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METHODS AND MATERIALS  
 
Animals 
 
Rattus norvegicus Zucker fatty rats were 
purchased from Monash University Melbourne 
Australia. The rats were male, 13-15 weeks old with 
an average weight of 300-380 g for the lean strain 
and 370-450 g for the obese strain. Sprague-
Dawley rats were purchased from Animal Services 
at the University of Sydney. The rats were males 
8-10 weeks old with average weight of 200-350 g. 
Animals were housed 3-4 per cage in a 
temperature-controlled (22 ± 1)°C room, with a 
light/dark cycle of 12 hr. For a week following 
their arrival, the animals were allowed free access 
to the standard rat chow diet and tap water while 
they were acclimating to the environment. During 
the experimentation all rats had ad libitum access 
to standard rat chow and water at all times unless 
otherwise stated in the Methods section. Rats were 
also monitored daily and cages cleaned twice 
weekly. At the start of the experiment animals 
were randomly distributed so that body weights, 
initial triglyceride (TG), total cholesterol (TC), , 
other parameters in all the experimental groups 
were similar. Treatments were administered to rats 
using oral gavage via a curved feeding needle 
(Harvard Apparatus). At the end of each study, 
animals were sacrificed and blood collected via 
cardiac puncture for analysis. Rats were sacrificed 
after the induction of anesthesia using 1 ml of 
ketamine injection (1 g /10 ml) followed by a 
lethal injection of 0.5 ml concentrated solution of 
potassium chloride (70%) directly into the heart. 
The protocols were approved by the Animal Ethics 
Committee of the University of Sydney. 
 
Materials 
 
Purified gypenoside extract was provided by 
Ankang Pharmaceutical Institution of Beijing 
Medical University, People's Republic of China as a 
reference sample. GP extract containing more than 
90 % gypenosides, was used for the experiments 
and was derived from a capsule formulation 
consisting of purified extract diluted to 30% with 
excipient (Ankang Pharmaceutical Institution of 
Beijing Medical University, People's Republic of 
China). The capsule formulation was placed in 90% 
ethanol, thoroughly mixed with a magnetic stirrer 
then filtered twice using filter paper and evaporated 
at 50˚C down to a solid in a Buchi Rotavapor R114 
over 24 hours. The extract was then dried in a 

vacuum oven and kept desiccated in a bell jar with 
silica gel. The resulting extract contained 
approximately 90% gypenosides. 
 GP samples were well mixed in 1 % 
methylcellulose prior to administration to rats and 
administered using oral gavage. Olive oil was 
obtained from Goodman Fielder LTD (Sydney, 
NSW, Australia) with the following composition 
per 100 ml; energy 3400 KJ, fat 92 g, saturated fatty 
acids with a maximum of 20%, polyunsaturated 
fatty acids with a minimum of 5% and mono-
unsaturated fatty acids with a minimum of 55%. 
Ethanol was obtained from Asia Pacific Specialty 
Chemicals Ltd. Sydney, Australia. Other materials 
including glucose, sucrose, ketamine hydrochloride, 
carboxymethylcellulose (CMC) and α -glucosidase, 
EC 3.2.1.20 (0.36 unit), were purchased from 
Sigma-Aldrich (Australia). Total cholesterol (TC), 
total triglyceride, (TG) low density lipoprotein 
cholesterol (LDL) and high density lipoprotein 
cholesterol (HDL) measuring kits were obtained 
from Sigma-Aldrich (Australia) and Trace 
Scientific Ltd.(Australia) and used according to the 
manufacturer’s instructions after processing as 
previously described (Megalli et al. 2005). The 
formation of glucose was determined by the glucose 
oxidase method using a commercial kit (Wako Pure 
Chemical, Osaka, Japan). In this procedure protein 
free filtrates prepared by the Somogyi technique 
using ZnS04/ BaS04 precipitation was used. 
(Somogyi 1952) All other reagents and chemicals 
were of analytical grade. 
 
