cm™") groups. The 'H NMR spectral data
showed the presence of nine methine protons, including four pairs of symmetric dou-
blets at 6 7.15 (H-2 and H-6, 2H, d, 8.4), 6.83 (H-3, H-5, H-3” and H-5", 4H, d, 7.6) and
7.39 (H-2” and H-6", 2H, d, 8.4), revealing two p-hydroxy-substituted benzene rings, and
a methine at 6 6.82 (H-2/, TH, s). Moreover, the "H NMR data showed acetyl protons at §
2.19 (3H, s). The ">*C NMR and HSQC spectral data showed three carbonyls: two of them
belonging to a quinone system at 6 186.8 and 180.5 (C-3' and C-6’), and an ester car-
bonyl at & 168.7, with a methyl at & 20.2. Furthermore, the '*C NMR signals of two p-
hydroxy-substituted benzene rings were found at § 159.3 (C-4"), 158.3 (C-4), 131.6x2 (C-
2, C-6), 131.0x2 (C-2"” and C-6"), 123.3 (C-1"), 119.3 (C-1), 115.6x2 (C-3” and C-5"),
115.2x2 (C-3 and C-5) and four more carbons in a quinone ring were found at ¢ 147.2
(C-5'), 144.2 (C-1'), 134.3 (C-4'), 130.4 (C-2'). The COSY spectrum of 3 showed ortho corre-
lations from two p-hydroxyphenyls: H-2(6)«H-3(5) and H-2"(6")«H-3"(5"). The HMBC
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spectrum of 3 showed two correlations of H-2(6) with C-1" and C-4; H-3(5) with C-1, C-4
and C-5(3); H-3"(5") with C-1", C-4" and C-5"(3"); H-2"(6") with C-4' and C-4". These NMR
spectra were similar to those of betulinan C (El-Elimat et al. 2013). Compound 3 was
therefore identified as a benzoquinone derivative, disubstituted by hydroxyphenyls at
C-1" and C-4'. The differences between the reported betulinan C and 3 arise from the
substitution of two phenyl rings with para-hydroxyl groups and the replacement of a
methoxy group at C-5' on the quinone ring by an acetate group. Therefore, compound
3 was assigned as a new benzoquinone, named neonambiquinone A.

Since compounds 4 and 8 have already been reported in our previous study
(Kanokmedhakul et al. 2012), the newly isolated compounds (1-3, 5-7 and 9) were tested
against several targets (Tables S1 and S2). Compounds 1-3 and 5-7 showed cytotoxicity
against NCI-H187 cell lines with 1Cs5o values ranging from 5.03 to 49.31 ug/mL. Among
these 2, 5 and 6 showed potent cytotoxicity with 1Csq values of 5.60, 5.03 and 9.40 ug/mL,
respectively. Compounds 1, 2 and 5 showed cytotoxicity against KB cell lines with ICsq val-
ues of 9.12, 40.90 and 1.45 ng/mL, respectively. Moreover, compounds 1 and 5 exhibited
cytotoxicity against MCF-7 cell lines with ICso values of 11.82 and 18.64 pg/mL, respect-
ively. However, they also showed cytotoxicity to Vero cells with ICso values of 38.72 and
32.90 ug/mL, respectively. In addition, compounds 1-6 were evaluated for antibacterial
activity against three Gram-negative and two Gram-positive bacteria (Table S2). These bac-
teria are human opportunistic pathogen involved in infections acquired in a hospital set-
ting and resistant to disinfectants as well as antibiotics. All tested compounds exhibited
moderate antibacterial activity against Bacillus cereus with MIC values in the range of
64-128 ug/mL. Compounds 1, 2 and 3 exhibited antibacterial activity against
Staphylococcus aureus with MIC values of 4, 8 and 64 ng/mL, respectively. Moreover, com-
pounds 1, 4 and 5 also exhibited moderate antibacterial activity against Pseudomonas aer-
uginosa with the equal MIC value of 128 ng/mL. Only compound 1 showed antibacterial
activity against Shigella sonnei with MIC value of 128 pg/mL.

3. Experimental
3.1. General experimental procedures

Melting points were determined using an Electrothermal 1A9200 digital melting point
apparatus (Bibby Scientific Limited, Staffordshire, UK). Optical rotations were measured
on a JASCO-DIP-1000 digital polarimeter (JASCO Inc., USA). IR spectra were obtained
using a Bruker Tenser 27 spectrophotometer (Bruker, Germany). NMR spectra were
recorded on a Varian Mercury Plus 400 spectrometer (Varian Inc., USA) using CDCls
and CDsOD as solvents. The internal standards were referenced from the residue of
those solvents. The HR-ESI-TOF-MS were recorded on a Bruker micrOTOF mass spec-
trometer (Bruker, Germany). Column chromatography was carried out on MERCK silica
gel 60 (230-400 mesh) (Merck, Darmstadt, Germany). Thin-layer chromatography was
carried out with pre-coated MERCK silica gel 60 PF254 (Merck, Darmstadt, Germany);
the spots were visualized under UV light (254 and 365nm) and further stained by
spraying with anisaldehyde and then heated until charred.
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3.2. Fungus material

The luminous mushroom was collected in 2015 from the Plant Genetic Conservation
Project under Royal Initiation by Her Royal Highness Princess Maha Chakri Sirindhorn at
Kok Phutaka area, Wiang Kao District, Khon Kaen Province, Thailand and was identified by
Prof. Weerasak Saksirirat as N. Nambi PW3. The voucher specimen was deposited at the
Department of Plant Science and Agricultural Resources, Faculty of Agriculture, Khon Kaen
University, Khon Kaen, Thailand. The mushroom was cultivated on potato dextrose broth
without shaking with 2 h of light per day at 25 °C for 30 days (Bua-art et al. 2011).

3.3. Extraction and isolation

The cultured mycelium of N. nambi PW3 (650g) was extracted with EtOAc (3 x 4L).
Removal of solvents under reduced pressure gave 95g of crude EtOAc extact.

The crude EtOAc extract was separated over silica gel column chromatography (CC),
eluting with gradient systems of EtOAc:n-hexane (0:100-100:0) and MeOH:EtOAc
(0:100-100:0) to give eight fractions, NnE;-NnEg. Fraction NnE; was separated over CC,
eluting with an isocratic system of EtOAc:n-hexane (5:15) to give 7 (7.5mg) as a col-
ourless oil. Fraction NnE, was separated over CC, eluting with an isocratic system of
EtOAc:n-hexane (7:13) to give 8 (6.6 mg) as a colourless oil. The solid in fraction NnEs
was filtered and crystallized with EtOAc to give compound 4 (17.7 g) as yellow crystals.
Then, fraction NnE; was further purified by CC using a gradient system of
MeOH:CH,CI, (1:19) to give seven subfractions, NnEs ;-NnEs ;. Subfraction NnEs; led to
an additional amount of 4 (0.9 g). Subfraction NnEs, was subjected to CC, eluting with
an isocratic system of MeOH:CH,Cl, (1:19) to give 6 (495.0mg) as an orange solid.
Fraction NnEs; was submitted to CC using an isocratic system of MeOH:CH,Cl, (7:93)
to give seven subfractions, NnEs;-NnEs; ;. Subfraction NnEs;,4 led to 1 (7.0mg) as a
dark brown solid. Fraction NnE; was submitted to CC using an isocratic system of
EtOAc:n-hexane (3:7) to give seven subfractions, NnE4-NnE, ;. Subfraction NnE,¢ was
further separated over CC, eluting with an isocratic system of EtOAc:hexane (7:13) to
give 9 (3.3mg) as a white solid and an additional amount of 1 (19.5 mg). Subfraction
NnE,; was subjected to CC, eluting with an isocratic system of EtOAc:hexane (9:11) to
give 3 (15.5mgq) as a dark brown solid and 2 (30.5mg) as a dark brown solid. Fraction
NnEs was purified by CC, eluting with a gradient system of MeOH:CH,Cl, (1:19) to give
an additional amount of 2 (18.5 mg). Fraction NnE; was filtered and recrystallized with
CH,Cl, to give 5 (710.5mg) as a yellow solid.

Neonambiterphenyl A (1): dark brown solid; m.p. 215-217 °C; R = 0.45 (30% EtOAc/hex-
ane); IR (neat) Vmax (cm™"): 3388, 1749, 1732, 1611, 1521, 1470, 1425, 1368, 1350, 1215,
1173; 'H NMR (400 MHz): § = 7.42 (s, 1H, H-6), 7.23 (d, J=84Hz, 2H, H-2" and H-6"), 6.99
(s, 1H, H-3), 6.79 (d, J=8.4Hz, 2H, H-3" and H-5"), 2.19 (s, 3H, CH;CO) ppm; "*C NMR
(100 MHz): & = 170.0 (CH3CO), 156.0 (C-4"), 150.5 (C-2), 148.9 (C-2'), 148.8 (C-6'), 144.6 (C-4),
141.1 (C-5), 132.1 (C-4), 130.1 (C-2" and C-6"), 129.0 (C-1"), 125.6 (C-3'), 115.2 (C-3" and C-
5", 115.1 (C-1), 114.0 (C-1"), 109.7 (C-5'), 107.2 (C-6), 98.2 (C-3), 20.5 (CH;CO) ppm;
HRESITOFMS: m/z 389.0632 [M + Na] " (calcd for C,oH140, + Na*, 389.0632). B

Neonambiterphenyl B (2): dark brown solid; m.p. 198-200°C; R =0.43 (35% EtOAc/
hexane); IR (neat) vmay (cm™'): 3354, 1730, 1609, 1523, 1469, 1426, 1275, 1195; 'H
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NMR (400 MHz): 6 = 7.44 (s, 1H, H-6), 6.98 (s, 1H, H-3), 6.88 (d, J=1.6Hz, 1H, H-2"),
6.79 (s, 1H, H-5"), 6.78 (d, J=1.6Hz, 1H, H-6"), 6.61 (s, 1H, H-5), 2.19 (s, 3H, CH5CO)
ppm; '*C NMR (100 MHz): & = 170.0 (CH3CO), 150.5 (C-2), 149.1 (C-2), 148.8 (C-6'),
144.7 (C-4), 144.2 (C-3 “and C-4"), 141.3 (C-5), 132.1 (C-4'), 129.6 (C-1"), 125.4 (C-3/),
120.9 (C-6"), 116.0 (C-2"), 115.2 (C-5"), 115.1 (C-1), 113.9 (C-1'), 109.6 (C-5), 107.4 (C-6),
98.3 (C-3), 204 (CH3CO) ppm; HRESITOFMS: m/z 405.0580 [M+Na]" (caled for
CyoH1405 + Na™, 405.0581).

Neonambiquinone A (3): dark brown solid; m.p. 233-235°C; R = 0.43 (25% EtOAc/
hexane); IR (neat) vmax (em™"): 3353, 2925, 2856, 1750, 1656, 1596, 1510, 1440, 1370,
1225, 1176, 1077, 1016, 889, 831, 707, 639; 'H NMR (400 MHz): & = 7.39 (d, J=8.4Hz,
2H, H-2" and H-6"), 7.15 (d, J=8.4Hz, 2H, H-2 and H-6), 6.83 (d, J=7.6 Hz, 4H, H-3, H-
5, H-3" and H-5"), 6.82 (s, TH, H-2), 2.19 (s, 3H, CH5CO) ppm; ">*C NMR (100 MHz): § =
186.8 (C-3'), 180.5 (C-6"), 168.7 (CH5CO), 159.3 (C-4"), 158.3 (C-4), 147.2 (C-5'), 144.2 (C-
1), 134.3 (C-4'), 131.6 (C-2 and C—67, 131.0 (C-2” and C-6"), 130.4 (C-2'), 123.3 (C-1"),
119.3 (C-1), 115.6 (C-2" and C-5"), 115.2 (C-3 and C-5), 20.2 ppm; HRESITOFMS: m/z m/z
349.0727 [M-H]™ (calcd for CooH1406 -HT, 349.0717).

3.4. Bioassays

3.4.1. Antiplasmodial assay

Antimalarial activity was evaluated against the parasite Plasmodium falciparum (K1,
multidrug resistant strain), using the method of Trager and Jensen (Trager and Jensen
1976). Quantitative assessment of malarial activity in vitro was determined by the
micro-culture radio isotope technique based on the method described by Desjardins
(Desjardins et al. 1979). The inhibitory concentration (ICsq) represents the concentra-
tion which causes 50% reduction in parasite growth as indicated by the in vitro incorp-
oration of [*Hl-hypoxanthine by P. falciparum. The standard compound was
dihydroartemisinin.

3.4.2. Cytotoxicity assay

The cytotoxic assays against human epidermoid carcinoma (KB), human small cell lung
cancer (NCI-H187) and human breast cancer (MCF-7) cell lines were performed
employing the colorimetric method as described by Skehan (Skehan et al. 1990). The
reference substances were ellipticine and doxorubicin.

3.4.3. Antibacterial assay

The minimum inhibitory concentrations (MICs) were determined by the dilution
method as described in the M07-A9 (Clinical and Laboratory Standards Institute 2012).
Resazurin in solution was used as an indicator of microbial growth. MICs were
recorded by reading the lowest concentration capable of inhibiting visible growth. The
tests were performed in triplicate. Kanamycin, gentamicin and vancomycin were used
as positive control drugs. Five microorganism cultures (E. coli ATCC 25922, P. aerugi-
nosa ATCC 27853, S. sonnei ATCC 11060, B. cereus ATCC 11778 and S. aureus ATCC
25923) were used. The experiment was performed at the Department of Microbiology,
Faculty of Science, Khon Kaen University, Thailand.
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4. Conclusions

The cultured mycelium of the bioluminescent mushroom Neonothopanus nambi PW3
was investigated and led to the isolation of nine compounds, including two new p-ter-
phenyls (1-2), a new benzoquinone (3), and six known sesquiterpenes (4-9). Besides
compounds 1-3, 5 and 7 are reported for the first time in the genus Neonothopanus
and compound 9 is reported for the first time in the family Omphalotaceae.
Compounds 1-3 and 5-7 showed cytotoxicity against KB, NCI-H187 and MCF-7 cancer
cell lines with IC5o values ranging from 1.45 to 49.31 pg/mL. Compounds 1 and 5
showed cytotoxicity against Vero cells with ICso values of 38.72 and 32.90 ug/mL,
respectively. In addition, compounds 1 and 2 showed antibacterial activity against S.
aureus with MIC values of 4 and 8 pg/mL, respectively.
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1. Introduction

Helixanthera parasitica belongs to the family Loranthaceae. It is a parasitic plant, 1-2 m
in height [1]. In Thailand, many parasitic plants have long been used in traditional medi-
cine. For example, a water decoction of the stems of H. parasitica, mixed with some other
parasitic plants, has been used to treat liver and kidney diseases [2, 3]. An aqueous extract
from the whole plant has been reported to exhibit anti-metastatic and antioxidant activity
[3]. A phytochemical investigation of the leaves of H. parasitica resulted in the isolation of
gallic acid, ethyl gallate, quercitrin, and 4,7,3,4'-tetrahydroxyflavan [4]. Although, neither
the chemical constituents of the stem extracts of H. parasitica, nor the biochemical activ-
ities of these extracts, have been reported. Our preliminary evaluation of the bioactivity of
stem extracts of H. parasitica revealed that the crude EtOAc extract had antimalarial activ-
ity against Plasmodium falciparum, with an ICs, value of 3.25 ug/mL. Herein, we describe
the isolation of three new flavans (1-3) and four known compounds (4-7) from the stems
of H. parasitica, and report their bioactivities.

