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In Vitro Assessment of Antidiabetic Activities of
Garcinia Xanthochymus Leaf ,Root and Fruit Extracts
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Abstract: The objective of this study was to evaluate the antidiabetic potential of Garcinia Xanthochymus in viiro. The a-
glucosidase and o-amylase inhibitory activities of the petroleum ether ( PFr. ), ethyl acetate ( EFr. ) , n-butanol ( BFr. )
and water fractions( WFr. ) of the root,leaf and fruit of G. Xanthochymus were assessed. Glucose consumption was evalu-
ated using HepG2 cells. Fruit-EFr(ICsy =17.81 + 1.09 pwg/mL) ,leaf-EFr(ICs, =18.60 = 1.56 wg/mL) ,root-EFr
(ICs, =14.05 £ 0.24 pg/mL) and root-BFr(ICy, =13.01 + 0.38 wg/mL) showed higher a-glucosidase inhibitory
activity than acarbose(ICy, > 200 pg/mL). The root EFr and BFr showed the highest a-glucosidase inhibitory activity
among all samples(ca.90% ,at a concentration of 600 pg/mL). The a-amylase inhibitory activity rate of the root EFr
and BFr reached 90% at a concentration of 1.5 mg/mL. In glucose consumption assay,four fractions were efficient on
promoting glucose consumption activity. The fruit-EFr at a concentration of 7. 5-30 mg/mL significantly promoted glucose
consumption( P < 0.001) and the glucose consumption rates of cells treated with leaf-EFr,root-BFr and root-EFr were
3.08,3.12 and 1.93 ,respectively, slightly lower than the glucose consumption rate of cells treated with fruit-EFr. These
findings supported the antidiabetic claims of G. xanthochymus in vitro.
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Diabetes mellitus is a metabolic disorder characterized
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endogenous insulin "', As yet, there are no effective
therapies to cure diabetes '*'. Many hypoglycemic a-
gents such as the biguanides and sulfonylureas are used
to treat this disease, but causing serious side effects
) In recent years, there has been an increased inter-
est in the use of natural products for pharmacological
purposes, as a form of complementary or replacement
therapy. Published reports have shown that numerous
extracts obtained from plants are effective in reducing
glycemia , causing fewer side effects than the usual an-
tidiabetic agents '*). Most of the plants used in popular
medicine for the treatment of diabetes possess biologi-
cally active compounds such as triterpenes, flavonoids
and polyphenols °'. Oxidative stress is known to pro-
mote the development and progression of diabetes and
its complications, and polyphenols with antioxidant
properties exert beneficial antidiabetic effects by cor-
recting the disturbed oxidative milieu in diabetic condi-
tions.

Garcinia xanthochymus is a tropical plant which can
grow up to 20 m. It is grown for its edible fruit,and a
preparation of the fruit is given to treat bilious condi-
tions , diarrhea ,and dysentery. The immature leaf is also
a cheap vegetable. Previous phytochemical studies on
G. xanthochymus resulted in the isolation of benzophe-
nones , flavonoids, triterpenes and xanthones from the
wood , fresh leaves and fruit. The DPPH radical scaven-
ging activities of compounds from the bark of G. Xan-
thochymus were evaluated by Chen *'. In the light of
these findings, this study was carried out to evaluate the
in vitro antidiabetic activities of the different fractions ob-

tained from the root,leaf and fruit of G. xanthochymus.

Materials and Methods

Materials

Leaves, roots and fruit of G. xanthochymus were ob-
tained from Xishuangbanna prefecture, Yunnan prov-
ince,P. R. China, and identified by the Xishuangbanna
Prefecture National Medicine Research Institute.
a-Glucosidase from baker’ s yeast,4-nitrophenyl-a-D-
glucopyranoside, acarbose, a-amylase from porcine
pancreas, starch azure were purchased from Sigma-

Aldrich ( USA ). Trypsine, RPMI 1640 medium and

DMEM medium were obtained from Gibco ( USA). All
chemicals used were of analytical grade.