Pathology 
 
Various tissue samples were collected including: 
the proximal third of the thoracic aorta, cardiac 
muscle, liver, pancreas, lung, spleen and kidney. 
The collected tissues were placed immediately into 
2% phosphate buffered glutaraldehyde and 8% 
formalin. They were trimmed of fat and connective 
tissue and 1 mm cross-sections obtained. After 
overnight fixing the samples were post-fixed in 1 % 
Os04, dehydrated and embedded in Epon. Non-
perfusion-fixed tissue samples were no longer than 
5 mm to allow uniform penetration of fixative. 
 All tissues were evaluated using light 
microscopy by a veterinary pathologist in a blinded 
manner. Early atherogenesis was evaluated on the 
basis of endothelial damage, platelet and/or lipid 
adherence, subendothelial thickening and 
myofibroelastic and macrophage/monocyte 
infiltration of the intima. (Wu et al. 1985) The 
degree of atherosclerotic development in each aorta 
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examined was independently blindly rated as 
normal, mild, moderate or severe. Other tissue 
samples were also evaluated using the same 
atherosclerotic pathological methodology. 
 
DATA ANALYSIS 
 
All data are expressed as the standard error of the 
mean (± SEM). Comparisons among the control and 
treatment groups were made using one-way analysis 
of variance followed by a Student-Newman-Keuls 
t-test using the Graph Pad Instat statistical program. 
With all analyses, an associated probability (P 
value) of less than 5% (P < 0.05) was considered 
significant. 
 
Experimental Protocols 
 
Effect of 4 day and 2-5 weeks treatment of obese 
and lean Zucker fatty rats with Gynostemma  
pentaphyllum (125 -250 mg/kg) on hyper-
lipidemia in each strain, obese and lean rats were 
randomly divided into two groups, with 5 or 6 rats 
in each group. The control group received 1 % 
CMC  by oral gavage daily for the duration of the 
experiment. The other groups received oral gavage 
of GP 125 or 250 mg/kg  daily for the duration of 
the experiment. Blood was collected prior to 
starting the experiment, four days later to 
determine acute effects and then after either 2 
weeks treatment or 5 weeks treatment in the GP 
250 mg/kg group. At the end of the experiment 
samples of various organs were collected for 
pathological analysis. These organs included:  
aorta, heart, liver, kidney, spleen, and pancreas. 
Body weights were also measured prior to starting 
the experiment and prior to blood collection. In 
addition, following sacrifice rat livers were blotted 
dry on tissue, weighed and the ratios of liver 
weight to body weight was calculated. 
 
Effect of 3-5 week chronic treatment of obese and 
lean Zucker rats with Gynostemma 
pentaphyllum on post-prandial 
hypertriglyceridemia and hyperglycemia. 
 
The effect of GP on post-prandial hypertri-
glyceridemia and hyperglycemia was examined in 
Zucker fatty rats given olive oil to produce an 
increased fat load and increase TG levels. This 
study was divided into 2 different arms, as 
follows: 3 week feeding: Obese Zucker fatty rats 
were fed GP 250 mg/kg by oral gavage for 3 
weeks. Rats were then fasted for 18 hr, with free 

access to water. Rats were then divided into 2 
groups, a control group receiving 1 % CMC  by 
oral gavage or a group receiving GP 250 mg/kg  
by oral gavage. One hour later, rats were fed olive 
oil 5 mg/kg. Blood was collected 5 hr following 
olive oil administration and TG levels were 
determined. 5 week feeding: The same protocol 
described above was repeated after 5 weeks of 
treatment with GP 250 mg/kg  by oral gavage. 
However, a higher dose of olive oil was used, 10 
mg/kg and in addition blood was collected at 3 and 
5 hr following olive oil administration. 
 
Effect of Gynostemma pentaphyllum on Glucose 
Tolerance in Sucrose-Loaded SD Rats. 
 