2. Results and discussion

The chemical constituents of the EtOAc extract of dried stems of H. parasitica were
separated by chromatographic techniques, namely, column chromatography (CC),
flash column chromatography (FCC), and preparative layer chromatography (PLC)
resulting in seven isolated compounds (1-7). Their structures were established using
their physical and spectroscopic data (IR, 1D and 2D NMR, and MS), as well as by
comparison of data with those of similar compounds previously reported in the litera-
ture. The four known compounds were identified as (25)-5,7,3',4'-tetrahydroxyflavan
(4) [5], (-)-epicatechin (5) [6], (-)-syringaresinol (6) [7], and methyl gallate (7) [8].
Their structures are shown in Figure 1.

Compound 1 was obtained as a light brown amorphous powder, and its molecular
formula, C,,H;304, was determined from the HRESITOFMS (observed m/z 449.0846
[M +Na]™"), indicating 14 degrees of unsaturation. The IR spectrum displayed the
presence of hydroxyl (3309cm™') and conjugated carbonyl ester (1704cm™") groups.
The C NMR and DEPT spectra indicated that its structure contained two

Figure 1. The structures of the isolated compounds (1-3).
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Table 1. 'H and "C NMR spectral data of compounds 1-3 in CD;0D.

1 2 3
Position 6H 5C 5H 6C 6H 5C
2 4.83 brd (9.6)° 79.0 4.87 d (10.4) 78.2 492 d (10.4) 78.2
3 2.18-2.08 m 30.3 2.20-2.11 m 30.0 2.20-2.11m 29.9
2.01-1.89 m 1.99-1.88 m 1.99-1.88 m
4 2. 80-2.58 m 20.5 2.79-2.61 m 20.3 2.79-2.61 m 20.0
4a 108.6 108.6 108.6
5 157.2 156.9 156.9
6 6.18 d (2.4) 101.5 6.255 101.5 6.255 101.5
7 1513 151.0 151.1
8 6.15 d (2.4) 102.4 6.245s 102.4 6.235s 102.4
8a 157.7 157.4 157.2
1 134.7 1345 141.6
2 6.87s 114.4 7.15 brs 121.9 7.06 brs 115.4
3 146.1 139.9 149.8
4 145.9 149.5 139.4
5 6.76 d (7.2) 116.1 6.95 d (8) 117.6 7.04 brd (5.6) 1239
overlap with H-2/
6 6.72.d (7.2) 118.8 7.13dd (8, 2.4) 125.6 6.88 dd (8.4,2.0) 1184
overlap with H-2/

1-galloyl unit

1 120.6 120.5 120.5
2" 717s 110.5 7.27s 110.7 7.27s 110.7
3" 146.6 146.2 146.2
4" 140.5 140.2 140.2
5" 146.6 146.2 146.2
6" 717s 110.5 7.27s 110.7 7.27s 110.7
7" 167.1 166.8 166.8
2-galloyl unit

1" 120.5 120.5
2" 7.22.d (0.8) 110.5 7.21d (0.8) 110.5
3" 146.3 146.3
4" 140.1 140.1
5" 146.3 146.3
6" 7.22.d (0.8) 110.5 7.21d (0.8) 110.5
7" 167.1 167.1

%alues in parentheses are coupling constants in hertz.

methylene, eight methine (one oxymethine and seven aromatic), 11 quaternary aro-
matic, and one carbonyl carbons. The 'H NMR spectroscopic data of 1 (Table 1)
showed resonances of oxymethine at Jy 4.83 (1H, brd, J=9.6Hz, H-2), dy
2.80-2.58 (2H, m, H-4) and of two methylene groups at Jy 2.18-2.08 (1H, m,
H-3b) and g 2.01-1.89 (1H, m, H-3a). These, together with the COSY correlations
of H-2/H-3/H-4 indicated the characteristic C ring of flavan moieties [9, 10]. The 'H
NMR resonances at oy 6.18 (1H, d, J=2.4Hz, H-6) and 6.15 (1H, d, J=2.4. Hz,
H-8) suggested a meta-coupling of both protons at an aromatic A ring. Three aro-
matic protons at Jy 6.87 (1H, s, H-2'), 6.76 (1H, d, J=7.2Hz, H-5), and 6.72 (1H,
d, J=7.2Hz, H-6') indicated tri-substitution of an aromatic B ring. The HMBC spec-
trum exhibited correlations of H-4 to C-2, C-3, C-4a, C-5, and C-8a; H-6 to C-4a,
C-5, C-7, and C-8; and H-8 to C-4a, C-6, C-7, and C-8a, confirming the 4a,5,7,8a-
tetra-substitution of the A ring. The HMBC correlations of H-2 to C-4, C-1/, C-2/,
and C-6' and H-2' to C-2, C-3/, C-4’ and C-6' revealed the connection of the C and
B rings through C-2. While, the correlations of H-5' to C-1/, C-3/, and C-4/, as well
as H-6' to C-2, C-1/, C-2/, and C-4 represented the 1’,3,4’-tri-substitution and also
supported the position of two hydroxyl groups at C-3' and C-4' of the B ring. The
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remaining aromatic protons at oy 7.17 (2H, s, H-2” and H-6") belong to a galloyl
ester moiety, which corresponded with the HMBC correlations of H-2" and H-6" to
C-1", C-3", C-4", C-5" and C-7" [9, 11]. This galloyl ester group connects to the A
ring at C-7 (d¢ 151.3) and appeared at high field [12]. In addition, the HMBC corre-
lations of H-4 to C-2, C-3, C-4a, C-5, and C-8a also confirmed the position of this
galloyl ester unit. Compound 1 demonstrated negative specific rotation ([o]% -45.3 ¢
0.1, MeOH), which assigns the stereochemistry at C-2 as S [5]. Based on the spectro-
scopic evidence, compound 1 was determined as a new flavan, named (25)-7-O-gal-
loyl-5,3',4-trihydroxyflavan, as shown in Figure 1.

Compounds 2 and 3 were isolated as a mixture of a light brown amorphous
powder. Their molecular formulas were determined, based on the HRESITOFMS
data, as CyoH,,0,5 (observed m/z 601.0960 [M + Na]™), corresponding to 19 degrees
of unsaturation and the presence of one additional galloyl unit compared to com-
pound 1. The IR spectrum demonstrated the absorption bands of hydroxyl
(3280cm ') and conjugated carbonyl ester (1695cm ') groups. The "H NMR spec-
trum clearly showed two sets of resonances, indicating a mixture of the two flavans 2
and 3 in the ratio of 1:1. This was especially clear for the resonance signals of the
oxymethine proton H-2 (Jy 4.87 for 2 and 4.92 for 3, both d with J=10.4Hz) and
of aromatic protons in the B ring at dy 7.15 and 7.06 (H-2'), 6.95 and 7.04 (H-5'),
and 7.13 and 6.88 (H-6') for 2 and 3, respectively. The "H NMR spectrum of the
mixture of 2 and 3 was similar to that of 1, except for the presence of additional pro-
ton signals at oy 7.22 (2H, d, J=0.8 Hz, H-2"" and H-6"") for 2 and Jy 7.21 (2H, d,
J=0.8Hz, H-2"" and H-6"") for 3. These signals were assigned to galloyl groups [9].
The HMBC spectrum of 2 also clearly showed sets of correlations of H-2 (4.87) to
C-3, C-4, C-8a, C-1'(134.5), C-2/(121.9), and C-6'(125.6); H-5' (6.95) to C-1'(134.5),
C-3/(139.9), C-4/(149.5), and C-6'; and H-6' (7.13) to C-2/(121.9), C-4/(149.5), and
C-5'(117.6), as shown in Figure 2. The HMBC spectrum of 3 exhibited correlations of
H-2 (4.92) to C-3, C-4, C-8a, C-1/(141.6), C-2/(115.4), and C-6'(118.4); H-5' (7.04) to
C-1'(141.6)', C-3/(149.8), C-4/(139.4), and C-6'(118.4); and H-6/(6.88) to C-2/(115.4),
C-4(139.4), and C-5'(123.9) as shown in Figure 2. These confirmed that the galloyl
groups were located at C-3’ for 2 and C-4’ for 3, respectively. The configurations at
C-2 of 2 and 3 were determined as S from their specific rotation ([oc]zD5 -23.5 ¢ 0.1,
MeOH) and their trans diaxial coupling (J=10.4Hz) of H-2 and H-3 [13, 14].
Therefore, compound 2 was characterized as (2S)-7,3'-O-digalloyl-5,4'-

Figure 2. Selected HMBC correlations of compounds 2 and 3.
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Table 2. Biological activity of compounds 1-6.

Cytotoxicity 1Cso (LM)

Compound Antimalarial 1Cso (M) KB? MCF-7° NCI-H187¢ Vero cell®
1 0.59 Inactive® Inactive 16.7 Inactive
2+3f 1.38 30.0 19.7 11.1 73.9

4 Inactive Inactive Inactive Inactive Inactive
5 Inactive Inactive Inactive Inactive Inactive
6 Inactive Inactive Inactive Inactive Inactive
Dihydroartemisinin 0.008

Doxorubicin 12.1

Ellipticine 8.2 6.7 34

®Human epidermoid carcinoma in the mouth.
PHuman breast adenocarcinoma.

“Human small cell lung cancer.

dAfrican green monkey kidney.

€100 uM.

*Mixture of compounds 2 and 3.

dihydroxyflavan, and compound 3 was elucidated as a positional isomer of 2, named
(28)-7,4’-O-digalloyl-5,3’-dihydroxyflavan.

The bioactivities of compounds 1-6 were evaluated, and the result is shown in
Table 2. Compound 1 and the mixture of 2 and 3 showed significant antimalarial
activity against P. falciparum with ICs, values of 0.59 and 1.38 uM, respectively. They
also exhibited moderate cytotoxicity toward the NCI-H187 cell line, with ICs, values
of 16.7 and 11.1 uM, respectively. Only the mixture of 2 and 3 displayed cytotoxicity
against KB and MCEF-7 cell lines, with ICs, values of 30.0 and 19.7 pM, respectively.
However, the mixture of 2 and 3 was also cytotoxic toward the normal cell line (ICsq
73.9 uM). Compound 7 has been previously reported for antimalarial activity against
P. falciparum, which showed weak antimalarial activity (IC5, 38.0 pM) [15]. In
addition, compound 7 has also been reported to exhibit no cytotoxicity against MCF-
7 and NCI-H187 cell lines [16, 17]. When comparing flavans 1-5, it should be noted
that the addition of the galloyl group in 1-3 increased the cytotoxicity toward the
three cancer cell lines tested (KB, MCF-7, and NCI-H187).

3. Experimental
3.1. General experimental procedures

Melting points were determined on a Gallenkamp melting point apparatus (SANYO
Gallenkamp PLC, Leicestershire) and are uncorrected. Optical rotations were deter-
mined using a JASCO DIP-1000 digital polarimeter (JASCO, Easton, MD). Ultraviolet
(UV) spectra were measured using an Agilent 8453 UV-visible spectrophotometer
(Agilent Technologies, Santa Clara, CA). IR spectra were obtained using a Bruker
Tenser 27 spectrophotometer (Bruker, Ettlingen, Germany). NMR spectra were
recorded with CDCl; and CD;0D as solvents using a Varian Mercury Plus 400 spec-
trometer (Varian, Polo Alto, CA), and the residues of these solvents were used as
references. Mass spectra were determined with a Micromass Q-TOF 2 hybrid quadru-
pole time-of-flight mass spectrometer with a Z-spray ES source (Micromass,
Manchester, UK). Thin layer chromatography (TLC) was performed on silica gel
60 PF,5s, (MERCK, Darmstadt, Germany) supported on an aluminum sheet; the spots
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were visualized by UV light (254 and 366 nm) and also by spraying with anisalde-
hyde, followed by heating until charred. CC was carried out on silica gel
(0.063-0.200 mm or less than 0.063 mm; MERCK), Sephadex LH-20 (40-70 um; GE
Health care, Uppsala, Sweden), and Lichroprep RP-18 (40-63 um; MERCK). PLC was
carried out on silica gel 60PF,s; (MERCK) supported on a glass (20 x 20 cm).
Commercial grade solvents were distilled at their boiling points prior to use for
extraction and chromatographic separations (CC, PLC, and TLC).

3.2. Plant material

The stems of Helixanthera parasitica were collected on February 2013 from Ban San
Tom, Phu Ruea district, Loei Province, Thailand. The plants were identified as H.
parasitica by Prof. Pranom Chantaranothai, Department of Biology, Faculty of
Science, Khon Kaen University, Thailand, where a specimen [voucher number
Rajachan O-1 (MSU)] was deposited.

3.3. Extraction and isolation

Air-dried stems of H. parasitica (2.7kg) were grounded and extracted successively
with EtOAc (7L x 2), to give crude EtOAc extract (109g). A portion of the crude
EtOAc extract (80g) was subjected to silica gel FCC, eluted with a gradient system of
n-hexane-EtOAc and EtOAc-MeOH to give seven fractions, HE1-HE7. Fraction HE2
(1.43g) was further subjected to silica gel FCC, eluted with an isocratic system of
EtOAc-n-hexane (3:7) to give three subfractions, HE2.1-HE2.3. Recrystallization of
subfraction HE2.2 (156 mg) with EtOAc yielded a white solid of 4 (92 mg). Fraction
HE3 (360 mg) was subjected to Sephadex LH-20 CC, eluted with MeOH resulting in
two subfractions, HE3.1 and HE3.2. Purification of subfraction HE3.1 (82mg) by
PLC using MeOH-CH,Cl, (1:9) as eluent (developed 3 times) gave a light brown
amorphous powder of 1 (13mg, R 0.63). Fraction HE4 (1.21g) was separated by
silica gel FCC, eluted with MeOH-CH,Cl, (1:19) yielding three subfractions,
HE4.1-4.3. Subfraction HE4.1 (150 mg) was further purified by PLC using MeOH-
CH,CI, (1:9) as eluent (developed 2 times), to yield colorless needles of 6 (43 mg, R¢
0.65). Recrystallization of fraction HE5 (172 mg) with EtOAc gave a white solid of 7
(78 mg). Fraction HE6 (1.58 g) was purified by silica gel FCC, eluted with an isocratic
system of MeOH-EtOAc (1:19) to give two subfractions, HE6.1 and HE6.2.
Subfraction HE6.1 gave a white solid of 5 (30mg), and subfraction HE6.2 (863 mg)
was further separated by Lichroprep RP-18 CC, using H,O-MeOH (2:3) as an eluent,
to give a light brown amorphous powder of a mixture of compounds 2 and
3 (15mg).

