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 Abstract 

Diabetic cardiomyopathy is one of the most serious chronic complications of type 2 diabetes. This 

study aimed to examine the therapeutic effect of GLP1 and metformin combination as oral 

antidiabetic drugs on diabetic cardiomyopathy through promotion of oxidative stress, 

improvement of autophagy of the cardiomyocytes and regression of cardiac fibrosis. Type 2 

diabetes mellitus was induced by feeding the rats high fat diet for 12 week then injecting 

streptozotocin (30mg/kg) intraperitoneally after 4 weeks.  One group of diabetic rats received 

metformin (30mg/kg), another group of diabetic rats received GLP1 analogue; liraglutide (75 

μg/kg) and the last group of diabetic rats received combination of both drugs. After 24 hours of 

the experiment, the cardiac tissues were fixed in formalin and embedded in paraffin blocks to be 

examined histopathologically and immunohistochemically for autophogic markers (LC3 and 

P62). Also homogenate of heart tissues was made to measure oxidative stress markers (MDA, 

GSH) in the supernatant. Light microscope examination showed typical features of diabetic 

cardiomyopathy in diabetic group with increase in fibrous tissue interstitially and around blood 

vessels, which markedly improved in diabetic rats which received combination of both drugs, also 

combination of both drugs showed significant increase in early and late markers autophagy LC3 

and P62 respectively when compared with diabetic rats, finally synergetic effect of both drug 

markedly improved oxidative stress (MDA,GSH activity). So we think that our study is the first 

study that discuss the therapeutic effect of combination of GLP1 analogue and metformin on 

diabetic cardiomyopathy through the antioxidative stress, antifibrotic and autophagic improving 

properties 
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INTRODUCTION 

Diabetes mellitus (DM) is a worldwide trouble. In 

2015, it was estimated that 415 million adults are 

suffering from diabetes and it is expected to jump 

to 642 million by 2040 [1,2,3]. Type 2 diabetes 

mellitus (T2DM) represents almost 90% of total 

prevalence of the epidemic of diabetes and this 

likely in parallel to the epidemic of obesity and 

metabolic syndrome [4,5]. T2DM is usually 

accompanied by many cardiovascular 

complications [6].  

Diabetic cardiomyopathy (DCM) can be defined 

as a complicated case of diabetes associated with 

heart failure without coronary artery affection [7]. 

It accounts for mortality rate of 15%–20% 

annually [8]. It is a multifactorial complication 

which can be caused by increased reactive 

oxygen species (ROS), apoptosis, and insulin-like 

growth factor-1 (IGF-1), collagen deposition and 

fibrosis [9,10].  

Autophagy is a normal cellular process for 

clearing the damaged organelles and keeping the 

normal cell functions. But increased autophagy 

leads to proteins and organelles damage [11,12]. 

So, the balanced autophagy is essential for cell 

survival. Recent studies have illustrated the 

relation between apoptosis and autophagy. Some 

proteins are vital in regulation of both apoptosis 

and autophagy. For example, Bcl-2 (anti-

apoptotic protein) and Bim (pro-apoptotic 

protein) are the interacting partners of Beclin1, an 

autophagic protein that binds to Vps34 (a Class 

III PI-3 kinase) to form autophagosomes [13]. 

Bcl-2 and Bim can upset that bound between 

Beclin1 and Vps34 supressing Beclin1-dependent 

autophagy [14, 15]. Also there are many other 

signals the control the autophagy, such as AMP-

activated protein kinase (AMPK) which was 

found to be affected by metformin administration 

[16]. Glucagon-like peptide-1 (GLP1) (exenatide 

and liraglutide) is widely used in treatment of 

type 2 diabetes [17,18]. It improves glycaemic 

control by stimulating insulin production and 

supressing glucagon secretion, besides retarding 

the gastric empting [19]. Both metformin and 

GLP1analogue have the ability to improve β-cell 

function, protecting them against 

glucolipotoxicity [20]. In this research work, we 

have assessed the impact of GLP1 analogue and 

metformin in decreasing the progression of type 

II diabetic cardiomyopathy of albino rats.    

