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Abstract

The objectives of this study were 1) to screen the bioactivities of the crude
extracis from the selected Guttiferae and Schisandraceae plants, 2) to purify and
elucidate the structures of the isolated compounds, and 3) to determine the
bioactivities of the isolated compounds. Leaves, wood of Hypericum hookerianum,
Garcinia speciosa, Garcinia xanthochymus, Cratoxylum formosum ssp. pruniflorum,
Calophyllum polyanthum and Schisandra verruculosa and the fruit of G
xanthochymus collected from Chiang Mai Province, Thailand were carried out to
extract and screen for determining the free radical scavenging and antitumor
activities, DPPH assay and SRB assay towards human cancer cell lines were
performed. The methanol wood extract of G. speciosa exhibited the highest
scavenging activity with an ICse value of 975 ug/ml.  H. hookerianum, S.
verruculosa, C. formosum ssp. Pruniflorum, G. xanthochymus and C. polyanthum
showed the ICsp value of 19.08, 23.34, 23.96, 32.10 and 44.29 ug/ml, respectively.
For the fruit of G. xanthochymus, methanol extract and chioroform fraction of the
methanol extract showed no significant 1Cso.

Chloroform fraction of the methanol extract of G. speciosa showed also the
potent inhibitory effect with the Glso value of 4.0, 6.6 and 3.7 pg/ml from the leaves
and 9.9, 15.7 and 8.1 pg/ml from the wood against HeLa (cervical), KB (epidermoid)
and B16F10 (melanoma) tumor cell lines, respectively. The chloroform fraction of
the methanol extracts of H. hookerianum and G. xanthochymus showed the inhibitory
effect on cell growth with Glsg value less than 20 pg/ml.

H. hookerianum and S. verruculosa were selected for the study of

phytochemistry since the chemical constituents have not been reported and H.



hookerianum showed also good results both of free radical scavenging activity and
antitumor activity. The chloroform fraction of the methanol wood extract of AH.
hookerianum fumished 5-hydroxy-2-methoxyxanthone (HH1), 2-hydroxy-3-methoxy
xanthone (HH2), the xanthonolignoid trans-kielcorin (HH3), as well as two cinnamate
ester derivatives, betulinic acid-3pB-yl caffeate (HHS5) and the new compound 4-
hydroxy-3-methoxyphenyl ferulate (HH4). The chloroform fraction of the methanol
wood extract of S. verruculosa gave vanillic acid (S1), abscisic acid (82), methyl 4-
hydroxybenzoate (83), 4-hydroxy benzaldehyde (S4), methyl 3,4-dihydroxybenzoate
(85), 1-(4-hydroxy-3-methoxyphenyl)-3-hydroxy-propan-1-one (S6), 1,2-bis-(4-
hydroxy-3-methoxyphenyl)-3-hydroxy-propan-i-one (S7) and 4-hydroxybenzoic acid
(88). Speciroscopic methods, especially 'H, **C NMR, COSY, NOESY, HMBC,
HSQC and HRMS were used to elucidate the structures of these compounds.

In vitro effect of these compounds on the growth of human cancer cell lines:
MCE-7 (breast), NCI-H 460 (lung), SF-268 (CNS) and UACC-62 (melanoma) and the
effect of these compounds on the proliferation of human lymphocyte from the
mitogenic effect of phytohemagglutinin (PHA) were evaluated. Cinnamate ester
denivatives from H. hookerianum showed the strong inhibitory effects against MCF-7,
NCI-H460, SF-268 and UACC-62 with the Glsp value of 15.1, 18.7, 15.9 and 21.2
uM for the new compound 4-hydroxy-3-methoxyphenyl ferulate (HH4) and 12.2,
19.6, 24.3 and 31.8 uM for betulinic acid-3B-yl caffeate (HH5), respectively, while
from S. verruculosa, only methyl 34-dihydroxybenzoate (S5) gave the moderate
activity with the Glsp value of 78.9, 38.8 and 93.8 uM toward MCF-7, NCI-H460 and
SF-268, respectively. Compound 4-hydroxy-3-methoxyphenyl ferulate (HH4),

betulinic acid-3B-yl caffeate (HHS) and methyl 3,4-dihydroxybenzoate (S5) showed



antiproliferative activity with ICsp value of 26.1, 40.8 and 58.58 pM, respectivelv.
All of the isolated compounds were also determined for the free radical scavenging
activity. Methyl 3 4-dihydroxy benzoate (S5) from S. verruculosa showed a strong
activity with the 1Csq value of 6.4 pM, while both of cinnamate ester derivatives from
H. hookerianum gave the moderate activities with the 1Csq value 0f 48,2 and 15.6 uM
for 4-hydroxy-3-methoxyphenyl ferulate (HH4) and betulinic acid-3p-yl caffeate
(HHS), respectively. The results from this study suggested a potential of the selected
plants with significant biological activities for further study and development to new