To examine the effect of GP on glucose levels 
following sucrose or glucose feeding in normal 
rats, Sprague-Dawley (SD) rats were randomly 
divided into 4 groups and fasted for 20 hr before 
the commencement of the experiment. The groups 
were divided as follows: the naive control group 
received vehicle and then distilled water, and 
blood was collected at 30, 60 and 120 min. The 
positive control group received sucrose 1 g/kg PO 
and blood was collected at 30, 60 and 120 min. GP 
125 mg/kg group, receiving both GP 125 mg/kg 
and sucrose simultaneously and blood collected 
over 120 min. GP 250 mg/kg group, receiving both 
GP 250 mg/kg and sucrose and blood collected at 
over120 min. Glucose was measured using a 
commercial kit (Wako Pure Chemical, Osaka, 
Japan) as described above. 
 
Effect of Gynostemma pentaphyllum on Glucose 
Tolerance in the Zucker Fatty Rat. 
 
A glucose tolerance test was conducted to 
investigate the effect of GP on insulin receptor 
sensitivity. In this experiment, 20 Zucker fatty 
rats, 10 from each strain (obese and lean), were 
divided into 2 groups, a control group and a 
treatment group receiving GP 250 mg/kg. Rats 
were fasted for 20 hr with free access to water. 
Rats were then given either GP 250 mg/kg or 1 % 
CMC by oral gavage. One hour later, all rats were 
fed glucose (2 g/kg) by oral gavage. Blood 
samples were collected prior to the start of the 
experiment, and 30 min and 120 min after glucose 
feeding. Plasma was then obtained and glucose 
levels determined. 
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Effect of Gynostemma pentaphyllum on α-
Glucosidase. 
 
Activity in vitro 200 µl of α–glucosidase was 
incubated for 5 min in the presence of 200 µ l of 
test sample solution (dissolved in DMSO, DMSO 
final concentration of 2%) or vehicle (2% DMSO). 
The reaction was started  by the addition of 200 µl 
of 37 mM sucrose solution and terminated  by 
heating at 90-100°C after 30 min. incubation at 
37°C. Inhibition rates were calculated as percent of 
reduction of from a positive control without GP 
present and concentrations producing 50 % 
inhibition (IC50 values) were calculated from the 
concentration-inhibition curves  by non-linear 
regression analysis as described previously. 
(Kurihara et al. 2003) Acarbose was used as a 
positive control (Gavin 2001; Kurihara et al. 2003). 
 
RESULTS 
 
Comparison of lipid profiles between obese and 
lean Zucker fatty Rats. 
 
In the obese Zucker fatty rat, TG levels (2.9 ± 0.2 
mmol/L) were significantly higher (72%) than in 
lean Zucker fatty rats (0.8 ± 0.1 mmol/L) under 
non-fasting conditions. In the obese Zucker fatty rat 
TC levels (3.4 ± 0.2 mmol/L) were significantly 
higher (51%) than lean Zucker fatty  rats (1.7 ± 0.06 
mmol/L) under non-fasting conditions. In the obese 
Zucker fatty rat LDL cholesterol levels (0.3 ± 0.02 
mmol/L)  were  significantly lower (17%) than lean 
Zucker rats (0.4 ± 0.01 mmol/L) under non-fasting 
conditions. Obese Zucker fatty rat HDL cholesterol 
levels (1.6 ±0.2 mmol/L) were significantly higher 
(54%) than lean Zucker rats (0.8 ±0.06 mmol/L) 
under non-fasting conditions. 
 
Effect of 4 day treatment of obese Zucker fatty 
rats with Gynostemma pentaphyllum on 
hyperlipidemia. 
 
Acute 4 day treatment of obese Zucker rats with 
125 mg/kg GP had no effect on TG levels However, 
at 2 weeks treatment with 125 mg/kg GP TG levels 
were significantly reduced by  approximately 27% 
(from 3.9 ± 0.3 mmol/L to 2.8 ± 0.1 mmol/L).  
(Results not shown). Following 4 days of GP 
feeding of obese Zucker fatty rats at a dose of 250 
mg/kg TG levels were reduced by 36% (from 3.6 ± 
0.4 mmol/l to 2.3 ±0.2 mmol/L) (Fig.1a) . After 2 
weeks of feeding, TG levels were significantly 
reduced by 33%, from 4.1 ± 0.4 mmol/L to 2.8 ± 

