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ABSTRACT 

Background: The activity of adenosine monophosphate activated protein Kinase (AMPK) is essential in 
maintaining overall cardiac health and preventing cardiomyopathy. This study investigated cardiac oxidative 
stress, inflammation and AMPK activity in Wistar rats with diabetic cardiomyopathy that were treated with 
Coenzyme Q10 (CoQ10), a substance known for its potent antioxidant and anti-inflammatory properties.  

Methods: Forty-eight female Wistar rats (100-150 g) were divided into six groups (n=8). Diabetic cardiomyopathy 
(DCM) was induced using 10% fructose in drinking water and streptozotocin (STZ) (40 mg/kg i.p.). Animals were 
thereafter grouped and treated as follows for 2 weeks; groups I (control), II (vehicle control) and III were non-
diabetic, and received distilled water (2mL/kg/day), (Olive oil, 2ml/kg/day), and CoQ10 (100mg/kg/day). DCM 
was induced in groups IV-VI and thereafter animals were treated with distilled water, CoQ10 and metformin 

(250mg/kg/day), respectively. Blood sample were obtained and analysed for fasting glucose, insulin and B-type 
natriuretic peptide (BNP). cardiac samples were assayed for AMPK, GLUT 4, and interleukin 6. Insulin resistance 
was estimated mathematically while cardiac histology was evaluated using standard methods.  

Results: Untreated experimental DCM resulted in hyperglycemia, hyper-insulinaemia, insulin resistance, 
elevated BNP, reduced AMPK and GLUT 4 as well ventricular hypertrophy. Treatment with CoQ10 positively 

affected AMPK activity, exerted ameliorative effects, but did not completely reverse the cardiac structural 
aberrations caused by DCM.  

Conclusion: Coenzyme Q10 attenuates experimental diabetic cardiomyopathy through mechanisms associated 
with regulating cardiac energy metabolism and reducing inflammation. 
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INTRODUCTION 

According to the World Health Organisation 

(WHO), there are about 422 million people 

worldwide living with diabetes mellitus, a 

metabolic disorder that affects carbohydrate, 

lipid and protein metabolism. Majority of these 

diabetic patients are also found in low- and 

middle-income countries.1 Majority of the 

morbidity and mortality attributed to diabetes 

mellitus can be linked to the development of 

diabetic cardiovascular complications such as 

coronary artery disease, stroke, peripheral 
arterial disease and diabetic cardiomyopathy2,3 

with increasing numbers observed to a greater 

extent in females than males.4,5 

Diabetic cardiomyopathy (DCM) can be defined 

as a change in myocardial structure and 

performance independent of other 

cardiovascular pathologies like hypertension, 

ischemic heart injury, coronary artery disease, 

and valve dysfunction in individuals with 
diabetes mellitus.6,7,8 It is said to be a life-

threatening diabetic complication with 

hyperglycemia and impaired cardiac insulin 

signaling pathway playing critical roles in its 

onset and progression resulting in cardiac 
stiffness, myocardial fibrosis, ventricular 

hypertrophy, remodeling and dysfunction.9,10 

The aetiology of DCM has been linked to an 

interplay of several mechanisms arising from 

impaired cardiac metabolic function (impaired 

myocardial substrate utilization resulting in 

impaired cardiac efficiency) that results in 

oxidative damage, inflammation, apoptosis, and 

mitochondrial dysfunction.9 

Crucial to the control of cardiac anabolic and 

catabolic pathways is a signalling enzyme 

known as adenosine monophosphate-activated 

protein kinase (AMPK).11 It acts like an energy 

sensor that facilitates the maintenance of 

cardiac homeostasis through different pathways 

such as oxidation of fatty acids, glucose 

transport and mitochondrial biogenesis.12 In 

addition to this, it has also been reported to 
preserve cardiac function by delaying 