drugs.
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Executive Summary

Six Thai Guttiferac and Schisandraceae plants (Hypericum hookericmum, Garcinia
speciosa, G. xanthachymus, Cratoxylum formosum ssp. Pruniflorum, Calophyllum
polyanthum and Schisandra verruculosa) were collected from Chiang Mai, Thailand and
extracted by methanol and chloroform. The extracts were screened for free radical
scavenging activity using DPPH assay and the effect on the growth of B16F10, HeLa and KB
human tumor celi lines using SRB assay. All extracts showed free radical scavenging activity
with a dose dependent activity relationship. The lowest ICs, value was observed in the
methanol extracts from wood of G. speciosa. The chioroform fraction of methanol extract
from leave of G. speciosa gave the most potent inhibition of cancer cell growth with the Gls,
value of 4, 6.6 and 3.7 ug/ml in HeLa (cervical), KB (epidermoid) and BI6F10 (melanoma)
cetl lines, respectively.

Purification of H. hookerianum furnished 5-hydroxy-2-methoxyxanthone (HH1), 2-
hydroxy-3-methoxyxanthone (HH2), trans-kielcorin (HH3), betulinic acid 3f-yl caffeate
(HHS) and the new compound 4-hydroxy-3-methoxyphenyl ferulate (HH4). Compounds
HHI1-HH5 were evaluated for their effect on the in vitro growth of three human cancer cell
lines: MCF-7 (breast), NCI-H460 (lung) and SF-268 (CNS). Cinnamate esters HH4 and HHS
exhibited strong inhibitory effect against all three cell lines; that of trans-kielcorin (HH3) was
moderate while the inhibitory effect of xanthones HH | and HH2 were only weak. The effect
of compounds HH1-HHS5 on the mitogenic response of human lymphocytes to PHA was aiso
evaluated. Xanthones HH1 and HH2 exhibited weaker antiproliferative effects than
cinnamate esters HH4 and HHS while trans-kielcorin (HH3) was devoid of activity.

Vanillic acid (S1), abscisic acid (82), methyl 4-hydroxybenzoate (S3), 4-hydroxy
benzaldehyde (S4), methyl 3,4-dihydroxybenzoate (85), 1-(4-hydroxy-3-methoxyphenyl)-3-
hydroxy-propan-1-one (586), 1,2-bis-(4-hydroxy-3-methoxyphenyl) 3-hydroxy-propan-1-cne
(87) and 4-hydroxybenzoic acid (S8) were isolated from S. verrucuiosa. All the compounds
were evaluated for their antitumor, antiproliferative and antioxidant activities. Only
compound S5 exhibited moderate activity against three human cancer cell lines and human
lymphocyte proliferation as well as strong inhibitory activity for DPPH free radicals, only
slightly less than ascorbic acid. This study demonstrated the potential in the development of

these plants to new drugs.



“Bigactive Compounds from Family Guttiferae and Schisandraceae Plant”

Introduction

Plants are important sources of lead compounds for research and development
of new drugs. Numbers of substances from plants can be used as alternatives for the
treatment of several life threatening diseases especially for cancer and HIV, for
example paclitaxe] (Taxol®) for the treatment of cancer and calanolides, coumarin
derivatives from Calophyllum lanigerum, which possess anti-HIV activity (Kashman
et al., 1992). These successes have spurred an effort in many areas of biological and
therapeutic interest to continue the discovery of novel natural products with a higher
level of activity or reduced toxicity (Grzybek et al., 1997). In the plant kingdom, onty
few numbers of plants were investigated. The rest which is a large number of plants
wait for further studies with high potential to be used as therapeutic agent.

Phytochemical study of South-East Asian plants as a source of bioactive
natura} products led to the 1solation and structural elucidation of novel compounds,
Compounds from various parts of the world have been screened and exhibited
significant activities. The Guttiferae, mainly found in tropical and northern temperate
regions, is well known to be nch in secondary metabolites such as xanthonoid,
biflavonoid and triterpenoid (Xu er a/., 1998). Some have been used as traditional
medicine. Novel bicactive compounds from these plants with cytotoxic activity have
been reported (Cao eral., 1998; Kosela et al., 1999),

Plants in the Schisandraceae family grow wild mainty in China, Japan, the
Himalayas and Jawa. Over 19 species are wildly use in Chinese traditional medicine.

