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ABSTRACT 

Background  

 Diabetic cardiomyopathy (DCM) is a prominent long-term diabetes mellitus complication, 

responsible for more than 20% of diabetic patient’s yearly death rate globally. Even though 

numerous anti-diabetic medications have improved the glycemic condition of diabetic 

individuals, the incidence of DCM remains high. In this research, the cardiac effects of anti-

diabetic medicine supplementation with alpha-lipoic acid (ALA) are examined in experimental 

DCM.  

Methods 

Following a 12-hour fast, a total of 44 male Sprague Dawley male rats were put into two 

groups: healthy control and diabetic groups, and glucose levels in blood were measured. The 

diabetic group was given an intraperitoneal (i.p) injection of nicotinamide and streptozotocin 

to induce type 2 diabetes mellitus (T2DM). The diabetic rats were given either ALA (60 mg/kg; 

ramipril (10 mg/kg;), gliclazide (15 mg/kg;) or all three drugs for 42 days after which they 

were euthanized, and samples collected for biochemical, histological and molecular analyses.   

Results  

T2DM induction caused pancreatic damage, high blood glucose, weight reduction, and DCM 

development, marked by cardiac fibrosis, vacuolation, degeneration as well as high plasma and 

cardiac levels of markers cardiac injury. Compared with diabetic control group, treatment with 
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all three drugs protected the structure of pancreatic islets, preserved normoglycemia and body 

weight, and prevented DCM comparable with healthy controls (p > 0.05). In addition, 

combined treatment significantly reduced plasma interleukin-1, interleukin-6, and tumor 

necrotic factor-alpha, and improved antioxidant and lipid profile (p < 0.001). Finally, treatment 

with all three drugs markedly downregulated TGF-β1 and its effector proteins in the heart 

tissue (p <0.001). 

Conclusion 

The combined treatment provided protection against DCM via several pathways including 

inhibition of fibrotic pathway involving TGF-1/Smad signaling. This observation is applicable 

to clinical situations and could provide supplementary information on DCM pharmacological 

treatment in T2DM patients.  
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CHAPTER ONE 

INTRODUCTION 

1.0 Background 

Diabetic cardiomyopathy (DCM) is significant long-term diabetic complications of the 

cardiovascular system that causes architectural and myocardial dysfunction in the absence of 

conventional predisposing factors such as coronary atherosclerosis, hypertension or atrial 

fibrillation (‘Yang F. Qin Y, 2018; Ge Q, 2019). Its clinical presentation includes altered 

myocardial structure and hypertrophy, fibrosis, and abnormal diastolic and systolic pressures 

(Rubble et al,1972). Due to its high prevalence worldwide, DCM has emerged as global threat, 

which is responsible for more than 20% of global annual mortality among people with diabetes 

(Tillquist et al, 2012), with far more hospital admissions for cardiac complications than patients 

with non-diabetic related heart conditions. (Lee C. et al.,2012; Lindman et al.,2014).  

Despite several conventional drugs for management of diabetes, DCM remains a prevalent 

consequence of diabetes mellitus. This implies that factors other than hyperglycaemia may be 

involved in the initiation and advancement of DCM. A diabetic study conducted between 1998 

and 2003 identified increased production of reactive oxygen species (ROS; a toxic factor 

responsible for tissue damage) as an important factor that causes cardiomyocyte apoptosis in 

DCM (Kuethe F, 2007). Besides chronic hyperglycaemia and ROS-induced cell death, studies 

on interconnected pathways underlying the genesis and progression of DCM are underway. 

These processes have recently been revised, and they now include diminished insulin metabolic 
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signalling in cardiac cells of diabetic patients, high AGES (advanced glycation end-products), 

impaired mitochondrial function, inflammation, and other pathological pathways. (Jia et al 

2016). Among all the identified and unidentified factors implicated in DCM, cell death 

resulting from excessive generation of ROS has been extensively studied to play a central role 

in DCM pathogenesis and progression (Ghosh et al.,2014). A growing body of laboratory 

evidence also show that oxidative stress impacts fibrotic pathway in DCM (Purnomo et al., 

2013; Zhang et al., 2018; Wang et al., 2018). Hence, new drugs that combat hyperglycaemia, 

oxidative stress due to ROS, and other molecular pathways including fibrotic pathways in 

DCM are being investigated. 