myocardial fibrosis, and reducing damage to the 

heart.13 In diabetes mellitus, targeting AMPK 

signaling pathways have been reported to 
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decrease apoptosis, inflammation and oxidative 

stress, resulting in increased pancreatic β cells 

survival, reduced resistance and improved 

sensitivity to insulin, vasodilation, and 

improved glucose metabolism and uptake.14 In 

DCM, increased AMPK activity has been 

reported to restore cardiac function by 
modifying cellular metabolism, potentiating the 

antioxidant system, inhibiting hypertrophic 

signals, and inducing mild autophagy of 

damaged fibres.15 Therefore, therapeutic 

targeting of the AMPK pathways may represent 

an important approach in mitigating the 

development and progression of DCM. 

Coenzyme Q10, also known as ubiquinone, is a 

naturally occurring nutrient and potent 

antioxidant produced by the body.16 It is 
ubiquitously found in cell membranes and 

especially in the mitochondria, in its reduced 

(ubiquinol) and oxidized (ubiquinone) forms.17 It 

is important for cellular energy homeostasis as 

it plays a key role in the generation of ATP via 

oxidative phosphorylation, as an electron carrier 

from complex I and II to complex III in the 

mitochondrial electron transport chain.18,16 

Coenzyme Q10 supplementation in diabetes 

mellitus has also been reported to alleviate 

oxidative stress by neutralizing reactive oxygen 

species and minimizing oxidative damage to 

cells and tissues19, lower the risk of 

cardiovascular disease by reducing total 
cholesterol and LDL20,21 and decrease adipokine 

profiles and cardiomyocyte biomarkers.14 Miles 

et al., also showed that in diabetic diminished 
phosphoinositide 3-kinase mice, 

supplementation with co-enzyme Q10 attenuated 

diabetic cardiomyopathy suggesting a probable 

ameliorative mechanism for co-enzyme Q10 via 

other pathways. 22 This study was designed to 

evaluate cardiac adenosine monophosphate-

activated protein kinase activity in female Wistar 

rats with experimental diabetic cardiomyopathy. 

MATERIALS AND METHOD 

Animals, grouping and experimental protocol 

Forty-eight female Wistar rats (100-150g) were 

housed in plastic cages and maintained on 
standard rat chow and acclimatized for two 

weeks prior to commencing experimental 

procedures. Animals were treated humanely in 

accordance with the guidelines laid down in 

Guide for the Care and Use of Laboratory 

Animals, published by National Academy Press 

(8th Ed.) and the Animal Care and Use Research 

Ethics Committee (ACUREC) of the University of 

Ibadan, Ibadan, Nigeria with ACUREC Number: 

UI-ACUREC/107-1021/28. Animals were 

exposed to natural alternating daylight and 

night conditions at room temperature.  

 

Induction of experimental diabetic cardio-

myopathy 

Animals were exposed to 10% fructose in 
drinking water for two weeks and thereafter 

streptozotocin (STZ) (40 mg/kg) freshly prepared 

in citrate buffer (pH 4.4, 0.1M) was administered 

intraperitoneally. Age matched controls also 

received equal volumes of citrate buffer. 

Diabetes mellitus was confirmed 5 days after 

STZ administration from blood samples 

obtained using the tail tipping method onto 

glucose test strips inserted in blood glucose 

evaluating meters (Accu-check), which utilized 

the glucose oxidase method as its base method 

for analysis. Animals with blood glucose levels 

above 270 mg/dl were considered as being 

diabetic. The diabetic animals were then 
subjected to a second dose of STZ (40 mg/kg) 

and further exposed to 10% fructose for two 

weeks in order to sustain insulin resistance, 

hyperglycemia and allow development of 

diabetic cardiomyopathy (DCM).23 

Experimental Design 

Non-diabetic and diabetic animals were divided 

into six equal groups of eight animals each and 

treated as follows; Animals in group I (control), 

II (vehicle control) and III were non-diabetic, and 

received distilled water (2mL/kg/day), olive oil 

(2ml/kg/day)24, and Coenzyme Q10 (100mg/ 

kg/day) dissolved in olive oil25, respectively. 