Much attention has been focused on the family Schisandraceae because the lignans



isolated from this family show various bioiogical activities. In recent years, several
species have been reported to contain triterpenoids. Some triterpenocids showed anti-
HIV, hepatotoxicity and antioxidant activities (Hancke ez al,, 1999; Lier al., 2003).

In this study, some Thai Guttiferae and Schisandraceae plants were selected
for the extraction, purfication, elucidation and investigation of their biological

activities which may be further developed to pharmaceutical products.

Research Methodology
1. Sample selection
Five plants (Hypericum hookeriar-wm Wight et Am, Garcenia speciosa Wall,

Garcinia xanthochymus Hook. f. ex. T. Anderson, Cratoxylum formosum ssp.
pruniflorum (Kurz) Gogel, Calophyllum polanthum Wall ex Choisy) from Guttiferae
and the one from Schisandraceae families (Schisandra verruculpsa (Gagnap) were
selected focusing on the evidence of cytotoxicity and antioxidant activity. The plants
were collected from Chiang Mai Province, Thailand in November and December
2002. The plant samples were authenticated by the Department of Biology, Faculty
of Science and Faculty of Pharmacy, Chiang Mai University, Thailand, and the
voucher spectmens were deposited at the herbarium of the department. The details

are as follows.
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1) Hypericum hookerianum Wight et Am (Fig. 1.1)

Local name: Bua Thong

Location: Doi Inthanon National Park, Jom Thong, Chiang Mai

Note: Shrub; branchlets light green and turning brown; pedicels sepals green:
petals 5, anthers, filaments yellow; entire pistil light green; blades dull green,
light green underneath.

Use in traditional medicine: The tnbal people of the Shola forest (Tarnilnadu,
India) use the aerial parts for treating bums and wounds (Mukherjee er af.,

2001).

Figure 1.1 Hypericum hookerianum Wight &Am
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2) Garcinia speciosa Wall (Fig. 1.2)

Local name: Phawa, Saraphi Pa

Location: Dot Suthep, Muang, Chiang Mai

Note: free; bark thin, roughly cracked and flaking, black; sap vellow; elder
branchlets gray-brown, younger parts green: fruits hard, green, blades dark

glossy green above, pale light preenish undemeath

Figure 1.2 Garcinia speciosa Wall
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3) Garcinia xanthochymus Hook. F. ex T. Anderson (Fig. 1.3)

Local name: Mada Luang, Mada

Location: Dor Suthep, Muang, Chiang Mai

Note: tree; bark thick, slightly roughened, brown, sap light vellow; fruiting
pedicels, sepals, immature fruits green, mature fruits light yellowish, soft,
juicy, with yellow sap; anl yellow. Slightly sour and edible; blades dark green
above. green underneath

Use in traditional medicine: fruit has been used widely for bilious condition,

diarrhea and dyvsentery in Thaland.

Figure 1.3 Garcinia xanthochymus Hook F. ex T. Anderson



4y Cratoxyium formosum ssp. prusifiorum (Kurz) Gogel (Fig. 1.4)

Local name: Tiew Khon, Tiew Leung

Location: Dot Suthep, Muang, Chiang Mai

Note: tree, bark thin, roughly flaking, trunk with spin-like short branches;
pedicels and fruits calyx gray-light greenish; capsules greemish to maroon-

brown; blades dark green above, gray-greenish underneath

Figure 1.4 Cratoxylum formosum ssp. pruniflorum (Kurz) Gogel



5) Calophyllum polyanthum Wall ex Choisy (Fig. 1.5)

Local name: Pha Ong, Ma Nhae Doi

Location: Doi Suthep, Muang, Chiang Mai

Note: tree, scattered in disturb area in gallery montane forest, by roadside,

leaves shin dark green above, young fruits light green sap yellow

Figure 1.5 Calophylium polvanthum Wall ex Choisy



6) Schisandra verruculose Gagnap (Fig. 1.6)

Local name: -

Location: Doi Mawn Ngaw. Mae Tang, Chiang Mai

Note: everygreen woody climber, basal diameter 5-6 cm. deeply and roughly
cracked, brown; branchlets, peduncles brown, individual fruits light green, dull

dark green above, dull light green undemeath

Figure 1.6 Schisandra verruculosa Gagnap
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2. Preparation of the crude extracts

Wood, leaves from the six selected plants and the fruit of G. xanthochymus
were separatelv reduced to small pieces, dried at 40°C in a hot oven and comminuted

to powder. The dried powder samples (100-300 g) were macerated in methanol for 48
h. The solvent was evaporated under reduced pressure by a rotary evaporator. The
residues were re-extracted with chloroform and concentrated by partial evaporation
under reduced pressure. Twenty-four extracts were obtained, and the percentage

yields were calculated.