Material and methods 

2.1. Animals: Our study was performed at the 

animal house of medical experimental research 

center “MERC”, Mansoura University. According 

to general guidelines of experimental animals, 40 

male albino rats, 2-3 month, weighting 200-220 

gm was used. Rats were randomly subdivided 

into 5 groups, 8 in each group; each group was 

housed in separate cage under standard 

environmental conditions (12h/12h day and night 

24
○
c temperature with free food and water 

accessability). 

2.2 Experimental design:  

1. Group1 (negative control group): given 

distilled water via oral gavage. 

2. Group 2 (DM positive control): according 

previous study done by [21] we can make a 

model of type 2 diabetes as each rat received high 

fat diet for 4 weeks then streptozotocin (STZ) (35 

mg/Kg) was injected intraperitoneally. These rats 

were considered diabetic when rats tail blood 

sugar > 200 mg/dL after 48 h after injection. 
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3. Group 3 (DM treated with metformin): 

Including type 2 diabetic rats treated with 

metformin in a dose (30mg/kg/d) dissolved in 

distilled water by oral gavage for 12 weeks [22]. 

4. Group 4 (DM treated with GLP1 analogue): 

Including type 2 diabetic rats treated with GLP 1 

(liraglutide) in a dose (75 μg/kg) dissolved in 

distilled water by oral gavage for 12 weeks [23]. 

5. Group 5 (DM treated with GLP1 analogue 

and metformin): Each type 2 diabetic rat was 

given metformin at the same dose and route of 

administration as group 3 in conjugation with 

GLP 1 (liraglutide) as in group 4. 

After 24 hours, the rats were anaesthetized with 

4% halothane and perfused with 4% 

paraformaldehyde in 0.1 M sodium phosphate 

buffer (pH 7.4), left ventricle from each animal 

were dissected out, fixed in 10% buffered 

formalin, then left ventricle was placed in paraffin 

processed for light study. 

2.3. Measurements of (MDA, GSH Activity) 

Oxidative Stress Markers in heart Tissues.  

50-100mg of left ventricle was homogenised in 

cold buffer with using mortar and pestle then 

centrifugation was done at 4,000 rpm for 15 min 

at 4° C. The supernatant was stored at –20 ° C for 

measuring oxidative stress markers 

“malondialdehyde and reduced glutathione” using 

a colorimetric method according to the 

manufacturer’s instructions (BioDiagnostics, 

Dokki, Giza, Egypt). 

 2.4. Histopathological examination of heart 

tissues: After dissecting the ventricle it was fixed 

into 10% neutral buffered formalin, then lodged 

into paraffin and sectioned at 3 μm thickness. 

Using light microscope (Leica DM500 LED 

Biological Microscope with ICC50W Camera 

Module – 5.0 Mega Pixel, haematoxylin and 

eosin (H&E) stained slides were studied for 

cardiomyopathy signs including disarrangement, 

hypertrophy and rupture of cardiomyocytes with 

irregularity of nuclei in addition to inflammatory 

cells infiltration [24]. Other slides were stained by 

masson trichrom for detection of fibrosis in 

interstitial tissues and around blood vessels. 

2.5. Immunohistochemical Examination for 

LC3 and P62: The tissue section was 

deparaffinised, rehydrated, washed, immersed in 

3% hydrogen peroxide and then digested with 

pepsin for antigen retrieval. the section was 

incubated with primary antibodies of Mouse anti-

LC3B (sc-271625 for tissue), mouse anti-P62 

(ab56416, Abcam), and horseradish peroxidase-

(HRP-) labelled anti-mouse IgG antibodies (PV-

9001; Zhongshan Golden Bridge Biotechnology 

Technology, Beijing, China) at 4 °C overnight, 

we use it  for tissue immunostaining assays as 

previously described [25]. Brown colour 

immunstaining produced by counterstaining with 

Diaminobenzidine/peroxidase substrate, the 

region of interest is considered the area cardiac 

tissue filled with brown immunstaining (by 

calculating the average values from 10 fields at 

10× magnification) by using image J software. 

2.6. Statistical Analysis 

Data were analysed using SPSS by Student’s t-

test and expressed as mean+ SD the results were 

deemed non-significant when p > 0.05 and highly 

significant when p < 0.001.  