Animals in groups IV-VI were induced with DCM 

and treated with distilled water (2ml/kg/day), 

Coenzyme Q10 (100mg/kg/day)26 and metformin 

(250mg/kg/day)27, respectively.  

Sample collection and preparation 

Body weight changes were monitored 

throughout the duration of the study. Fasting 

blood glucose level was taken at the end of the 

study and thereafter blood was collected from 

the retro-orbital sinus of each animal, after light 
di ethyl ether anaesthesia, into ethylene-

diaminetetraacetic acid (EDTA) lined sample 

bottles, using heparinized capillary tubes. The 

blood samples collected were centrifuged at 

3500 rmp for 10 min at room temperature and 

the plasma obtained was evaluated for insulin 

(Abnova, Taiwan) and B-type natriuretic peptide 

(BNP) (Elabscience, USA) using commercially 

available ELISA kits, respectively. The heart 

(n=5/group) was also excised weighed, rinsed 

with and homogenized (w/v 1:4) in ice-cold 

phosphate buffer (pH 7.4) and centrifuged at 

10,000 rpm for 10 min 4oC. The clear 

homogenate obtained was stored at -4oC until 
use for evaluating AMP-activated protein kinase 

(AMPK) activity (FineTest Biotech, USA), GLUT4 

(MyBioSource, USA), and interleukin 6 

(Elabscience, USA). 
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Biochemical Assays 

Insulin bioassay in control and experimental 

groups 

Wells for standard and samples were set on the 

pre-coated plate in duplicates. 50μL of the 

sample or standard was also added to the 

appropriate well, Avidin-Horseradish Peroxidase 

(HRP) conjugated anti-Rat insulin antibody 

(50μL) was added to these wells, the plate was 

then sealed, covered and incubated at 37°C for 

60 min. Thereafter the liquid in the well was 

discarded and the wells were washed three times 
with the wash buffer provided by the 

manufacturer. Thereafter, 50 μL of TMB 

substrate A and B (provided by manufacturer) 

was added to each well, one after each other. 

The plate was agitated for 30 seconds, covered 

and incubated in the dark for 15min at 37°C. 

50μL of stop solution (provided by 

manufacturer) was subsequently added to each 

well. The absorbance at 450nm of the wells was 

read within 30min of adding the stop solution. 

The concentration of insulin in the sample for 

each well was calculated by comparing the OD 

of the samples to that of the standard curve. 

Evaluation of brain natriuretic peptide level 

The standard or sample (50μL) was added to 

each designated well (in duplicates) in the 

precoated plate followed by 50μL of the 

biotinvlated detection antibody working solution 

(provided by the manufacturer). The plate was 
then incubated for 45 min at 37°C. Thereafter, 

the liquid phase in each well was aspirated and 

the plate washed thrice. 100μL of the Avidin-

Horseradish Peroxidase (HRP) conjugate 

solution was then added to each well and then 

incubated for 30 min at 37°C. The liquid phase 

was aspirated and 90μL of the TMB substrate 

solution was added to each well. The enzyme-

substrate reaction was terminated by the 

addition of stop solution (50μL) and the optical 

density (OD) of each well was measured at 450 

nm. The concentration of Rat BNP in tested 

samples were calculated by comparing the OD 

of samples to the standard curve. 