3. Bioactivities screening of the crude extracts

3.1 Freeradical scavenging activity (DPPH assay)

The free radical scavenging activities of all extracts and the standards
(ascorbic acid and a-tocopherol) were determined by a modified DPPH assay of

Tachibana ef al. (2001). DPPH was used as a stable free radical. Briefly, 75 pl of the

methanol extracts (1 mg/mi-6.25 pg/ml) and 75 pl of 200 uM ethanol solution of
DPPH were put into each well of a 96-well microplate. The reaction mixtures were
allowed to stand for 30 min at room temperature, and the absorbance was measured at
570 nm by a Well Reader against a blank (ethanol without DPPH). The experiments
were done in triplicates. The DPPH free radical scavenging activity was calculated
according to the following equation:

DPPH free radical scavenging activity (%)

= | (absorbance of the control — absorbance of the sample) x 100

absorbance of the control
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The scavenging activitv was plotted against concentrations. The concentration

which showed 50% DPPH scavenging activity (IC so) was determined.

3.2 An antitumor activity (SRB assay)

Stock solutions of extracts were prepared in DMSO and stored at -20 °C. The
frozen samples were diluted with cell culture medium prior to the assay. The
concentration ranges of the extracts were 3 ug to 250 ug.

The effect of extracts on the growth of human cancer cell lines were evaluated
according to the procedure of the NCI for the in vifro anticancer drug screening using
the protein-binding dye, SRB to assess cell growth (Skehan e af., 1990). Three
human cancer cell lines, BI6F10, HeLa and KB, were used. Cells were routinely
maintained as adherent cell cuitures in DMEM medium supplemented with 10% heat-
inactivated FCS and 50 pg/ml of gentamicin at 37°C in a humidified air incubator
containing 5% CO,. Each cell line was plated at a density of 1.0 x 10° cells/ml for
B16F10 and KB; 2.0 x 10 cells/ml for HeLa in 96-well plates and allowed to attach
ovemnight. Cells were then exposed to five serial concentrations of extracts for 48
hours. After incubation, the adherant cells were fixed in siru, washed and dyed with
SRB. The bound dye was solubilized and the absorbance was measured at 492 nmina
microplate reader. The dose-response curves were generated and the Glso,
corresponding to the concentration of compounds that inhibit 50% of the cell growth
was determined as described (Monks ef al., 1991). Doxorubicin hydrochloride was

used as positive control.
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4, Isolation and purification of the compounds from the crude extracts

4.1. Hypericum hookerianum

The chlorcform fraction of the methanol extract from weody stem of H.
hookerianum was prepared according to the process of the preparation of the crude
extracts to keep the adequate quantity for the isolation. The crude extract was loaded
on the silfica gel G60 (0.2-0.5 mm), in a column, and eluted with the different polarity
of solvent mixture (Petrol-CHCly, CHCls, CHCls:-acetone) with the flow rate 1
ml/min. Fractions of 100-300 ml of were collected for each fraction. All fractions
were momitored by analytical TLC and combined, according to their composition.
Fractions which showed complicated spots under UV light were refractionated in the
small column and subfractions were also collected. The interesting subfractions were

punfied by PTLC to give the isolated compounds.

4.2 Schisandra verruculosa

Dried a-md powdered stem wood of 8 verruculosa was also prepared for the
adequate quantity of crude chloroform extract.

One part of the crude chioroform fraction of the methanol extract was
dechlorophyllated foliowing the method described by Herz and Gregor (1962) before
fractionation. Another part of the crude extract was applied to Silica gel 60 column
and eluted with the different polanity of solvent mixture (Petrol- CHCL, CHCl;,
CHClz-acetone) with the flow rate 1 ml/fmin. Fractions of 100-500 ml were collected
for each fraction. All fractions were combined according to their composition as

revealed by analytical TLC. Fractions which showed complicated spots under UV
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light were refractionated in the small column  Subfractions were collected and

purified by PTLC to give the isolated compounds.