3.3.1. (2S)-7-O-galloyl-5,3 ,4'-trihydroxyflavan (1)

Light brown amorphous powder; mp 216°C (dec); [a]zg -45.3 (¢ 0.1, MeOH); UV
(MeOH) /imax (log &) 281 (4.25) nm; IR (Neat) vpmay 3309, 2928, 1704, 1602, 1444,
and 1206cm™'; For 'H and >C NMR spectroscopic data (CD;OD, 400 MHz), see
Table 1; HRESITOEMS: m/z 449.0846 [M + Na] ™" (calcd for C,,H;309Na, 449.0849).
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3.3.2. The mixture of 2 and 3

Light brown amorphous powder; [oc]%5 -23.5 (c 0.1, MeOH); UV (MeOH) A (log &)
285 (4.43) nm; IR (Neat) v, 3280, 1695, 1603, 1514, 1444, 1334, and 1189 Cmfl; For
'H and °C NMR spectroscopic data (CD;OD, 400 MHz), see Table 1; HRESITOFMS:
m/z 601.0960 [M + Na]™* (caled for C,oH,,0;5Na, 601.0958).

3.4. Antimalarial assay

Antimalarial activity against the parasite P. falciparum (K1, multidrug-resistant strain)
was assessed using the method of Trager and Jensen [18]. Quantitative assessment of
activity in vitro used the microculture radioisotope technique, based upon the method
described by Desjardins and co-worker [19], using dihydroartemisinin as a reference
drug (Table 2).

3.5. Cytotoxicity assays

Cytotoxicity assays against human epidermoid carcinoma (KB), human breast adeno-
carcinoma (MCF-7), and human small cell lung cancer (NCI-H187) cell lines were
performed employing the Resazurin microplate assay described by O'Brien [20]. The
reference substances were doxorubicin and ellipticine. Cytotoxicity against a primate
cell line (Vero) was tested using the green fluorescent protein detection method
described by Hunt [21]. The reference drug was ellipticine (Table 2).
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Abstract Pyricularia oryzae causing rice blast was isolated and proved for pathogenicity.
Chaetomium elatum ChEO1 was proved to be antagonized P. oryzae in bi-culture antagonistic
test which averaged inhibition of 60.40 % within 15 days. Fungal metabolites from C. elatum
ChEO1 were extracted and tested to inhibit P. oryzae. Results showed that crude ethyl acetate
expressed antifungal activity against P. oryzae which the effective doses, (EDs) was 231 ppm.,
followed by crude methanol and crude hexane which the EDs, were 460 and 2,122 ppm.
respectively. It was shown that nano-CCE gave the highest inhibition P. oryzae which the EDsg
was 8.25 ppm, and followed by nano-CEM and nano-CEH which the EDs, values were 11.21
and 65.52 ppm, respectively. Further research findings are investigated in pot and field
experiments.

Keywords: Nano-particles, Chaetomium, Rice Blast

Introduction

The need to discover the alternative ways to safe human and
environment as effective and efficient methods to control plant diseases is
desired. One of the method is the application of nanotechnology.
Nanotechnology is to build, re-structure, control and devise materials to be
molecular level. A nanometer (nm) is one-billionth of a meter. Molecular
nanotechnology applies to build the organic materials into molecule by
molecule for agricultural application that is being studied (Li et al., 2011). The
scientists are actively studied the synthesis of organic nanoparticles are still
having unusual properties like physical and biological ones (Elibol et al., 2000;
Salata, 2004). Application of nanotechnology in agriculture are being
investigated (Soutter, 2012). Nanoparticles can be easily penetrate through
plant cells (Perlatti et al., 2013).
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Bioactive compounds from Chaetomium species has been reported by
Soytong et al. (2001; 2013) as antifungal agent against several phytopathogens.
It is safe for environmentally friendly method to control plant diseases (Dar and
Soytong, 2014). Emmanuel et al. (2013) reported crude extracts of
Chaetomium globosum coud inhitbit Philippine strain of P. oryzae. Soytong et
al. (2013) found that pure compounds of Chaetoglobosin C, chaetomanone A
derived from Chaetomium sp. act as microbial elicitors to elicit tomatine in
tomato leading to immunity against  Fusarium oxysporum f sp lycopersici
causing tomato wilt. Crude extracts and pure compound derived from
Chaetomium sp were confirmed to be effectively inhibited several plant
pathogens. Research finding is further investigated to be nano-particles of those
metabolites or compounds to control plant pathogen effectively. Dar and
Soytong (2014) developed nano-particles from C. globosum and Chaetomium
cupreum to test for inhibition of several plant pathogens. Tann and Soytong
(2016) reported that nano-CGH, nano-CGE, and nano-CGM from C. globosum
KMITL-NO805 expressed antifungal activity (EDso values of 1.21, 1.19, and
1.93ppm/mL, respectively) against Curvularia lunata, the causal agent of leaf
spot disease of rice var. Sen Pidoa.

C. elatum ChEO1 was identified and studied its metabolites as reported
by Thohinung et al. (2010) that it produced_a new chaetoglobosin V, two new
natural products, prochaetoglobosin 11l and prochaetoglobosin Ill(ed), six
known chaetoglobosins B-D, F , and G and isochaetoglobosin D. All these
pure compounds expressed cytotoxicity against the human breast cancer (ICs)
2.54-21.29 microM and cholangiocarcinoma cell lines (ICsp) 3.41-86.95
microM. This isolate was proved to inhibit P. oryzae causing rice blast by using
crude extracts and further research investigated those crude extracts to be nano-
particles. Preliminary research finding found that nano-particles of C. elatum
ChEO1 actively expressed antifungal activitytest against P. oryzae. Nano-
particles derived from C. elatum ChEO1 as nano-CEH, nano-CEE and nano-
CEM were significantly inhibited P. oryzae at low concentration (Song and
Soytong, 2016). The objective was to prove further evaluation nano-particles
derived from C. elatum ChEO1 to inhibit rice blast caused by P. oryzae and
control mechanism.

Materials and methods
Rice blast pathogen

The diseased samples were taken from leaves which appeared blast
symptom and taken into laboratory. Tissue transplanting technique was done
for isolation into pure culture. Pure cultures were morphologically identified.
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Antagonistic fungus

Chaetomium elatum ChEOL is derived from Biocontrol Reserch Unit,
Department of Plant Production Technology, King Mongkut’s Institute of
Technology Ladkrabang (KMITL), Bangkok. It was cultured on potato dextrose
agar (PDA) at room temperature (27-30 C) for 3 weeks for studying
morphological characters under binocular compound microscope.

Bi-culture antagonistic test

Treatments were bi-culture between pathogen and antagonist plate and
pathogen alone which followed the method of Soytong and Quimio (1989). The
agar culture of C. elatum ChEO1 was cut by sterilized cock borer at peripheral
colony and transferred to one side of PDA plate and the agar culture plug of
pathogen was done the same and placed in opposite site at equal distance. Bi-
culture plates were incubated at room temperature for 30 days.

Bioactivity test of crude extracts from Chaeomium elatum ChEO1

Crude extracts from C. elatum ChEO1 was done by followed the method
of Phonkerd et al. (2008). Each crude extract with hexane, ethyl acetate and
methanol was tested to inhibit the rice blast pathogen, P. oryzae at the
concentrations of 0, 10, 50, 100, 500 and 1000 ppm. An agar plug of pathogen
was moved the middle of potato dextrose agar (PDA) incorporated with each
crude extract. The tested plates were incubated at room temperature (30 C) for
15 days.

Nano-particle testing for inhibition of rice blast pathogen

Nano —particles derived from Chaetomium sp was done by followed the
method of Dar and Soytong (2014). The tested nano-CCH, nano CCE and
nano-CEM) of C. elatum ChEO1 was tested to inhibit P. oryzae causing rice
blast with different concentrations ( 0, 3, 5, 7, 10 and 15 ppm.). A plug of rice
blast pathogen was transferred onto the middle of each concentration plate
containing PDA, then incubated at room temperature (30 C) for 15 days.

Statistical analysis

Bi-culture antagonistic test was set up using Completely Randomized
Design (CRD) with four replications. The bioactivity tests were performed
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using two factor factorial experiment in Completely Randomized Design with
four replications. Data were collected as colony diameter (cm), number of
spores and statistically computed analysis of variance. Treatment means were
compared using DMRT at p = 0.05 and 0.01. The Effective dose at 50 % (EDso)
was computed by probit analysis program.

Results
Rice blast pathogen

Rice blast specimens were collected from rice-fields and brought into
laboratory. Isolation was done by using tissue transplanting technique. Pure
culture of Pyricularia oryzae wa cultured in rice flour agar (RFA) at room
temperature (27-30 C) and morphological identified (Fig.1) and tested for
pathogenicity.

Antagonistic fungus

Chaetomium elatum ChEOl1 offered from Biocontrol Research
Laboratory, and culture on potato dextrose agar (PDA) for 3 weeks. It is an
ascomycetous fungus which produces perithecia, asci and ascospores (Fig.2).

Bi-culture antagonistic test

Result showed that C. elatum ChEOl expressed antifungal activity
against P. oryzae causing rice blast disease in bi-culture antagonistic test
averaged 60.40 % within 15 days. The colony diameter in control plate was
9.00 while colony in bi-culture plate was averaged 3.56 cm. (Fig. 3). The
colony of C. elatum ChEOQ1 grew over the pathogen colony.

Bioactivity test of Crude extracts from antagonistic fungi

Crude extracts from C. elatum ChEOL were tested to inhibit P. oryzae
by poisionous technique. Result showed that crude hexane, crude ethyl acetate
and crude methanol at concentration 0f 1,000 ppm gave significantly highest
inhibition of colony growth which averaged of 2.73, 1.48 and 2.13 cm.,
respectively (Table 1) while the control ( o ppm) was 5.00 cm. However, crude
ethyl acetate gave the most highly significant inhibited sporulation (3.93 X 10°
spores), and followed by crude methanol and crude hexane which were 2.56 X
10° and 3.93 X 10°pores), respectively. Moreover, crude ethyl acetate
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expressed antifungal activity against P. oryzae which the effective dosesy (EDso)
was 231 ppm and followed by crude methanol and crude hexane which the
EDso were 460 and 2,122 ppm, respectively (Table 1).

Figure 1. Rice blast pathogen Pyriculria oryzae, A = culture on PDA and B =
Conidia
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Figure 2. Antagonistic fungus Chaetomium elatum, A = culture on PDA, B =
Asci, C = bi-culture test and D = ascospores

A B C
Figure 3. Bi-culture antagonistic test between Chaetomium elatum and

Pyricularia oryzae, A = antagonist, B = Bi-culture and C = pathogen
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Table 1. Crude extracts of Chaetomium elatum testing for growth inhibition of
Pyricularia oryzae at 8 days, spore production inhibition at 15 days and
effective dose (EDs) values.

Crude Concentration ~ Colony Growth Number  Spore EDso(ppm)
extracts  (ppm) diameter  inhibition  of spores Inhibition
(Cm)ll (%) /1(106) (%)/2,3

0 5.00° - 6.50°

10 4.73° 5.25' 6.25% 3.61'2.25
Crude 50 4.47° 10.50% 5.87%  8.96%" 2122
Hexane 100 4.27° 14,50/ 5.43"¢  1554%"

500 3.67' 26.50" 5.12°®  20.29"

1000 2.73' 45.25° 3.93%"  38.68

0 5.00° - 6.50° -

10 4.36% 12.75* 593 825"

Crude 50 357 28.50" 431 33.70%
EtOAc 100 3.02" 39.50' 3.31" 49.06" 231
500 2.00 60.00° 2.62" 59.56%

1000 1.48' 70.25° 2.37 63.43°
0 5.00° i 6.50°
10 4.64° 7.00' 6.06  6.53"

Crude 50 4.12° 17.50' 5.31°  27.27¢
MeOH 100 3.239 35.25¢ 481%"  3521% 460
500 2.13 57.25¢ 3.75%" 42.06
1000 1.48"™ 69.00° 256"  58.62°

C.V.(%) 1.70 4.23 12.89 19.01

‘IAverage of four replications. Means followed by a common letter are not significantly
differed by DMRT at P=0.01.

?/Inhibition(%)=R1-R2/R1x100 where R1 was colony diameter of pathogen in control and R2
was colony diameter of pathogen in treated plates.

Nano-particle testing for inhibition of rice blast pathogen

Result showed that nano-CCE at 15 ppm gave highly significant
inhibited colony growth of P. oryzae (3.00 cm) and followed by nano-CEM and
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nano-CEH 3.40 and 3.65 ppm., respectively. Nano-CEH gave significantly
better inhibited sporulation of P. oryzae (3.43 X 10° spores) than nano-CEE
(1.25 X 10° spores) and nano CEM (1.81 X 10° spores). Morever, nano-CEE
gave the highest inhibition P. oryzae which the EDs, was 8.25 ppm, and
followed by nano-CEM and nano-CEH which the EDs, values were 11.21 and
65.52 ppm, respectively (Table 2). Nano-CEE at 15 ppm gave highest
significantly in spore inhibition of P. oryzae (79.39 %) and followed by nano-
CEE at concentration of 5 ppm (41.18 %) and nano-CEH at 14 ppm (42.29%).

Table 2. Nano particles of Chaetomium elatum ChEO1 testing for growth
inhibition of Pyricularia oryzae at 8 days, spore production inhibition at 15
days and effective dose (EDs) values.

Crude Concentration ~ Colony Growth Number  Spore EDso(ppm)
extracts  (ppm) diameter  inhibition  of spores Inhibition
(Cm)/l (% )/2 n ( 106) (% )/2
0 5.00° - 6.00° i
3 479" 4.00' 5.68""  4.85'
Nano- 5 4.60% 8.00 481"  18.80°¢ 65.52
CEH 10 4.00° 10.00f 412% 305"
15 3.65" 20.00° 3.43° 42.29°
0 5.00° - 6.00°
3 4.64% 7.00" 4,56 23.439
Nano- 5 4.30" 14.00° 3.50 41.18°
CEE 10 3.60" 28.00° 2.189 63.28° 8.25
15 3.00 40.00° 1.25" 79.39°
0 5.00° i 6.00° -
3 4,75 5.00" 531  11.60"
Nano- 5 4.50° 10.00' 4,68 21.32°¢
CEM 10 3.959 21.00° 3.06" 49.20¢ 11.21
15 3.40' 32.00° 1.819" 70.03°
C.V.(%) 1.17 7.17 12.89 19.01

*IAverage of four replications. Means followed by a common letter are not significantly
differed by DMRT at P=0.05.