Assessment of cardiac AMP-activated protein 

kinase (AMPK) activity 

The microplate supplied by the manufacturer 

was precoated with anti AMPK antibody. The 
standard (100μL) and sample (100μL) were 

added to the wells in duplicates and incubated 

for 90 minutes at 37°C. The liquid phase was 

aspirated and the plate washed twice. 100μL of 

the biotin-antibody working solution was added 

to each well, the plates were covered and then 

incubated for 60 minutes at 37°C. Thereafter 

plates were washed thrice and 100μL of HRP-

Streptavidin Conjugate (SABC) working solution 

was added to each well and plates were 

incubated for 30 minutes at 37°C. The plate was 

then washed five times and to each well 90μL of 

TMB substrate solution was added followed by 

incubation for 20min at 37°C.  The stop solution 

(50μL) was then added and the optical density 

was taken at 450nm. The concentration of 

AMPK in the sample was extrapolated from the 

standard curve plotted. 

Determination Cardiac GLUT4 level 

Anti GLUT4 antibody was pre-coated onto the 

96-well plate. The biotin conjugated anti GLUT4 

antibody was used as the detection antibody. 

The standards or samples (100 μL) were added 
to the wells and incubated for 90 minutes at 

37°C. After incubation, unbound conjugates 

were removed by the wash buffer. Then, 

biotinylated detection antibody (100 μL) was 

added to bind with GLUT4 conjugated on coated 

antibody and incubated for another 60 minutes 

at 37°C. After washing off unbound conjugates, 

HRP-Streptavidin (100μL) was added, the plate 

was sealed incubated for 30 minutes at 37°C. 

After a third washing, TMB substrates (90μL) 

were added to visualize HRP enzymatic reaction. 

TMB was catalyzed by HRP to produce a blue 

color product that turned yellow after adding a 

stop solution (50μL). The optical density 
absorbance at 450nm was then taken. The 

concentration of GLUT4 in the sample was 

calculated by drawing a standard curve. 

Evaluation of Cardiac interleukin 6 level 

Standards or samples (100μL) were added to the 
precoated plate wells and incubated for 90 min 

at 37°C. The liquid phase was discarded and 

biotinylated detection antibody specific for Rat 

IL-6 (100μL) was added to each well and the 

mixture incubated for 60 min at 37°C. The plate 

was washed three times and (100μL) of the 

Avidin-Horseradish Peroxidase (HRP) conjugate 

are added successively to each micro plate well 

and incubated for 30 min at 37°C. The plate was 

washed five times and thereafter, 90μL of the 

substrate solution was added to each well. The 

enzyme-substrate reaction was terminated by 

the addition of stop solution (50μL) and the 

optical density of the plate was taken at 450nm. 
The concentration of Rat IL-6 in the samples 

were calculated by comparing the OD of the 

samples to the standard curve. 

Estimation of Insulin resistance 

Insulin resistance was estimated using the 

HOMA-IR equation:28 
Fasting glucose (mg/dL) x Fasting insulin (mU/L) 

405 

Histological evaluation 

The gross morphology and collagen fibres of the 

cardiac tissue (n=3/group) were evaluated using 

Haematoxylin and Eosin and Masson trichrome 

stains, as described by Adewoye and Salami. 29  
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Table 1: Mean body weight in control and experimental groups 
 

Groups Mean Body Weight (g) 
Initial values 
(before DM) 

AT DM  AT DCM  Day 7 Post DCM Day 14 Post 
DCM 

I 109.45±6.16 141.12±8.04 162.54±11.39 183.54±23.16 181.75±21.28 

II 124.25±4.65 153.25±4.11 177.24±17.34 195.45±20.41 192.75±23.89 

III 113.25±6.70 143.50±6.40 171.25±9.74 188.51±16.17 191.50±16.30 

IV 151.75±7.41 171.75±4.27 159.56±10.53 147.25±14.27 145.24±18.58 

V 161.25±5.31 182.75±13.05 167.25±24.47 170.75±30.10 176.50±27.25 

VI 146.75±6.34 167.50±8.34 154.75±15.95 154.75±18.06 151.64±21.70 

Values are mean±SEM. * indicates values that are significantly different from control while # indicates values that are significantly 

different from group IV (DCM alone). I = control, II = vehicle (olive oil) control, III = non-diabetic + Coenzyme Q10, IV = DCM alone, V = 
DCM + Coenzyme Q10, VI = DCM + metformin 