5. Structure elucidation of isolated compounds
Spectroscopic techniques ‘H, *C NMR , COSY, HSQC, HMBC and NOESY

and High Resolution Mass Spectrometry (HRMS) were used to elucidate the structure

of the isolated compounds.

6. Bioactivities studies of the isolated compounds

6.1 Tumor cell growth assay

Stock solutions of compounds prepared in DMSO were freshly diluted with
the different culture medium prior the assays. Final concentration of DMSO (<
0.25%) did not interfere with the biological activities tested. Four human cell lines,
MCF-7 (breast adenocarcinoma), NCI-H460 (non-small cell lung cancer), SF-268
(CNS cancer), UACC-62 {melanoma), were used. Cells were routinely maintained as
adherent cell cultures in RPMI-1640 medium supplemented with 5% heat-inactivated
FBS, 2 mM glutamine and 50 pg/ml of gentamicin at 37°C in a humidified ar
incubator containing 5% CQ,. Each cell line was plated at a density that ensured
exponential growth throughout the experimental period according to their growth
profiles (7.5 x 10° cells/ml for NCI-H460, 1.0 x 10° cells/ml for UACC-62, and 1.5 x
10° cells/ml for MCF-7 and SF-268) in 96-well plates and allowed to attach overnight,
Cells were then exposed for 48 hours to five serial concentrations of compounds.
Following this incubation period, the adherant cells were fixed in siru washed and
dyed with SRB. The bound stain was solubilized and the absorbance was measured at

492 nm in & micropiate reader. For each test compound and for each cell line a dose-
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response curve is generated and the growth inhibition of 50% (Glse), corresponding to
the concentration of compound that inhibits 50% of the net cell growth was
determined as described (Monks ef al., 1991). Doxorubicin was used ag positive

control.

6.2 Human lymphocytes proliferation assay

The effect of compounds on the mitogenic response of human [ymphocytes to
PHA were evaluated using a modified colorimetric MTT assay (Mosman, 1983)
previously described by Gonzalez er a/ (1999). Human mononuclear cells were
isolated from heparinized peripheral blood of healthy volunteers by Histopaque-1077
density centrifugation and were adjusted to 2-3 x 10° celisfml in RPMI-1640
supplemented with 10% FBS, 2 mM glutamne and 50 pg/ml of gentamicin.
Mononuclear cells in 96-well plates were exposed for 4 days to seven serial
concentrations of compounds. Following this period MTT solution {1 mg/ml) was
added and plates were incubated for more 4 h. The water insoluble formazan dye was
sofubilized overnight at 37 °C. The absorbance of the colored solution was then
measured in a microplate reader at 550 nm. The concentration giving 50% inhibition

in the test system (ICso) was calculated. Cyclosporin A was used as posilive control.

6.3 Free radical scavenging activity
The isolated compounds were evaluated for the free radical scavenging
activity using DPPH assay. The concentration which showed 50% DPPH scavenging

activity (IC so) was determined.
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Results
1. Preparation of the crude extracts
Table 1 The percentage yields and moisture contents of methanol and chloroform
fraction of the methanol extracts from various parts of the selected Thai plants in

family Guttiferrae and Schisandraceae.

Yield (%)
Waad Leaf Fruil

Plants Mozsture content (36)  McOH  CHCL,  MeOH  CHChL  MeOB  CHC

Guttiferae
H. hookerianum 8.65 7.36 2.01 ND ND ND NI
G. speciosa 3990 12,18 0.66  B.61 4.33 ND  ND
G. xanthochymus 41.80 1904 102 12.45 1.67 2360 969
C. formosum ssp. priniflornm 3839 37 1.01 1460 4506 ND ND
C. polvanthum 48.18 446 265 11.10 850 ND ND

Schisandraceae
S. verruculosa 31.61 177 122 414 394 ND ND

Note: MeQOH = melhanol extract; CHCly = c¢hioroform fraction of the methanol extract; ND = not
determined

The percentage vields and moisture contents of the methanol and chloroform
fraction of the methanol extracts from different parts of each plant were shown in
Table 1. Methanol exiracts of all plants showed higher percentage yield than the
chioroform-fractioned methanol extracts. This might be due to the presence of more
polar compounds in the plants which are more soluble in methanol than in

chioroform.



2. Bioactivities screening of the crude extracts

2.1 Free radical scavenging activity study of crude extracts (OPPH assay)

Table 2 The ICsp values of the selected Thai plant extracts.

