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Abstract. The aim of this study was to assess the effects of Pomelo (Citrus grandis (L.) Osbeck)
peel extracts (CGE) on activity of lipid-carbohydrate metabolic enzymes such as Carnitine
pamitoyl-transferase (CPT), lipase, hexokinase, glucose 6-phosphatase and blood lipid glucose
parameters in experimental obese and diabetic mice. The results showed that, in the experimental
obese mice treated daily, oraly with CGE at dose of 1200 mg/body weight for three weeks,
activity of hepatic CPT have been raised from 30.5% (for ethanol extract) to 63.3% (for ethyl
acetate extract) compared to the control. Simultaneous increase of blood lipolytic activity was
demonstrated in obese mice treated daily by CGE in comparison with the control. In addition,
body weight reducing and hypolipidemic effect of the CGE in obese mice were proven clearly.
Interestingly, the anti-diabetic effect of CGE in diabetic STZ induced mice was demonstrated.
Fasting blood glucose levels in diabetic mice treated orally with CGE (1200 mg/kg.b.w) for three
weeks were reduced clearly in comparison with the control (diabetic mice untreated) (p< 0.001).
Especially, hepatic hexokinase activity in diabetic mice treated with CGE was raised from 14.19%
(for ethanol extract) to 55.46% (for ethyl acetate extract) in comparison with the control (untreated
diabetic mice). On the contrary, activity of hepatic glucose 6-phosphatase in treated diabetic mice
was decreased clearly as compared to untreated diabetic mice (p<0.05).

Keywords: Citrus grandis (L.) Obeck, blood glucose and lipid, obese and streptozotocin diabetic
mice, hypolipidemic, anti-diabetic effect.

1. Introduction

Obesity is the most common nutritional
disorder in the developed country and
developing in other countries including
Vietnam. It is considered to be a risk factor
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associated with the devdopment of major
human diseases such as cardiovascular disease,
diabetes mellitus and cancer.

The anti-obesity and anti-diabetic drugs
were developed following the approva process
commonly  reserved  for  conventional
pharmaceuticals under the guiddine of the US
Food and Drug Administration (FDA. 2004),
such as orlistat, metformin etc [1].
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Orlistat, hydrogenated derivative of liptatin
derivated from Streptomyces toxitricini, is a
potent inhibitor of gastric pancrestic lipase and
has proved to be moderately effective for
treatment of human obesity and, possibly
diabetes[2].

Anti-hyperlipidemic and anti-diabetic effect
of metformin were showed, but side-effect and
its efficacy of remains in debate if its use for a
long time. It is has been suggested that herbal
remedies from traditiona medicinal plants have
to be investigated, in the future, for treatment
and prevention of obesity and diabetes and
other diseases.

The investigation of effects of plant extracts
on activity of lipid-carbohydrate metabolic
enzymes such as lipase, lipoprotein lipase
carnitine acyl transferases, hexokinase an
important enzyme of carbohydrate degradation
and glucose 6-phosphatase, an important
enzyme of gluconeogenesis in liver of animals
have been interested by scientists for
elucidation of anti-obesity and anti-diabetes
mechanism of traditional remedies. Inhibition
of enzymatic activity of the digestion and
absorption of dietary fat such as lipase
lipoprotein lipase and enhancement of carnitine
acyl transferases activity and fatty acid
oxidation enzymes in fa expenditure in the
mitochondria have been also used as target in
obesity treatment [2,3].

Pomdo (Citrus grandis (L.) Osbeck)
belonging to the family Rutaceae, is a fruitful
plant found widdy in Vietham with many
different cultivars. Its peds being major by-
product in the processing of Citrus juice
become waste and cause environmenta
pollutions. The previous studies showed that,
polemo peds ae abundant of bioactive
compounds such as flavonoid, pectin,
naringenin, hesperidin, naringin, kaemferol and
itsderivates ... [4].

The present study was carried out to assess
anti-obesity, anti-diabetic effects and the
expression of activity of some lipid-
carbohydrate metabolic enzymes in
experimental obese and diabetic mice. Theam
of this study is to eucidate some biochemical
mechanism of traditional anti-obesity and anti-
diabetes remedy.

2. Materials and methods

2.1. Plant material and preparation of plant
extract

The Pomeos were collected from Hanoi
during the months of August-September, 2009.
The plant materids were classified by Botany
Department at Vietnam National University,
Hanoi.