Per the preceding assertion, alpha-lipoic acid (ALA), a disulfide molecule and intrinsic ROS 

scavenger that serves as a key co-factor for a lot of enzymes in the mitochondria has recently 

been studied to be useful in diabetes and many diabetic comorbidities by improving glycemic 

control and lipid profile (Midaoui et al, 2003).  It can also be obtained as a dietary supplement 

from the plant (tomatoes, potatoes, broccoli, spinach, etc.) and animal (liver) sources (Strödter 

et al, 1995).  

1.1 Problem Statement 

The global prevalence of diabetes is increasing, and this correspond to the increase incidents 

of diabetic related complications DCM currently accounts for 20% of global annual mortality 

in the diabetic population, with significantly higher hospitalization for other cardiovascular 

complications such as heart failure compared to non-diabetic clients with cardiovascular 

conditions. According to a recent study, people with diabetes have a 74% greater chance of 
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developing DCM, while those with DCM have a fourfold increased risk DCM-associated death 

than their counterparts who do not have DCM (Holman et al., 2021).  

1.2 Justification 

Alpha-lipoic acid (ALA) is a sulphur-containing antioxidant and acts as a co-factor for a lot of 

enzymes in the mitochondria in the subcellular pathways that involve ATP synthesis. Some 

studies reported lower levels of plasma ALA in diabetic individuals after which that ALA 

supplementation provided effective management of both T1DM and T2DM (Strodter and 

others 1995). While pharmacological management of DCM with conventional drugs is a 

common clinical practice, there is currently no study on the cardiac effect of supplementing 

these conventional drugs with ALA. Therefore, this project seeks to determine cardiac effect 

of combined ALA, gliclazide and ramipril on T2DM-induced cardiomyopathy in rats. 

1.3 Research Questions 

Does addition of ALA to anti-diabetic and cardioprotective medications provide extra 

protection against DCM?  
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1.4 Aim 

This project investigates whether combined ALA, ramipril and gliclazide provide better cardio-

protection than anti-diabetic and cardioprotective medications alone in an animal model of 

diabetic cardiomyopathy. 

1.5 Objectives 

The goals of this study are to assess the:  

• anti-hyperglycemic and cardioprotective effects of ALA, gliclazide, and ramipril 

mono- and triple combination treatments in T2DM rats.  

• underlying mechanisms of cardio protection in T2DM mice using mono- and triple 

combination treatments  
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CHAPTER TWO 

LITERATURE REVIEW 

2.0 DIABETIC CARDIOMYOPATHY 

Diabetes cardiomyopathy is defined as myocardial dysfunction in people with diabetes who do 

not have other predisposing factors such as, coronary artery disease, hypertension, left 

ventricular disease, atrial fibrillation, or other predisposing factors (Jia et al., 2018).  Diabetic 

cardiomyopathy (DCM) is a significant complication of both T1DM and T2DM; however, 

because T2DM is more common than T1DM, diabetic cardiomyopathy is more frequently 

associated with T2DM. Animal studies reveal that reduced cardiomyocyte activity is an 

essential mediating mechanism for heart failure (Dillmann et al., 2020) and that this reduction 

in cardiomyocyte function is due to a decrease in their quantity caused by apoptosis and 

degeneration (Dillmann et al., 2020).  Another important cause of heart failure is myocardial 

fibrosis.  

2.1 Pathogenesis of Diabetic Cardiomyopathy 

As illustrated in figure 1 below, the molecular processes underlying the pathogenesis and 

advancement of DCM are multifactorial and include ROS-oxidative stress, impaired insulin 

metabolic signalling, high free-fatty acid production, hyperglycemia, AGEs, and many more 

(Jia et al., 2018). 
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Figure 1 depicts the progression of alterations that lead to diabetic cardiomyopathy.  