Results 

 3.1. Effect of combined GLP1 and metformin 

on stress markers (MDA, GHS): 

MDA level in heart tissue is significantly 

increased in diabetic untreated group in 
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comparison with control group (p ˂ 0.001). Using 

combined GLP1 and metformin in treatment 

significantly decreases the level of MDA 

regarding to diabetic untreated group (p ˂ 0.01). 

On the other hand, there is a non-significant 

decrease in MDA level in separate GLP1 and 

Metformin groups compared to diabetic untreated 

group (Fig 1A). In contrast, there was a 

significant decrease in GSH level in diabetic 

untreated group when compared with control 

group (p ˂ 0.001). A significant increase in GSH 

when using combined GLP1 and metformin 

comparing with diabetic untreated group (p ˂ 

0.01). Also there is increase in GSH by the 

treatment of separate GLP1 and metformin group 

but not significant to diabetic untreated group 

(Fig 1B). 

  

Fig 1. Oxidative stress markers in in cardiac tissues in different groups. (A) Malondialdehyde (MDA) concentration (nmol/gm 

cardiac tissues), (B) Glutathione enzyme activity (nmol/gm cardiac tissues). Results represent the mean ± SD (n = 4); Differences 

with P-value of < 0.05 were considered statistically significant.*Significant vs control group (group I), # significant vs T2DM group 

(group II), and $ significant vs T2DM +Metformin group (group III) & T2DM + GLP1 analogue (group IV). 

 

3.2. Hitopathological effect of combined GLP1 

analogue and metformin on cardiac tissues: 

Histological examination of the heart tissue of 

control rats showed normal myocardial 

architecture in the form of normal arranged 

cardiac muscles with normal surrounding 

interstitial tissue and blood vessels (Fig 2A). On 

contrast, the diabetic untreated group showing 

many of diabetic cardiomyopathy features in the 

form of widening of interstitial tissue, 

degeneration in cardiomyocytes nuclei with more 

eosinophilic sarcoplasm and congestion of blood 

vessels (Fig 2B,C). Metformin treated group 

shows some degenerative changes in the form of 

hyaline degeneration in cardiomyocytes and mild 

oedema in interstitial tissue (Fig 2D) and GLP1 

treated group shows vaculations in 

cardiomyocytes (Fig 2E). Combined GLP1 

analogue and metformin treated group was 

greatly improved and showed near normal 

structure of cadiomyocyte with near normal 

interstitial tissue and blood vessel (Fig 2F). 

By staining of the cardiac tissue by masson 

trichrom stain for detection of fibrosis we found 

that control group haven’t collagen fibres either 

in the interstitial tissue or around blood vessels 

(Fig 3A) while in diabetic untreated group there 

are abundant collagen deposition perivascular and 

interstitial tissue (Fig 3B,C) which significantly 

improved in combined GLP1 and metformin 

group with no fibrosis detected (Fig 3F) but in 

metformin group and GLP1 group there was mild 

perivascular fibrosis (Fig 3D,E respectively).  
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Fig 2. Histopathological examination of the heart tissues stained with H&E. (A) Heart specimen from negative control group showing 

normally arranged cardiac muscles, normal blood vessels and normal interstitial tissue, (B&C) wide interstitial tissue (asterisks) and 

severe hyaline degeneration in cardiac muscles (black arrows) characterized by more eosinophilic sarcoplasm and lost nuclei in 

diabetic untreated group and marked perivascular and interstitial fibrosis (yellow arrows), (D) heart specimen from the metformin 

treated group showing moderate hyaline degeneration in cardiac muscles (black arrow) and mild oedema in interstitial tissue 

(asterisks), (E) heart specimen from the GLP1 treated group showing mild hyaline degeneration in cardiac muscles (black arrows) 

and mild oedema in interstitial tissue (asterisks), (F) heart specimen from the combined GLP1 and metformin treated group showing 

normally arranged cardiac muscles, normal blood vessels and normal interstitial tissue. (100 bar 100) 

 
Fig 3. Histopathological examination for fibrosis by Masson trichrome. Interstitial fibrosis appears as blue colors. (A) Heart specimen 

from control group showing no interstitial fibrosis, (B&C) heart specimen from the diabetic untreated group showing marked 

interstitial fibrosis and marked perivascular fibrosis (D&E) heart specimen from the metformin treated and GLP1 treated groups 

respectively showing moderate interstitial fibrosis and collagen deposition, while (F) heart specimen from the combined GLP1 

analogue and metformin treated group showing minimal interstitial fibrosis and collagen deposition (100 bar 100). 