?/Inhibition(%)=R1-R2/R1x100 where R1 was colony diameter of pathogen in control and R2
was colony diameter of pathogen in treated plates.
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Discussion

P. oryzae causing rice blast was isolated and proved for pathogenicity.
Te Beest (2007) stated that rice blast, caused by a fungus, Magnaporthe oryzae
(anamorph: Pyricularia oryzae) and it infected rice to appear the symptom on
leaves, stems, peduncles, panicles, seeds, and roots. C. elatum ChEOL used in
this experiment as the same isolate that reported by Thohinung et al. (2010)
which that it produced antimicrobial activity eg. chaetoglobosin V,
prochaetoglobosin 111 and prochaetoglobosin 11l against the human breast
cancer and cholangiocarcinoma cell lines. These compounds may possible
actively prove as antibiosis in bi-culture antagonistic test that C. elatum ChEOQ1
may possible release to be antagonize P. oryzae. Moreover, fungal metabolites
from C. elatum ChEO1 were extracted and tested to inhibit P. oryzae. The crude
ethyl acetate gave better antifungal activity against P. oryzae than crude
methanol and crude hexane. Similar results was reported by Sibounnavong et al.
(2012); Soytong et al. (2013) which reported that crude extracts from
Chaetomium spp. actively inhibited Fusarium oxysporum f sp lycopersici
causing tomato wilt. The research finding revealed that nano-CCE gave the
highest inhibition P. oryzae which the ED50 was 8.25 ppm, and followed by
nano-CEM and nano-CEH which the EDsg values were 11.21 and 65.52 ppm,
respectively. Tan and Soytong (2016) reported that Nano-CGH, nano-CGE, and
nano-CGM derived from Chaetomium globosum KMITL-N0805 gave a good
control Curvularia lunata causing leaf spot disease of rice var. Sen Pidoa.
Moreover, the effect of nanoparticles showed to be broken the pathogen cell
and lost pathogenicity.
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Abstract Nano-particles derived from Chaetomium Ilucknowense proved to be antagonized
Pyricularia oryzae causing rice blast disease var. RD57. Result showed that nano-ECL, nano-
MCL and nano-HCL expressed antifungal activities against P. oryzae (rice blast disease) at the
EDs, values were 82, 114, 181ppm, respectively. In pot experiment, the nano-CL gave
significantly better to control rice blast than the chemical fungicide (Tricyclazole) in rice var.
RD57. Rice blast disease showed that nano-CL gave the highest reduction of 54 %, when
compared to the chemical fungicide that the disease decreased 29.26 %. Application of nano-
CL gave the highest plant strands of 87.62 cm when compared to Tricyclazole (74.91 cm).
Nano-particles from C. lucknowense is being developed to be nano-elicitors for plant immunity.

Keywords: Chaetomium, nano-particles, rice blast
Introduction

Oryza sativa L. recognized as Asian rice. The origins of rice are
numerously debated. (Harris et al., 1996) found that genetic variation had
expressed to all forms of Asian rice that occurred 8,200-13,500 years ago in
China. Rice was first domesticated in the region of Yangtze valley in China
(Normile, 1997). There are many pathogens that infected to rice and caused the
yield loss, the blast disease seems to be the most important one caussed by
Pyricularia oryzae (perfect stage: Magnaporthe oryzae).

It is pathogenic to rice which highly destructive to 30% yield loss
worldwide (Skamnioti and Gurr, 2009).- Moreover, P. oryzae isolates from rice
are also reported to be a host-specific (OU, 1985). Chaetomium spp. are
reported to antogonized to many phythopathogens (Soytong et al., 2001). The
application of chemical fungicides for disease control has been used for years
and gradually caused pollution to surrounding environment. It is recorded that
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the over use of fungicides can be detrimental affected to human health (Soytong,
2001). Chaetomium species are unique isolated from fertile soil and animal
dungs (von Arx, 1986). It is reported to control P. oryzae (Soytong and
Quimio, 1989), Phytophora palmivora causing root rot of Pomelo (Hung et al.
2015). Colletotrichum gloeosporioides, Fusarium oxysporum f. sp. lycopersici
(Soytong et al., 2001). The objective was to evaluate the constructed nano-
particles from Chaetomium lucknowense to control rice blast disease caused by
P. oryzae.

Materials and methods
Pathogen, antagonists and nano-partcles preparation

Pyricularia oryzae was isolated from rice var. RD57, identified and
tested pathogenicity from previous experiment used in this study. The original
isolate ofChaetomium Ilucknowense used in this study is reported to produce
bioactive substances to be effectice against human (Thahinung et al., 2010) and
phytopathogen (Charoenporn et al., 2011). Bioactive substances extracted from
C. lucknowense were done by following the method of Phokerd er al. (2008).
The bioactive compound was constructed to be nano-particles by followiong
the method of Dar and Soytong, 2014).

Biological activity of nano-particles against Pyricularia oryzae

Testing biological activity was followed the method of Charoenporn et
al. (2011). Two factors experiment were conducted with four replications, and
the factor A was nano-particles derived from nano-particles derived from C.
lucknowense (nano-HCL, nano-ECL, nano-MCL) and factor B was the
concentrations of 0,1,3,5 and 10 ppm.

Evaluation of nano-particles to control rice blast in pot experiment

The 15 days of rice seedings var. RD57 were planted in sterilized clay
soil in pot experiment for 15 days before treatment. Treaments were Set up as
follows:- treatment 1(T1) was inoculated with P. oryzae, treatment 2 (T2) was
inoculated with P. oryzae and treated with nano-CL, and treatment 3 (T3) was
inoculated with P. oryzae and treated with chemical fungicide, Tricyclazole. All
treatments were done at the same manner of inoculated the pathogen through
wounds, which made by sterilized syrinse at 0.5 mm. dia. One wound was
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inoculated with inoculum suspension of 1 ml. Each treatment was done as
mentioned above at every 15 days.

Experimental design and staistical analysis

The experiment for biological activity was set up as 3 x 5 factorial
experiment in Completely Randomized Design (CRD). Colony diameter (cm)
and spore number were collected and computed inhibition percentage. The
effective dise (EDs) was computed by probit analysis. The pot experiment was
performed by using Randomized Completely Block Design (RCBD) with four
repeated experiments. Disease index(DI) was scored and computed disease
reduction (%), plant height(cm), plant fresh and dry weight (g) were statistical
analyzed. Means in each experiment were compared by using Duncan’s New
Multiple Range Test (DMRT) at P=0.05 and 0.01.

Results

Efficacy of nano-particles derived from Chaetomium lucknowense against
Pyricularia oryzae

Result showed that the nano-particles derived from C. lucknowense
namely nano-HCL, nano-ECL and nano-MCL expressed biological activity
against P. oryzae causing rice blast disease. It was significantly highest spore
inhibition whren treated at the concentration of 10 ppm with nano-ECL and
nano-MCL which inhibited the spore production at81.93 and 81.80 %,
respectively, and followed by nano-HCL which was 77.26 %. The EDs, values
of nano-ECL, nano-MCL and nano-HCL actively inhibited the sporulation of P.
oryzae at the concentration of 82, 114, 181 ppm., respectively as seen in Table
1 and Figure 1).

Evaluation of nano-particles to control rice blast in pot experiment

The nano-particles derived fromC. lucknowense gave a good result to
inhibit P. oryzae causing blast disease in pot experiment. The treated nano-CL
gave significantly better to control rice blast disease than the chemical
fungicide, Tricyclazole in rice var. RD57 after 20 days. It was not significantly
differed in plant height of all treatments, when started the experiment which
inoculated with P. oryzae, treated with nano-CL, and and treated with chemical
fungicide, Tricyclazole. Plant height parameters at 20 days were 62, 65 and 62
cm., repectively. The application of nano-CL at 40 days gave the highest plant
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growth of 87 cm when compared to inoculated with P. oryzae and treated with
chemical fungicide, Tricyclazole which were 77 and 74 cm., respectively as
seen in Table 2. It is noted that the rice blast disease showed the highest disease
reduction of 54 % when compared to the chemical fubgicide that the disease
reduction of 29.26 % (Table 2).

Table 1. Testing of nano-particles from Chaetomium lucknowense against
Pyricularia oryzae

Bioactive conc. colony dia. (cm) growth spores(10° spore EDsq
metabolites  (ppm) inhibition,% spores/ml) inhibition,% (ppm)
nano-HCL 0 5.00" - 47.63° -

1 4.88° 2'50° 37.80° 20.52f

3 4.80° 4.00° 35.30° 25.82"

5 4720 5.50° 26.15° 45.02% 181

7 4.80° 4.00° 20.20% 57.67°

10 4.13° 17.50°% 10.85° 77.26"
nano-ECL 0 5.00% - 47.63a -

1 4.90 2.00° 34.00b 28.55°

3 4.90° 2.00° 27.75¢ 41.75%

5 4.80P 4.00° 21.70¢ 54.46° 82

7 4.80° 4.00° 17.45d 63.39°

10 4.67° 6.50° 8.60e 81.93°
nano-MCL 0 5.00% - 47.63% -

1 4.85" 3.00° 37.40° 21.48"

3 4.85° 3.00° 31.45° 33.81'

5 4.80° 4.00° 22 35° 53.05" 114

7 4.73° 5.50° 17.60° 62.97¢

10 4.47° 10.50° 8.65° 81.80°

C.V. (%) 2.06 11.31

"'Means of four repeated experiment which followed by a common letter in each column were
not significantly differed at DMRT =P 0.01.

)

Figure 1. Testing nano-particles derived from Chaetomium  lucknowense
against Pyricularia oryzae
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Table 2. Disease reduction and plant height of rice var. RD 57 treated with
nano-particles derived from Chaetomium lucknowense

Treatments plant plant

heighi@0, - heigh0, e
inoculated P. oryzae 62° 77" -
P. oryzae + nano-CL 65° 87t 54
P. oryzae + Tricyclazole 62° 74° 29
C.V. (%) 252 12.48

" Means of four repeated experiment which followed by a common letter in each column were
not significantly differed at DMRT =P 0.01.

Moreover, the further result showed that Tricyclazole gave significanlty
highest fresh weight of stems which was 66 g and followed by nano-CL (55 g)
when compared to inoculated control with P. oryzae which was 45 g as seen in
Table 3. Nano-CL was significantly differed in fresh root weight of 79.14 g
when compared to the inoculated control with P. oryzae and Tricyclazole 58
and 44 g, respectively.

Table 3. Fresh and dry weight of rice var. RD57 treated with nano-particles
derived from Chaetomium lucknowense

Treatments {reSh weight ()
stems roots
inocullated control with P. oryzae 45¢ 58b
P. oryzae + nano-CL 55b 79a
P. oryzae + Tricyclazole 66a 44c
C.V. (%) 22.82 29.87

"Means of four repeated experiment which followed by a common letter in each column were
not significanly differed at DMRT =P 0.01.

Table 4. Dry weight of stems and roots in rice var. RD 57 treated with nano-
particles derived from Chaetomium lucknowense

Treatments ,1d ry weight (g)
stems roots
inoculated control with P. oryzae 14b 6b
P. oryzae + nano-CL 20a 12a
P. oryzae + Tricyclazole 11bc 1la
C.V. (%) 29.29 28.96

''Means of four repeated experiment which followed by a common letter in each column were
not significantly differed at DMRT =P 0.01.
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The tested nano-CL was significantly highest stem drty weight (20 g) and
follwed by inoculated control with P. oryzae, nano-CE, Tricyclazole which
were 14 andll g., respectively. Nano-CL and Tricyclazole were not
significantly differed which root dry weight werel2 and 11 g respectively,
when compared to the inoculated control with P. oryzae which was 6 g as seen
in Table 4.

Discussion

Morphological study was done in previous experiment to prove
identification of P. oryzae which cultured on Rice Flour Agar. The colony is
geryish white, slow growing, septate mycelia, conidiaare pyriform shape, 3 septa in
a cell, 17-23 x 8-11 micron that similar reports by Bussaban, et al (2005) and
Wang (2016). Skamnioti et al. (2019) stated that the causing agent of blast
disease that widely distributed and is destructive to rice production of 30%
yield loss. It is interesting that Ou (1985) reported that isolate of P.
oryzae from rice is mostly host-specific.

It was found that nano-particles derived from C. lucknowense gave
actively inhibited the rice blast pathogen. As results, nano-ECL, nano-MCL and
nano-HCL were actively against P. oryzae which the EDsq values were 82, 114,
and 181ppm, rtespectively. As similar in the previous report found that that
nano-particles of C. elatum was actively against P. oryzae causing rice blast
(Song, et al, 2016). This result is similar reported by Tann and Soytong (2016)
found that Nano-CGH, nano-CGE, and nano-CGM derived Chaetomium
globosum gave antifungal activity against Curvularia lunata (leaf spot disease
of rice var. Sen Pidoa), which the EDgq values of 1.21, 1.19, and 1.93 ppm/mL,

respectively). It was also found in pot experiment that the nano-particles derived
from C. lucknowense resulted to control the rice blast disease.

Application of nano-CL gave better disease control than chemical
fungicide, Tricyclazole. Similar report was stated by Tann and Soytong (2016)
tested in a pot experiment showed that nano-CGH, nano-CGE, and nano-CGM
derived Chaetomium globosum resulted to decrease leaf spot of rice var. Sen
Pidoa in pot experiment. Result showed that the nano-CL gave better plant
strands than the inoculated control. Tann and Soytong (2016) also reported
similar result that the nano-CGH, nano-CGE, and nano-CGM derived C.
globosum significantly increased the height of the rice plant when compared to
the non-treated control.

The research finding is confirmed that C. elatum produces bioactive
metabolites against the teated pathogen, P. oryzae as a control mechanism and the
crude extracts of C. lucknowense gave significantly inhibited the tested pathogen in
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higher rate of application when compared to nano-particles derived from C.
lucknowense. Similar discussion searched from Vilavong and Soytong (2017) stated
that using nano-rotiorinol, dericed from Chaetomium cupreum, nano-trichotoxin
derived from Trichoderma harzianum and ascospore suspension of C. cupreum
resulted to reduce coffee anthracnose of 46.23, 42.71 and 18.59 %, respectively.
It is needed to develop new approach of non-toxic agricultural inputs to be used
instead of the chemical fungicides. As known, the chemical fungicides are
ready recognized to cause human diseases, pollution, residue in the soil, water
and agriculture products. It is proved that continuous chemical fungicide
application will let the pathogen resistant to chemical fungicides (Soytong et al,
2001).