Preparation of G. xanthochymus extracts

The dried leaves, roots and fruit of G. xanthochymus
were powdered and extracted with 95% ethanol for 3 h
at 60-70 °C. The ethanol extracts were concentrated in
a rotary vacuum evaporator to obtain the dried crude
extracts, which were further fractionated through sol-
vent-solvent partitioning. Petroleum ether ( PFr) , ethyl
acetate ( EFr ) , n-butanol ( BFr) and water fractions
(WFr) were obtained from each plant part,and stored
in a vacuum dry cabinet until analysis. Samples were
dissolved in DMSO for the assay.

Determination of a-glucosidase inhibitory activity
a-Glucosidase inhibitory activity was determined using
4-nitrophenyl-a-D-glucopyranoside substrate, based on
a reported method 7', 10 pL of sample extract in DM-
SO was added in 80 L of sodium phosphate buffer
(0.1 M,pH 7.0) in a 96-well plate,and pre-incuba-
ted with 30 wL of 0.3 U/mL baker’s yeast a-glucosi-
dase at 37 C for 5 min. Afterwards,30 wL of 4-nitro-
phenyl-a-D-glucopyranoside (3 mM in phosphate buff-
er) was added,and the enzymatic reaction was carried
out at 37 °C for 15 min. The reaction system without
sample was used as blank test and the system without
a-glucosidase was used as background test. The phos-
phate buffer(pH 7.0) was used as zero-setting solution
to determine the release of 4-nitrophenol ,at 405 nm.
The «-glucosidase inhibitory activity of each fraction
was calculated as follows:1% =[ (1-(A,- A,)/A,] X
100, where A, is the absorbance of the blank A, is the
absorbance of the sample at different concentrations
and A, is the background absorbance. Acarbose was
used as a positive control.

Determination of porcine pancreatic o-amylase in-
hibitory activity

Porcine pancreatic a-amylase inhibitory activities of the
different fractions were determined using an established
method "*°'. 4 mg of starch azure was suspended in
1.1 mL of 0.05 M Tris-HCI buffer (pH 6.9) contai-
ning 0.01 M CaCl, , soaked in boiling water for 5 min
and pre-incubated at 37 °C for 5 min. For each assay,

0.2 mL of sample extract in DMSO and 0.2 mL of por-
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cine pancreatic a-amylase solution (2.0 U/mL) were
used. The reaction was carried out at 37 °C for 10 min
and stopped by adding 0.5 mL of 50% acetic acid. The
reaction mixture was then centrifuged at 4500 rpm for 5
min. The absorbance of the resulting supernatant was
recorded at 595 nm. The reaction system without sam-
ple was used as blank test and the system without a-
amylase was used as background test. The system with-
out either sample or a-amylase was used as zero-setting
solution. The a-amylase inhibitory activity of each frac-
tion was calculated as follows:1% = [ (1-(A,- A,)/
Ay,] x100,where A, is the absorbance of the blank,
A, is the absorbance of the sample at different concen-
trations and A, is the background absorbance. Acarbose
was used as a positive control.

Glucose consumption assay

HepG2 cells were cultured in RPMI 1640 medium con-
taining 10% fetal bovine serum,100 units/mL penicil-
lin and 100 wg/mL streptomycin. Cells were incubated
in a humidified atmosphere of 5% CO, at 37 °C and
passaged every 3 days by trypsinization. HepG2 cells
were incubated in a 96-well plate with 10% fetal bo-
vine serum, grown to 80% confluence, and kept over-
night in DMEM medium with 2% fetal bovine serum.
Cell viability was assessed with the 3-(4,5-dimethylth-
iazol-2-yl ) -2 ,5-diphenyltetrazolium bromide assay,and
the tested concentration of the sample was selected to
ensure that cells had over 90% viability. In addition,
cells were treated with the different fractions at several
tested concentrations for 24 h, and the concentration of
glucose in DMEM was determined to assess glucose
consumption.