0.3 mmol/L. At the end of the 5 weeks of feeding, 
TG levels were reduced significantly by 34%, from 
3.7 ± 0.6 to 2.5 ± 0.4 mmol/L (Figure 1a). TC levels 
were reduced by 13% following 4 days of GP 
feeding of obese Zucker rats at a dose of 250 
mg/kg, from 4.4 ± 0.04 mmol/L to 3.9 ±0.1 mmol/L 
(Fig.1b). Following 2 weeks of feeding, TC levels 
were reduced by 22%, from 4.5 ± 0.2 mmol/L to 3.5 
± 0.1 mmol/L. At the end of the 5 weeks of feeding, 
TC levels were significantly reduced by 22%, from 
4.1 ± 0.3 to 3.2 ± 0.2 mmol/L. (Fig. 1b). LDL 
cholesterol levels were reduced by 33% following 4 
days of GP feeding of obese Zucker rats at a dose of 
250 mg/kg, from 0.5 ± 0.02 mmol/L to 0.3 ± 0.03 
mmol/L (Fig.1c). Following 2 weeks of feeding, 
LDL cholesterol levels were significantly reduced 
by 36%, from 0.4 ± 0.02 mmol/L to 0.3 ± 0.02 
mmol/L. At the end of the 5 weeks of feeding, LDL 
levels were reduced by 42%, from 0.4 ± 0.03 
mmol/L to 0.3 ± 0.03 mmol/L. (Figure 1c). HDL 
levels were not affected in the GP-treated and non-
treated groups during the period of the study, with 
levels remaining almost constant (average value of 
1.5 mmol/L) (results not shown).There was no 
significant difference in weights of rats between 
groups treated with GP 250 mg/kg over the length 
of the study in both lean and obese strains (results 
not shown). After 5 weeks of GP 250 mg/kg 
feeding in both obese and lean Zucker rats, liver 
mass in the lean group was not changed. After 5 
weeks of GP 250 mg/kg treatment in both obese 
and lean Zucker rats, liver to body weigh ratio in 
the lean group was not changed. A 10% reduction 
in liver to body weigh ratio occurred in the obese 
group, but this was not statistically significant. 
 
Effect of 3-5 week treatment with Gynostemma 
pentaphyllum on post-prandial 
hypertriglyceridemia and hyperglycemia. 
 
The effect of chronic 3-5 week feeding GP on post-
prandial hypertriglyceridemia induced by 5 mg/kg 
of olive oil was examined in Zucker fatty rats. 
Obese Zucker rats administered GP 250 mg/kg by 
oral gavage for 3 weeks significantly reduced blood 
TG levels by 37% (from 4.0 ± 0.3 mmol/L to 2.5 ± 
0.1 mmol/L) 5 hr following olive oil administration. 
(Results not shown). In the control group, TG levels 
increased by 40%, whilst in the GP-fed group TG 
levels increased by 20%.(Data  not shown). After 5 
weeks of GP 250 mg/kg TG and glucose levels 
were measured 3 hr following administration of 10 
mg/Kg of olive oil administration. 
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Figure 1. Effect of single dose, 3 week and 5 week 
treatment of obese Zucker rats with Gynostemma 
pentaphyllum 250 mg/kg on hyperlipidemia. A Top 
Panel Total triglycerides. B. Middle Panel Total 
Cholesterol. C. Bottom Panel Low Density Lipoprotein 
cholesterol. N=5 for in each group, Mean  ± SEM. *= P 
< 0.05, **= P< 0.005, ***= P< 0.0005 relative to 
untreated control at each time point. 
 