22

ICso (ug/ml)

Wood Leaf Fruit
Plant 5D eCieS MeQOH CHChL MeOH CHCl MeOH CHCly
Guttiferae
H. hookerianum 19.08 65.42 - - - -
G. speciosa 9.75 142 65 13 168 - -
G. xanthochymus 32.10 89.56 58.69 59.83 25.58 26.68
C. formosum ssp. pruniflorum 23.96 91.04 G3.28 16234 - -
C. polyanthum 44,29 242,25 51.88 69.41 -
Schisandraceae
S, verrucnlosa 2334 127.34 13000 16218 -

Note: MeQOH = methanol extract; CHCl: = chloroform fraction of the methanol extract

ICs; the concentration of extract which showed 50% DPPH scavenging activily

Table 2 demonstrated the ICsp of the extracts.

All methanol extracts gave

lower 1Csq values than the chloroform fraction of the methanol extracts. In comparing

the extract from wood and leaf of each plant, the scavenging activity of methanol

wood extract of all plants exhibited higher scavenging activity than their leaves. This

might be due to the higher content of the total polyphenolic compounds in the wood

than in leaves. The highest scavenging activity was found in the methanol wood
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extract of G. speciosa with an ICsg value of 9.75 pug/ml which were 2.5 and 5.3 folds
more potents than the standard antioxidant, ascorbic acid and a-tocopherol,
respectively. H. hookerianum, 8. verruculosa, C. formosum ssp. pruniflorum, G.
xanthochymus, and C. polyanthum gave the ICsp values of 19 08, 23.34, 23,96, 32.10
and 44.29 pg/ml, respectively. In fact, some of these values were less than those
obtained from standard antioxidants, ascorbic acid and a-tocopherol (the ICsy values
of ascorbic acid and o-tocopherol were found to be 24.01 and 52.04 pg/mi
respectively). For G. xanthochymus, the 1Csy values of methanol and chloroform
fraction of the methano! extract were not significant by differrent in fruits (25.58 and
26.68 pg/ml) and leaves (58.69 and 59.83 pg/ml). The extracts from G.
xanthochymus using polar and non-polar solvents appeared to give equi-potency of

the free radical scavenging activity.

2.2 Ap antitumor activity study of crude extracts (SRB assay)

The effect of extracts on the growth of human cancer cell lines using SRB
assay were evaluated. The Glso (the concentrations of extracis that cause 50%
inhibition of cancer cell growth) of extracts on HelLa, KB and B16F 10 cell lines, were
shown in Table 3 - 4 (Calculation data are in appendix B). Final concentration of
DMSO (= 0.25%) did not interfere with the biological activities tested. Extracts
exhibited a dose dependent growth inhibitory effect on all the cancer cell lines and
each extract gave the Glso values which were not significant different in three cell

lines.
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Table 3 Effect of methanol and chloroform fraction of the methanol exiracts from

wood of the selected Thai plants in family Guttiferrae and Schisandraceae on the

growth of hurmnan cancer cell lines,

Glso (ng/mi)
Plant species Hela KB BI6F10
Guttiferae
. hookeriarmm M 423%15 463+£15 51.0:85
C 97412 193+1.5 14.5£ 0.7
G. speciosa M 673%25 750106 820442
C 99+12 157106 81+01
G. xanthochymus M 1300 1233458 1050+ 7.1
C 133+£1.5 190+1.0 11.5+£0.7
C. formosum ssp. pruniflorum M~ > 250 1933458 > 250
¢ 413£15 37.3£0.6 445421
C. polyanthum M 2167458 156.7 £25.2 160.0 £ 283
C 903431 747132 525435
Schisandraceae
8. verruculosa M 170.0+ 10 70764 20001141
C 136.7+5.7 98.0+2.7 70.0+14

Note: M = methanol exiract; C = chloroform fraction of the methano! extract; ND = not determinexd

Resulis are expressed as Glso that are arntthmetical means = SD of 3 independen! experiments

pecformed in duplicate.

Doxorubicin was used as positive controt {Gls Hela = 300 £ 0.9 nM ; Gls; KB = 330 £ 0.9 nM; Gl

BI6F10=26+£0.2nM)
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Table 4 Effect of methanol and chloroform fraction of the methanol extracts from

leaves of the selecied Thai plants in family Guttiferrae and Schisandraceae on the

growth of human cancer cell lines.