As result in pot experiment the tested nano-particles from C.
lucknowense significantly controlled rice blast disease better than the chemical
fungicide.  Similar report from Vilavong and Soytong (2017) that bio-
formulation of C. cupreum in powder form, nano- rotiorinol, from C. cupreum
and nano-trichotoxin from T. harzianum gave a good control of coffee
anthracnose.

It is concluded that C. lucknowense is proved to be effectively against rice
blast disease caused by P. oryzae. Its metabolites could be inhibited the
pathogen inoculum and reduced the disease incidence of rice blast. Research
and development on nanotechnology for crop protection is done by construction
of nano-particles from the crude extracts and pure compound of C. lucknowense
would become a new strategy for rice disease protection. Further research
finding is to develop these natural product to be used in crop production.
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Abstract Durian are the economically fruit trees in Thailand. The important problem of durian
is root rot disease caused by Phytophthora palmivora. This study was used Chaetomium elatum
to control the P. palmivora causing root rot disease of durian by dual culture method, crude
extract test and nano particles test derived from Ch. elatum. Dual-culture test showed that Ch.
elatum gave efficiency to inhibit of spore and colony growth of P. palmivora which were 46.13
and 38.89%, respectively. Testing efficacy of crude extract from Ch. elatum to control P.
palmivora found that crude ethyl acetate from Ch. elatum gave significantly highest against
pathogen of P. palmivora at the concentration of 1000 ppm which the EDs, of 175.31 ppm.
Nano particles testing, nano particles of crude hexane, ethyl acetate and methanol from Ch.
elatum showed the EDs, values of 3.49, 3.47 and 3.41 ppm.

Keywords: Chaetomium elatum, Phytophthora palmivora, durian

Introduction

Durian(Durio zibethinus Murr.) is king of tropical fruit refer to two facts
of the fruit. Its superlative fresh, which is highly nutritional and its appearance,
which resembles the thorny thrones of the Asian kings of old. Durian is one of
the most famous fruit in South-East Asia. The fruit is very famous not only due
to the taste richness but also the strong odour. Durian is an economically fruits
in Thailand. The country is the world’s largest producer and exporter of durian,
followed by Malaysia and Indonesia (Somsri, 2014). In past, root rot has been
reported to the serious rate of infection of durian because monoculture planting
and high fertilizer applications could lead the increment of disease incidence
caused by fungi such as P. palmivora and Pythium spp. Chemical compounds
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have been used to control plant diseases, but abuse in their employment has
favored the development of pathogens resistant to fungicides. The objective
was to use of Chaetomium elatum that antagonize plant pathogens is risk-free
when it results in enhancement of resident antagonists. Moreover, biological
control agents (BCAs) could reduce levels of fungicide.

Materials and methods
Morphological Studies

Soil samples were collected plant disease. Soil samples were isolated by
using soil plate method on glucose-ammonium nitrate agar media(GANA) and
incubated at 28-30<C for 2 days, then the fungal growing mycelium tip of it
was sub-cultured and purified in potato dextrose agar (PDA) until get the pure
culture.

The macroscopic characteristics of colony appearance were determined
including growth pattern and texture and growth rate onto PDA plates. For
microscopic characteristics shapes of zoosporangia were observed by using a
light microscope.

Pathogenicity Test

Pathogenicity test was done by agar plug method. The healthy durian
detached leaves were sterilized by 10% sodium hypochlorite. The surface
detached leaves were made wounds by sterilized needle. The agar plug of
pathogen inoculated to wound on detached leaves. The controls were processed
similarly but transferred an agar plug without the pathogen.

Bi-culture test

The experiment was conducted using a Completely Randomized Design
(CRD) with 4 replications. The antagonistic fungi and pathogen were separately
cultured on PDA at room temperature for 7 day. A 0.5 cm diameter sterilized cork
borer was used to remove agar plugs from the actively growing edge of cultures of
the pathogenic and antagonistic fungi and transferred onto 9 cm diameter PDA
plates, an agar plug of the pathogen was placed on one side of the plate which
opposited an agar plug of an antagonistic fungus. PDA plates were transferred with
a single plug of an antagonistic fungus or of the pathogen acted as the controls. The
bi-culture plates were incubated at room temperature for 30 days. Data were
collected regarding colony diameter (cm) and the number of conidia reduced by the
pathogen.
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Crude extract test

The experiment was conducted by using factorials in Completely
Randomized Design (CRD) with four replications. Each crude extract was
dissolved in 2% dimethyl sulfoxide and added to PDA before autoclaving at
121<€ (15 psi) for 30 minutes. The agar plug of pathogen was transferred to the
middle of PDA plates (amending with each crude extracts) in each
concentration(0, 10, 50, 100, 500, 1000 ppm) and incubated at room
temperature until the pathogen on the control plates growing full. Data were
collected as colony diameter, Percentage inhibition of pathogen colony growth
and conidia and The effective dose (EDsp). Data was statistically computed
analysis of variance. Treatment means were compared with DMRT at P=0.05.

Testing nano-particles from Ch. elatum

Preparation of nano particles derived from Ch.elatum were used the method
of Dar and Soytong (2014). Testing for inhibition of mycelial growth and
sporangium formation of P. palmivora was done by using poison food
method.The Experiment was conducted by using factorials in CRD with four
replications. The concentration of nano particles; nano-CEH, nano-CEE, nano-
CEM were as follows: 0, 3, 5, 10 and 15 ppm. Each concentration was
dissolved in 2% dimethyl sulfoxide, then mixed into potato dextose agar(PDA)
and added chitosan before autoclave at 121 for 30 minutes. The agar plug of
pathogen was removed to PDA plates in each solvent and concentration. After
incubated at room temperature until the pathogen on the control plates growing
full collected data as colony diameter, number of sporangia, inhibition
percentage and Effective dose EDsp. Data was statistically computed analysis of
variance. Treatment means were compared with DMRT at P=0.05.

Results
Morphological Studies of P. palmivora

The fungal growth rapidly and colonized the plate within 4 days on PDA.
Colony morphology on PDA is a chrysanthemum pattern with aerial mycelium.
Sporangia are globose and ovoid shape, which was papillate. Zoospores were
directly released from sporangia when flooded in water (Fig.1).

Pathogenicity test

Pathogenicity test on detached leaves after 3 days by the plug inoculation
method. Leaves showed symptoms of brown hydrolysis expand around agar
plug of pathogen. In control, Leaves remained healthy (Fig.2).
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Figure 1. Morphological characteristics of P. pamivora (A); Colony
appearance on PDA (B); Shape of sporangia (C); Zoospore release from
sporangia (D); Oogonia

Figure 2. Pathogenicity test of P. palmivora on detached leaves. (A); The
inoculated pathogen (B); The non - inoculated pathogen

Bi-culture test
Ch.elatum was proved its abilities to inhibit the growth of P. palmivora
by using bi-culture test (Fig.3).The result showed that Ch. elatum inhibited

colony growth and production of spore by P. palmivora of 38.89 and 46.13%
inhibition, respectively (Table 1).
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Table 1. Colony and spore inhibition of P. palmivora

P. palmivora

Antagonist fungi Colony inhibition (%) spore inhibition (%6)2°

Ch. elatum 38.89 46.13

C.V. (%) 1.05

R1

R2

R3

R4

Ch. elatum  P.palmivora  P. palmivora
+ Ch. elatum
Figure 3. Ch. elatum inhibited colony growth of P. palmivora by using bi-culture
test

Crude extract test

Crude-CEH at concentrations of 10, 50, 100, 500 and 1000 ppm were
tested the colony growth inhibition of P. palmivora which were 19.25, 39.25,
46.5, 58.00 and 58.5% respectively (Fig 4). Test inhibition of sporangia
information of P. palmivora which were 13.46, 25.88, 38.30, 53.86 and 62.73%
respectively (Table 2) when compared to the control. Crude-CEE at
concentrations of 10, 50, 100, 500 and 1000 ppm were tested the colony growth
inhibition of P. palmivora which were 37.5, 39.75, 45.75, 60.5 and 76.5%
respectively (Fig 4). Test inhibition of sporangia information of P. palmivora
which were 20.04, 30.68, 39.87, 56.47 and 80.79% respectively (Table 2) when
compared to the control. Crude-CEM at concentrations of 10, 50, 100, 500 and
1000 ppm were tested the colony growth inhibition of P. palmivora which were
12.25, 30.75, 45.25, 45.75 and 51.00% respectively (Fig 4). Test inhibition of
sporangia information of P. palmivora which were 14.09, 20.45, 31.41, 43.73
and 54.69% respectively (Table 2) when compared to the control. Meanwhile
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EDso values of crude-CEH, CEE, CEM were 341.97, 175.31 and 58.96 pg/ml
respectively.

Nano-particles test

Nano-CEH at concentrations of 3, 5, 10, 15 ppm were tested the colony
growth inhibition of P. palmivora which were 31.25, 38.25, 38.75 and 58.5%
respectively (Fig 5). Test inhibition of sporangia information of P. palmivora
which were 26.15, 40.94, 51.60 and 76.65% respectively (Table 3) when
compared to the control. Nano-CEE at concentrations of 3, 5, 10, 15 ppm were
tested the colony growth inhibition of P. palmivora which were 2.5, 19.75, 28.5
and 37.75% respectively (Fig 5). Test inhibition of sporangia information of
P. palmivora which were 20.22, 28.47, 42.55 and 62.77% respectively (Table 3)
when compared to the control. Nano-CEM at concentrations of 3, 5, 10, 15 ppm
were tested the colony growth inhibition of P. palmivora which were 14.00,
23.75, 36.5 and 40.75% respectively (Fig 5). Test inhibition of sporangia
information of P. palmivora which were 12.77, 31.48, 52.21 and 61.46%
respectively (Table 3) when compared to the control. Meanwhile EDsq values
of nano-CEH, CEE, CEM were 3.49, 3.47 and 3.81 pgy/ml respectively (Table 3).

Table 2. Effect of crude extracts from Ch. elatum to inhibit P. palmivora

Nano Concentration Colony Inhibition Number Inhibition EDs,
particles (ppm) diameter  of colony of of (o/ml)
(cm) growth sporangia  sporangia
(%) (>10% (%)
0 5.00° o' 59.872 o"
10 4.03° 19.25° 51.81 13.46°
%EdHe 50 3.03° 30.25° 4137 o5ggt 3L
100 2.67° 46.5° 36.93° 38.30°
500 21" 58.00" 27.62' 53.86°
1000 2.02" 58.5° 22.319 62.73"
0 5.00°% 0' 59.87° o"
Crude 10 3.12° 37.5° 47.87d° 20.04'
CEE 50 3.01° 39.75° 41.5 30.68° 175.31
100 2.71f 45.75¢ 36.00° 39.87¢
500 1.97" 60.5° 26.06"  56.47°
1000 1.17' 76.5°% 11.5" 80.79°
0 5.00°% 0' 59.87° o"
Crude 10 4.382 12.25'; 51.43" 14.093
CEM 50 3.46 30.75 47.62° 20.45 58.96
100 2.73" 45.25° 41.06" 31.41°
500 2.71' 45.75° 33.68' 43.73°
1000 2.45" 51.00° 27.12' 54.69°
C.V.(%) 4.16 5.93
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Crude CEH

Crude CEE

Crude CEM

"0 10 50 100 500 1000 ppm

Figure 4. Testing crude extracts from Ch. elatum against P. palmivora
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Figure 5. Testing nano particles from Ch. elatum against P. palmivora
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Table 3. Effect of nano particles from Ch. elatum to inhibit P. palmivora

Nano Concentration Colony Inhibition Number Inhibition EDs,
particle (ppm) diameter  of colony of of (g/ml)
(cm) growth sporangia  sporangia
(%) (>10%) (%)
0 5.00° 0' 62.12° o"
Nano 3 3.43" 31.25¢ 45.87° 26.15° 3.49
CEH 5 3.08¢ 38.25° 36.68° 40.94° :
10 3.06%" 38.75% 30.06" 51.60°
15 2.07" 58.5° 14.5" 76.65°
0 5.00° 0 62.12° o
Nano 3 4.87° 2.5 49.56° 20.22f 347
CEE 5 4.01° 19.759 44.43° 28.47° '
10 3.57° 28.5° 35.68° 42.55¢
15 3.119 37.75° 23.12¢ 62.77°
0 5.00° 0' 62.12° o
Nano 3 4.3° 14.00" 54.18" 12.77¢
CEM 5 3.81¢ 23.75' 42.56" 31.48° 3.81
10 3.17¢ 36.5° 29.68f 52.21°
15 2.96" 40.75° 23.93¢ 61.46°
C.V.(%) 4.79 6.68

Average of four replications. Means followed by a common letter are not significantly different
by DMRT at P = 0.05

Discusion

The bi-culture tests Ch. elatum gave significantly inhibition colony
growth of P.palmivora and production of spore by P. palmivora of 38.89 and
46.13%, respectively. Similar reported by Tathan (2012) Ch. elatum gave
significantly inhibition colony growth of P.palmivora and production of spore by
P. palmivora of 32.49 and 26.23%, respectively. The crude extracts of Ch.
elatum gave significantly highest inhibited sporangia production of P.
palmivora at concentration of 1,000 ppm. Meanwhile EDs, values of Crude-
CEE was 175.31 pg/ml. Similar reported by Soythong (2015) that crude extract
of Ch. elatum gave significantly highest inhibited Fusarium oxysporum f.sp.
lycopersici causing wilt of tomato at concentration of 1,000 ppm with the EDsg
value of 5.94 pg/ml. The nano particle of Ch. elatum gave significantly highest
inhibited sporangia production of P. palmivora at concentration of 15 ppm.
Meanwhile EDsy values of Crude-CEH was 3.49 g/ml. Similar reported by
Song and Soytong (2016) that nano particle of Ch. elatum gave significantly
highest inhibited Pyricularia oryzae causing blast of rice at concentration of 15

ppm.
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Abstract The antagonistic fungus, Chaetomium brasiliense was tested to control Phytophthora
palmivora causing rot disease of Durian (Durio zibithenus L.) var Montong by crude extracts
and Nano-particles derived from Ch. brasiliense. Crude extracts of antagonistic fungus was
tested for antifungal biological activities. The crude extracts from antagonistic fungus with
hexane, ethyl acetate and methanol were tested against P. palmivora. Crude ethyl acetate from
Ch. brasiliense gave significantly against P. palmivora which the EDs, values was 17.46 pg/ml.
Testing Nano-particles were tested for antifungal activities. The results showed nano - particles
from Ch. brasiliense gave effectively significantly inhibition of colony growth and spore
production which the EDs, values were 1.08 pg/ml, and 8.68 pg/ml respectively. Application of
Nano - particles to control the P. palmivora causing root rot disease of durian in pot experiment
was successfully done. The results showed nano-particles from Ch. brasiliense reduced the root
rot disease on durain of 40%. The nano—particles from Ch. brasilense gave significiantly high
plant growth which were 79.5 cm when compared to the non-trated control.

