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ABSTRACT 
Atherosclerosis is a vascular disease that is the main cause of hypercholesterolemia. Statins are the most 

effective cholesterol-lowering drugs to date and metformin is also thought to have anti-atherosclerotic effects 

in addition to hypoglycemic effects. Statin-associated muscle symptoms (SAMS) are the effect of statin use up 

to 72%. To determine the effectiveness of the combination of simvastatin and metformin following the 

atherogenic diet in male Wistar rats. All rats were divided into five experimental groups. The negative control 

group (n = 5), the positive control group were given the atherogenic diet alone (n = 5), the P1 group were 

treated with simvastatin 20 mg / BW / day (n = 5), the P2 group were treated with simvastatin 40 mg / BW / 

day (n = 5), the P3 group were treated with simvastatin 40 mg / BW / day and added with metformin 2 g /BW. 

All drugs were given after a two-week atherogenic diet. All groups of rats were measured for body weight and 

length before the diet, in the second week, and after four weeks. Before the rats were sacrificed, blood is 

drawn to be measured for cholesterol, creatinine, ALT, and AST. After four weeks, the animals were sacrificed 

and collected for the aorta, liver, and muscles of the right leg organ. All the organs were then measured for 

their weight. In the measurement of the aortic organ weight (P = 0.041), there was a significant difference in 

the results in each treatment group, while the examination of the weight of the liver (P = 0.077) and leg 

muscles (P = 0.831) was not a significant difference in each group. On cholesterol measurement, there was a 

significant difference (P = 0.000) in each treatment group, while there was no significant difference in creatinine 

(P = 0.052), ALT (P = 0.059), and AST (P = 0.824) levels. On body weight (P = 0.003), Body Mass Index (BMI) 

(P = 0.002) and Lee index (P = 0.002) measurement, there were significant differences after the diet in each 

group, while body length (P = 0.249) was not significantly different after diet in each group. Conclusion We 

conclude, there is an association between simvastatin and metformin combination administration in male 

Wistar rats after being given an atherogenic diet. 

Keywords:  Atherogenic diet, atherosclerosis, hepatotoxic, metformin, simvastatin, statin-associated muscle 

symptoms 

 
INTRODUCTION 

Atherosclerosis is a vascular disease that is the 
main cause of hypercholesterolemia (Shahawy & 
Libby, 2019). Cardiovascular disease risk factors, 
including dyslipidemia, smoking, hypertension, 
diabetes mellitus, and lack of activity play an 
important role in the occurrence of atherosclerosis 
(Boucher et al., 2020). During atherosclerosis, 
abnormal serum lipid levels accumulate to 
become cholesterol cells through absorption of 
LDL particles that form foam cells (Tedjokusumo, 
2016). This accumulation forms the basis of 
progression to various diseases (Lily et al., 2019). 
The most common cause of death from 

atherosclerosis is reduced oxygen supply to the 
coronary arteries, causing myocardial ischemia 
(Indonesian Heart Association, 2018). 
The statin class is the drug of choice and the most 
effective way to lower LDL cholesterol (Rumi & 
Safaruddin, 2016)(Mann et al., 2015). The 
agents of this group most frequently used are 
simvastatin and atorvastatin (Rumi & Safaruddin, 
2016). The effect of statins reduces serum LDL 
levels by 20 to 55%, depending on the type of 
drug used and the dose (Ward et al., 2019).  
Myalgia is the most common cause of patients 
taking statins, making up 72% of all statin side 
effects (Kabo, 2014)(Taylor and Thompson, 
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2018). Among serious but rare muscle side effects 
are rhabdomyolysis and statin-induced 
necrotizing autoimmune myopathy (SINAM) 
(Golomb and Evans, 2010). Rhabdomyolysis is 
usually diagnosed with a creatine kinase (CK) 
level> 10 times the upper limit of normal, with 
evidence of renal impairment, and no other cause 
of muscle injury (Ramkumar, Raghunath and 
Raghunath, 2016). Simvastatin is more likely to 
cause a tenfold increase in the level of kidney 
function (Luo et al., 2017).  Statin toxicity can also 
give rise to an increase in aminotransferase with 
symptoms that may be asymptomatic but may 
increase in liver enzyme activity, with an increase 
in aminotransferase activity> 3X (Taylor and 
Thompson, 2018). 
Metformin is the only class of oral hypoglycemic 
biguanides available and used to date (Van Stee, 
de Graaf and Groen, 2018). Metformin also has 
anti-atherosclerotic properties beyond its glucose-
lowering effects (Brunton, Hilal-Dandan and 
Knollmann, 2018). This drug was also found to 
reduce LDL and VLDL (Rang et al., 2012).  
The combination of metformin with statins can 
enhance the anti-atherosclerotic effect and 
counteract some of the unwanted side effects of 
statins (Van Stee, de Graaf and Groen, 2018). In 
this study, we aimed to investigate the 
effectiveness of the simvastatin and metformin 
combination following the atherogenic diet in 
male Wistar rats. 
 

