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Evaluating the effects of metformin on irisin and serum biochemical
parameters in male sprague-dawley rats fed by a high-fat emulsion
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Abstract. Irisin is a myokine secreted mostly by muscles after exercise, and its secretion level changes in metabolic
disorders. The aim of present study was to investigate the effect of metformin on changes in the levels of plasma irisin,
blood glucose and insulin resistance in male Sprague-Dawley rats receiving a high-fat emulsion diet. Twenty-four rats
were divided into a normal control group (n = 8) and a high-fat diet group (n = 16). Then, high-fat diet group was divided
into two subgroups, including high-fat diet control group (n = 8) and metformin group (n = 8). The normal control group
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received a standard diet. The high-fat diet control group received a high-fat emulsion diet containing corn oil by gavage
on a daily basis for six weeks, and the metformin group received a high-fat emulsion diet with metformin (250
mg/kg/daily). At the end of the six-week period, factors such as glucose, insulin, irisin, Adiponectin, insulin resistance,
liver enzymes, tumor necrosis factor a (TNF-a), serum lipid profile, lipid profile and lipid peroxidation in liver were
measured and PGC-1a gene expression were examined in adipose tissue by Real-time PCR method. Liver histological
tests with hematoxylin-eosin staining were performed to evaluate fat accumulation in liver tissue. Blood glucose level,
insulin resistance, adiponectin, serum irisin level and liver lipid profile in the group receiving high-fat diet compared to
the normal control group increased significantly (P <0. 05). Treatment with metformin caused a significant decrease in
the level of these parameters compared to the high-fat diet group (P <0. 05) and an increase in the expression of PGC-
la gene in adipose tissue was observed in this group. As insulin resistance increased in rats receiving the high-fat diet,
serum irisin level also increased, and with improving blood glucose and insulin resistance by metformin, serum irisin
level was decreased. These results suggested that the elevated irisin levels may be a compensatory response to insulin
resistance and impaired glucose metabolism. Hence, irisin could be considered as a potential target for the treatment of

type 2 diabetes.
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Table 1. The composition and caloric content of the high-fat emulsion diet.

Component

High-fat emulsion

Corn oil (g)
Saccharose (g)
Total milk powder (g)
Cholesterol (g)

Sodium deoxycholate (g)
Tween 80 (g)

Propylene glycol (g)
Vitamin mixture (g)
Cooking salt (g)
Mineral mixture (g)
Distilled water (ml)
Total energy (kcal/l)

400
150
80
100
10

36.4
31.1
2.5
10
1.5
300
4342

Real-time PCR ;5 oolitl 5,50 sl youl s Jlgi =¥ Jgizr
Table 2. Sequences of primer used in real-time PCR.

Gen

. Sequence Size ™ GC (1)
Amp. Size
PGCla-F:144 GCTGAAGCCCTCTTGCAAGAC 21 60 57
PGCla-R: 144 ACTGAGGACTTGCTGAGTTGTGC 23 60 52
GAPDH-F:105 CAACTCCCATTCTTCCACCTTTG 23 60.5 43
GAPDH-R: 105 CTGTTGCTGTAGCCATATTCATTGTC 26 60 42
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Table 3. Results of body weight gain and liver index.

_ High fat diet Metformin
Groups Normal control (n=8) (n=8) (n=8)

Welgg)gam 68.00 + 6.83 52724 17.17 34.66 % 9.85 *

L‘szf%‘);ldex 3.64+0.17 43540464 0.3724.21
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Effect of metformin on Body weight gain (g) and Liver index (%) in normal control group (NC), high fat diet group
(HFD) and metformin group (Met) that recived HFD with metformin (250 mg/kg/daily).

* represents p < 0.05 compared with the HFD group.
# represents p < 0.05 compared with the NC group.
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Table 4. Results of serum and liver biochemical parameters.