Pomelo peels were dried at 50°C grinded
into powder and extracted 3 times with ethanal
with continuously stirring. The mixture was
filtered with Whatman No.1 filter paper and the
filtrate was centrifuged at 6.000 rpm at room
temperature (25°C). The supernatant was
concentrated in vacuum by means of rotary
evaporator at 40° C to obtain concentrates. This
concentrate was dissol ved in distilled water and
fractionated in turn via n- hexane, chloroform,
ethyl acetate solvents. The extracting portions
were concentrated to obtain concentrates. All
the concentrates were stored at 4°C until use [5,
6].

2.2. Animals and diets

Male Swiss strain mice weighing 14-16g at
four weeks of age (NIHE) were used in this
study. Animals were housed a 25+2°C with
12h light/dark cycle. Mice were divided into
two groups with different diets. One was fed
normal standard pellet diet (ND) supplied by
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National Institute of Hygiene Epidemiology
(NIHE). Another was fed high-fat died (HFD).
HFD was prepared by mixing the norma chow
(NIHE) with high lipid and cholesterol diet
according to Nationa Institute of Nutrition
(NIN) and Srinivasan et a [5]. Animals had
free access to diet and water (ad libitum) in 6
weeks.

2.3. Determination of hypolipidemic and body
weight reducing effect of pomelo ped extracts
in obese mice

After 6 weeks care, mice from each group
were divided into different lots (6 mice lot).
Each lot of mice was treated daily with
1200mg/kg concentrate of ethanol, n-hexan,
chloroform, ethyl acetate and 500mg/kg
metformin respectivey for three weeks. The
mice fed ND are untreated as the control. Body
weight of mice was determined weekly and on
the final day of the experience, blood of dl
mice was collected for anaysis. Blood lipid
parameters, including total cholesterol (TC),
triglyceride (TC), HDL-c, LDL-c, and was
assayed using Biochemica automatically
analyzer AU640, Japan.

2.4. Evaluation of hypoglycemic effect of CGE
in STZ induced diabetic mice

On the final day of 6 weeks care, fasting
blood glucose levels of mice fed ND and fed
HFD were determined, then obese mice were
given single i.p injection of Streptozotocin
(STZ) at dose 120mg/kg (STZ was freshly in
0.1M citrate buffer pH 4.5) and blood glucose
was monitored after 72h. Only mice with
fasting blood glucose levels >18mmol/l in
tandem with expressed blood insulin were
considered to be type 2 diabetes. Blood insulin
concentration of mice was determined by
ELISA kit technique (Mercodia, Sweden). For
studying hypoglycemic effect of pomelo ped

extracts, diabetic mice were divided into
different lots administraied daly with
1200mg/kg concentrate of ethanol, n-hexan,
chloroform, ethyl acetat extracts and 500mg/kg
metformin respectively for three weeks. Fasting
blood glucose levels were determined weekly
by Technique (USA) One Touch Ultrain all the
experience.

2.5. Determination of blood and liver enzymatic
activity of mice

Activity of blood lipase was determined by
automatic analyzer AU640, Japan. Hepatic CPT
Adivity was determined by technique of
Markwell et al [6]. Hexokinase (HK) activity
was determined using a spectrophotometric
assay as described by Darrow and Colowick in
where the formation of glucose 6-phosphate at
37°C was coupled to its oxidation by glucose-6-
phosphate dehydrogenase and NAD™ [7-9].
Hepatic glucose-6-phosphatase activity was
determined based on hydrolytic reaction of
glucose-6-phosphate to produce inorganic
phosphorus (P). Produced P; was quantified
according to the method described by Taussky
[10]. The protein concentration was measured
by the method of Bradford using bovine serum
abumin as the standard [11].

2.6. Satistic analysis

All values are expressed as the mean + S.D.
The results were anadyzed for statistical
significance by oneway ANOVA test using
SPSS software. Changes were considered
significant if the P-value was less than 0.05 or
0.0L.

3. Results and discussion

3.1. Body weight and blood biochemical
parameters with different nutrition diets
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Fig. 1. Body weight gain of mice groups with ND and HFD after 6 weeks care (p< 0.05).