Keywords: Nano-particles, Chaetomium brasiliense, Phytophthora palmivora, biological
control

Introduction

Durian (Durio zibithenus L) is originated from the region of Borneo and
Sumatra, growing wild in the Malay peninsula, cultivated in a wide region from
India to New Guinea four hundred years ago. It was across to Myanmar, and
cultivated throug Thailand and South Vietnam (Morton, 2000). The problem for
durian cultivation in Thailand faced the root rot which caused by Phytophthora
spp. It can infect all stages of growing durian trees. The symptoms are appeared
as root rot, leaves and stem blight, bark and fruit rot. Chemical fungicides have
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been used to control this disease and trened to lead the negative side effect to
the environment. In addition, Phytophthora spp become resistant to those
fungicide application eg. metalaxyl and related compounds (Erwin and Ribeiro,

1996). Tye eco-friendly management of Phytophthora diseases would be done
to reduce the application cost. The application of biocontrol agents against
Phytophthora rot has become an importance research aspect and is being

carried out all over the world (Naqvi, 2004).

Biological control of plant pathogen is known as using antagonists
against plant pathogens. The antagonism is the control mechanism to reduce the
pathogen onocullum and disease incidence. Antagonism is expressed betweeb
two organisms including antibiosis, competition and parasitism (Cook and
Baker, 1983). However, thereare many reports indicated that the antagonists
can express to against seversal plant pathogens eg such as Chaetomium spp;
and Emericella nidulans. (Xu et al., 2017; Hung, et al., 2015a; Arjona-Girona
et al., 2018; Tran et al., 2007; Song et al., 2017).

The objective was to test the nano-particles derived from Ch. brasiliense
to inhibit Phytophthora sp causing root rot in durian var Montong.

Materials and methods
Isolation of pathogen and testing pathogenicity

Phytophthora sp was isolated the durian diseased plant parts eg bark and
root rot using tissue transplanting method. The collected diseased samples were
washed with sterilized water, and and cut it into small pieces, soaked 1% clorox
for 3 min. The piece samples of diseased part was moved to water agar (WA),
then incubated at room temperature to observe growing colonies, them gentle
moved to PDA to get pure culture. Morphology was identified and observed the
characters of fungus under compound microscope. The pathogenicity was
tested using detached leaves technique. The agar plugs of Phytophthora sp were
transferred to wounded leaves. The non -inoculated leaves with steriled agar
discs was done to serve as controls, and incubated at room temperature (27-
30 <C) for seven days. The experiment was replicated four times. Disease
incidence was calculated as number of infected plants/ total number of tested
plants x 100, and disease ratings was evaluated as 0= healthy plants, and 3=
seriously infected plants (Soytong, 2010).

Morphological study of Chaetomium brasilense
Chaetomium brasilense used in this reserch study is offered from Assoc.
Prof. Dr. Kasem Soytong, Department of Plant Production Technology, Faculty
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of Agricultural Technlogy, King Monkut’s Institute of Technology Ladkrabang
(KMITL), Bangkok, Thailand. The culture was grown on patotao dextrose agar
and observed morphological characters under compound microscope.

Dual culture test

The experimental design was used as Completely Randomization with
four replications. Dual culture was done by followed the methods of Soytong
(1992). Ch. brasilense and Phytophthora sp. were separately cultured on PDA
at room temperature (27-30 <€) for seven days. The 0.5 cm diameter of
sterilized cork borer was cut at the peripheral colony in each culture and moved
to PDA plates ( 9 cm). The agar plug of Phytophthora sp. was moved to PDA
plate on one side of the plate that opposited the agar plug of Ch. brasilense.
The plug of each fungus was transferred to PDA plate served as the controls.
All plates were incubated at room temperature for 30 days. Colony diameter
(cm) and conidia production in the dual culture plates and control plates were
recorded. The number of conidia was counted by using haemacytometer.

The inhibition of colony growth or conidia production were calculated
using the following formula:

% inhibition = (A-B) / A <100

Where, A was the colony diameter or number of conidia produced by the
pathogen on the control plates and B was the colony diameter or number of
conidia produced by the pathogen in the dual culture plate.

Testing crude extracts of Chaetomium brasilense to against Phytophthora spp
in vitro

Crude extracts of Ch. brasilense were evaluated to inhibit Phytophthora
sp. The experimental design was conducted using factorial experiment in
Completely Randomization, and repeated four times. Factor A was crude
hexane, crude ethyl acetate and crude methanol. Factor B was 0, 10, 50, 100,
500, and 1,000 pg/ml. Each crude extract was poured to 2% dimethyl sulphite
and mixed to 30 ml potato dextrose agar, then autoclaved at 121<C,15 Ibs/inch?
for 35 minutes. Phytophthora sp colony was cut at peripheral colony with
sterilized cock borer (0.5 mm). Agar plug of pathogen was transferred to the
middle of PDA media in plate incorporated with each and incubated at room
temperature (27-30<C) until the pathogen growing full plate. Data were
recorded as colony diameter, number of conidia. The pathogen colony growth
and conidia production were calculated the inhibition using the above formula.
Data were statistically computed analysis of variance. Means were compared
using Duncan Multiple’s Range Test. The effective dose was computed using
probit analysis.
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In vitro testing nano-particles from Chaetomium brasilense to control root
rot disease in durian var Montong

Chaetomium brasilense was cultured in potato dextrose broth (PDB) at
room temperature (27-30 C) for 30 days. The biomass was filtered through
cheesecloth and air-dried. Fresh and dried biomass were weighted. The biomass
was ground in electrical blender, then extracted by adding the same volume of
hexane, and kept in stationary phase for 7 days at room temperature. The
filtrate was get it through Whatman filter paper, evaporated in rotary vacuum
evaporator to yield crude hexane. The remaining marc was consecutively
extracted with ethyl acetate and methanol to get crude extracts using the same
procedure as hexane to yield crude ethyl acetate (EtOAc) and crude methanol
(MeOH). The nano- particles were done by followed the method of Dar and
Soytong (2014), to yield Nano-CBH, Nano-CBE and Nano-CBM. Those nano-
particles were evaluated to inhibit Phytophthora sp. The experimental design
was used two factors factorial experiment in Completely Randomization. The
experiment was repeated four times. Factor A was Nano-CBH, Nano-CBE and
Nano- CBM. Factor B was 0, 1, 5 and 10 pg/ml. Each Nano-particle was
dissolved in 2% dimethyl sulfoxide, and mixed to PDA before autoclaved at
121<C,15 Ibs/inch? for 30 min. The culture of Phytophthora sp was cut at
peripheral colony with sterilized cock borer (0.5 mm). Agar plug of
Phytophthora sp was moved to the middle of PDA mixed with each nano-
particles. All plates were incubated at room temperature until the pathogen in
control growing full plate. The pathogen from each treatment were observed
abnormal spores under compound microscope. Data were stistaically computed.
The effective dose was calculated using probit analysis.

Results

Pathogenicity test

Pathogenicity test was conducted by detached leaves method which
resulted durian leave var Montong showed brown hydrolysis expand around
agar plug of pathogen. In control, leaves remained healthy as seen in Fig.1.

Dual culture test

Ch. brasiliense was proved it ability to inhibit plant pathogen P.
palmivora causing disease of durian by using dual culture tests. The results
showed that Ch. brasiliense gave significantly growth inhibition of P.
palmivora which were 58.33% and showed significantly inhibited the spore
production of pathogen of 88.82% (Table 1).
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Figurel. Pathogenicity test of Phytophthora sp on Durian leaves

Testing crude extracts of Chaetomium brasilense to against Phytophthora spp
in vitro

The crude extracts from Ch. brasiliense were used to test their abilities to
control the growth of P. palmivora. The results showed that crude ethyl acetate
(EtOAC) extract gave highest inhibition of P. palmivora colony growth which
was 57.75% at the concentration of 1,000 g/ml with the EDs, values of 204.28
pog/ml when compared to the control. Crude hexane and crude ethyl acetate
(EtOAc) extract and showed significantly highest inhibition for the spore
production of P. palmivora as 100% at the concentration of 1,000 pg/ml. Crude
methanol extract gave the best to inhibit the trsed pathogen wghivh the ED50
was 5.94 ppm, and followed by crude ethyl acetate and crude hexane extracts
which the ED50 values were 17.46 and 28.56 pg/ml., respectively (Table 2).

Table 1. Colony growth and number of spore on antagonistic dual-culture tests

P. palmivora
Antaginistic fungi  Colony diameter Growth inhibition Spore number Spore inhibition
(cm) (%) (10%/ml) (%)
Control 9.00* - 27.43° -
Ch. brasiliense 3.75 58.33" 5.31° 88.82°
C.V. (%) 7.90 19.39

1 Means of four repeated experiments. Means followed by the same letters are not significantly differed by
DMRT at P=0.01.

In vitro testing nano-particles from Chaetomium brasilense to control
Phytohthora sp causing durian rot var Montong

Result from nano-particles showed high efficacy antifungal activity of
nanoparticles from Ch. brasilense against P. palmivora The result of Nano
particles from Ch. brasilense was showed that Nano-CBH, Nano-CBE and
Nano-CBM gave highly significant inhibited the colony growth of P. palmivora
as 90.00% which the EDsg values of 1.25, 1.12, 1.08 pg/ml., respectively and
gave highly significant inhibition for the spore production of P. palmivora as
100% which the EDs, values of 8.68, 12.20 and 10.77ppm (Table 3).
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Table 2. Crude extracts of Ch. brasilense testing for growth inhibition of P. palmivora

Crude Concentratio Colony Growth EDs, Number  Inhibition  EDs
extracts n (ppm) diameter  Inhibition(%) (po/ml)  of spores (%) (g/m
(cm)"* (10" D)
Hexane 0 5.00% - 1.475% -
10 5.00°? 0.00¢ 0.492“ 63.19:e
50 5.00? 0.00¢ 0.53" 63.87%
100 5.00% 0.00¢ 770.60 0.39% 7213 2856
500 3.29° 34.00° 0.17°% 87.90%°
1000 2.02° 57.75° 0.00¢ 1007
Ethyl 0 5.007 - 1.475% -
Acetate 10 5.00°% 0.009f 0.632 55.852 ]
50 5.00° 20.00 0.32¢ 78.17"
100 3.37° 325 204.28 (g ggoged 1746
500 1.25" 75.00° 0.00° 100?
1000 0.869 82.75° 0.00° 1007
Methanol 0 5.00% - 1.475% -
10 5.00° 0.00¢ 0.48™ 65.88%
50 5.00° 0.00¢ 0.39% 71.85°
100 5.00°% 0.00¢ i 0.23° 83.51b 5.93
500 4.12° 17.5f 0.13° 91.40%
1000 2.65¢ 47.00¢ 0.02% 97.91°
C.V. (%) 3.96 29.34

T Means of four repeated experiments. Means followed by the same letters are not significantly
differed by DMRT at P=0.01.

Table 3. Nano particle extracts of Ch. brasilense testing for growth inhibition of P.

palmivora
Nano Concentr Colony Growth EDsq Number of  Inhibition EDsq
particles ation diameter(  inhibition  (pg/ml) spores (%) (o/ml)
(ppm) cm)* (%) (10))
0 5.00% - 0.56% -
1 2.75° 45.00° 0.22° 57.45°
Nano- 3 1.41° 71.75% 0.00° 100°
CBH 5 1.35% 73.00% 1.25 0.00° 100° 8.68
7 1.119 77.75% 0.00° 100°
10 0.5" 90.00° 0.00° 100°
0 5.00% - 0.56% -
1 2.602° 47.502 0.32° 36.67°
Nano- 3 1.67 66.50 0.00° 100°
CBE 5 1.00° 80.00° 112 0.00° 100° 12.20
7 1.17 76.50% 0.00° 100°
10 0.5" 90.00° 0.00° 100?
0 5.00% - 0.56% -
1 2.50; 50.002 0.28° 47.95
Nano- 3 1.52% 69.50 0.00° 100°
CBM 5 1.121 77.50% 1.08 0.00° 100° 10.77
7 0.5" 90.00° 0.00° 1007
10 0.5" 90.00° 0.00° 100°
C.V. (%) 8.74 51.16

1 Means of four repeated experiments. Means followed by the same letters are not significantly differed by
DMRT at P=0.01.

2168



International Journal of Agricultural Technology 2018 Vol. 14(7): 2163-2170

Discussion

Morphological study was done in  previous experiment to prove
identification of P. palmivora which cultured on potato dextrose agar. The
colony is white, slow growing, non septate mycelia, sporangia produce readily
and abundantly. The identity in morphological characteristics are consistent
with descriptions of Phytophthora palmivora (Erwin and Ribiero, 1996).

The results showed that crude ethyl acetate (EtOAc) extract from Ch.
brasilense gave highest inhibition of P. palmivora colony growth which was
57.75% at the concentration of 1,000 pg/ml with the EDsy values of 204.28
ppm when compared to the control. As similar in the previous report, found that
crude extract of Ch. globosum CGO05, Ch. cupreum CC3003, Ch.
lucknowense CLO1 showed ability to inhibit mycelial growth and spore
production of P. palmivora PHYO02 in laboratoty test (Hung et al., 2015b). This
result is also similar reported by Hung et al., (2015a) found that crude extracts
of these Chaetomium species exhibited antifungal activities against mycelial
growth of P. nicotianae, with effective doses of 2.6~101.4 pg/ml.

It was found that nano-particles derived from Ch. brasilense was actively
inhibited the P. palmivora. Nano-CBH, Nano-CBE and Nano-CBM gave
highly significant inhibition of the colony growth of P. palmivora at 90.00%
and gave highly significant inhibition for the spore production of P. palmivora
at 100%. This result is similar reported by Thongkham (et al., 2017) found that
nano-particles derived from Ch. cupreum to inhibit mycelial growth and spore
production of Phytophthora spp causing root rot in durian. This study was also
similar to Dar et al. (2013) that nano particles of Ch. globosum and Ch.
cuperum were proved to againt F. oxysporum f.sp. lycopersici and
Colletotrichum capsici.
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Abstract Root rot is one of the most serious disease in Tangerine which caused by Pythium spp.
This study tested efficacy of Ch. brasiliense to control Pythium sp. by bi — culture, crude
extracts and nano particles testing from Ch. brasiliense to control Pythium sp., in vitro. The
results from the bi — culture testing, Ch. brasiliense inhibited mycelium growth and sporangia
production by 42.50% and 48.41%, respectively. In crude extracts from Ch. brasiliense gave
EDs values of 30.15, 58.71 and 37.25 ppm for the hexane, EtOAc and MeOH, respectively.
The efficacy of nano particles against Pythium sp. with the EDs, values of 2.69, 3.00 and 3.96
ppm for the hexane, EtOAc and MeOH, respectively.