Statistical analysis

All experimental data were presented as means + SD.
Statistical analysis ( SigmaPlot. v10. 0) was performed
using the T-test, to assess whether the groups are signif-
icantly different. A value of P < 0.05 was considered

to be significant.

Results and Discussion

a-Glucosidase and porcine pancreatic a-amylase in-
hibitory activities

The treatment of diabetes mainly focuses on reducing

fluctuations of blood sugar and associated complica-
tions. One of the therapeutic approaches was to de-
crease the postprandial hyperglycemia by retarding glu-
cose absorption through the inhibition of carbohydrate-
hydrolyzing enzymes,such as a-amylase and a-glucosi-

107" q-Glucosidase inhibitors can retard the libera-

dase
tion of the D-glucose of oligosaccharides and disaccha-
rides from dietary complex carbohydrates and delay
glucose absorption, reducing postprandial plasma glu-
cose levels and suppressing postprandial hyperglycemi-
a. a-Amylase inhibitors can slow down the digestion
rate of starch and restrain the increase of post-meal
blood sugar. They are among the most promising oral
hypoglycemic agents for diabetics.

Fig. 1 and 2 showed the a-glucosidase and a-amylase
inhibitory activities of each G. xanthochymus fraction.
Seven fractions from G. xanthochymus had a dose-de-
pendent inhibitory activity. The root EFr and BFr
showed the highest a-glucosidase inhibitory activity of
all samples ( ca. 90% , even at a concentration of 600
pwg/mL). The root EFr and BFr also reached about
90% o-amylase inhibitory activity at a concentration of
1.5 mg/ml. Five extracts ( leaf-WF'r, leaf-PFr, root-
WFr, fruit-BFr and fruit-WFr; not shown in Fig. 1 and
2) showed no a-glucosidase or a-amylase inhibitory
activities ,which may be due to the carbohydrate com-
position of the extracts. In general , the ethyl acetate and
n-butanol fractions showed higher a-glucosidase inhibi-
tory activity than the other fractions. Hence ethyl ace-
tate and n-butanol can be used as solvents for the ex-
traction of bioactive substances( mainly triterpenes, fla-

vonoids and polyphenols) with a-glucosidase inhibitory

activity.
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Fig. 2 o-Amylase inhibitory activity of G. xanthochymus

extracts

As shown in Table 1,the a-glucosidase inhibitory ac-
tivity decreased in the following order; root-BFr > root-
EFr > fruit-EFr > leaf-EFr > root-PFr > fruit-PFr
> leaf-BFr, while o-amylase inhibitory activity de-
creased as follows:root-PFr > root-EFr > root-BFr >
fruit-PFr > leaf-EFr > fruit-EFr ( leaf-BFr). Moreo-
ver, the inhibitory activities of extracts against o-amyl-
ase are all lower than those against a-glucosidase. This
might be due to the different mechanism of action be-
tween a-glucosidase and a-amylase.

Table 1 IC,, of a-glucosidase and «-amylase inhibitory ac-

tivities of G. xanthochymus extracts

Plant part Fractions a-glucosidase ccamylase
ICs)( pg/mL)* ICso (mg/mL)*
Leaf EFr. 18.60 = 1.56 1.263 + 0.004
BFr. 66.25 + 6.79 >1.500
WFr. NAP NAP
PFr. NAP NA®
Root EFr. 14.05 + 0.24 0.667 + 0.071
BFr. 13.01 + 0.38 0.831 + 0.062
WFr. NAP NA®
PFr. 30.37 + 8.22 0.482 + 0.079
Fruit EFr. 17.81 + 1.09 >1.500
BFr. NA® NA®
WFr. NA® NA®
PFr. 32.17 +2.23 0.892 + 0.075
Acarbose >200 41.03 + 3.58 pg/mL