 

 
Figure 1: Relative heart weight in control and experimental groups  
Values are mean±SEM. * indicates values that are significantly different from control while # indicates values that are significantly 
different from group IV (DCM alone). I = control, II = vehicle (olive oil) control, III = non-diabetic + Coenzyme Q10, IV = DCM alone, V = 

DCM + Coenzyme Q10, VI = DCM + metformin 

 

Statistical analysis 

Data collected was analysed for statistical 
significance using One-way analysis of variance 

(ANOVA) followed by Tukey’s multiple compare-

sons test. Significant differences between 

groups were determined at p ≤ 0.05. 

RESULTS 

Effect of Coenzyme Q10 on Mean Body 

Weight and Relative Heart Weight 

Animals in groups I (control), II (vehicle control) 

and III (Coenzyme Q10 only) exhibited a steady 

increase (p<0.05) in body weight throughout the 

study with values at the end of the study in 

these groups being increased by 66.10%, 

55.13% and 69.10% when compared to their 

initial values within each group, respectively. 
Animals in groups IV (DCM alone), V 

(DCM+Coenzyme Q10) and VI (DCM+Metformin) 

showed no statistically significant change in 

body weight (p>0.05) when initial values were 

compared with values at the end of the study 

within each group, respectively (Table 1). The 

relative weight of the heart in groups IV and VI 

were reduced when compared with controls 

(group I). No significant difference was observed 

in relative heart weight between groups II, III 

and V when compared with controls (group I) 

(Figure 1). 

Effect of Coenzyme Q10 on Blood Glucose, 

Insulin level and Insulin Resistance 

Animals in groups I, II and III showed relatively 

stable fasting blood glucose values throughout 

the duration of the study. At induction of DCM, 

animals in groups IV – VI exhibited significant 

increase (p<0.05) in fasting blood glucose values 
when compared with their initial values within 

each treatment group (Table 2). At day 14 post 

treatment, values in group IV (DCM only) 

reduced by 4.83% while values in groups V 

(DCM+Coenzyme Q10) and VI (DCM+Meformin) 

reduced by 37.87% and 73.97%, respectively 

(Table 2). Insulin levels in group IV compared to 

control, was significantly increased (p<0.05). 

Insulin values in groups II, III, V and VI were 

however comparable to controls (Figure 2).  

Animals in groups IV, V and VI had significantly 

increased (p<0.05) insulin resistance levels 

when compare with either groups I, II or III, 

respectively (Figure 3).  
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Table 2: Fasting blood glucose in control and experimental groups 

Fasting Blood  
(mg/dl) 

Groups 
I II III IV V VI 

Initial values  79.60 
±10.14 

80.60 
±15.53 

106.00 
±13.47 

87.40 
±9.21 

86.60 
±4.83 

84.40 
±8.76 

 
AT DM 

 
61.20 
±5.80 

 
74.00 
±14.61 

 
69.00 
±16.69 

 
438.20 
±64.03 

 
534.40 
±48.75 

 
502.80 
±34.63 

 
AT DCM 

 
68.35 
±10.34 

 
79.40 
±15.45 

 
78.31 
±21.71 

 
392.40 
±31.45 

 
454.30 
±38.41 

 
471.81 
±25.12 

 
14 days After DCM  
+ CoQ10 treatment 

 
65.20 
±10.96 

 
75.00 
±22.90 

 
57.20 
±7.46 

 
373.45 
±50.61 

 
282.25 
±46.61 

 
122.80 
±22.30 

Values are mean±SEM. * indicates values that are significantly different from control while # indicates values that are significantly 
different from group IV (DCM alone). I = control, II = vehicle (olive oil) control, III = non-diabetic + Coenzyme Q10, IV = DCM alone, V = 

DCM + Coenzyme Q10, VI = DCM + metformin. 