Keywords: Chaetomium brasiliense, Root rot, Tangerine

Introduction

Thailand office of agricultural economics reported in 2007 — 2015
tangerine production tends to decrease from 757,000 to 141,000 ton due to
yield loss and decline of tangerine tree. The major problem is root rot disease
(Molina et al., 1998). Growers used fungicide for control this disease and were
faced with high cost of production, poor yield and low prices. They quit
cultivation of tangerines. In 2016, they turned to reactivate their orchards
because the price hiked.

The symptoms after Pythium spp. infected, the leaves turn yellow and
some drop, twinge and branch dieback. Roots turn soft and brown, sometimes
bark cracks through which gum exudation. Plant will grow poorly, decline and
die in the end (Vichitrananda, 1998). For controlling this disease has been
applied chemical fungicides in orchards but application chemical fungicides
have resulted in accumulation of toxics in environment and resistance of
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fungicides. To avoide them, there are many researches for alternative control by
effective of biological control agents (BCAs) e.g. Ch. globosum Ch. cupreum
and Ch. lucknowense were reported to control Phytophthora palmivora and
Phytophthora nicotianae causing root rot in pomelo and citrus (Hung et al.,
2014; 2015). Chaetoglobosin — C that produce from Ch.globosum gave
significantly inhibited colony and sporangia of Phytophthora parasitica (Quyet
et al., 2016). The aim of this study was to evaluation of efficiency of Ch.
brasiliense to control Pythium spp. causing root rot of tangerine, in vitro.

Materials and methods

Isolation and identification

Soil samples, at a depth of 15 — 30 cm, were collected from the tangerine
orchards and isolated by baiting method. The soil samples were ground and
placed into sterilized petri dish, added sterilized distilled water above the soil
and floated leaf pieaces of tangerines (0.5 > 0.5 cm) on the water surface and
incubated petri dish for 24-72 hours at room temperature. Place baits onto water
agar (WA). When mycelia grown on WA agar were transferred to Potato
Dextrose Agar (PDA) until get pure culture and incubated room temperature.
For morphological studies, according to their cultural appearances and
observation of sporangium and other structures of Pythium spp. Sporangia were
produced by floating some mycelial discs in distilled water and sterilized grass
blades.

Pathogenicity test

Pathogenicity was tested by detached leaf method from healthy leaves
leaves of Citrus reticulata. The leaves were washed with distilled water, then
surface sterilized with 70% ethyl alcohol and placed with the upper leaf surface
in sterile petri dish moisture chambers. Wounding by sterile needle on the
leaves for easy access of the fungus, then leaves were inoculated with
mycelium discs of Pythium spp. on the wound. Non-inoculated controls were
inoculated with an agar plug without the fungus. 4 replications of each
treatment were used in the experiment.  After inoculation petri dishes were
incubated at room temperature and symptoms were observed after 3 days.

Bi-culture test

Mycelial disc (0.5 m in diameter) of Pythium spp. was placed on PDA at
one side of petri dish and Ch. brasiliense was placed at the opposite side of
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petri dish with 4 replications and incubated at room temperature. As control an
agar disc of Pythium spp. and Ch. brasiliense was placed alone on PDA. All
petri dishes were incubated at room temperature until the pathogen in control
growing full. The data were collected as colony diameter and the number of
sporangium. The inhibition of mycelial growth and sporangium formation of
pathogen was calculated as a percentage according to the formula:
Percent inhibition (I) = C — T/C <100
Where, C = colony diameter / number of sporangium of the control
T = colony diameter / number of sporangium of the in bi-culture test

In vitro test of crude extract from Ch. brasiliense to control Pythium spp.

Ch. brasiliense was cultured in potato dextrose broth (PDB) for 30 days.
The fungal biomass was collected, air-dried, ground and extracted with hexane,
ethyl acetate (EtOAc) and methanol (MeOH) to produce crude hexane, crude
EtOAc and crude MeOH extract, respectively. The crude exract from Ch.
brasiliense were tested to control Pythium spp. by poisioned food technique
with different concentrations (0, 10, 50, 100, 500 and 1000 ppm). Each crude
exract was dissolved in 2% dimethyl sulfoxide (DMSO), and mixed into PDA
before autoclaving at 121°C, 151lbs/inch2 for 20 min. Mycelial disc of Pythium
spp. was placed on the center of PDA in plate (5 cm diameter) incorporated
with each crude exract. All petri dishes were incubated at room temperature
until Pythium spp. in control growing full. Experiment was designed by using 2
factors factorial experiment in Completely Randomized Design (CRD) with 4
replications. Factor A represented solvents and factor B represented
concentrations

The data were collected as colony diameter and the number of
sporangium. The inhibition of mycelial growth and sporangium formation of
pathogen was calculated as a percentage and the effective dose (EDsp) value
was then calculated using probit analysis. Data was statistically computed and
analysis of variance. Treatment means were compared with Duncan’s multiple
range test (DMRT) (p=0.05)

In vitro test of nano particles from Ch. brasiliense to control Pythium spp.

Nano particles were done using the method of Dar and Soytong (2014) to
get Nano-CBH, Nano-CBE and Nano-CBM and were tested to control Pythium
spp. by poisioned food technique. Experiment was designed by using 2 factors
factorial experiment in CRD with 4 replications. Factor A represented nano
particles and factor B represented concentrations at 0, 3, 5, 10 and 15 ppm.

2183



Each nano particle was dissolved in 2% dimethyl sulfoxide (DMSQ), and then
mixed into PDA and added chitosan before autoclaving at 121°C, 151bs/inch2
for 20 min. Mycelial disc of Pythium spp. (7mm) was placed on the center of
PDA in plate incorporated with each nano particles. All petri dishes incubated
at room temperature until the pathogen in control plates growing full.

The data were collected as colony diameter and the number of
sporangium. The inhibition of mycelial growth and sporangium formation of
pathogen was calculated as a percentage and the effective dose (EDsp) value
was then calculated using probit analysis. Data was statistically computed and
analysis of variance. Treatment means were compare with Duncan’s multiple
range test (DMRT) (p=0.05).

Results

Pythium spp. was isolated from soil samples by baiting method and
identified based on morphological characteristic. The cultural appearances were
observed on PDA. Colony has a cottony aerial mycelium. The fungus grows
fast, mycelium hyaline (Fig. 1, A). Sporangia formed on sterile grass blades in
water cultures. Sporangia are of filamentous inflated (Fig. 1, B). Oogonia are
smooth-walled, spherical, terminal, intercalary (Fig. 1, C-D). Oospores are
aplerotic (Fig. 1, C-D).

Figure 1. Colony patterns and morphology of Pythium spp. A; Colony patterns
on PDA, B; Filamentous inflated sporangium, C; Oogonium with monoclinous
antheridium, D; Oogonium with aplerotic oospores

Inoculated leaves under moist chamber condition showed water-soaked
brownish lesions expand around agar plug of pathogen size 1.5 x3.2 cm. Non-
inoculated leaves showed no symptoms, leaves remained healthy.

In bi — culture test, result showed that Ch. brasiliense grew over and
degraded Pythium spp. after inoculation 30 days. Pythium spp. was inhibited
42.5% growth colony and 48.1% sporangia production when compare to
control.
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Figure 2. Pathogenicity test of Pythium spp. on detached tangerine leaves. A,
Inoculated control. B; Non-inoculated control

hiu’mAspp. Pythium spp.+Ch. brasiliense  Ch. brasiliense

Figure 3. Growth of Pythium spp. in bi—culture test of Pythium spp. (at 30 days)

Efficacy of crude extract and nano particles from Ch. brasiliense to
control Pythium spp. were tested by poisioned food technique with different
concentrations when Pythium spp. in control petri dishes grew fully (2 days).

All of concentrations gave significantly different when compare to the
control (0 ppm) and at 1000 ppm gave the best growth inhibition and sporangia
inhibition and follow by 500, 100, 50 and 10 ppm. All of crude extracts at the
concentrations of 1000 ppm, Pythium spp. did not grow from myecelial discs.
The hexane extract of Ch. brasiliense at the concentrations of 500, 100, 50 and
10 ppm inhibited the colony growth of 88, 76.5, 58.25 and 34.25%, respectively
when compared to the control. The EtOAc extract of Ch. brasiliense at the
concentrations of 500, 100, 50 and 10 ppm inhibited the colony growth of 88,
69.25, 42.75 and 27.5%, respectively when compare to the control. The MeOH
extract of Ch. brasiliense at the concentrations of 500, 100, 50 and 10 ppm
inhibited the colony growth of 86, 71, 51.5 and 44 %, respectively when
compared to the control (Table 1).
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There is sporangia production 46.81x10° spore/ml in control. When
calculated the sporangia inhibition at the concentrations of 1000, 500, 100, 50
and 10 ppm, the hexane extract of Ch. brasiliense inhibited the sporangia
production of 95.59, 88.12, 73.56, 55.14 and 32.18%, respectively when
compare to the control. The EtOAc extract of Ch. brasiliense inhibited the
sporangia production of 95.33, 87.72, 59.41, 35.38 and 25.23%, respectively
when compare to the control. The MeOH extract of Ch. brasiliense inhibited
the sporangia production of 95.46, 86.78, 63.68, 43.92 and 36.98%,
respectively when compare to the control (Table 1).

The crude extracts gave EDs, values of 30.15, 58.71 and 37.25 ppm for
the hexane, EtOAc and MeOH, respectively (Table 1).

Table 1. Effect of crude extracts from Ch. brasiliense to inhibit Pythium spp.

Crude Concentration Colony Growth Number of Sporangia ED s
extract (ppm) diameter  inhibition sporangia inhibition  (ppm)
(cm) (%) (>10% (%0)
0 5.00a - 46.81a -
10 3.29¢ 34.25h 31.75¢c 32.18i
hexane 50 2.09f 58.25¢ 21.001_c 55.14f 30.15
100 1.18h 76.50c 12.38i 73.56¢
500 0.60ij 88.00ab 5.56j 88.12b
1000 0.50j 90.00a 2.06k 95.59%
0 5.00a - 46.81a -
10 3.63b 27.5i 35.00b 25.23j
ethyl 50 2.86d 42.75¢ 30.25d 35.38h 58.71
acetate 100 1.54¢g 69.25d 19.00g 59.41e '
500 0.60ij 88.00ab 5.75j 87.72b
1000 0.50j 90.00a 2.19k 95.33a
0 5.00a - 46.81a -
10 2.80d 44.00g 29.50d 36.98h
50 2.43e 51.50f 26.25¢ 43.92g
methanol 100 1.45¢ 71.00d 17.00h 6368d o2
500 0.70i 86.00b 6.19j 86.78b
1000 0.50j 90.00a 2.13k 95.46a
C.V. (%) 4.28 3.98

TAverage of 4 replications. Means followed by the same letters in each antagonist were not
significantly different by DMRT at P=0.05.

The nano particles were done from all crude extracts of Ch. brasiliense
according to the method of Dar and Soytong (2014). All of concentrations gave
significantly different when compare to the control and at 15 ppm gave the best
growth inhibition and sporangia inhibition and follow by 10, 5 and 3 ppm.

All of nano particles at the concentrations of 15 ppm, Pythium spp. did
not grow from mycelial discs. Nano-CBH at the concentrations of 10, 5 and 3
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ppm inhibited the colony growth of 77.75, 55.5 and 41.75 %, respectively when
compare to the control. Nano-CBE at the concentrations of 10, 5 and 3 ppm
inhibited the colony growth of 67.5, 44 and 22.4 %, respectively when compare
to the control. Nano-CBM at the concentrations of 10, 5 and 3 ppm inhibited
the colony growth of 78.25, 57 and 47.25 %, respectively when compare to the
control (Table 2).

Hexane extract
of Ch. brasilense

EtOAC extract
of Ch. brasilense

MeOH extract
of Ch. brasilense

Control 10 50 100 500 1000ppm

Figure 4. Testing crude extracts from Ch. brasiliense to inhibit Pythium spp.
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Nano-CBH

Nano-CBE

Nano-CBM

Control 3 5 10  15ppm
Figure 5. Testing the nano particles from Ch. brasiliense to inhibit Pythium spp.

In control, the number of sporangia was 42.38x10° spore/ml. When
compare to the control, Nano-CBH at the concentrations of 15, 10, 5 and 3 ppm
inhibited the sporangia production of 95.13, 86.43, 54.42 and 41.45 %,
respectively. Nano-CBE at the concentrations of 15, 10, 5 and 3 ppm inhibited
the sporangia production of 94.99, 86.43, 54.42 and 41.45 %, respectively when
compare to the control. Nano-CBM at the concentrations of 15, 10, 5 and 3
ppm inhibited the sporangia production of 95.43, 89.38, 70.21 and 55.6 %,
respectively when compare to the control (Table 2).

The nano particles of Ch. brasiliense gave EDs, values of 3, 3.96 and
2.69 ppm for the hexane, EtOAc and MeOH, respectively (Table 2).
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Table 2. Effect of the nano particles from Ch. brasiliense to inhibit Pythium spp.

Nano Concentration Colony Growth Number  Sporangia ED 5
product (ppm) diameter inhibition of inhibition  (pg/ml)
(cm) (%) sporangia (%)
(>410%

0 5.00a - 42.38a -

Nano- 3 2.91c 41.75f 20.81c 50.88e

CBH 5 2.23e 55.50d 13.44e 68.29¢c 3.00
10 1.11g 77.75b 5.00f 88.20b
15 0.50h 90.00a 2.069 95.13a
0 5.00a - 42.38a -

Nano- 3 3.88b 22.40g 24.81b 41.45f

CBE 5 2.80cd 44.00ef 19.31cd 54.42de 3.96
10 1.63f 67.50c 5.75f 86.43b
15 0.50h 90.00a 2.13g 94.99%
0 5.00a - 42.38a -

Nano- 3 2.64d 47.25e 18.81d 55.60d

CBM 5 2.15e 57.00d 12.63e 70.21c 2.69
10 1.09g 78.25b 4.50f 89.38b
15 0.50h 90.00a 1.94g 95.43a

C.V.(%) 5.01 6.52

TAverage of 4 replications. Means followed by the same letters in each antagonist were not
significantly different by DMRT at P=0.05.

Discussion

The most serious root rot disease of citrus in Thailand is caused by
Phytophthora parasitica but Pythium spp. is reported that caused root rot
disease of citrus (Maseko and Coutinho, 2001 and Kean et al., 2010).