 

GP pre-treatment significantly reduced TG 
levels by 47%, from 4.6 ± 0.7 mmol/L to 2.4 ± 0.4 
mmol/L. After 5 hr of administration of olive oil, 
GP pre-treatment significantly reduced TG levels 
by 18%, from 12.9 ± 0.03 mmol/L to 10.6 ±0.7 
mmol/L. In the control group, TG levels increased 
by 70%, whilst in the GP fed group TG levels 
increased by 35% over the 5 hour test 
period.(Figure 2a) GP reduced glucose levels by 
21%, from 9.0 ± 0.7 mmol/L to 7.1 ± 0.6 mmol/L. 
After 5 hr of administering olive oil, GP also 
reduced glucose levels by 21% from 10.3 ±0.03 
mmol/L to 8.2 ± 0.5 mmol/L. (Figure 2b). 

 

 
 
Figure 2. Effect of 5 week pre-treatment of obese 
Zucker rat with Gynostemma pentaphyllum in post-
prandial  hypertriglyceridemia and hyperglycemia after 
10 mg/kg of oral olive oil. A. Top Panel  Plasma 
triglyceride (TG) levels B. Bottom Panel Plasma Glucose 
levels. N=5 for in each group, Mean  ± SEM. *= P < 
0.05 comparing treated with the control at the same time 
period using student t-test. 
 
 
 
Effect of Gynostemma pentaphyllum on glucose 
levels in sucrose-loaded Sprague-Dawley (S-D) 
Rats.  
 
The effect of GP on blood glucose levels in normal 
S-D rats fed sucrose 1 g/kg vs control (vehicle and 
water) was examined. at 30, 60 and 120 min. 
Following sucrose loading, in the control group, 
glucose levels significantly increased by 
approximately 25%. GP had no significant effect in 
lowering sucrose-induced hyperglycemia  at 30, 60 
or 120 min following sucrose loading at doses of 
GP of either 125 or 250 mg/kg [results not shown]. 
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Effect of Gynostemma pentaphyllum in a glucose 
tolerance test in Zucker Rats. 
 
In the control obese Zucker fatty rat group, glucose 
levels increased from 6.1 ± 0.3 mmol/L to 15.7 ± 
0.8 mmol/L after 30 min and 16.7± 0.5 mmol/l after 
120 min. (Fig. 3A) In contrast, in the obese Zucker 
fatty rat group treated with GP 250 mg/kg , glucose 
levels increased from 6.2 ±0.2 mmol/L to 15.2 ± 1.4 
mmol/L after 30 min and 13.4 ± 1.2 mmol/L after 
120 min. Therefore, glucose levels in the control 
obese group rose by 174%, 120 min following 
glucose stimulation, whereas in the GP-treated rats, 
glucose level rose by only 114%. At 120 min, 
glucose levels were significantly (20%) less in the 
GP treated rats compared to the control group. 
(Figure 3A). 
 In the control lean Zucker rat group glucose 
levels increased 33% from 5.3 ± 0.5 mmol/L to 7.9 
± 0.5 mmol/L after 30 min and 34% 8.1±0.6 
mmol/L after 120 min. In contrast, in the lean 
Zucker rat group treated with GP 250 mg/kg, 
glucose levels increased from 5.9 ±0.3 mmol/L to 
8.3 ± 0.2 mmol/L after 30 min and 7.6 ±0.3 mmol/L 
after 120 min. Therefore, glucose levels in the 
control group rose by 52% 2 hr following glucose 
stimulation, whereas in the GP -treated rats, glucose 
levels rose by 27%. However at 120 min glucose 
levels were not significantly different in the GP-
treated rats group compared to the control group. 
(Figure 3B). 
 
Effect of Gynostemma pentaphyllum on α-
glucosidase activity in Vitro. 
 
Despite the lack of significant effect of GP on 
postprandial hyperglycemia in Zucker fatty rats the 
effect of GP was investigated in vitro on a 
glucosidase activity. Acarbose, a positive control,  
caused a 50% inhibition of α-glucosidase activity at 
53.9 µg/ml. (Figure 4a). By comparison GP caused 
a 50% inhibition of α-glucosidase activity at 42.8 
µg/ml (Figure 4b). 
 
Pathological analysis of Rat Tissues following GP 
treatment. 
 