 

 
Figure 2: Insulin levels in control and experimental groups  
Values are mean±SEM. * indicates values that are significantly different from control while # indicates values that are significantly 
different from group IV (DCM alone). I = control, II = vehicle (olive oil) control, III = non-diabetic + Coenzyme Q10, IV = DCM alone, V = 

DCM + Coenzyme Q10, VI = DCM + metformin. 

 

 
Figure 3: Estimated insulin resistance in control and experimental groups  
Values are mean±SEM. * indicates values that are significantly different from control while # indicates values that are significantly 

different from group IV (DCM alone). I = control, II = vehicle (olive oil) control, III = non-diabetic + Coenzyme Q10, IV = DCM alone, V = 
DCM + Coenzyme Q10, VI = DCM + metformin 

 

Effect of Coenzyme Q10 on Cardiac Glucose 

transporter type 4 and 5’AMP Activated 

Protein Kinase 

Cardiac GLUT 4 in groups IV was significantly 

reduced (p<0.05) compared to control and all 

other treatment groups (Figure 4). Compared to 

control (group I), 5’AMP activated protein kinase 
(AMPK) activity was significantly reduced 

compare to all other experimental groups. 

However, values obtained in group V 

(DCM+CoQ10) were significantly increased when 

compared with group IV (DCM only) (Figure 5). 

Effect of Coenzyme Q10 on Inflammation 

markers 

B-type natriuretic peptide (BNP) and interleukin 

6 (IL-6) levels in group IV (DCM only) were 

significantly was significantly increased (p<0.05) 

when compared with groups I (control), II 

(vehicle) and III (CoQ10 only), respectively. 
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Figure 4: Glucose receptor type 4 (GLUT 4) in control and experimental groups  
Values are mean±SEM. * indicates values that are significantly different from control while # indicates values that are significantly 
different from group IV (DCM alone). I = control, II = vehicle (olive oil) control, III = non-diabetic + Coenzyme Q10, IV = DCM alone, V = 

DCM + Coenzyme Q10, VI = DCM + metformin. 

 

 
Figure 5: 5’AMP Activated Protein Kinase (AMPK) in control and experimental groups  
Values are mean±SEM. * indicates values that are significantly different from control while # indicates values that are significantly 

different from group IV (DCM alone). I = control, II = vehicle (olive oil) control, III = non-diabetic + Coenzyme Q10, IV = DCM alone, V = 
DCM + Coenzyme Q10, VI = DCM + metformin 

 

The BNP and IL-6 values observed in groups 

V(DCM+CoQ10) and VI (DCM+Metformin) were 

significantly reduced when compared with 

values in group IV (DCM only). The BNP values 

in groups V and VI were also observed to be 

comparable (p>0.05) to values obtained in the 

control group. (Figure 6 and 7). 

Histological studies 

Gross morphology of cardiac samples (Figure 8 

A-F) indicates animals in groups I (A), II (B), III 

(C) and VI (F) showed normal, branched, cardiac 

fibres with nuclei that are centrally located (thin 

black arrow) and have no visible lesions. 

Animals in the DCM alone (D) had cardiac fibres 

with nuclei that were also centrally located (thin 

black arrow). However, some fibres exhibited 

foci of severe coronary degeneration and 

hemorrhage (thick black arrow). The 

myocardium in Group V (E) also showed foci of 

severe congestion and or hemorrhage (thick 

white arrow). 