 

3.3. Combined GLP1 and metformin effect on 

autophagy marker (LC3) in cardiac tissue 

There was a strong positive expression of early 

autophogic marker LC3 in control group (Fig 4B) 

and marked decrease in diabetic untreated rats 

(Fig 4C). By image analysis, the region of interest 

for immunexpression in diabetic untreated rats is 

significantly decreased compared to control group 

(p ≤ 0.001) (Fig 4A). Combined GLP1 and 

metformin treated group showed great 

improvement in the process of the autophagy in 

the form of increasing in expression of LC3 (Fig 

4E) this increase in expression is significant 

compared to diabetic untreated rats (Fig 4A). On 

the other hand metformin and GLP1 separate 

groups showing moderate increase in expression 

of LC3 in its cardiomyocytes (Fig 4D,E 

respectively) which is more or less significant to 

diabetic untreated rats  (Fig 4A).  

 

 

 

 

 

 

 



Autophagy promotion and fibrosis inhibition by combination of GLP1 analogue and metformin decreasing the progression of type II diabetic cardiomyopathy of albino rats   207 

 
 

 

Fig 4. (A) Graphs of ROI of the expression of LC3 in different groups. Heart specimens showing (B) strong positive cytoplasmic 

expression of LC3 in control group, (C) marked decreased cytoplasmic expression level of LC3 in diabetic untreated group, (D&E) 

moderate cytoplasmic expression of LC3 (arrows) in metformin & GLP1 treated groups respectively, (F) markedly increased 

cytoplasmic expression of LC3 (arrows) in combined GLP1and metformin treated group. *Significant vs control group, # significant 

vs diabetic untreated group, and $significant vs GLP1 treated group. 

 

3.4. Effect of combined GLP1 and metformin 

on autophagy marker (P62) in cardiac tissue 

 There was clear immunexpression of late 

autophogic marker P62 in negative control rats 

(Fig 5B), while diabetic untreated rats there was a 

marked decrease (Fig 5C) which is more 

significant in relation to control rats (p ≤ 0.001) 

(Fig 5A). In combined GLP1 and metformin 

treated group, the immunexpression of P62 was 

markedly increased (Fig 5F) which is 

significantly increased in compare to diabetic 

untreated group (p ≤ 0.01) (Fig 5A). When 

examining P62 immunexpression in 

cardiomyocytes of GLP1 and metformin treated 

groups, it was moderately increased (Fig 5D,E) 

this expression less significant to diabetic 

untreated group (Fig 4A). 

 

 

 

 

Fig 5. (A) Graphs of ROI of the expression of P62 in different groups. (B) negative cytoplasmic expression of P62 in cardiomyocytes 

of control group, (C) marked decreased expression level of P62 in diabetic untreated group, (D&E) moderate cytoplasmic expression 

of P62 (arrows) in  GLP1& metformin groups respectively, (F) markedly increased expression of P62 level (arrows) in combined 

GLP1and metformin treated group. *Significant vs control group, # significant vs diabetic untreated group, and $significant vs GLP1 

treated group. 

 

4. Discussion 

The finding of this study can be summarised in 

the following: a) T2DM was associated with 

increased cardiac enzymes, hyperglycaemia, 

insulin resistance, oxidative stress and distorted 

myocardial morphology with fibrosis. Also, up-
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regulation of autophogic markers (LC3& P62) 

was considered. b) Using GLP1 significantly 

improved the blood sugar and autophogic 

markers. 

In the recent study, T2DM rat model was 

established by using high-fat diet for 4 weeks 

then a single STZ injection. The model 

development was indicated by presence of high 

blood glucose level and insulin deficiency. 

Previous Studies go with these findings and 

explained hyperglycaemia by pancreatic β-cells 

dysfunction under the STZ cytotoxic effect and 

high fat diet-induced insulin resistance [26]. In 

our study, we noticed that using GLP1 for 

treatment significantly improved the impaired 

glucose homeostasis, insulin resistance and 

autophagy. 