Glso (ug/ml)

Plant species HeLa KB BI6F10
Guttiferac
H. hookeriarum M NI ND NI

C ND ND ND
G. speciosa M 34723 2371046 2571046

o 40103 66102 37104
G. xanthockymus M 22331116 116.7 £5.8 160.0

C 170+ 1.0 293+06 37.7+£4.0
C. formosum ssp. pruniflorum M~ > 250 > 250 > 250

C 22331201 180.0+ 10 > 250
C. polyanthum M >250 >250 > 250

C 19.0+£27 133206 11.0%1.1
Schisandraceae
S, verruculosa M >230 > 250 > 250

C 160.0 £ 10 > 250 183.3% 11

Note: M = methano! extract; C = chloroform fraction of the methanol exiracl; NID = not determined

Results are expressed as Glso that are arithmetlical means * SD of 3 independent experiments

performed in duplicate.

Doxorubicin was used as positive contre] (Glso Hela = 300 £ 0.9 nM ; Gl KB = 330 2 0.9 nM; Gls,

BI6FI0=2620.2nM)
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The chloroform fraction of the methanol teaves extract of G. speciosa showed
the most potent inhibitory effect with Glse values of 4.0, 6.6 and 3.7 pg/ml on Hela,
KB and B16F10 cell lines, respectively. These values were 13, 20 and 142 folds less
potent than doxorubicin, the positive confrol, which gave the Glsp values of 300 nM,
330 nM and 26 on HeLa, KB and B16F10 cell lines, respectively. The strong growth
inhibitory effects were also detected in the chloroform fraction of the methanol leaves
extract of C. polyanthum with Glsg value of 13.3, 19.0 and 11.0 pg/ml.

From the wood, the chloroform fraction of the methanol extract of G. speciosa
also showed strong cell growth inhibition with the Glsq values of 9.9, 157 and 8.1
pg/ml on Bi6F10, Hel.a and KB cell lines, respectively. Chloroform fraction of the
methanol extracts of H. hookerianum, and G. xanthochymus were also exhibited the
inhibitory effect on cell growth with Glss value less than 20 pg/ml. The stronger
inhibitory effects of most of the chioroform fraction of the methanol extracts
comparing to the methano! exiracts might be due to the presence of more active
compounds, non poiar compounds which are more soluble in chioroform.

Moderate inhibitory effect were found in the methanol leaves extract of G.
speciosa, the chloroform fraction of the methanol leaves extract of G. xanthochymus,
the chloroform fraction of the methanol wood extract of C. formosum ssp. Pruniflorum
and the methanol wood extract of H. hookerianum. Both of the methanol and
chloroform-fractioned methanol leaves extracts of C. formosum ssp. Pruniflorum, and
S. verruculosa showed inhibitory activity with Glsy value more than 100 pug/ml.

The results from this study suggested a potential for the plants with significant
growth inhibitory activity for possible further study and development of pure

compounds in the crude extracts to new pharmaceuticals.
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3 Purification and structure elucidation of the selected plants

3.1 Isolated compounds from AH. hookerianum

OMe

OH H

(HH1) 5-hydroxy-2-methoxyxanthone (CsH 004, MW=1242)

H 9] H
H I I OH
H C OMe
H H

(HH2) 2-hydroxy-3-methoxyxanthone (C,H;004, MW= 242)

CMe

O

OMe

(HH3) trans-kielcorin  (CaaHz005 MW - 436)
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MeQ
o] OMe

HO H

H
(HH4) 4-hydroxy-3-methoxy phenylferulate (C,7H,405, MW= 316)

This compound has not been described previously.

HO \

HO

(HHS) Betulinic acid 38-ylcaffeate (CzoHs7O2, MW= 618)
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3.2 Isolated compounds from S. verruculosa

{52) Abscisic acid

o) OCH,
1
6 2
S 3
4
OH

(83) Methyl 4-hvdroxybenzoate



o OCH,4
1
6 2
s 3
OH
4
OH

(§5) Methyl 3 4-dihvdroxybenzoate

(86) 1-{4-Hydroxv-3-methoxypheny!)-3-hydroxy-propan-1-one



(S7) 1,2-bis- (4-hydroxy-3-methoxyphenyl)-3-hydroxy- propan-1-one

0 oH
1

6 2

S 3
4
OH

(S8) 4-Hydroxybenzoic acid

31
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4. Bioactivities of the isolated compounds

4.1 Tumor cell growth assay

The effect of compounds from H. hookerianum on the in vifro growth of
MCF-7, NCI-H460, SF-268, and UACC-62 cell lines, given in concentration that
were able 1o cause 50% of cell growth inhibition (Gls) after a continuous exposure of
48 h, is shown in Table 5. All the compounds exhibited a dose dependent growth
inhibitory effect against all the tumor cell lines tested. Compounds HH4 and HH5
exhibited stronger growth inhibrtory effects than compounds HH1 and HH2 While
the formers exhibited activities of the same magnitude, compounds HH1 and HH2

showed to be more active against UACC-62.