Lean and obese Zucker rats were divided into 2 
groups, a control group receiving 1% CMC with an 
oral gavage every day for 5 weeks, and 250 mg/kg 
GP-treatment group by  oral gavage daily for 5 
weeks.  
 

 
 
Figure 3. Effect of Gynostemma pentaphyllum in a 
glucose tolerance test Zucker rats. A. Top Panel Obese 
Zucker Rats. B. Bottom Panel Lean Zucker Rats N=5 for 
in each group, Mean  ± SEM. *= P < 0.05 comparing 
treated with the control at the same time period using 
student t-test. 
 
 
All aorta, heart, liver, kidney, lung, spleen and 
duodenum samples appeared to exhibit normal 
pathology in both control untreated and GP-treated 
lean Zucker rats. Pancreatic islets were smaller in 
number and slightly enlarged relative to normal S-D 
rat pancreatic islets in both groups. In control 
untreated obese Zucker rats all pancreatic islet 
samples showed severe enlargements with the 
presence of large vacuolated cells. Spleen, kidney 
and duodenum samples were normal. Liver samples 
showed severe hepato-cellular swelling and 
vascular changes in all rats. Oil Red O and 
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VanGuessen stained heart samples showed normal 
endocardium and myocardium. Lung, spleen and 
duodenum samples were normal apart from small 
focal infiltration of cells.  Interestingly, two 
aorta samples showed only mild endothelial 
vacuolation. Tunica media for all 5 rats were 
normal. In GP-treated obese Zucker fatty rats all 
pancreatic islet samples showed severe 
enlargements with the presence of large vacuolated 
cells. Spleen, kidney and colon samples were 

normal. One liver sample showed severe hepato-
cellular swelling and vascular changes and the 
changes in the other four rats were moderate. All 
Oil Red O and VanGuessen stained heart samples 
showed normal endocardium and myocardium. All 
5 Oil Red O and VanGuessen stained aorta samples 
were normal with no signs of endothelial 
vacuolation or any other pathological changes. 
Tunica media for all 5 rats were normal. The overall 
results are compared in Table 1. 

 

 
 

 
 

Figure 4. Effect of Gynostemma pentaphyllum on α-glucosidase activity in vitro 
A. Top Panel IC50 for acarbose is 53.9 μg/ml. B. Bottom Panel IC50 for GP is 42.8 μg/ml. 
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Table 1. Comparison of pathological changes in control and Gynostemma pentaphyllum-250 mg/kg treated for 5 weeks in 
  obese Zucker rats. 

Tissue sample Control rats GP treated rats 
 No. of rats affected * out of 5 Severity of change No. of rats affected Severity of change 

Pancreatic 5 severe 5 severe 
islets  
Kidney Nil n/a nil n/a 
Duodenum Nil n/a nil n/a 
Liver 5 severe 5 1 server & 
    4 moderate 
Heart 2 Small focal infiltration nil n/a 
Aorta 2 mild vacuolation nil n/a 

 
 
DISCUSSION 
 
In addition to numerous studies where the Zucker 
rat has been used as a diabetic model, various 
studies have utilized this model for hyperlipidemia 
studies of evaluation of anti-hyperlipidemic 
medications such as the HMG-CoA reductase 
inhibitors to elucidate the mechanisms of action of 
statin therapy.(Kaism et al. 1992; Georges et al. 
1993) The obese Zucker rat, a genetically 
modified hyperlipidemic and diabetic rat, provides 
a suitable animal model to explore possible 
mechanisms of action of GP.  
 Previous studies in China and traditional 
use suggest anti-hyperlipdemic properties of GP. 
The anti-hyperlipidemic properties of GP, 
previously determined from the poloxamer model 
(Megalli et al. 1005), were again confirmed in the 
obese Zucker rat model. At a dose of 250 mg/kg, 
GP significantly reduced both plasma triglyceride 
and total cholesterol levels in single doses and up 
to 5 weeks dosing. However the effect of GP was 
more profound in studies over a 5 week period of 
administration, which also demonstrated a 
significant reduction in LDL levels. 
 The mechanism by which 
hypertriglyceridemia is induced in each of these 
models is, however, different. In the P407 model, 
triglycerides are mainly elevated via direct 
inhibition of LPL, thus reducing triglyceride 
degradation. However, in obese Zucker rats, 
hypersecretion of VLDL by the liver has been 
shown in liver perfusion, isolated liver cells and in 
vivo studies (Wang et al. 2003). Studies on obese 
Zucker fatty rats have shown the hyperlipiedemic 
state may be attributed to hypersecretion of hepatic 
VLDL and consequent saturation of the lipolytic 