“the concentration of sample needed to inhibit 50% a-glucosidase and a-

amylase ; "no activity
Glucose consumption assay
HepG2 cells are a suitable in vitro model system for the

study of glucose consumption due to their role as targe-

ting cells in carbohydrate metabolism. Four fractions
(root-BFr, root-EFr, fruit-EFr, leaf-EFr) , which showed
a-glucosidase and a-amylase inhibitory activities, were
assessed at a concentration of 250 mg/mlL., incubating
for 24 h. Cell viabilities after treatment with each of the
four fractions, determined by MTT assay, were 56.
82% ,52.65% ,57.95% and 56. 82% , respectively.
This result shows that high concentrations of these ex-
tracts will inhibit the growth of HepG2 cells, and the
hypoglycemic effect may not be due to the increase in
the number of cells. At a level of 90% cell viability,
the most effective concentrations of root-BFr, root-EFr,
fruit-EFr and leaf-EFr were 100,30,30 and 60, respec-
tively.

As shown in Table 2
ter treatment with the four fractions for 24 h (P <

,glucose consumption increased af-

0.05). In particular, fruit-EFr. at a concentration of
7.5-30 mg/ml significantly promoted glucose con-
sumption( P < 0.001). The glucose consumption rates
of cells treated with leaf-EFr, root-BFr and root-EFr
were 3.08,3. 12 and 1. 93, respectively, being slightly
lower than the glucose consumption rate of cells treated

with fruit-EFr. (3.91).

Table 2  Effects of treatment with G. xanthochymus ex-
tracts on HepG2 cells’ glucose consumption
(MgSmL) (mrr(:’oclz/L) GG rate
Control 1.38 = 0.50 1
Root-EFr. 30 1.17 = 0.47 0.85
15 2.58 +0.48" " 1.87
7.5 2.66 + 0.41" " 1.93
Root-BFr. 100 2.02 £ 0.57" 1.46
50 2.67 +0.70" * 1.93
25 4.31+1.21" " 3.12
Leaf-EFr. 60 3.52+0.46" 2.55
30 4.25+0.22" " 3.08
15 3.55+0.59" 2.57
Fruit-EFr. 30 5.39£1.81" 3.91
15 5.28+1.77" * 3.83
7.5 4.93+1.45" " 3.57

GC: glucose consumption; GC rate : glucose consumption ( extracts) / glu-
“P<0.05;" " P <0.001, compared with

cose consumption ( control ) ;

control.
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Conclusion

The results presented in this study showed that fruit-
EFr,leaf-EFr,root-EFr and root-BFr had high a-gluco-
sidase and o-amylase inhibitory activity,and are effec-
tive on promoting glucose consumption. This study gave
basic scientific support for the use of G. xanthochymus
as a treatment of diabetes,and therefore can help to de-
velop medicinal preparations or nutraceutical and func-

tional foods for diabetics.
References

1 Gupta RK, Kesari AN, Murthy PS, et al. Hypoglycemic and
antidiabetic effect of ethanolic extract of leaves of Annona
squamosa L. in experimental animals. J Ethnopharmacol
2005,99:75-81.

2 Maiti R, Jana D,Das UK, et al. Antidiabetic effect of aqueous
extract of seed of Tamarindus indica in streptozotocin in-
duced diabetic rats. J Ethnopharmacol ,2004,92 .85-91.

3 Hwang HJ, Kim SW, Lim JM, et al. Hypoglycemic effect of
crude exopolysaccharides produced by a medicinal mushroom

Phellinus baumii in streptozotocin induced diabetic rats. Life

(L% 192 1)

10 Wang XY, Liu LP, Kang TG, et al. Chemical constituents
from Euphorbia tirucalli. China Tradit Herb Drugs,2011,42 .
2398-2401.

11 Wang HK, He K, Xu HX, et al. The structure of astrachry-
sosid A and the study of 2D NMR on astragsieverisianin XV
and 7, 2'-dihydroxy-3’, 4’-dimethoxy-iso flavane-7-0-8-D-
glucoside. Acta Pharm Sin,1900,25 :445-450.

12 Lai GF,Zhao PJ,Ni ZW et al. A new fructofuranoside from
Helwingia chinensis. Acta Botanica Yunnanica ,2008,30:115-
120.

