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Abstract

Project Code : MRG6180104

Project Title : Identification of potent (X-glucosidase inhibitory and antioxidant constituents from
Garcinia schomburgkiana, and the enzyme kinetic and molecular docking studies on active
metabolites

Investigator : Dr. Jirapast Sichaem, Department of Chemistry Faculty of Science and
Technology Thammasat University

E-mail Address : jirapast@tu.ac.th

Project Period : 2 years

Abstract: Based on the results of primary screening of (f-glucosidase inhibition of Garcinia
schomburgkiana crude extracts, the ethanol crude extracts of stem bark and twigs showed
significant a-glucosidase inhibition. A novel bixanthone, named schomburgkixanthone (1), along
with 21 known compounds (2-22) were isolated from the stem bark and twigs of
G. schomburgkiana. The novel structure of 1 was identified by the application of NMR, IR, UV

and MS data analyses and comparison with previous reports. Compound 18 showed the

highest antioxidant activity (ICsy 49.64 LLM) and stronger than the positive compound (vitamin
C, IC5 198.7 UM). Compound 1 exhibited the most potential yeast (X-glucosidase activity
(ICs0 0.314 UM), which was superior to the positive control (acarbose, IC5, 114.3 LLM). On the
other hand, compounds 3 (ICs, 118.92 LUIM) and 4 (IC5, 135.36 L[LM) revealed low inhibitory
activity against rat intestinal o~glucosidase (sucrase). The Lineweaver-Burk plots of a kinetic
study indicated that 1 inhibited as a mixed mode inhibitor of ¢-glucosidase. The molecular
docking results highlighted the role of the phenolic hydroxyl groups on the phenyl rings linked to
active sites of receptors of protein in 1 that prevented the duplication of DNA sequences so
that the compound 1 made an excellent inhibitor against the (-glucosidase enzyme. These
results suggest the potential of G. schomburgkiana for future application in the treatment of

diabetes and a novel active compound 1 has emerged as a promising molecule for therapy.

Keywords : Garcinia schomburgkiana, schomburgkixanthone, bixanthone, antioxidant,

O-glucosidase inhibition
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7 >500 >500 >500 >300
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Mass Spectrum List Report

Analysis Info

Analysis Name  OSCUKVN291002019002.d Acquisition Date  10/29/2019 2:21:46 PM
Method Tune_wide_POS_Tawatchai_05Feb2016.m Operator Administrator
Sample Name GA46 Instrument micrOTOF 72
GA46
Acquisition Parameter Set Corrector Fill 50V
Source Type ESI lon Polarity Positive Set Pulsar Pull 337V
Scan Range n/a Capillary Exit 250.0V Set Pulsar Push 337V
Scan Begin 50 m/z Hexapole RF 400.0V Set Reflector 1300 V
Scan End 3000 m/z Skimmer 1 700V Set Flight Tube 9000 V
Hexapole 1 250V Set Detector TOF 2295V
Intens._ 711.1686 +MS, 7.9-8.0min #(474-476)
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20001
] 709.3777
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Figure 1. Chemical structure of 1.

1. Introduction

The genus Garcinia belongs to the family Guttiferae and comprises more than 300
species (Feng et al. 2014). These are widespread in South America, Africa and
Southeast Asia. Plants from this genus are well-known as rich natural sources of xan-
thones, biphenyls, benzoylphloroglucinols, and flavonoids. These have a wide range of
biological and pharmacological properties, being anti-inflammatory, antibacterial, anti-
oxidant, antitumor, antifungal, and anti-HIV (Minami et al. 1994; Ito et al. 1997; Chiang
et al. 2003; Shen and Yang 2006). In an ongoing search for new secondary metabolites
from Thai medicinal plants (Sichaem et al. 2011, 2012, 2014), Garcinia schomburgkiana
Pierre., known in Thailand as ‘Ma-dan’, was investigated in this study. This medium-
sized tree bears sour but edible fruit. Previous phytochemical investigations of G.
schomburgkiana have isolated xanthones, depsidones, biphenyls, flavonoids, triterpe-
noids, and phloroglucinols. Some of these compounds have been shown to be anti-
malarial and cytotoxic (Le et al. 2016; Sukandar et al. 2016). In this work, we
investigated xanthones present in the twigs of G. schomburgkiana. A novel bixanthone,
named schomburgkixanthone (1) (Figure 1), was isolated from G. schomburgkiana twig
extract, along with six known compounds, griffipavixanthone (2) (Feng et al. 2014), 4-
hydroxyxanthone (3) (Terashima et al. 1999), 2-hydroxyxanthone (4) (Carvalho et al. 2003),
1,6-dihydroxyxanthone (5) (Singh et al. 1993), 1,7-dihydroxyxanthone (6) (Nguyen et al.
2013) and 1,3,5-trihydroxyxanthone (7) (Fouotsa et al. 2014). Herein, we report the struc-
tural elucidation of the novel compound 1 by the interpretation of its spectroscopic
data and comparison with literature reports. In addition, all isolated xanthones were
evaluated for inhibition of rat intestinal a-glucosidases (maltase and sucrase).