2.1.1 Impaired insulin metabolic signaling 

The insulin signalling cascade regulates the molecular pathways involved in the recruitment of 

the GLUT4 (glucose transporter) to the cell membrane (Guo, 2014). These pathways include 

mitogen-activated protein kinases (MAPKs) and phosphoinositide 3 kinases (P13K) (Guo, 

2014).  GLUT 4 recruitment to the plasma membrane is often stimulated by the P13k/Akt 

signalling pathway, resulting in glucose absorption into cardiomyocytes (Jia et al., 2017).  

Excessive nutrient intake promotes chronic activation of S6k1 (serine 6 kinases 1), which leads 

to cardiac insulin resistance (Jia et al., 2018).  This reduces P13K activation and protein kinase 

B (Akt) stimulation (Jia et al., 2017). In this situation, GLUT4 recruitment is diminished, 

resulting in decreased glucose absorption. This increases circulating glucose. 
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2.1.2 Persistent hyperglycemia and oxidative stress 

Persistent hyperglycemia caused by poor glucose absorption results in a multitude of molecular 

and metabolic alterations in cardiomyocytes (Jia et al., 2018).  Hyperglycaemia refers to fasting 

blood glucose levels above 7.0 mmol/L or random blood glucose readings above 9.0mmol/L. 

(Bornfeldt & Tabas, 2011).  Surprisingly, hyperglycaemia, which leads to increased glucose 

metabolism, can occur for a long time before diabetes mellitus is diagnosed (Marra et al., 

2002). Increased glucose metabolism disrupts mitochondrial oxidative balance (Wang-Soo 

Lee, 2017).  The resulting rise in the number of free radicals causes a shift in the fragile balance 

between the formation of ROS and the production of antioxidants.  
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Figure 2: Molecular processes underpinning diabetes cardiomyopathy development and 

progression. Chen et al. (2014) (DOI: 10.4093/dmj.2014.38.5.337)  

2.1.3Advanced glycation end products 

Advanced glycation end-products are proteins that have been exposed to sugars, causing them 

to lose their functional capabilities (Stirban et al., 2014).  AGES inhibit gene transcription via 

changing the proteins involved in gene transcription, as well as altering signaling between 

matrix and cells, resulting in cellular malfunction. AGES also activate AGE receptors (RAGE) 

(Stirban et al., 2014).  RAGE and AGEs promote the signalling of nuclear factor κB (NFκB) 

which is a prototypical proinflammatory pathway and therefore increases the expression of 

proinflammatory cytokines leading to inflammation and cardiac fibrosis (Abel H. B., 2014). It 

also promotes apoptosis, prothrombotic activity, expression of adhesion molecules, and 

oxidative stress (Stirban et al., 2014). All these lead to cardiac stiffing and dysfunction.  
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2.1.4 Inappropriate renin-angiotensin-aldosterone system activation  

Stretch receptor activation in the heart activates the RAAS and the sympathetic nervous system, 

resulting in changes in myocardial structure and remodeling, which compromises cardiac 

function (Sajad et al., 2004).  RAAS inhibits cardiac insulin metabolic signaling, preventing 

PI3K engagement, Akt/eNOS activation, and NO generation (Jia et al, 2015). When PI3K is 

not engaged, the downstream component system, such as subsequent recruitment of GLUT 4 

to the cell membrane, is impaired, aggravating hyperglycemia (Jia et al, 2015).  Furthermore, 

decreased NO production inhibits full coronary valve relaxation and insulin-mediated capillary 

recruitment, both of which are required for normal myocardial energetics and the transport of 

insulin and glucose (Jia et al., 2017).  Diabetes causes RAAS upregulation.  

2.2 Alpha-Lipoic Acid 

Alpha-lipoic acid, a disulfide molecule and ROS scavenger that helps enzymes in the 

mitochondria to convert nutrients such as glucose into energy, is advantageous in diabetes and 

a range of other diabetic complication. Besides its biosynthesis, it is also obtained as a dietary 

supplement from both plant (tomatoes, spinach, etc.) and animal (liver) sources (Shay et al. 

2009) and exerts many cellular effects including antioxidant effect (Shay et al., 2009).   
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Figure3. A diagram depicting the cardioprotective properties of alpha-lipoic acid. 