13 Li RF,Zhou YZ, Qiao L,et al. Chemical constituents of As-
tragalus membranaceus Bge. var. Mongholicus ( Bge. ) Hsiao.
J Shenyang Pharm Univ,2007 ,24.20-24.

14 Yang H,Wang D, Tong L,et al. Flavonoid aglycones of Oxyi-
ropis falcate. Chem Nat Compd 2009 ,2 :239-240.

15 Zhou L, Wang N, Miao F, et al. Chemical consitituents of
Gentiana apiata N. E. Br.. Chin J Org Chem, 2004, 24 .
1249-1252.

16 Wang Y,Zou ZM. Study on steroids from the stem of Croton
caudatus Geisel. var. tomentosus Hook. Chin Pharm J,2008 ,
43.897-899.

17 Ma BJ,Shen JW,Yu HY ,et al. Chemical composition of the

10

18

19

20

21

22

23

24

Set,2005,76 :3069-3080.

Pushparaj P, Tan CH,Tan BKH. Effects of Averrhoa bilimbi
leaf extract on blood glucose and lipids in streptozotocin dia-
betic rats. J Ethnopharmacol ,2000,72 :69-76.

Marles RJ, Farnsworth NR. Antidiabetic plants and their ac-
tive constituents. Phytomedicine ,1995,2 :137-189.

Chen Y, Fan H, Yang GZ, et al. Prenylated xanthones from
the bark of Garcinia xanthochymus and their 1,1’ -diphenyl-
2-picrylhydrazyl (DPPH) radical scavenging activities. Mole-
cules ,2010,15,7438-7449.

Matsui T, Yoshimoto C, Osajima K, et al. In vitro survey of a-
glucosidase inhibitory food components. Biosci Biotechno Bio-
chem ,1996,60:2019-2022.

Gao H, Huang YN, Gao B, et al. a-Glucosidase inhibitory
effect by the flower buds of Tussilago farfara L.. Food
Chem ,2008,106:1195-1201.

Wang H,Du YJ,Song HC. a-Glucosidase and o-amylase in-
hibitory activities of guava leaves. Food Chem ,2010,123.6-
13.

Bhandari MR, Nilubon JA, Gao H,et al. o-Glucosidase and
a-amylase inhibitory activities of Nepalese medicinal herb
Pakhanbhed ( Bergenia ciliata Haw. ). Food Chem, 2008,
106:247-252.

Fruiting Bodies of Helvella elastica. Acta Bot. Boreal. -Occi-
dent. Sin ,2009,29.2115-2117.

Yin W, Wang G. Chemical constituents in fermentation liquid
of the Fungus Lycoperdon Fuscum. ] Anhui Tradit Chin Med
Colle ,2010,29(6) :67-70.

Tang RJ,Bi NJ. Studies on the chemical constituents of Eu-
onymus Fortunei( Turcz. ) Hand-Mazz. West China Journal of
Pharmaceutic Sciences 1989 ,4(2) .76-78.

Yao QQ, Zuo CX. Chemical studies on the constituents of
Phyllanthus urinaria L. . Acta Pharm Sin, 1993, 28 . 829-
835.

Su L, Lou FC,Zheng WP, et al. Studies on the constituents
from the branch bark of Ginkgo biloba L.. Pharmaceutical
Biotechnology ,1999 ,4(6) :1-5.

Wei H, Wen DX, Liu XD, et al. Constituents in petroleum e-
ther and ethyl acetate extract fractions of Dracaena cochinen-
sis(Lour. ) S. C.Chen( I ). Chin J Chin Mater Med 1998,

10:616-618.

Zhou JS, Zhang TT, Chen JJ, et al. Chemical constituents
from the roots of Streptocaulon griffithii. Chin J Nat Med,

2009,7:108-110.

Lv QJ. Methodology of new drug research in pharmacology.

Beijing : Chemical Industry Press,2007.96-247.