removal of triglyceride-rich lipoproteins from the 
circulation (Wang et al. 2003). GP reduced 
triglyceride levels in both models; may be an 
indication that it acts on increasing LPL activity, 
hence increasing the degradation of triglycerides 
and/or reducing VLDL production in the liver. 
(Johnston and Palmer 1993; Megalli et al. 2005). 
 The present studies also highlighted the 
significance of the dose-dependent effects of GP .   
In contrast to the 250 mg/kg dose a dose of 125 
mg/kg of GP was not statistically effective in 
lowering either total cholesterol or triglyceride 
levels. The triglyceride-lowering effects of 
privastatin and atorvastatin were previously 
investigated in a Wistar rat model of post-prandial 
lipemia (Aoki et al. 2002). 
 Increased triglyceride levels were achieved 
in 4 hr after a fat load using the meal supplement 
Clinimeal® emulsion, and reached a maximum at 
6 hr. Both privastatin and atorvastatin were found 
to suppress the increase in plasma triglyceride. In 
this present model using Zucker rat where 
triglyceride levels were already elevated, pure 
olive oil was additionally used as a source of fat 
load. Following olive oil administration, in the 
control group TG levels increased by 70%, while 
in the GP-fed group TG levels increased by only 
35%. Therefore, GP reduced the increase in 
triglyceride levels by 50%. A possible explanation 
of this reduction in triglyceride levels is that GP 
may suppress the secretion of chylomicron-
triglyceride complexes into the lymph. 
 In this study, marked pathological 
differences between lean and obese Zucker rat 
strains were also observed. The obese strain 
showed some pathological abnormalities in liver, 
pancreas, heart and aorta samples, compared to 
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lean rats, which showed normal morphology. The 
effect of GP on tissue pathology was investigated. 
Tissue samples collected after 5 weeks of GP 250 
mg/kg oral gavage treatment of obese Zucker rats 
demonstrated some positive protective findings. 
Firstly, liver samples in the non-treated group 
showed severe hepatocellular swelling and 
vascular changes compared to moderate changes 
in the GP treated group. This observation was 
supported by results showing a trend in reduction 
in both liver mass and liver to body weight mass in 
the treated group. The pathological findings further 
support previously published results, investigating 
the hepatoprotective activity of gypenosides 
(Kimura et al. 1983; Lin et al. 1992). 
 Total gypenosides reduced serum levels of 
R-glutamine transaminase as well as hepatic lipid 
peroxide in rats with liver damage as a result of 
hyperlipidemia achieved by a high fat diet (Kimura 
et al. 1983). Secondly, aorta and heart samples 
obtained for GP 250 mg/kg-treated rats displayed 
normal morphology compared to those obtained 
from non-treated rats. By contrast, some aortas 
obtained from non-treated rats showed mild and 
moderate vacuolation of cells. While these 
pathological observations are only qualitative; in 
light of these findings the possible cardioprotective 
GP properties require further investigation. It 
should also be noted that no pathological 
differences were observed in either treated or non-
treated groups in pancreas, spleen, kidney and 
duodenum samples. In addition, no pathological 
differences were noted in GP- treated or non-treated 
groups in lean Zucker rats. 
 Obese Zucker rats were employed to 
investigate the effect of GP on lipid metabolism. 
However, an effect of GP on anti-diabetic activity 
was observed during the course of these studies. 
Reductions in glucose levels in GP-fed obese 
Zucker rats were observed. 
 A glucose tolerance test was used to 
indicate the response of insulin receptors to the 
elevation of exogenous glucose thus serving as a 
measure of sensitivity of insulin receptors to a 
glucose load. In the obese Zucker rat, the sensitivity 
of insulin receptors to glucose is significantly 
reduced (Lee et al. 1997). Therefore, it is a suitable 
animal model to test xenobiotics which may 
potentially improve sensitivity to insulin receptors.  
Obese Zucker rats were very sensitive to exogenous 
glucose-induced hyperglycemia. Following glucose 
feeding to obese Zucker rats, glucose levels were 
increased by approximately 174%, however, lean 
Zucker rats displayed less sensitivity to the 