Zhang and McCullough (2016) (DOI: 10.1159/000448666)  

2.2.1 Biological Functions and Therapeutic Potentials of Alpha-lipoic Acid 

Several investigations have indicated that the unbound form of ALA has a variety of biological 

functions in tissues including the heart. Among these biological tasks is the neutralization of 

reactive oxygen species (ROS).  ALA acts directly as an antioxidant by scavenging ROS, 

lowering all the negative consequences associated with elevated ROS activity. It also 

potentiates other antioxidants such as vitamin C, glutathione, and others, which is why it raises 

antioxidant levels in the body (Golbidi et al., 2011).  ALA is unique in that it is both lipophilic 

and hydrophilic, allowing it to act as an antioxidant both within and outside the cell (Hagena 

M).  

Apart from its biological roles, ALA has a high therapeutic potential, since it is favorable for 

absorption of muscle glucose, tolerance of glucose throughout the body, and insulin resistance 
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(Petersen et al., 2009). Furthermore, the antioxidant capacity of ALA decreased inflammation 

caused by`oxidative stress in diabetic peripheral neuropathy (Rochette et al., 2015), indicating 

that it may be effective in both the prevention and treatment of diabetic neuropathy. ALA 

supplementation enhanced the redox status of plasma and endothelium-dependent NO-

mediated vasodilation, reducing oxidative endothelial damage caused by stress (Petersen et al., 

2009).  

2.3 Ramipril 

Ramipril is a long-acting prodrug that inhibits angiotensin-converting enzyme (ACE). It 

interrupts the renin-angiotensin-aldosterone pathway like an ACE inhibitor (RAAS).  In vivo, 

it is hydrolyzed to ramiprilat, the active medication (Perry, 2002).  Ramiprilat binds to ACE 

and inhibits the enzyme's activity as well as the formation of angiotensin II from angiotensin I. 

ACE inhibitors such as ramipril, are used to treat and manage a variety of illnesses, including 

hypertension, heart failure, and post-myocardial infarction, by blocking angiotensin II 

production.  

 

2.3 Gliclazide    

Gliclazide is a sulphonylurea that is used to treat type 2 diabetes. It has an intermediate half-

life of approximately 11 hours. The revised Dutch type 2 recommendations expressly 

recommend gliclazide as the preferable second-line medication rather than sulphonylureas in 

general (Singh, 2016).  The World Health Organization (WHO) has also placed gliclazide in 

its 2013 Model List of Essential Medicines, citing its safety in older people (Singh, 2016).  

Gliclazide promotes insulin secretion by cells of the beta `sulfonylurea receptor, and possibly 
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an action on the transport of intracellular calcium. It mainly improves the abnormal release of 

insulin in T2DM, Campbell (1991). Gliclazide improves insulin signaling by acting directly on 

PI3K insulin-resistant skeletal muscle. The PI3K  
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CHAPTER THREE 

MATERIALS AND METHODS 

3.0 Drugs and chemicals 

Nicotinamide Nanjing Yasnt Bio-Tech Co. Ltd (China), ramipril (Teva Pharmaceuticals, 

United Kingdom). TGF 1 key vaccine (inventory number SC7892, Santa Cruz Biotechnology, 

Inc.), phospho Smad2 (inventory no. Ab53100, Abcam, Canada), phospho Smad3 (inventory 

no. Ab52903, Abcam), β-actin (invention no. Ab8227, Abcam, Canada), Streptozotocin 

(USA), gliclazide (China), horseradish peroxidase (HRP) conjugated secondary antibodies 

(feline. No. Ab13168, Abcam; feline. Nos. Sc 2350 and sc 2371, Santa Cruz Biotechnology, 

Inc.). 

3.1 Ethical statement 

The study was approved by Animal Ethics Board of University of Ghana and performed at 

Noguchi Memorial Institute for Medical Research (with Animal Welfare affirmation number 

A7604-01) while observing standard laboratory practice.  