Table 1. Blood biochemical parameters of mice groups fed with ND and HFD diet

Parameters ND group HFD group  Changes, times
Total Cholesterol (TC). mmol.I™* 317+ 01 5.93+ 0.41 119
Triglyceride (TG).mmol.I™ 1.18+0.17 6.03+0.19 151
LDL-c mmal™ 0.92+0.12 2.08+0.1 123
Freefatty acid (FFA) mmol.I™ 0.81+0.1 137+01 T17
Glucose mmol.I* 5.47+0.35 9.61+0.37 118
Serum Insulin (SI) ng.ml™ 0.60+ 0.01 156+0.17 126
HDL-c mmol.I™* 172+01 109+0.08 |16
Lipase U.I" 90.2+13.06 41.2+7.73 |22

(1): increase, (|) decrease

The obtained results show that the body
weights of HFD-fed mice were increased
approximately 1.8 times compared to the ND-
fed mice (Fig.1). There is great difference in
blood biochemica parameters between these
groups. Particularly, blood TC, TG, LDL-c,
glucose and insulin of fed HFD groups were
increased respectively 1.9, 5.1, 2.3, 1.8, and 2.6
times compared to fed ND mice. While
concentration of HDL-c and enzymatic activity
of lipase decreases respectively 1.6 times and
2.2 times as compared to ND fed mice (table 1).
These results have affirmed that the
experimentaly obese mice suffer from lipid-
carbohydrate metabolism disorder.

3.2. Effect of orally treated with C. grandis peel
extract fractions on obese mice

In order to treat the obese mice, we have
designed the experimenta schema for daly
repeated oral administration (for three weeks)
of CGE fractions (1200mg/kg b.w). Obtained
results show that anti-obesity effect of CGE
was proved clearly to reduce body weight of
HFD-fed mice. Namely body weight of HFD-
fed mice administrated with ethyl acetate
extract fraction was reduced dearly (32.04%)
than untreated obese mice. Whereas body
weight of untreated HFD lot raised normaly
(7.51%) (Table 2).
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Table 2. Effect of pomelo peel extract fractions on body weight after 21 days of oral administration

Body weight
Chargers, %

Wo W, W, W3
HFD + Ethanol 52.15+2.34 48.23+2.13 4558+213 43.84+214 | 2053
HFD + hexan 51.49+2,13 49.69+2.14 4842+156 47.78+2.34 | 13.39
HFD +chloroform  49.58+2.14 48.02+1.98 46.89+1.44 46.32+256 | 16.04
HFD + Ethylacetate 51.9+218 4579+1.34 4088+1.82 37491215 | 3276
HFD + untreated 51.32+2.10 52.81+1.36 53.82+213 5517+124 1751
HFD + metformin 52.26+2.14 50.39+221 48.67+215 47.45+233 | 1399

At the same time, hypolipidemic effect of
C.grandis ped extracts on blood TC, TG, LDL-
c concentrations of obese mice was
demonstrated clearly (fig.2). Especialy body

we ght of obese mice with ethyl acetate fraction
was reduced 32.76% as compared to contral
(untreated obese mice).

| m Untreated @ EtOH & EtOAC]
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Fig. 2. Effect of repeated oral administration (for three weeks) of C.grandis peel extract fractions
on lipidemic parameter.

Namely, blood cholesteral, triglyceride and
LDL-c leves of lot of mice fed HFD were
decreased clearly (fig. 2).

3.3. Effect of C. grandis peel extracts fractions
on enzymatic activities of lipase and CPT in
obese mice.

Obtained results showed that blood lipolytic
activity in obese mice treated with ethanol and
ethyl acetate fractions were increased clearly
from 1851% to 21.48% respectivey in
comparison with the control (untreated obese

mice) (Fig.3. A). Espedidly, CPT, an enzyme
enhancing lipid degradation has expressed
raising activity in obese mice treated with CGE.
The results showed that hepatic CPT activity in
treated obese mice were increased from 30.5%
(for ethanal fraction) to 63.3% (for ethyl acetate
fraction) in comparison with the control
(untreated obese mice mice) (0.01<p) (Fig.3.
B). In addition, the increase of CPT activity in
mice treated with ethyl acetate fraction was
raised more than that trested with ethanol
fraction (p<0.01). (Fig.3. B)
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Fig.3. Effect of C. grandis pedl extract fractions on enzymatic activities of lipase (A) and
CPT(B) in treated obese mice (1 Increases).

3.4. Effect of STZ on ND-fed and HFD fed mice

Injection of STZ (120 mg/kg) into obese
mice significantly increased blood glucose
concentration (p < 0.001), with recorded values
being over 4 times greater than fed ND mice
(p<0.01). However, blood glucose
concentration in fed ND mice injected with
STZ (120 mg kg?) increased slightly (about 1.5
times, p > 0.05) as compared to buffer injected
ND fed mice untreated with STZ and equivalent

to HFD. In addition, seruminsulin level in HFD
mice significantly increase (2.7 times) in
comparison with ND fed mice (Table 3). It is
clear that, obese miceinjected with STZ at dose
(120mg/kg w.b) suffer from type 2 diabetic
disease expressed insulin mutinously insulin
resistance.  Therefore, the carbohydrae
metabolic disorder and insulin resistance were
proved in the STZ induced diabetic mice