Evaluation for collagen deposition the cardiac 

samples (Figure 9 A-F) in control (A) and vehicle 

control (B) showed normal cardiac muscles (thin 

black arrows) with no fibrosis or deposition of 

collagen fibres and vessels with normal collagen 

connective tissue. Group III (C) exhibited mild 

collagen fibres amist the myocytes (black thick 
arrows), while group IV (D) showed moderate  

areas of  cardiac muscle dystrophy (white thick 

arrows), infarction and mild area of  collagen 

deposition (black thick arrows). In group V (E) 

there is very mild deposition of collagen fibres, 

while group VI (F) showed normal cardiac 

muscle with mild  collagen connective tissue 

deposited within the inter myocytic spaces 

(black thick arrows). 
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Figure 6: B-type Natriuretic Peptide (BNP) in control and experimental groups 
Values are mean±SEM. * indicates values that are significantly different from control while # indicates values that are significantly 

different from group IV (DCM alone). I = control, II = vehicle (olive oil) control, III = non-diabetic + Coenzyme Q10, IV = DCM alone, V = 
DCM + Coenzyme Q10, VI = DCM + metformin 

 

 
Figure 7: Interleukin-6 (Il-6) in control and experimental groups 
Values are mean±SEM. * indicates values that are significantly different from control while # indicates values that are significantly 

different from group IV (DCM alone). I = control, II = vehicle (olive oil) control, III = non-diabetic + Coenzyme Q10, IV = DCM alone, V = 
DCM + Coenzyme Q10, VI = DCM + metformin 

 

    
 

   
Figure 8: (A-F). Cardiac tissue in control and experimental groups (H and E x400).  
A = control, B = vehicle (olive oil) control, C = non-diabetic + Coenzyme Q10, D = DCM alone, E = DCM + Coenzyme Q10, F = DCM + 
metformin 

Animals in groups I (A), II (B), III (C) and VI (F) showed normal, branched, cardiac fibres with nuclei that are centrally located (thin black 
arrow) and had no visible lesions. Animals in the DCM alone (D) had cardiac fibres with nuclei that were also centrally located (thin black 

arrow). However, some fibres exhibited foci of severe coronary degeneration and hemorrhage (thick black arrow). The myocardium in 
Group V (E) also showed foci of severe congestion and or hemorrhage (thick white arrow). 
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Figure 9: (A-F). Cardiac tissue Collagen in control and experimental groups (Masson trichrome x400).  
A = control, B = vehicle (olive oil) control, C = non-diabetic + Coenzyme Q10, D = DCM alone, E = DCM + Coenzyme Q10, F = DCM + 

metformin 
Control (A) and vehicle control (B) showed normal cardiac muscles (thin black arrows) with no fibrosis or deposition of collagen fibres and 

vessels with normal collagen connective tissue. Group III (C) exhibited mild collagen fibres amist the myocytes (black thick arrows), while 
group IV (D) showed moderate  areas of  cardiac muscle dystrophy (white thick arrows), infarction and mild area of  collagen deposition 

(black thick arrows). In group V (E) there is very mild deposition of collagen fibres, while group VI (F) showed normal cardiac muscle with 
mild  collagen connective tissue deposited within the inter myocytic spaces (black thick arrows). 

 

DISCUSSION 

Studies have shown that AMPK is a major 

regulator of cellular and whole-body energy 

homeostasis. It is activated in response to an 

increase in the intracellular AMP-to-ATP ratio 

during exercise, hypoxia, oxidative stress and 

glucose deprivation.14,27 Its reduction as seen in 

diabetes mellitus has been reported to result in 

cardiac dysfunction. This study shows the 

presence of diabetes mellitus and 

cardiomyopathy in the untreated group which 

was exemplified by elevated and sustained blood 
glucose level, hyperinsulinemia, increased 

insulin resistance, and increased production of 

B-type natriuretic peptide (BNP) as reported by 

other studies.30,31,32 Furthermore, the untreated 

group also showed reductions in cardiac glucose 

receptors (GLUT 4) and 5’AMP Activated Protein 

Kinase (AMPK) levels which was accompanied by 

inflammation suggesting that experimental 

diabetic cardiomyopathy in this study resulted 

in impaired cardiac energy metabolism which 

may have triggered inflammatory processes in 

the cardiac tissue and resulted in cardiac 

haemorrhage, coronary vessel degeneration and 

increased deposition of collagen. The markers of 
diabetic cardiomyopathy seen in this untreated 

group appear to mimic observations seen in 

clinical conditions.  

