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Abstract: To investigate the effects of metformin on pancreatic f-cell function and its possible mechanism,
high fat diet-induced type 2 diabetic C57BL/6J mice were divided into two groups according to fasting blood
glucose (FBG), glucose decreasing rate at 40 min of insulin tolerance test, triglycerides (TG), cholesterol (CHO)
and body weight (BW). The C57 mice were gavaged with water or metformin for 58 days. f-Cell function
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was evaluated by oral glucose tolerance test and hyperglycemic clamp. Genes and proteins related to pancreas
proliferation, lipid metabolism and endoplasmic reticulum stress were investigated. Compared with the model
group, metformin group exhibited a reduction in the body weight (P<0.01), plasma TG and CHO (P<0.05),
and the area under the curve (AUC) (P <0.05) of glucose tolerance test. The glucose infusion rate during
clamp was improved (P<0.05) and the fasting insulin level was decreased in the metformin group (P <0.05).
Metformin significantly upregulated the gene expression of pancreatic and duodenal homeobox 1 ( Pdx-1,
P<0.01) and liver X receptor S (Lxr-f, P<0.01). Western blot results showed that, the protein expression
of PDX-1 was significantly upregulated (P<0.01). Endoplasmic reticulum stress related protein of activating
transcription factor 4 (ATF4, P<0.001) and C/EBP homologous protein (CHOP, P <0.05) were also down-
regulated. These results suggest that metformin could improve the insulin secretion function of type 2 diabetic
CS57BL/6J mice. The mechanism of the action may rely on its improvement of pancreas cell proliferation, lipid
metabolism and amelioration of endoplasmic reticulum stress.
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Table 1 Animal grouping. C57 mice were grouped according to the fasting blood glucose (FBG), blood glucose (BG) decrease at 40
min in the insulin tolerance test (ITT), triglycerides (TG), cholesterol (CHO) and body weight (BW). There is no significance between

the two groups. n=10, mean+SEM

Group FBG/mg-dL™' BG decrease at 40 min in ITT/% TG/mg-dL™" CHO/mg-dL™" BW/g
Model 118.6 £3.4 —21.7+5.7 674+ 1.5 239.8 +16.1 480+ 1.5
Model+Met 117.7+£52 -20.0+6.8 71.8 +4.1 240.4 +20.8 48.0+ 1.6
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Figure 1 Body weight of C57 mice were recorded every three

days during 58 days treated with vehicle or metformin (Met,
200 mg-kg " ig, once daily). n=8-10, mean=SEM. "P<0.05,
"P<0.01 vs model group
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Table 2 Plasma lipid levels in C57 mice after 49 days of treat-
ment of metformin. n=8-10, mean + SEM. *P<0.05, "p<
0.001 vs Con group; "P<0.05 vs model group

Group TG/mg-dL™ CHO/mg-dL™!
Con 68.0 +3.7 55.0 = 13.1
Model 92.8 + 6.8* 167.4 + 10.2"**
Model+Met 73.0+3.5" 1379+ 6.5
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Table 3 Plasma glucose level and area under the curve (AUC) of introperitoneal glucose tolerance test (IPGTT) after 49 days treatment

of metformin.
AUC was calculated according to glucose levels.
model group

After 4 h of fasting, the mice were injected with 2 g -kg"' glucose.
n=8-10, mean+ SEM. “P<0.05, *P<0.01 vs Con group; "P<0.05, “P<0.01 vs

Glucose at 0, 30, 60 and 120 min were tested and the

Glucose/mg-dL™"

Group AUC/mg-dL™"h™!
0 min 30 min 60 min 120 min
Con 1147 £42 1758 3.7 149.8 + 3.4 1282 +3.9 293.0 + 5.0
Model 1192 +4.8 221.0 + 13.6" 201.0 + 17.0* 148.5+11.6 366.0 + 25.6"
Model+Met 96.3+5.1" 171.7 £ 13.9" 150.5 = 13.5 126.4 + 6.4 286.0 +20.0°
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Figure 2 The p-cell sensitivity to glucose in C57 mice is improved after treatment of metformin.

0 T T T T T T
0 20 40 60 80 100

Time / min

T 1
120 140

A: Plasma glucose; B: Glucose infusion

rate; C: Plasma insulin level; D: Insulin stimulation ratio during the hyperglycemic clamp in C57 mice treated with vehicle or metformin

for 52 days. Mice were fasted for 4-6 h before the experiment.

n=4-5, mean+SEM. P<0.05,

ok

P<0.001 vs model group
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Western blot Z5 827~ (B 5A), 5 Con AHAHLL,

Figure 3 The effects of metformin on histopathological morphology of the pancreas of C57 diabetic mice.

Model group; C: Model+Met group.  Arrow, fat drop and fibroblast.
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Figure 4 Pdx-1 (A) and Lxr-f (B) mRNA levels.
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B PR P T T N SR A 11 2% A T B R S aE o A

Model+Met
T

A: Control group; B:
HE, hematoxylin and eosin staining

joe]

Relative Lxr-f mRNA

0

Con Model Model+Met

Total RNA was extracted from pancreas of C57 mice and analyzed by real-time PCR.

Results are means = SEM determined from three experiments performed in triplicate or quadruplicate and are expressed as fold-change of

mRNA levels in control C57 mice pancreas.
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#p<0.01, "™ P<0.001 vs Con group; ~P<0.01 vs model group
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Figure 5 Western blot analysis (A) comparing changes in pancreatic protein expression of PDX-1 (B), phosphorylated elF2a (C),

ATF4 (D) and CHOP (E) of C57 mice.

e

“P<0.01, "P<0.001 vs model group

Total elF2a and f-actin protein served as loading controls.
by densitometry and are expressed as fold change compared with control.

All the bands were quantified
n=3-4, mean+ SEM. #P<0.01 vs Con group; *P<0.05,
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