METHODS 

This research has been approved by the Health 
Research Ethics Committee of the Medical Faculty, 
Hasanuddin University with letter number 685 / 
UN4.6.4.5.31 / PP36 / 2020. Twenty-five male 
Wistar rats weighing 200 ± 10 g at two months 
of age were adapted for one week with standard 
feed. Then divided into five experimental groups. 
Negative control (KN, n = 5), positive control (KP, 
n = 5), the intervention group: P1 was given 
simvastatin 20 mg / day (n = 5), P2 was given 
simvastatin 40 mg / day (n = 5), and P3 was 
given simvastatin 40 mg / day in combination 
with metformin 2 g / day (n = 5). All intervention 
groups will be given drugs after the second week 
of the atherogenic diet. All groups except KN 
were given an atherogenic diet (Modified Western 
Type Diet (MWTD)  ± 15.8% fat and ± 1.25% 
cholesterol) using sonde for four weeks (Getz and 
Reardon, 2006). All rats were kept in open 
drums, in good ventilation conditions, light / dark 
cycle of 12 hrs / 12 hrs. Each cage contains three 
mice with access to AD2 food and free drinking 
ad libitum. 
To treat or prevent atherosclerotic plaque 
formation by lowering cholesterol levels. We 

prepared simvastatin at a dose of 20 - 40 
mg/day (Alberton et al., 2012)(Newman et al., 
2018), and to achieve an anti-atherosclerotic 
effect metformin 2 g / day was added (with two 
administrations)  (Petrie, Chaturvedi, Ford, and 
Martijn, 2018)(Luo et al., 2019). Administration 
of simvastatin and metformin was previously 
dissolved in 0.5% CMC after that given orally 
using a sonde. 
After four weeks, all the rats were sacrificed. 
Along the aortic arch to the border of the iliac 
artery, the liver, and muscles of the right leg (up 
to the ankle) were collected. All tissues that had 
been collected were then rinsed and cleaned 
using 0.9% NaCl. After the cleaning process, all 
the tissues were weighed using analytical scales. 
Measurement of body weight and body length 
was carried out before the diet, the second week, 
and after the diet was completed. The results of 
measurements and anthropometric calculations 
are body weight, body length (naso-anal), BMI 

(gr/cm2), Lee index (
√𝐵𝐵𝑥10

𝑃𝐵 (𝑚𝑚)
) (Ridwan et al., 

2019)(Rabiu et al., 2017). 
Before all the rats were sacrificed, 3-4 cc of 
venous blood was taken from the tails. The blood 
sample was then centrifuged to produce serum. 
The serum is then measured for cholesterol, 
creatinine, ALT, and AST. Serum was examined at 
the Clinical Pathology Laboratory of Hasanuddin 
University Hospital. 
The results of statistical data were analyzed using 
SPSS version 20 with a confidence interval of 95% 
(α = 0.05). All data were compared for each test 
group using One Way ANOVA or the Kruskal 
Wallis method. Followed by Tukey's Post hoc test 
to see the significant comparison of each group. 
The p-value ≤ of 0.05 is considered significant. 
 