The progression of diabetic cardiomyopathy 

involves interplay of several mechanisms with 

hyperglycemia arising from insulin resistance 

being the main cause.  Cardiomyopathy in 

diabetes has also been reported to result from 
abnormal free fatty acid (FFA) metabolism 

leading to increased Cluster of differentiation 36 

(CD36)33,34, increase diacylglycerol (DAG) which 

in turn either increases lipid-associated 

endoplasmic reticulum stress35 or increases 

ceramide production that directly activate 

atypical protein kinase C (PKC) and inhibit 

insulin metabolic Akt/PKB (protein kinase B) 

signaling which attenuates GLUT-4 

translocation.36  

In this study, animals induced with diabetic 

cardiomyopathy and treated with coenzyme Q10 

(CoQ10), a potent antioxidant had reductions in 

blood glucose, insulin and insulin resistance 

suggesting a partial amelioration of impaired 

glucose homeostasis likely through a direct 

effect of CoQ10 on insulin signaling pathways 

which has been shown to regulate insulin 

receptor activity19 and increase the activities of 

phosphatidylinositol 3-kinase (PI3K) and 

tyrosine kinase, which are responsible for 

GLUT4 translocation to the cell surface.22,37 

Furthermore, impaired cardiac energy 
signalling, myopathy and inflammation seen in 

group IV, were somewhat ameliorated following 

treatment with CoQ10 which showed elevated 

levels of cardiac GLUT 4 and AMPK as well as 

reduced BNP and Il-6 levels. It is likely that 

treatment with CoQ10 attenuated insulin 
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resistance by gradually activating AMPK to 

promote glucose uptake18 in the cardiac tissue. 

However, treatment with CoQ10 in experimental 

diabetic cardiomyopathy did not completely 

reverse damage to cardiac structures as some 

levels of congestion and deposition of collagen 

fibers still persisted. 

Metformin is one of the most commonly 

prescribed antidiabetic drugs for the treatment 

of type 2 diabetes, and it also improves cardiac 

function and reduces the incidence of 

myocardial infarction in treated patients.38 This 

study suggests that metformin treatment in 

animals with experimental cardiomyopathy, to a 

far greater extent than CoQ10, ameliorated 

impaired glucose homeostasis and cardiac 

energy signalling resulting in reduced cardiac 
inflammation and reductions in the incidence of 

impaired cardiac histology. It is likely that this 

amelioration may be due to the reported ability 

of metformin to activate AMPK activity and thus 

prevent cardiac injury.39,40  

Increased weight loss was also observed in the 

untreated diabetic group that also presented 

with symptoms of cardiomyopathy, which may 

be attributed to decreased utilization of available 
glucose for muscle energy expenditure arising 

from a decline in GLUT 4, increased insulin 

resistance and reduced AMPK levels. This would 

have caused the experimental animals to switch 

to fat and protein oxidation for energy and 

hence, weight loss. In experimental diabetic 

animals co-treated with coenzyme Q10, weight 

loss was prevented likely through the triggering 

of increased GLUT 4 and AMPK activities, 

improved hyperglycemia, and reduced insulin 

secretion suggesting better energy utilization in 

this treatment group.  

Conclusion: Untreated experimental diabetic 

cardiomyopathy resulted in hyperglycemia, 

hyper-insulinaemia, insulin resistance, elevated 

BNP, reduced AMPK and GLUT 4 as well as 

ventricular hypertrophy. Treatment with CoQ10 

upregulated AMPK activity, exerted ameliorative 

effects, but did not completely reverse the 

cardiac structural aberrations caused by DCM. 

Coenzyme Q10 might be a promising tool in the 

management of diabetic cardiomyopathy and 

other associated complications that arise in 
diabetes mellitus. 
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