exogenous glucose-induced hyperglycemic effect, 
glucose levels increased by approximately 52% 
following glucose feeding at both time intervals. 
 Interestingly, GP was found to be effective 
in significantly reducing glucose levels by 20% 
compared to treated and non-treated rats in the 
obese strain at the 120 min interval. In a rat with a 
normal homeostatic response to glucose, 
stimulation with exogenous glucose is expected to 
raise glucose levels at both the 30 min and 120 
min period. Improvement of insulin sensitivity by 
drug treatment is expected to lower glucose levels 
at 120 min relative to 30 min relative to the 
untreated control. No significant reduction in 
glucose levels at 120 min was achieved by GP 250 
mg/kg treatment in the lean strain, in contrast to 
the 20% decrease seen in the obese rat. GP may 
improve the sensitivity of insulin receptors to 
exogenous glucose in the obese Zucker rats. The 
lack of effect found in the lean strain could 
indicate that GP may not produce a hypoglycemic 
effect in situations of normal blood glucose 
regulation. This pharmacodynamic effect of GP 
has not reported in previous studies. 
 To further investigate these findings, the 
effect of GP on glucose levels in sucrose-loaded 
SD rats was also studied. GP was found to have no 
effect on reducing glucose levels relative to 
untreated controls in this model. This suggests a 
lack of gastric emptying effect of GP, as increased 
gastric emptying of sucrose would lower glucose 
absorption. Our findings suggest effects of GP on 
the digestion of sucrose by α-glucosidase activity 
in the small intestine in vivo are unlikely. α-
glucosidase is a disaccharide-degrading enzyme in 
the small intestinal mucosa and α-glucosidase 
inhibitors cause a decrease in the absorption and 
digestion of glucose into the blood with 
subsequent lowering of the blood glucose level 
(Gavin 2001). The effect of GP on α-glucosidase 
activity was also examined in an in vitro study, 
where GP was found to have an inhibitory effect 
on α-glucosidase activity. In addition, these results 
may also suggest that the combination of 
gypenosides at these doses studied may have no 
direct effect on the secretion of insulin, as glucose 
levels were not significantly reduced in the sucrose-
loaded S-D rat model, as well as in the lean strain of 
the Zucker rat in the glucose tolerance test. 
Nevertheless, it should be noted that the present 
results were obtained after single dose treatment, 
whereas 3-5 week treatment to steady state may 
have provided different results. Previous studies 
have suggested that phanoside isolated from 
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Gynostemma pentaphyllum has insulin secreting 
effects in Wistar rats (Norberg et al. 2004). 
 In conclusion, the present studies were able 
to demonstrate an anti-hyperlipidemic effect of GP 
in the Zucker rat model, where it possibly acts by 
inhibiting VLDL production. Also, the results 
obtained do not exclude an intestinal site of action 
of GP, where it may act by suppressing the 
secretion of chylomicron-triglyceride complexes 
into the lymph. In addition, pathological 
examinations of GP suggest which cardioprotective 
and hepatoprotective properties should be further 
evaluated. The present studies were also able to 
demonstrate a potential new effect of GP in 
diabetes, where the results obtained in obese Zucker 
rats were consistent with increased insulin receptor 
sensitivity by GP, as demonstrated by the glucose 
tolerance test. Given these positive results and 
promising chronic toxicological evaluation in 
rodents (Attawish et al. 2004) human clinical trials 
have been initiated.(Chou et al. 2006). 
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