Thesis Title Effects of the Aqueous Extract of Gynostemma pentaphyllum
(Thunb.) Makino on Insulin Resistance in High-Fat Diet with
Streptozotocin Induced Type 2 Diabetic Rats

Author Miss Waranya Keapai

Degree Master of Science (Physiology)

Thesis Advisory Committee
Dr. Narissara Lailerd Advisor

Asst. Prof. Dr. Anchalee Pongchaidecha Co-advisor

ABSTRACT

Type 2 diabetes mellitus (T2DM) is a complex heterogeneous group of
metabolic disorders including impairment of peripheral tissue to insulin action and/or
insulin secretion. Insulin resistance is a major hallmark of T2DM and obesity in the
skeletal muscle. The insulin resistance is characterized by the impairment of insulin-
mediated glucose transport and glycogen synthesis, and the increased intramyocellular
content of lipid metabolites. An elevated plasma free fatty acid (FFA) is a risk factor
for developing insulin resistance because it directly inhibits glucose transport to the
skeletal muscle and causes triglyceride accumulation in the muscle, which is an early
step in the development of FFA-induced insulin resistance.  Gynostemma
pentaphyllum (Thunb.) Makino (GP) displays anti-hyperglycemic and lipid-lowering
actions in both diabetic patients and diabetic rats. However, the effects of GP on the
insulin resistance in diabetic condition have not been investigated. In addition, most
of the beneficial health effects of GP previously reported was obtained from the
ethanol extract of GP compared with the aqueous extract. In present study, we
investigated the effect of aqueous extract of GP (GPE) in ameliorating insulin
resistance in the high-fat diet with streptozotocin (STZ) induced type 2 diabetic rat

model.



Adult male Wistar rats were divided into four groups of 8 each; normal control
(NC), normal with GPE supplement (NC-GPE) group, diabetic control (DMC), and
diabetes with GPE supplement (DM-GPE). Type 2 diabetes was induced by a model
of high-fat diet fed with a low-dose STZ injection. The extract of GP (300 mg/kg
body weight) was daily administrated by oral gavage to the NC-GPE and DM-GPE
groups for 20 weeks. An oral glucose tolerance test (OGTT) was performed at the
end of experiment. At the end of experiment, the animals were sacrificed, and then
blood and tissue samples were collected for biochemical analyses. Triglyceride
contents in the liver and skeletal muscles were determined. Glucose transporter 4
(GLUT4), insulin receptor substrate-1 (IRS-1) expression, the serine 307
phosphorylation of IRS-1, protein kinase C-0 (PKC-0) expression and the threonine
538 phosphorylation of PKC-6 were examined using immunoblotting technique.

Visceral obesity with the significant increases of fasting plasma glucose,
triglyceride, and FFA levels including the marked triglyceride accumulations in liver
and skeletal muscles were observed in the DMC group (p<0.05). There was also, an
impaired glucose tolerance as indicated by an increase in total area under the curve for
glucose (TAUC,) and the corresponding increase of HOMA index in the DMC group.
In addition, the significant decreases in total GLUT4 protein content and IRS-1
protein expression (p<0.05), with the apparent increases in the IRS-1 Ser 307
phosphorylation, expression and phosphorylation of PKC-6 (p<0.05) were also noted
in the soleus muscle of the DMC group.

GPE supplement significantly decreased fasting plasma parameters and
triglyceride contents in the liver and skeletal muscle (p<0.05). The significant
decreases in HOMA index and TAUCy in the DM-GPE group indicated an improved
insulin sensitivity. In addition, the IRS-1 Ser 307 phosphorylation significantly
decreased in parallel with an apparent reduction in the expression and
phosphorylation of PKC-6 in soleus muscle of the DM-GPE group compared with the
DMC group (p<0.05). Also, the total GLUT4 protein content was significantly
restored in the DM-GPE group.

These study results suggested that T2DM rats induced by high-fat diet with STZ

injection had hyperglycemia and visceral obesity with apparent insulin resistance.



Vi

GPE supplement showed anti-hyperglycemic and lipid-lowering effects together with
enhanced insulin sensitivity in diabetic rats. GPE supplement also ameliorated the
impaired proximal insulin signaling, PKC-6 signaling and glucose transport system in
skeletal muscle of diabetic rats which might be secondary to the decreased
hyperlipidemia. These findings indicate that GPE used in the present study may have
potential in prevention and/or in treatment of diabetes and the pre-diabetic state of
insulin resistance.
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