Table 3. Blood glucose and insulin concentration after 5 days of buffer or STZ injection

Biochemical estimation ND ND + STZ HFD HFD + STZ
Blood glucose (mmol/l)

Initial 485+ 0.64 5.87+1.15 8.76 + 1.07 9.15+1.13
After 5 days of injection 5.42+0.72 8.36+1.08 8.43+1.04 23.25+4.14
Serum insulin (ng/ml) 0.63+0.03 0.59 + 0.05 171+0.1 0.98 + 0,08

ND: normal diet fed mice injected with citrate buffer (control), ND +STZ: normal diet fed mice injected

with STZ (120 mg/kg).

HFD: high fat diet fed mice injected with citrate buffer (control), HFD + STZ: high fat diet fed mice

injected with STZ (120mg/kg)

All values were expressed asmean+ SD. Value are statistically significant at* p< 0.01and ~* p < 0.001.

3.5. Hypoglycemic effect of pomelo extracts
fractions on type 2 diabetic mice

The treatment of diabetic mice with ethanol,
ethyl acetate fractions (1200 mg/kg w.b) and
metformin 500mg/kg w.b for three weeks have
reduced significay their blood glucose levels

32.38%, 41.50% and 28.84% respectively
(p<0.001). Interestingly, blood glucose leve in
diabetic mice treated with ethyl acetate fraction
was reduced strongly more than that treated
with anti-diabetic metformin (p<0.05) (Table
4).
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Table 4. Hypoglycemic effect of three weeks administration of pomelo peel extract
and fractions in STZ induced diabetic mice, glucose mmol/l

After treatment

Starting point Week 1 Weeks 2 Weeks 3 Changes, %
DM (untreated) 21.0+2.4 20.2+2.0 202420 22.1#15 14.93
DM + Metformin 20.8+1.6 17.5+2.4° 15.8+2.5°  14.8+21° | 2884
DM + EtF 21.0£2.4 18.2+¢3.0° 15.8+2.2°  14.2+19* | 3238
DM + EaF 21.2+3.0 18.0+2.5° 15.0+¢2.1°  12.4+18" | 4150
DM + HF 22.5+2.0 18.6+3.1 19.5+2.3 20.9+35 | 711
DM + CF 20.3+2.3 18.5+2.2 17.5+1.9 18.7+1.8 | 7.88

EtF: ethanol fraction, EaF: ethyl acetate fraction, HF: n-hexan fraction, CF: chloroform fraction. All values were
expressed as mean + S.D. Value are satistically significant at 2p<0.05, ° p < 0.01 and ° p < 0.001. Valuein
parenthesis indicates the percentage lowering of blood glucose in comparison to the before treatment. (+: increase,

|: decrease) .

While, blood glucose leved of diabetic mice
treated with n-hexang, chloroform fractions
were reduced only dlightly.

3.6. Effect of CGE on activities of Hexokinase
and glucose-6-phosphatase in diabetic mice

The results showed that, after three weeks
of treatment with ethanol and ethyl acetate
fractions, hepatic hexokinase activity in treated
CGE diabetic mice was increased from 14.9%
(for ethanol fraction) to 55.46% (for ethyl
acetate fraction) in comparison with untreated
diabetic mice (p<0.001). However, hexokinase
activity in normal non-diabetic mice was bigger
about two times in comparison with treated or
untreated diabetic mice (Fig.4A) Therefore, it is
necessary to treat for long time with CGE to
restore hexokinase activity. On the contrary,
there was a significant reduction in hepatic
glucose-6-phosphatase  activity in type 2
diabetic mice treated with CGE as compared to
the untreated diabetic group. Namely, hepatic
glucose-6-phosphatase  activity in type 2
diabetic mice treated with CGE was decreased
from 38.71% (for ethanol fraction) to 47.85%
(for ethyl acetate fraction) (p < 0.05) (Fig. 4B).
Seeing that, glucose 6-phosphatase, an
important  enzyme is necessary  for

gluconeogenesis pathway in the liver [3, 12].
Anti-diabetic effect of CGE was indicated
dearly by inhibition of glucose 6-phosphatase
activity in this study (Fig 4B).