2. Results and discussion

Compound 1 was obtained as a yellow amorphous powder. Its molecular formula was
determined as CsgH3,0q4 from positive HRESIMS data at m/z 711.1686 [M 4 Na]*
(calcd. for C3gH3;0q4Na, 711.1684). The UV spectrum displayed absorption bands at



NATURAL PRODUCT RESEARCH 3

Amax 330, 254 and 240 nm. The IR spectrum showed absorptions for phenolic hydroxyl
groups at 3233cm™' and a hydrogen-bonded carbonyl group at 1644cm™'. The 'H
NMR and HSQC spectra of 1 showed signals of two chelated OH groups [0y 13.46 (1H,
s) and 13.21 (1H, s)], two sets of meta-aromatic protons [0y 6.40 (1H, d, J=2.4Hz)/
6.16 (1H, d, J=2.0Hz) and 6.30 (1H, d, J=2.0Hz)/6.16 (1H, d, J=2.0Hz), two singlet
aromatic protons [0y 6.91 (1H, s) and 6.72 (1H, s)], two oxygenated methine protons
[0y 7.22 (1H, d, J=3.2Hz) and 4.23 (1H, d, J=3.2Hz)], two methylene protons [o4
317 (2H, m) and 1.61 (2H, m)], and four methyl groups in the range &4
1.35-1.10 ppm. The '*C NMR spectrum of 1 revealed 36 carbons including two car-
bonyl carbons [6c 181.9 (x2)], 24 aromatic carbons in the range d¢ 166.0-93.0 ppm,
four oxygenated carbons [6c 81.9, 72.1, 70.7 and 69.5], and six aliphatic carbons [d¢
46.0, 30.1, 29.7 (x2), 28.6, and 26.4]. The ">C NMR spectrum of 1 displayed apparent
pairing at many carbon resonances, suggesting a dimeric structure with some slight
differences between each monomer (units A and B). The skeleton of each monomer
could be a prenylated xanthone (Xu et al. 1998; Chen et al. 2011).

From COSY and HMBC analysis, monomeric unit A was determined as a xanthone
containing the 3-hydroxy-3-methylbutyl group. A spin system identified as H,-11'/H,-
12" was connected by HMBC cross-peaks between H3-15" and Hs-14" at 8y 1.17 (6H, s)
to C-12 (8¢ 46.0) and C-13' (5¢ 69.5). This group was linked to a benzene ring by
HMBC correlations from H,-11" to C-7" (8¢ 114.6), C-8' (8¢ 138.2) and C-8a’ (6¢ 112.2).
HMBC correlations from a singlet aromatic proton H-7' at 8y 6.72 (6H, s) to C-5" (8¢
129.8), C-6' (8¢ 148.5), C-7/, C-8’ and C-11’ (6¢ 30.1) led to the construction of benzene
ring Al. Furthermore, the "H-NMR spectrum of the monomeric unit A of 1 revealed
signals of one chelated OH group at &4 13.21 (1H, s) and one set of meta-aromatic
protons at 8y 6.40 (1H, d, 2.4) and 6.16 (1 H, d, 2.0), attributed respectively to H-4' and
H-2' in the 1,35 ,6'-tetrasubstitued benzene ring A2. This was further supported by
correlations of 1"-OH at &y 13.21 (1H, s) to C-1" (8¢ 165.4), C-2' (dc 98.5), C-9a’ (d¢
102.5), H-2' to C-1, C3’' (8¢ 163.5), C-4' (8¢ 93.7), C-9d', and H-4' to C-3/, C-4d
(3¢ 156.9).

