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ABSTRACT

Impaired glucose tolerance (IGT) is a condition associated with insulin resistance
(IR) and an increased risk of type 2 diabetes mellitus (T2DM). Elevated plasma free
fatty acid (FFA) accompanied with the accumulation of lipids and lipids metabolite
plays an important role in developing IR. A decrease in insulin-stimulated glucose
disposal which is due to impaired insulin-signaling cascade has been reported in obese
insulin resistant rats. Curcuminoids display antihyperglycemic and lipid-lowering
actions in both diabetic and obese rats. Curcuminoids also prevent liver triglyceride
(TG) accumulation and epididymal adipose tissue weight gain in high-fat fed rats.
However, its effects on insulin signaling have not yet been verified. In the present
study, we hypothesized that the administration of curcuminoids supplement
ameliorated the defect in insulin-signaling cascade in the skeletal muscle of high-fat
induced obese rats with IGT.

The experiments were performed on male Wistar rats. The animals were
randomly divided into two groups; the control normal diet (ND, n=10) and the control
high-fat diet (CHF, n=30). The animals in the ND group consumed a diet containing
fat at 20% of the total energy in the diet (%E) for 20 weeks while those in CHF group
received a high-fat diet containing fat at 60%E. After 10 weeks of the dietary period,



the animals in the CHF group were subdivided into 3 groups: high-fat diet (HF), high-
fat diet with curcuminoids supplement (CUR) and high-fat diet with pioglitazone
treatment (PGT). Curcuminoids (100 mg/kg BW) or pioglitazone (10 mg/kg BW)
was administered by oral gavage to the CUR and PGT groups, respectively, from the
11™ week until the 20" week. An oral glucose tolerance test (OGTT) was carried out
at week 10 and 20. At the end of experiment, the intravenous insulin glucose
tolerance test (IVIGTT) was performed to determine the insulin sensitivity. The
animals were then sacrificed, and blood and tissue samples were collected for
biochemical analysis. Triglyceride content in the liver and skeletal muscle were
determined. Glucose transporter 4 (GLUT4), insulin receptor substrate-1 (IRS-1) and
the serine 307 phosphorylation of IRS-1 protein expression in skeletal muscle were
detected using electrophoresis technique.

The results showed that 10 weeks of high-fat feeding led to a marked increase in
body weight accompanied by an increased energy intake (»<0.05). Compared with
the ND group, fasting plasma glucose, free fatty acid (FFA), and triglyceride (TG)
levels were significantly elevated in the CHF group (p<0.05), while fasting plasma
insulin levels tended to increase (p>0.05). HOMA index and both the total and
incremental areas under the curve for glucose (TAUC, and IAUC,) increased
significantly higher in the CHF group than in the ND group (p<0.05). These results
suggested that the rats that received the high-fat diet for 10 weeks exhibited obesity,
whole body insulin resistance and IGT.

After 20 weeks of the dietary period, the visceral obesity and the significant
increase of fasting plasma glucose, FFA, TG and insulin levels were observed in the
HF group compared with the ND group (p<0.05). TG accumulation in the liver and
skeletal muscle significantly increased in the HF group (p<0.05). The percent
changes of TAUC, and IAUC, from weeks 10 to 20 indicated that the degree of
developed IGT significantly increased (p<0.05) while the insulin sensitivity as
expressed by K value apparently decreased in the HF group with respect to the ND
group (p<0.05). The total GLUT4 and IRS-1 expressions significantly decreased
while the serine 307 phosphorylation of IRS-1 in the soleus muscle significantly
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increased in the HF group compared with the ND groups (p<0.05), suggesting defects
in the glucose transport system and the early insulin-signaling step.

Curcuminoids supplement significantly decreased fasting plasma glucose, insulin,
TG, and FFA levels (p<0.05). There were significantly decreased TG contents in the
liver, and skeletal muscle in the CUR group compared with the HF group (p<0.05).
Curcuminoids supplement also significantly lowered the serine 307 phosphorylation
of IRS-1 and restored the GLUT4 expression in the soleus muscle of high-fat fed rats
with IGT (both p<0.05). Insulin sensitivity (K value) was significantly higher in the
CUR than in HF groups (p<0.05). Correspondingly, the degree of deteriorated IGT
and the developed HOMA index in high-fat fed rats were significantly decreased by
curcuminoids supplement (p<0.05).

These findings showed that high-fat feeding induced visceral obesity and IGT
with decreased overall insulin sensitivity. The decreased GLUT4 and IRS-1
expressions with an increased IRS-1 Ser 307 phosphorylation in the soleus muscle of
high-fat induced obese rats with IGT suggested defects in the insulin-signaling step.
Curcuminoids supplement ameliorated the impaired expression and function of the
insulin-signaling in the skeletal muscle which partly contributed to improved insulin

sensitivity in high-fat induced obese rats with IGT.
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