B NDM
ODM untreated
M DM+EtF

B DM + EaF

activity, mU/ mg protei
[¢2)

Hexokinase (A)

G 6-Pase (B)

Fig. 4. Effect of ethanol fraction and ethyl acetate
fraction of Citrusgrandis (L.) Osbeck peel on
hepatic hexokinase and glucose-6-phosphatase

activity in STZ-induced diabetic mice.
NDM: non-diabetic, DM: diabetic, EtF: ethanol fraction,
EaF: ethyl acetate fraction, Data are expressed as means +
SEM, n=6. "~ and " indicate the significant levels of
difference in glycogen level, hexokinase and glucose-6-
phosphatase as compared to non-diabetic and untreated
diabetic mice, respectively (" p < 0.05, ** p<0.01).

Conclusion

1. Body weight reducing, anti-obesity and
anti diabetic effects of CGE were proven in
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experimenta obese and type 2 diabetic mice
treated orally, daily for three weeks at the dose
of 1200mg/kg b.w of dry CGE fractions.

2. Activity of lipid degrading enzymes such
as lipase, CPT in obese mice treated with CGE,
was demonstrated to be increased from 18.51%
to 21.48%( for lipase) and from 30.50% to
63.30% (for CPT) in comparison with
untreated obese mice.

3. Adctivity of glucose degradation of
hexokinase in CGE treated diabetic mice was
increased strongly from 14.9% (for ethanol
fraction) to 55.46% (for ethyl acetate fraction)
in comparison with untreated diabetic mice
(p<0.001). On the contrary, activity of hepatic
glucose 6- phosphatase of glucoseneogenesisin
type 2 diabetic mice treated with CGE was
proved to be decreased clearly from 38.71%
(for ethanol fraction) to 47.85% (for ethyl
acetate fraction) as compared to untreated
diabetic mice.
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Téc dung ciia dich chiét cui bugi (Citrus grandis (L.) Obeck)
dén mot sé enzyme trao doi lipid-saccarit va céc chi so lipid,
glucose mau trén chudt béo phi va dai thdo duong
thuc nghiém

P4 Ngoc Lién', Nguyén Thi Thuy Quynh?, B3 Van Phact,
Vit Cong Phong?, Phuing Thanh Huong®
Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quac gia Ha Ngi

*Truong Pai hoc Sr Pham Ha Ngi 2
¥Truong Pai Hoc Dugc HA N

Muc dich cia nghién cu ndy la danh gia tac dung cia dich chiét cli busi (Citrus grandis (L.)
Obeck) (CGE) |én mat sb enzyme trao doi lipid- saccharid nhu carnitine panmitoyl-transferase (CPT),
lipase, hexokinase, glucose 6-phosphatase va mot sb chi sb lipid va duong glucose huyét caa chudt
béo phi va dé thao duong thuc nghiém. Céc két qua nghién ciu cho thiy ring: ¢ chudt béo phi thuc
nghiém dugc xir Iy hing ngay bang dudng udng véi dich chiét cli busi o liéu luong 1200 mg/kg thé
trong trong ba tuan, hoat dong ciia enzyme CPT & gan tang Ién tir 30,5% (ddi voi dich chiét ethanol)
dén 63.3% (ddi véi dich chiét ethyl acetate) so véi ddi ching (chudt béo phi khong duoc ubng dich
chiét cli buoi). Hoat dong lipase ciia mau ciing dugc nhan thiy tang 1én ¢dng thoi ¢ chudt béo phi khi
duogc xir ly hing ngay véi dich chiét clii buoi tir 18,51% dén 24,48% so vai ddi chung. Thém vao do,
téc dong lam giam trong luong va md méu cua dich chiét cli busi ciing dugc chirng minh ré rang &
chugt béo phi thyc nghiém. Diéu dang cha y |a dich chiét cli busi con co tac dung chdng dé théao
duong ¢ chudt gay déi théo duong thuc nghiém. Cu thé 1a nong d6 duong huyét 1Gc d6i caa chudt déi
théo duong khi duogc diéu tri 3 tuan bang 1200mg/kg cao dich chiét cli buoi d& giam xubng rd rang tir
32,5% (udng cao con téng sb) dén 42,4% (udng cao ethyl acetat) so véi dbi chirng (P<0.01). Dac biét
|& hoat dong hexokinase ¢ gan chudt déi théo duong khi xu ly voi dich chiét cli buoi da tang 1én tir
14,19% (ddi véi cao con tong sb) dén 55,46% (ddi voi cao ethyl acetat) so véi dbi chang. Tréi lai, hoat
dong glucose 6-phosphatase & gan chudt d& thao duong dwoc xir ly véi dich chiét cli bugi giam
xudng rd so vai chudt déi théo duong khdng xir 1y dich chiét cli buéi (p<0.05).

Tur khéa: Citrus grandis (L.) Obeck ,glucose va lipid méu, chugt béo phi, chuot da thao duong,
STZ.