Monomeric unit B was highly reminiscent of the first. The key spectroscopic
difference was a more downfield shift of C-11 (5¢ 72.1) and C-12 (3¢ 81.9) compared
to their homologous positions C-11" (8¢ 30.1) and C-12’ (¢ 46.0) in monomeric unit A.
This suggested the presence of two oxygenated methines (-OCHCHO-), supported by
HMBC cross-peaks of H-11 (&4 7.22), Hs-14 (84 1.18), and Hs-15 (o4 1.18) to C-12 and
C-13 (8¢ 70.7). In addition, the HMBC cross-peaks between H-11 and C-6/, H-12 and
C-5 formed a six-member C ring between monomeric units A and B through a diether
linkage, previously reported for mesuabixanthones A and B (Singh et al. 1993). The
relative configuration of 1 was defined by NOESY data and coupling constant analysis.
The correlation between H-11 and H-12 in combination with the small coupling
constant of 3.2 Hz indicated their syn orientation (Nguyen et al. 2013). This established
the structure of 1, which was named schomburgkixanthone.

All isolated compounds were assessed for in vitro inhibition of rat intestinal a-glucosidases.
Compound 1 exhibited the most potent inhibition of maltase and sucrase with 1Csy values
of 0.79 and 1.81 mM, respectively, while compound 2 most strongly inhibited sucrase
with an ICsq value of 4.58 mM. By contrast, compounds 3-7 showed no inhibition.
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3. Experimental
3.1. General experimental procedures

NMR spectra were recorded on a Bruker 400 AVANCE spectrometer and HRESIMS
spectra on a Bruker MicrOTOF-Q Il mass spectrometer. The UV-visible absorption
spectra were recorded on a UV-2550 UV-Vis spectrometer (Shimadzu, Kyoto, Japan).
The IR spectra were measured on a Nicolet 6700 FT-IR spectrometer using KBr discs.
Thin layer chromatography was carried out on precoated Kieselgel 60 F,s4 or silica gel
60 RP-18 F,54S (Merck). Spots were visualised by spraying with 20% H,SO, solution,
followed by heating. Acarbose® was obtained from Bayer Vitol Leverkusen, Germany.
Rat intestinal acetone powder was supplied by Sigma Aldrich. Spectrophotometric
measurements for the investigation of a-glucosidase inhibition were taken on a
Sunrise microplate reader spectrophotometer.

3.2. Plant material

The G. schomburgkiana twigs were collected in Mahasarakham Province, Thailand,
in April 2018. The plant material was identified by Dr. Suttira Khumkratok at the
Walai Rukhavej Botanical Research Institute, Mahasarakham University, and a voucher
specimen was retained as a reference (Khumkratok no. 92-08).

3.3. Extraction and isolation

The G. schomburgkiana twigs (10.5kg) were air-dried, ground into powder, and
exhaustively extracted at room temperature using EtOH (3 x 15L). The filtered solution
was evaporated under reduced pressure to afford a residue (534.4g). This crude
extract was suspended in H,O and partitioned with n-hexane and EtOAc, yielding
4579 of n-hexane extract and 257.2g of EtOAc extract. The EtOAc extract was
subjected to silica gel column chromatography (CC) and eluted with n-hexane-EtOAc
(10:0-0:10) and EtOAc-MeOH (80:20-0:1) gradients to yield ten fractions EA.1-EA.10.
Fraction EA.2 (1.6 g) was loaded on silica gel CC (n-hexane-EtOAc, 8:2) as eluent yield-
ing 2 (124mg) and 3 (5.7mg) Fraction EA4 (0.8g) was purified by a Sephadex
LH-20CC (100g) with CH,Cl,-MeOH (1:1) as eluent followed by RP-C18 silica gel CC
and eluting with H,O0-MeOH (60:10) to give 1 (4.5mg) and 4 (13.5mg). Fraction EA6
was isolated by a silica gel CC with n-hexane-EtOAc (stepwise 70:30-0:10) as eluent to
yield 5 (8.5mg) and 6 (15.7 mq). Finally, fraction EA9 was purified by a silica gel CC
with CH,Cl,—-MeOH (stepwise 80:20-0:10) as eluent to give 7 (13.1 mg).