RESULTS 

The effect of the combination of simvastatin and 
metformin after being given MWTD on the weight 
of aortic, liver, and muscles organs can be seen 
in Table 1. It revealed the mean aortic organ 
weight at KN 1.43 gr and KP 2.01 gr. Meanwhile, 
the mean aortic organ weight at P1 1.74 gr; P2 
3.35 gr, and P3 1.62 gr., where there was a 
significant difference (P = 0.041) in the weight of 
the aortic organ in each group.  
For the liver organ, the mean weight in KN 7.28 
gr and KP 9.34 gr. While the mean weight in the 
P1 8.51 gr; P2 9.58 gr and P3 9.27 gr, where 
there was no significant difference (P = 0.077) in 
liver weight in each group. Also, for the muscle 
organ, the mean weight in KN 9.07 gr and KP 
8.98 gr. While the mean weight in the P1 8.56 
gr; P2 8.44 gr and P3 7.65 gr, where there was 
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no significant difference (P = 0.831) in muscle 
organs weight in each group. 
The effect of the combination of simvastatin and 
metformin after being given MWTD on 
anthropometric measurements (weight, length, 
BMI, and Lee index) can be seen in Table 2. 
Before the MWTD diet, mean body weight for KN 
193.8 gr and KP 209.2 gr, while for P1 190 gr; 
P2 203 gr and P3 186.4 gr, while there was no 
significant difference (P = 0.146) for bodyweight 
before diet for each group. For the second week's 
of MWTD diet, mean body weight for KN 200 gr 
and KP 237.6 gr diet, while for P1 208.6 gr; P2 
238,2 gr and P3 223 g, while there was no 
significant difference (P = 0.059) for each group. 
Finally, the mean body weight after diet for KN 
was 209 gr and KP was 284 gr, while P1 was 
223.8 gr, P2 250.6 gr, and P3 222.8 gr, while 
there was a significant difference (P = 0.003) for 
each group. In table 3, to see the comparison of 
the significance of the average body weight of 
each test group. Where each group was 
significantly different from KN to KP (P = 0.003), 
KP to P1 (P = 0.021) and KP to P3 (P = 0.018). 
Meanwhile, the rest of the group did not have a 
significant difference. 
The mean body length of each group before, the 
second week, and after the MWTD diet. Before 
the diet, the mean body length of KN was 18.7 
cm and KP was 19.5 cm, while P1 was 19.9 cm, 
P2 was 19.9 cm, and P3 was 20 cm, while there 
was no significant difference (P = 0.117) in each 
group. At the second week of the MWTD diet, the 
mean body length of KN was 19.3 cm and KP 
was 19.7 cm, while P1 was 20.1 cm, P2 was 20.4 
cm, and P3 was 20.5 cm, while there was no 
significant difference (P = 0.26) in each group. At 
the time after the MWTD diet, the mean body 
length of KN was 20 cm and KP was 19.7 cm, 
while P1 was 20.6 cm, P2 was 16.7 cm, and P3 
was 20.5 cm, while there was no significant 
difference (P = 0.249) in each group. 
The mean BMI of each group before, the second 
week, and after the MWTD diet. Before the diet, 
the mean BMI of KN was 0.56 and KP was 0.55, 
while P1 was 0.48, P2 was 0.51, and P3 was 
0.47, while there was a significant difference (P = 
0.036) in each group. At the second week of the 
diet, the mean BMI of KN was 0.54 and KP was 
0.61, while P1 was 0.52, P2 was 0.57, and P3 
was 0.53, while there was a significant difference 
(P = 0.032) in each group. At the time after the 
diet, the mean BMI of KN was 0.52 and KP was 
0.73, while P1 was 0.53, P2 was 0.6, and P3 was 
0.53, while there was a significant difference (P = 
0.002) in each group. 
The Lee index of each group before, the second 
week, and after the MWTD diet. Before the diet, 