Significant cardiac damage in our model was 

demonstrated in the form of wide interstitial 

tissue, congestion, sever hyaline degeneration in 

cardiac muscles characterized by more 

eosinophilic sarcoplasm and nuclei loss. Sever 

perivascular and interstitial fibrosis by excess 

deposition of collagen fibres was observed in 

hearts of the diabetic untreated group. Nearby 

results were reported by other researchers [27]. In 

addition, we recorded moderate amelioration in 

morphology by separate GLP1 and metformin 

treatment but significant improvement was 

recorded in combined GLP1and metformin 

treatment. Consistent with these findings, 

Batchuluun et al. [28] found that combined 

liraglutide and metformin prevent 

hyperglycaemia-induced oxidative stress via 

inhibition of PKC-NAD(P)H oxidase pathway. 

As well as GLP1 has a protective influence 

against myocardial infarction [29] and cardiac 

remodelling in T2DM [30]. 

Diabetic cardiomyopathy is a complicated 

process affected by many factors such as 

persistent hyperglycaemia and insulin resistance 

that leads to myocarditis, apoptotic cell deaths 

and impaired cardiac autophagy. These changes 

finally lead to cardiac hypertrophy and fibrosis 

[31]. So, in the present study we searched for the 

influence of oxidative stress, collagen deposition 

and autophagy impairment in the myocardial 

fibrosis development.  

 Hyperglycaemia is the corner stone in the 

pathophysiology of diabetic cardiomyopathy as it 

causes increased oxygen free radicals production 

which leads to myocardial fibrosis. In this study, 

diabetic untreated rats showed significant rise in 

MDA and significant decrease in GSH going with 

results of Yang et al. [32] and Wilson et al. [33]. 

Furthermore, our study showed a significant 

amelioration in myocardial oxidative stress using 

metformin and GLP1 combination. This support 

the antioxidant actions for both agents as 

published in previous studies [34]. Milton proved 

that combined metformin and GLP1 improved the 

diabetic cardiomyopathy by inhibiting oxidative 

stress generated by NADPH oxidases. Olgar and 

Turan [35] also demonstrated that GLP1 

decreased the oxidative stress and fibrosis. 

          Myocardial inflammation and fibrosis 

caused by stimulation of cytokines as TNF  and 

interleukins play a major role in diabetic 

cardiomyopathy [36]. In this study, Masson 

trichrome showed a significant deposition of 

collagen in myocardium of the diabetic untreated 

group, supposing the effect of TGF-beta in 

cardiac fibrosis [37]. Using combination of GLP1 
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and metformin leads a significant decrease in 

expressing TGF-β in cardiac tissue, suggesting 

their antifibrotic activity. 

           Wei et al [38] founded that autophagy 

suppression leads to increase of damaged 

mitochondria that releases ROS, accelerating the 

development of diabetic cardiomyopathy. Yi et al. 

[39] showed decreased expression of autophogic 

markers LC3, P62 in diabetic rats. In this study, 

we founded mild improvement of autophogic 

markers LC3, P62 in metformin group consonant 

with wang et al (40) how demonstrated the role of 

metformin in improving the autophagy related to 

its ability to act as an agonist of AMPK, but 

Daskalopoulos et al (41) showed that signalling 

through AMPK can improve oxidative stress and 

cardiac inflammation in ways that are 

independent of changes in autophagic flux. 

According to this study, metformin alone cannot 

improve the autophagy in diabetic 

cardiomyopathy but in combination with GLP1 

there was a significant increase in the expression 

of LC3, P62 indicating the ameliorating effect of 

the combination on autophagy. Mima et al (42) 

founded that usage of both metformin with 

liraglutide prevents the increased GLP-1R 

degradation caused by PKCb2 activation.  So to 

our knowledge, no previous studies studied the 

effect of GLP1 and metformin combination on 

the marker of the autophagy LC3 and P62 in 

diabetic rats. We think that our study is the first 

work to discuss the cardioprotective influence of 

combined GLP1 and metformin on diabetic 

cardiomyopathy.  

5. Conclusions 

The diabetic cardiomyopathy caused by 

complicated T2DM may be due to enhanced 

oxidative stress, deposition of collagen fibres and 

autophagy suppression. Usage of GLP1 

(liraglutide) and metformin combination has more 

cardioprotective effects than metformin only. 

These agents may play this role though inhibiting 

the oxidative stress, fibrosis and stimulating the 

autophogic process. 
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