3.3.1. Schomburgkixanthone (1)

Yellow amorphous powder, [o] *°p +5.4 (¢ 0.1, MeOH); UV (MeOH) Amax(loge) 330
(0.93), 254 (1.27), 240 (1.12) nm; IR viax 3233 (br), 1740, 1644, 1578, 1508, 1461, 1277,
1163, 1107, 1021, 978, 888, 829, 702, 647, 537cm™'; HRESIMS m/z 711.1686 (M + Na;
calcd for C34H3,0,4Na, 711.1690); "H NMR (400 MHz, DMSO-dg) 64 13.46 (1H, s, 1-OH),
13.21 (1H, s, 7-OH), 7.22 (1H, d, J=3.2Hz, H-11), 6.91 (1H, s, H-7), 6.72 (1H, s, H-7),
6.40 (1H, d, J=2.4Hz H-4), 630 (1H, d, J=2.0Hz, H-4), 6.16 (2H, J=2.0, H-2, H-2),
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423 (1H, d, J=3.2Hz, H-12), 3.17 2H, m, H-11'), 1.61 (2H, m, H-12'), 1.30 (3H, s, H-
15), 1.18 3H, s, H-14), 1.17 (6H, s, H-15/, H-14"). "3C NMR (100 MHz, DMSO-d,) 8¢ 181.9
(C-9, C-9), 165.4 (C-1, C-1'), 163.6 (C-3), 163.5 (C-3'), 156.9 (C-4a, C-4a’), 150.9 (C-6),
148.5 (C-6'), 147.3 (C-10a), 146.9 (C-10a’), 138.2 (C-8'), 133.2 (C-5), 131.2 (C-8), 129.8 (C-
5'), 114.6 (C-7'), 113.5 (C-7), 112.2 (C-8a’), 110.5 (C-8a), 102.7 (C-9a), 102.5 (C-9a’), 98.5
(C-2, C-2'), 93.9 (C-4), 93.7 (C-4'), 81.9 (C-12), 72.1 (C-11), 70.7 (C-13), 69.5 (C-13'), 46.0
(C-12'), 30.1 (C-11'), 29.7 (C-14/, C-15), 28.6 (C-15), 26.4 (C-14).

3.4. a-Glucosidase inhibitory activity

Inhibition of rat intestinal o-glucosidase was assessed following the protocol of
Ramadhan and Phuwapraisirisan (2015). Crude enzyme solution prepared from pow-
dered rat intestinal acetone was used as a source of maltase and sucrase. The powder
(1g) was homogenised in 30mL of 0.9% NaCl solution and centrifuged at 12,000 rpm
for 30min, then the supernatant was assayed. The isolated compounds (1 mg/mL in
DMSO, 10 puL) were added to 30 pL of 0.1 M phosphate buffer (pH 6.9), 20 uL of substrate
solution (maltose: 10 mM; sucrose: 100 mM) in 0.1 M phosphate buffer, 80 uL of glucose
kit, and 20 uL of the crude enzyme solution. The reaction mixture was incubated at
37°C for 10 min (maltose) or 40 min (sucrose). The concentration of glucose liberated
from the reaction mixture was detected by the glucose oxidase method using a glu-kit
(Human, Germany). Enzymatic activity was quantified by measuring absorbance at
503 nm. The percentage inhibition was calculated as [(Ag—A;)/Aol X 100, where A, is the
absorbance without the sample and A, is the absorbance with the sample. The ICsg
value was determined from a plot of percentage inhibition vs. sample concentration.
ICso values were calculated using Microsoft Excel software. Acarbose® was used as the
standard control and showed ICs, values of 0.023 mM (maltase) and 0.025 mM (sucrase).

4. Conclusions

In this study, seven xanhones (1-7) were isolated from the twigs of G. schomburgki-
ana. Their structures were elucidated as schomburgkixanthone (1), griffipavixanthone
(2), 4-hydroxyxanthone (3), 2-hydroxyxanthone (4), 1,6-dihydroxyxanthone (5), 1,7-
dihydroxyxanthone (6) and 1,3,5-trihydroxyxanthone (7). To the best of our know-
ledge, compound 1 is a novel bixanthone in which the two xanthone moieties are
connected by a diether linkage. Such linkages are rarely reported for natural products.
Compound 1 exhibited the most potent inhibition of rat intestinal a-glucosidases, with
ICs5o values of 0.79mM (maltase) and 1.81 mM (sucrase). Compound 2 showed the
strongest inhibitory activity against sucrase (ICsq 4.58 mM).
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