the mean Lee index of KN was 0.235 and KP was 
0.23, while P1 was 0.22, P2 was 0.23, and P3 
was 0.21, while there was a significant difference 
(P = 0.041) in each group. At the second week 
of the diet, the mean Lee index of KN was 0.23 
and KP was 0.24, while P1 was 0.23; P2 was 
0.24 and P3 was 0.23, while there was no 
significant difference (P = 0.104) in each group. 
After the diet, the mean Lee index of KN was 0.23 
and KP was 0.27, while P1 was 0.23, P2 was 
0.24, and P3 was 0.23, where there was a 
significant difference (P = 0.002) in each group. 
Table 4 shows the differences in the mean body 
weight, body length, BMI, and Lee index of each 
group after the diet. Mean body weight for KN 
was 209 gr, and KP was 284 gr, while P1 was 
223.8 gr, P1 was 250.6 gr, and P3 was 222.8 gr, 
while there was a significant difference (P = 
0.003) in each group. Mean body length for KN 
was 20 cm, and KP was 19.7 cm, while P1 was 
20.6 cm, P2 was 16.7 cm, and P3 was 20.5 cm, 
while there was no significant difference (P = 
0.472) in each group. Mean BMI for KN was 
0.52, and KP was 0.73, while P1 was 0.53, P2 
was 0.6, and P3 was 0.53, while there was a 
significant difference (P = 0.000) in each group. 
Mean Lee index for KN was 0.23, and KP was 
0.27, while P1 was 0.23, P2 was 0.24, and P3 
was 0.23, while there was a significant difference 
(P = 0.000) in each group. 
The effect of the combination of simvastatin and 
metformin on cholesterol and other biochemical 
markers after the MWTD diet can be seen in 
Table 5. The mean cholesterol for the KN was 
43.84 and KP was 63.12, while P1 was 40.84, P2 
was 25.64, and P3 was 30.64, while there was a 
significant difference (P = 0.000) in each group. 
The mean creatinine levels for the KN was 0.39 
and KP was 0.46, while P1 was 0.22, P2 was 
052, and P3 was 0.28, while there was no 
significant difference (P = 0.052) in each group. 
The mean ALT levels for KN was 85.76 and KP 
was 76.88, while P1 was 50.98, P2 was 70.56, 
and P3 was 45.52, while there was no significant 
difference (P = 0.059) in each group. The mean 
AST levels for KN was 123.2 and KP was 199.6, 
while P1 was 120.2, P2 was 151.8, and P3 was 
114.4, while there was no significant difference (P 
= 0.824) in each group. Table 6 shows the 
comparison of the significant values of the mean 
cholesterol levels in each test group. Where KP 
was significantly different to P1 (P = 0.028), P2 (P 
= 0.000) and also P3 (P = 0.001). The rest of the 
group did not differ significantly in mean 
cholesterol levels. 
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Table 1: Mean weight of organ (gram) in each group 

 AORTA  LIVER MUSCLE 

KN 1.4266 7.2800 9.0660 

KP 2.0080 9.3400 8.9820 

P1 1.7420 8.5120 8.5600 

P2 3.3520 9.6840 8.4440 

P3 1.6160 9.2700 7.6460 

P-VALUE 0.041**# 0.077* 0.831** 

 

KN (negative control group), KP (positive control 
group), P1 (simvastatin 20 mg / kg BW/ day 
group), P2 (simvastatin 40 mg / kg BW/ day 
group), P3 (simvastatin 40 mg / kg BW/ day and 

metformin 2 gr / kg BW/ day group). *One-way 
ANOVA. **Kruskal wallis test. Data are mean  ± 
SD, n = 5 for each group. #P < 0.05, compared 
with each group. 

 

 

Tabel 2: Mean body weight (gram), body length (cm), BMI (gram/cm2) and Lee index in each group 
before, the second week, and after the MWTD diet 

Antropometri  ID Group Before diet 2
nd

 Week After diet 

Weight (g) 

KN 193.80 200.00 209.00 

KP 209.20 237.60 284.00 

P1 190.00 208.60 223.80 

P2 203.00 238.20 250.60 

P3 186.40 223.00 222.80 

P-Value 0.146* 0.059* 0.003*# 

Length (cm) 

KN 18.700 19.300 20.000 

KP 19.500 19.700 19.700 

P1 19.900 20.100 20.600 

P2 19.900 20.400 16.710 

P3 20.000 20.500 20.500 

P-Value 0.117** 0.260** 0.249** 

BMI (g/cm
2
) 