Table 5 The Glsy of compounds from Hypericum hookerianum on the growth of

human cancer cell lines

Glsp (uM)*
Compounds ~ MCF-7 NCI-H460 SF-268 UACC-62
HH1 98.1 £ 8.5 108.5+15.3 134399 496 0
HH2 100+ 17.5 178.7+17.2 144.6+ 258 67.5+1.4
HH3 55.1 2.3 49.7£3.0 40515 ND
HH4 15.1% 1.6 18723 159£27 212407
HH5 122424 19.6+23 243 %25 31.8+05
Doxorubicin® 42.8 + 8.2 94.0 £ 8.7 93.0+ 7.0 94.0+0.9

"Results show means + SEM of 3-4 independent experiments performed in duplicate.

Data from the positive control doxorubicin are expressed in aM.
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Table 6 The Glse of compounds from Shisandra verruculosa on the growth of human

cancer cell lines

Glsg (M)
Compounds MCEF-7 NCI-H460 SF-268
S1 1746+ 8.5 > 200 > 200
s2 >189.4 > 1894 >189.4
S3 1727+ 82 1763+ 44 1809+ 57
S4 > 200 > 200 > 200
S5 789 £ 6.1 388+33 938279
S6 > 200 > 200 > 200
§7 > 1572 >157.2 >157.2
S8 > 200 > 200 > 200
Doxorubicin® 428+82 94.0 = 8.7 93.0£ 70

*Results show means + SEM of 34 independent experiments performed in duplicate,

*Drata from the positive control doxorubicin are expressed in nM.

The Glsy of the compounds isolated from 3. verrucolosa on MCF-7, NCI-H460

and SF-268 were shown in Table 6. From the results, only compounds S8 exhibited

the moderate growth inhibitory effect against three cell lines and to be more active

against NCI-H460.
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4.2 Human lymphocytes proliferation assay

Table 7 Effect of compounds from Hypericum hookerianum on proliferation of

human iymphocytes

Compounds ICso (uM)*
HH1 168.8 + 4.1
HH2 17162117
HH3 > 114.7
HHA4 261+ 36
HHS 40849

Cyclosporin A 034+ 004

Results show means £SEM of 3-4 independent cxperiments performed in duplicate.

The effect of compounds from H. hookeriamum on the mitogenic response of
human lymphocytes to PHA, was also studied and the results, given in concentrations
that were able to cause 50% inhibition of proliferation (ICsp), are shown in Table 7.
All compounds inhibited iIn a dose dependent manner the proliferation of
lymphocytes. Compounds HH1 and HH2 showed once again to be weaker inhibition
than compounds HH4 and HHS. HH3 showed no antiproliferative activity even at the

maximum concentration tested.



38

Table 8 The ICso of compounds from Shisandra verruculosa on proliferation of

human lymphocytes assay

Compounds 1Csq (uM)?
S1 > 200
S2 >189.4
83 > 200
S4 > 200
S5 585856
56 > 200
S7 >157.2
S8 > 200
Cyclosporin A 0.34 +£0.04

Results show means +8EM of 34 independent experiments performed in duplicate.

The effect of compounds on the mitogenic response of human lymphocytes to
PHA, was also studied with the compound isolated from S. verrucolosa and the
results, given in concentrations that were able to cause 50% inhibition of proliferation
(ICsp), are shown in Table 8. Compound S5 showed once again a moderate
antiproliferative activity while the other compounds were devoid of activity even at

the maximum concentration tested.
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4.3 Free radical scavenging activity

The concentration of isolated compounds from H. hookerianum and S.
verruculosa, which showed 50% DPPH scavenging activity (1Cs) were reported 1n
table 9 and table 10, respectively.

The results showed that compound S5 has a strong scavenging activity for
DPPH free radical with ICsp value close to the positive control, ascorbic acid.

Compounds HH4 and HHS showed also moderate scavenging activity.

Table 9 The ICso of compounds from Hypericum hookerianum on DPPH free radical

scavenging activity assay

Compounds ICso (UM)
HH1 > 100
HH2 > 100
HH3 > 100
HH4 482 £ 6.1
HHS 1564+ 08
Ascorbic acid 53402

Resuits show means £SEM of 3-4 independent experiments performed in triphicate.