Metformin
Groups Normal control (n=8)High fat diet (n=8) n=8
Triglycerides (mg / dL) 2597 +14.13 63.88+19.48# 20.32+0.51*
Total cholesterol (mg / dL) 46.10 = 7.50 7990+ 13.50 # 42.18 +£0.49 *
HDL-C (mg/dL) 32.18+11.41 42.67+10.28 23.01£0.68 *
LDL-C (mg/dL) 21.17+335 61.54+2139# 15.63+0.38*
VLDL (mg / dL) 5.18+2.83 1549+ 7.12# 4.06+0.1*
Free fatty acid (mg / dL) 35.56 £ 6.20 56.9+£584# 31.9+0.66*
Aspartate aminotransferase (units per liter( 269 + 45 286 +42 304+ 8
Alanine aminotransferase (units per liter( 84+9 88 +£ 15 85+5
Adiponectin (pg/dl) 6.76 £ 0.53 5.10£1.01# 623+024%*
Insulin (nano U/ml) 331.13+£52.5 43431 +35.8# 34523+£3.2*
Tumor necrosis factor a (pg / ml) 104.3+93 1209+ 1036 # 98.52+0.43 *
Liver triglycerides (um/g of tissue) 13.50 +£0.75 1440+ 0.74# 13.37+£0.58 *
Liver cholesterol (um/g of tissue) 11.70 = 0.64 12.80+0.52# 11.91+0.89 *
Liver Superoxide dlsm.utase (unit per mg of 81.84 + 4.65 76,47 + 5.63 76.41 4 4.89
protein)
Liver Malondialdehyde (nm/g of protein) 591+0.46 6.65+024# 584+£057*

S shen VO (i d ailly) 45 (e j5iin 09,5 9 iz 3y oy U Slog S 3 w5 g e (ploentisn bbb Gl 2 Geejgiie SIS
Dged LBl S (e jygie W )35 5 glkS
el Oz w25, 09,5 L (P<0.05) o sixe &olal glas ooy lis
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High density lipoprotein (HDL-C).
Low density lipoprotein (LDL-C).
Very low density lipoprotein (VLDL-C).
Effect of metformin on serum and liver parameters in normal control group (NC), high fat diet group (HFD) and
metformin group (Met) that recived HFD with metformin (250 mg/kg/daily).
* represents p < 0.05 compared with the HFD group.
# represents p < 0.05 compared with the NC group.
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Figure 1. Effect of metformin on serum glucose level in normal control group (NC), high fat diet group (HFD) and
metformin group (Met) that recived HFD with metformin (250 mg/kg/daily).

** represents p < 0.01 compared with the HFD group.
# represents p <0.05 compared with the NC group.
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Figure 2. Effect of metformin on Insulin resistance HOMA — IR in normal control group (NC), high fat diet group
(HFD) and metformin group (Met) that recived HFD with metformin (250 mg/kg/daily).
** represents p < 0.01 compared with the HFD group.
# represents p < 0.05 compared with the NC group.
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Figure 3. Effect of metformin on serum Irisin level in normal control group (NC), high fat diet group (HFD) and
metformin group (Met) that recived HFD with metformin (250 mg/kg/daily).

** represents p < 0.01 compared with the HFD group.
# represents p <0.05 compared with the NC group.
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Figure 4. Effect of metformin on PGC-1a gene expression (Normalize with GAPDH) in normal control group (NC),
high fat diet group (HFD) and metformin group (Met) that recived HFD with metformin (250 mg/kg/daily).

** represents p < 0.01 compared with the HFD group.
# represents p < 0.05 compared with the NC group.
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Figure 5. Photomicrograph of liver tissue slices in all groups after hematoxylin - eosin staining. Liver tissue in normal
control group was normal (A). Liver sections from the high-fat diet group displayed obvious macro and microvesicular
fat droplets (B). In Met group after six weeks of a high-fat emulsion diet feeding, did not observed obvious macro and
microvesicular fat droplets (C) (X 100).
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