KN 0.5563 0.5372 0.5210 

KP 0.5491 0.6129 0.7340 

P1 0.4814 0.5183 0.5275 

P2 0.5121 0.5728 0.6024 

P3 0.4673 0.5280 0.5260 

P-Value 0.036**# 0.032**# 0.002**# 

Lee Index 

KN 0.2354 0.2312 0.2280 

KP 0.2338 0.2450 0.2698 

P1 0.2182 0.2274 0.2296 

P2 0.2262 0.2390 0.2454 

P3 0.2158 0.2284 0.2276 

P-Value 0.041**# 0.104** 0.002**# 
 

KN (negative control group), KP (positive control 
group), P1 (simvastatin 20 mg / kg BW/ day 
group), P2 (simvastatin 40 mg / kg BW/ day 
group), P3 (simvastatin 40 mg / kg BW/ day and 

metformin 2 gr / kg BW/ day group). *One-way 
ANOVA. **Kruskal wallis test. Data are mean  ± 
SD, n = 5 for each group. #P < 0.05, compared 
with each group. 
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Table 3: Significant comparison of body weight after the MWTD diet in each group 

MULTIPLE COMPARISONS P-VALUE 

KN KP 0.003* 

P1 0.915 

P2 0.169 

P3 0.933 

KP KN 0.003* 

P1 0.021* 

P2 0.353 

P3 0.018* 

P1 P2 0.563 

 P3 1.000 

P2 P3 0.529 

 

KN (negative control group), KP (positive control 
group), P1 (simvastatin 20 mg / kg BW/ day 
group), P2 (simvastatin 40 mg / kg BW/ day 
group), P3 (simvastatin 40 mg / kg BW/ day and 

metformin 2 gr / kg BW/ day group). P < 0.05, 
compared with KP group; KN group; P1 group; 
P3 group. 

 

Table 4: Comparison of mean body weight, body length, BMI, and Lee index in each group after the 
MWTD diet 

 WEIGHT (GRAM) LENGTH (CM) BMI (GRAM/CM
2
) LEE INDEX 

KN 209.00 20.000 0.5210 0.2280 

KP 284.00 19.700 0.7340 0.2698 

P1 223.80 20.600 0.5275 0.2296 

P2 250.60 16.710 0.6024 0.2454 

P3 222.80 20.500 0.5260 0.2276 

P-VALUE 0.003*# 0.472** 0.000**# 0.000**# 

 

KN (negative control group), KP (positive control 
group), P1 (simvastatin 20 mg / kg BW/ day 
group), P2 (simvastatin 40 mg / kg BW/ day 
group), P3 (simvastatin 40 mg / kg BW/ day and 

metformin 2 gr / kg BW/ day group). *One-way 
ANOVA. **Kruskal wallis test. Data are mean  ± 
SD, n = 5 for each group. #P < 0.05, compared 
with each group. 

 

Table 5: Mean cholesterol, creatinine, ALT, and AST levels in each group 

 KOLESTEROL KREATININ ALT AST 

KN 43.8400 0.3880 85.7600 123.2000 

KP 63.1200 0.4620 76.8800 199.6000 

P1 40.8400 0.2180 50.9800 120.2000 

P2 25.6400 0.5220 70.5600 151.8000 

P3 30.6400 0.2760 45.5200 114.4000 

P-VALUE 0.000*# 0.052** 0.059* 0.824** 

 

KN (negative control group), KP (positive control 
group), P1 (simvastatin 20 mg / kg BW/ day 
group), P2 (simvastatin 40 mg / kg BW/ day 
group), P3 (simvastatin 40 mg / kg BW/ day and 

metformin 2 gr / kg BW/ day group). *One-way 
ANOVA. **Kruskal wallis test. Data are mean  ± 
SD, n = 5 for each group. #P < 0.05, compared 
with each group. 
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Table 6: Significant comparison of mean cholesterol levels in each group 

MULTIPLE COMPARISONS P-VALUE 

KN KP 0.069 

P1 0.992 

P2 0.094 

P3 0.330 

KP KN 0.069 

P1 0.028* 

P2 0.000* 

P3 0.001* 

P1 P2 0.208 

 P3 0.575 

P2 P3 0.946 

 

KN (negative control group), KP (positive control 
group), P1 (simvastatin 20 mg / kg BW/ day 
group), P2 (simvastatin 40 mg / kg BW/ day 
group), P3 (simvastatin 40 mg / kg BW/ day and 
metformin 2 gr / kg BW/ day group). P < 0.05, 
compared with KP group; P1 group; P2 group; P3 
group. 
 