The obvious mechanisms of action of Ch. brasiliense in bi — culture test
is competition because at first, Pythium spp. grew more than 50% of petri dish
and faster than Ch. brasiliense. After 30 days Ch. brasiliense can grow over
Pythium spp. moreover, Pythium spp. were degraded, mycelial deflated. There
is probably antibiosis mechanism, therefore studying antifungal metabolite in
terms of crude extract and nano particles from Ch. brasiliense to control
Pythium spp. They gave high inhibition with low EDs, values. The EDs values
of crude extracts were 30.15 — 58.71 ppm and nano particles were 2.69 — 3.96
ppm. It was similar to the study of Tongon and Soytong (2016) studied using
crude extracts of Ch. brasiliense to inhibit Fusarium solani and got effectively
inhibition of F. solani with EDsy were 66.66 — 288.94 ppm. Khumkomkhet et al.
(2009) found many depsidones from Ch. brasiliense and tested to control
Plasmodium falciparum, Mycobacterium tuberculosis and Candida albicans.

Nano particles have one dimension less than 100 nm at least and ability to
adsorb and carry compounds. The nano particles gave stronger inhibition than
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crude extracts with lower EDs, values. It was similar to the report of Dar and
Soytong (2014) tested nanomaterials derived Ch. globosum and Ch. cupreum.
Moreover, Tongon and Soytong (2015) reported nano particles from Ch.
globosum showed highly inhibitory effects on Curvularia lunata causing leaf
spots of rice with low EDs values.
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Abstract Chaetomium brasiliense was used in this study to control rice brown spot disease
pathogen, Drechslera oryzae. The result of bi-culture test showed that Ch. brasiliense gave the
hightest percentage of growth inhibition at 26.38% and had the highest spore inhibition at
23.81%. In crude extracts test, it was found that crude methanol extract obtained from Ch.
brasiliense at 1000 ppm showed the highest inhibitory effect on colony growth and spore
production. Ch. brasiliense gave a growth inhibition and spore inhibition rates at 83.50 and
99.78% respectively. The effective dose (EDsy) on growth and spore inhibition of Ch.
brasiliense was 80.54 and 0.35 pg/ml, respectively. It was also found that Nano-particles
obtained from crude methanol extract of Ch. brasiliense (nano CBM) at 10 ppm had the best
inhibitory effect in terms of growth and spore inhibition. Nano CBM can inhibit the growth at
70.00% and spore production at 79.92%. The EDs, values for spore inhibition of Ch.
brasiliense was 2.86 pg/ml.

Keywords: Chaetomium brasiliense, biological control, rice disease

Introduction

Rice (Oryza sativa L) is the most widely consumed staple food for
a large part of the world's human population, especially in Asia and the West
Indies. It is the grain with the third-highest worldwide production (FAOSTAT,
2017). Drechslera oryzae is a fungus that reports to cause brown leaf spot of
rice. This is one of the important plant pathogen causing a widespread disease
leading to yield losses. Brown spot of rice can infect the seedlings and mature
plants. The symptom appeared as blight on seedling where grown from
infected seeds (Rice Department, 2018).

" Coressponding Author: Vareeket, R.; Email: rungrat.kmitl@gmail.com
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This objective was to investgate the morphology of Chaetomium
brasilense and Drechslera oryzae, pathogenicity test. Tesing crudec extraxts
and nano-particles from Chaetomium brasilense to control brown leaf spot of
rice var RD47 were also conducted.

Materials and methods
Isolation of pathogen and pathogenicity test

Drechslera oryzae causing brown leaf spot of rice were isolated form
seed rice var. RD47. Rice seeds were soaked in sterilized water and then in 1%
clorax for 3 min and then sterilized water. All seeds were moved to water agar
and sub-cultured to PDA until get pure culture. Morphology was observed
under compound microscope.

Morphology study of the Drechslera oryzae
Isolate of Drechslera oryzae was morphological identified. The
characters of D. oryzae were determined under compound microscope.

Pathogenicity test

The experimental design was done by Completely Randomization with
four repeated times. The pathogen isolate was proved for pathogenicity
followed Koch’s Postulate. The conidia suspension of 5x10° conidia/ml. was
used for inoculation. The 15 days of rice seedlings var. RD47 were inoculated
sprayed onto the wounded leaves (3 leaves/seedling). The inoculated leaves
were covered with plastic sheets, then observed the infected leaves. The leaves
with spraying sterilize distilled water were done to serve as controls.

Biological control of Drechslera oryzae

Strain of antagonist used for experiments
Chaetomium brasiliense was kindly provided by Assoc. Prof. Dr. Kasem
Soytong.

Dual culture test

Ch. brasiliense was tested to control D. oryzae. Each fungus was
separately cultured on PDA at room temperature for seven days. A 0.5 cm
diameter sterilized cork borer was used to transfrred agar plugs from peripheral
colony of each fungus to 9-cm diameter PDA plates, and put in the opposite site
to each other. Control plates were transferred each fungus alone to PDA plates.
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The testeds plates were incubated at room temperature for 30 days. Abnormal
spores wewre observed under compound microscope and took photograph.
Colony diameter, number of conidia of pathogenic fungus were collected. The
growth or conidia inhibition of pathogen was calculated using formula below:

Inhibition (%) ZE x10) —m8™ (1)
A

A = colony diameter or conidia number of pathogen in control
B = colony diameter or conidia number of pathogen in control in dual
culture plate
The data were statistically computed and means were compared by using
Duncan’s New Multiple Range Test at P=0.01 and P=0.05.

Biological activity of antagonist against pathogen (crude extract test)

Crude extracts from Ch. brasiliense was tested against D. oryzae The
fungus was cultured in potato dextrose broth at room temperature for one
month. The biomass was collected, ground with the electrical blender and
dissolved with solvents. The solvents were then separtately evaporated in vacuo
to yield crude hexane, crude ethyl acetate, and crude methanol extracts,
respectively.

The crude extracts were assayed to inhibit the tested pathogen, D.
oryzae. The experimental design was conducted by using two factors factorial
experiment in Compleletly Randomization withy four repatedted times. Factor
Al was crude hexane, A2 crude ethyl acetate and A3 crude methanol. Factor
B1 was 0 pg/ml(control), B2 = 10 ug/ml, B3 = 50 pg/ml, B4 = 100 ng/ml, B5 =
500 pg/ml and B6 = 1,000 pg/ml. Each crude extract was dissolved in 2%
dimethyl sulfoxide and added to PDA before autoclaved at 121°C (15 psi) for
20 minutes. A sterilized 3-mm diameter cork borer was used to remove agar
plugs from peripheral colony to the center of 5 cm dia Petri dishes of PDA
containing crude extract at each concentration. Incubation was done until
grown full plates. The number of spore was collected and calculated the
inhibition. The effective dose (EDsp) was calculated using Probit analysis.

Testing nano-particles from Chaetomium brasiliense to control brown leaf
spot

Nano-particles were performed using the method of Dar and Soytong

(2014) to get Nano-CBH, Nano-CBE and Nano-CBM. Two factors factorial
experiment in Complately Randomized Design was conducted with four
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replications . Factor A was Nano-CBH, Nano-CBE and Nano-CBM and factor
B was 0, 1, 3, 5, 7 and 10ug/ml. Each Nano-particle was dissolved in 2%
dimethyl sulfoxide, mixed into PDA medium, and autoclaved at 121°C, 15
Ibs/inch2 for 30 min. The colony of D. oryzae was cut at the peripheral colony
with sterilized cock borer (3mm), transferred to the middle of PDA
incorporated with nano-particles. The plates were incubated at room
temperature until the pathogen in control growing full plate. Abnormal spores
were observed under compound microscope. Colony diameter and the number
of spores were recorded. Inhibition was computed and the effective dose (EDsp)
was calculated using Probit analysis.

Results
Isolation of pathogen and pathogenicity test
Rice pathogen was isolated from rice seeds of RD 47. It was found

Drechslera oryzae. Pure culture showed brown color when mature, septate
mycelia, and conidia with many septates or cells on one conidia (Figure 1).

~' “

Figure 1. Drechslera oryzae on PDA medium after 7 days (A), Drechslera
oryzae conidiophore (B) and Drechslera oryzae conidium (C)

‘\I’

Figure 2. Pathogenicity test of Drechslera oryzae on rice. The inoculated
control (left) and inoculated leaves (right) after 7 days
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The pathogenicity of the isolate was confirmed; the symptoms appear in
from of minute light brown or brownish red spots and these leaf spots becomes
dark brown with a surrounding halo region (Figure 2).

Biological control of Drechslera oryzae

Ch. brasiliense resulted to inhibit mycelial growth of D. oryzae which
averaged colony was 6.62 cm when compared to control plate (9.00 cm). It
significantlyt inhibited the mycelia growth of 26.38%. Ch. brasiliense alsp
espressed significantly spore inhibition of D. oryzae 23.81% as seen in Figure 3,
and Table 2].

. . - -
Figure 3. Bi-culture antagonistic test between Drechslera oryzae and
Chaetomium brasiliense

Table 1. Chaetomium brasiliense against Drechslera oryzae in bi-culture tests

Chaetomium brasiliense Growth C.V. ()
Control Bi-culture Inhibition
percent
Colony growth(cm) 9.00% 6.62° 26.38 0.55
Spore number (10°/ml) 22.2° 16.90° 23.81 7.24

1/: Means four repeated experiments and followed by the same letter are not significantly
differed by DMRT at P=0.01.

Biological activity of antagonist against pathogen
Crude ethyl acetate extract of Chaetomium brasiliense gave significantly

highest inhibition of Drechslera oryzae which the EDs of 0.24 pg/ml, and
followed by crude hexane and methanol extracts which the EDso of 0.32 and
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0.35 pg/ml, respectively. Crude methanol extract at 1,000 ppm showed
significantly highest spore inhibition of 99.78 %, and followed by crude hexane
(99.77 %) and ethyl acetate extracts (99.60 %). Crude methanol extract
significantly inhibited colony growth by 83.50 %, and followed by the crude
ethyl acetate (82 %) and hexane extracts (74.50 %) as seen in Table 2.

Table 2. Crude extracts of Chaetomium brasiliense testing to inhibit
Drechslera oryzae

Crude Concentrati  Colonydi  Growth EDs, Number of  Spore EDs,
extracts  on (ppm) ameter inhibition  (pg/ml)  sporeY inhibition  (ng/ml)
(cm) (%0) (%0)

0 5.00% - 185.06° -

10 3.50° 30.00¥ 22.78 87.65°
Crude 50 3.30% 34.00" 93.09 20.35"¢ 88.99% 0.32
hexane 100 2.80" 44.00" 12.23% 93.34°

500 1.53 69.50° 0.76 99.58°

1000 1.27% 74.50° 0.40° 99.77°

0 5.00° - 185.06° -

10 3.22° 35.50' 20.56"¢ 88.81°
Crude 50 2.47° 50.50° 85.77 18.13% 90.18° 0.24
ethyl 100 2.12' 57.50° 12.76% 93.09°
acetate 500 1.05' 79.00° 1.16' 99.36°

1000 0.90™ 82.00° 0.73 99.60°

0 5.00° - 185.06° -

10 4.07° 18.50' 29.32° 84.13"
Crude 50 3.38¢ 32.50% 80.5 21.43¢ 88.38° 0.35
methanol 100 2.32" 53.50" 8.02°" 95.66°

500 1.27 74.50° 2.18f 98.79°

1000 0.83™ 83.50° 0.38" 99.78°

C.V. (%) 3.25 14.92

1/: Means four repeated experiments and followed by the same letter are not significantly
differed by DMRT at P=0.01.

Testing nano-particles from Chaetomium brasiliense to control brown leaf
spot

The nano-CBH, nano-CBE, and nano-CBM at the concentration of 10
ppm inhibited spore production by 85.25%, 77.86%, and 79.92%, respectively.
These nanoparticles expressed antifungal activity against Drechslera oryzae
with EDspvalues of 5.86, 4.92, and 2.86 pg/ml, respectively (Table 3).
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Table 3. Nano-particles of Chaetomium brasiliense testing to inhibit
Drechslera oryzae

Crude Concentr  Colonydiame  Growth EDsq Number Spore EDsp
extracts ation ter (cm) inhibition  (ng/ml)  of spore inhibition  (png/ml)
(ppm) (%)”? (%)

0 5.00% - 5.45

1 1.91% 61.75° 2.37% 55.67°%9
Nano- 3 2.09° 58.25¢ - 1.62°% 69.50°% 586
CBH 5 2.31° 53.75 1.287" 76.35%¢

7 2.10° 58.00" 0.999" 81.73%

10 1.80° 64.00" 0.77" 85.25°

0 5.00% - 5.45° -

1 2.07° 58.50° 2.89° 46.719
Nano- 3 2.05% 59.00¢ 168.00 257 52.36 4.92
CBE 5 1.95% 61.00° 2.03%f 62.50%f

7 1.97% 60.50° 1.99¢%f 62.80%f

10 1.53¢ 69.50" 1.20%" 77.86%®

0 5.00% - 5.45° -

1 2.02% 59.50° 3.96" 25.60"
Nano- 3 2.00% 60.00% 237.00  2.35%¢ 56.84°1 2.86
CBM 5 1.68f 66.50f 2.01%f 63.320¢f

7 1.53° 69.50° 1.26"" 77.13%f

10 1.50° 70.00" 1.129" 79.92%

CV.(%) 410 19.39

1/: Means four repeated experiments and followed by the same letter are not significantly
differed by DMRT at P=0.01.

Discussion

The brown spot of rice caused by Drechslera oryzae was isolteds and
proved pathogenicityn as similar report of Tan and Soytong (2016b). Ch
brasiliense proved to be antagonised the tested pathogen in bi-culture test was
also similar result of Tan and Soytong (2016a). As a result, the crude hexane
and methanol extracts from Ch. brasiliense actively against D. oryzae causing
brown spot of rice var RD 47 which the EDs, values of 0.32 and 0.35 pug/ml,
respectively. Tan and Soytong (2017) reported that bioformulation including
crudec extrtacts from Chaetomium cupreum CC3003 gave a good control leaf
spot of rice var. Sen Pidao in Cambodia. Each crude crude extract of Ch.
brasiliense was performed to be nano-particles as nano-CBH, nano-CBE, and
nano-CBM and tested to inhibit D. oryzae causing brown leaf spot of rice var
RD47. As results, it showed that nanoparticles, nano-CBH, nano-CBE, and
nano-CBM gave significantly inhiubited expressed D. oryzae at the EDspvalues
of 5.86, 4.92, and 2.86 pg/ml, respectively. It concluded that nanoparticles from
Ch. brasiliense gave successfully inhibitred the tested pathogen. Further study
would be applied the the fields and also tested to control the other plantb
pathogens. As reports of Vilavong and Soytong (2017) stated that the
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application of bio-formulation including nano-elicitor of Ch. cupreum could
control Colletotrichum gloeosporioides causing Coffee Anthracnose on Arabica
Variety in Laos.
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