DISCUSSION 

In this study, we used the MWTD diet to induce 
plaque atherosclerosis, then evaluated the effect 
during the administration of simvastatin and 
metformin combination. In general, the layers of 
large blood vessels contain three basic 
components: a flattened layer of endothelium, 
smooth muscle, and connective tissue with elastic 
fibers and collagen fibers (Mescher, 2013). In this 
study, there was an increase in the weight of the 
aortic organ which may be due to the 
accumulation of cholesterol cells under the 
endothelium which also triggers a local 
inflammatory response (Wolf & Ley, 
2019)(Bergheanu et al., 2017). In the next stage, 
this process will attract monocytes to form 
cholesterol together with foam cells which are the 
basis for atherosclerosis formation (Stary et al., 
1994)(Marchio et al., 2019).  
In this study, we also found there was no 
difference in the weight of liver and muscle tissue 
in the group of simvastatin and metformin or 
simvastatin alone. This is possible, statin only 
affects myalgia in muscle tissue (Taylor and 
Thompson, 2018), while in the liver, it takes 
approximately three months of statin therapy for 
macroscopic changes to occur (Wang et al., 
2017). 
In this study, we found an increase in the weight 
of the aortic organ due to atherosclerosis 
formation. Also, the combination of simvastatin 
and metformin made the weight of the aortic 
organ almost the same as the simvastatin group 

alone. These results are in line with the study of 
Wang Q et al, who found that metformin can 
reduce Drp1 expression and mitochondrial fission 
which is mediated by the AMPK pathway, resulting 
in inhibition of endothelial oxidative stress, 
increased endothelial function, and reduction of 
atherosclerotic lesions (Marchio et al., 
2019)(Forouzandeh et al., 2014). 
For a long time, statins have been known as the 
main cholesterol-lowering drugs and are the 
choice for anti-atherosclerotic (Rumi & 
Safaruddin, 2016)(Mann, Zipes, Libby, and 
Bonow, 2015). In this study, we showed that the 
combination of simvastatin and metformin 
lowered cholesterol almost as well as high-dose 
simvastatin. In patients with dyslipidemia, statins 
function to inhibit cholesterol synthesis in the liver 
and increase plaque stability (Rumi, Atthobari, 
Pinzon and Nugroho, 2014). he research of Luo 
et al found that metformin can reduce fat levels 
(Luo et al., 2017). The CAMERA study also found 
that high doses of metformin (> 1700 g / day) 
can lower blood cholesterol levels (Petrie et al., 
2018)(Luo et al., 2019). 
This study also found that the combination of 
simvastatin and metformin had a weight loss 
effect comparable to that of simvastatin 
administration alone. This is also in line with the 
preclinical studies which found that metformin 
improved obesity-related hypertriglyceridemia in 
some mice via the apolipoprotein A5 pathway 
(Petrie et al., 2018)(Luo et al., 2019). 
In this study, it was found that there was no 
significant increase in renal function in all 
experimental groups. This shows that myalgia can 
occur without any abnormalities in kidney 
function. We also found elevated liver enzymes 
which may be due to a side effect of simvastatin 
or from MWTD (Stroes et al., 2015). Mild 
elevations of the liver transaminase enzyme occur 
in 0.5–2.0% of patients on any statin, and this 
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effect is in a dose-dependent manner (Thapar et 
al., 2013). According to data from the Drug-
Induced Liver Injury Network (DILIN), 
histopathological disorders of Drug-Induced Liver 
Injury (DILI) are predominantly such as 
hepatocellular disorders (Menon et al., 2020).  A 
further diagnostic approach is needed to 
determine whether the abnormality is caused by 
the use of statins  (Taylor and Thompson, 2018). 
 
CONCLUSION 
The combination of simvastatin and metformin 
had been associated with antiatherosclerotic and 
lipid-lowering effects. This combination was also 
associated with bodyweight loss. Additional tests 
are needed to assess the side effects of this drug 
combination. 
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