 

 

University of Ghana http://ugspace.ug.edu.gh



16 

 

 

3.2 Animal handling 

A total of 44 male Sprague-Dawley rats weighing 150–200 g and 6–8 weeks of age were 

purchased from the Department of Animal Experimentation, Noguchi Memorial Institute for 

Medical Research, University of Ghana, Legon, Accra, and kept under 23±2°C and 45–55 

percent room temperature and relative humidity. The rats Were fed with standard rat cow 

(Agricare, Kumasi) and tap water ad libitum and they were allowed to acclimatize for seven 

days. 
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3.3 Animal experimental protocol 

3.3.1 Establishment of T2DM animal model 

After 12 hours of starving the rats, the level of glucose in the blood was measured with a 

glucometer, and rats were randomly divided into healthy control group (n = 7) and diabetic 

group (n = 35). T2DM was established in the diabetic group by injecting nicotinamide 110 

mg/kg intraperitoneally followed by 55 mg/kg streptozotocin (STZ). Three days after 

establishment of T2DM, the animals were starved again for 12 hours after which blood glucose 

level was measured. Animals with blood glucose level equal to or more than 13.9 mmol/L were 

included as T2DM in the study while those below the threshold value were excluded 

(Brahmanaidu et al., 2017). 

3.3.2 Treatment of diabetic animals 

After T2DM was confirmed on the third day using the threshold glucose value, the diabetic rats 

were administered either gliclazide 15 mg/kg (DM+GLC group; n = 7), ALA 60 mg/kg 

(DM+ALA group; n = 7), ramipril 10 mg/kg (DM+RAM group; n = 7) or all three drugs 

(DM+ALA+GLC+RAM; n =7). Diabetic rats which received neither of these three drugs were 

given distilled water as diabetic control group (DM Untreated group; n = 9). Clinical 

parameters such as body weight and glycosylated hemoglobin (HbA1c) levels were measured 

every 7 days, (day 7,14, 21, 28, 35, and 42) at Tema General Hospital in Ghana using an 

automated biochemical analyser (Nycocarrd Reader, Axis Shield, Oslo, Norway).  
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3.3.3 Sacrifice of experimental animals  

All rats were sacrificed by intraperitoneal injection of ketamine: xylazine after 42 days of 

medication. At least 8 mL of blood was taken via cardiac puncture from each rat. Heart and 

pancreas collected and weighed before being stored in paraformaldehyde and -80 °C freezer 

for histological and molecular investigations respectively.  

3.4 Preparation of plasma for analysis of biochemical parameters 

Blood samples during euthanasia were stored in EDTA tubes, the samples were then 

centrifuged at 3000 rpm for 15 minutes at 4 °C to obtain plasma. The plasma samples were 

centrifuged and kept at -20 °C in Eppendorf tubes. An automated biochemical analyser was 

used to assess total cholesterol, triglycerides, and HDL levels in the blood per manufacturer’s 

instructions. Mediators of inflammation in plasma such as TNF-α, IL-1β, and IL-6 were 

evaluated by ELISA using a DuoSet Kit as described by Bortolon et al (2021).  Markers of 

cardiac injury in plasma (cardiac troponin I [cTnI], brain natriuretic peptide [BNP] and creatine 

kinase-myocardial band [CK-MB]) were also measured.  
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3.5 Tissue processing and histological examination 

Heart and pancreatic tissue samples fixed in paraformaldehyde were used for histological 

examination. In summary, the paraformaldehyde-fixed tissue samples were dehydrated by 

placing them in ethanol in an increasing order after which the samples were dipped in xylene, 

and then placed in molten paraffin wax to form a tissue block. Next, the paraffin-embedded 

tissues samples on glass slides were cut at 4μm thickness with a microtome, and dried in an 

oven. The samples were then dipped in xylene, water and in ethanol followed by immersion in 

distilled water. Finally, periodic acid Schiff (PAS) reagent was used to stain the tissues. The 

stained tissue sections were examined under a light microscope and pictures were taken at 400x 

magnification. 

3.6 Determination of antioxidant status 

3.6.1 Assessment of tissue glutathione and superoxide dismutase activity  

Heart tissue samples stored at -80°C were used for evaluation of the level of glutathione and 

superoxide dismutase with the help of a test kit from Nanjing Kaiji Bio, Nanjing, China, and 

as previously reported (Xu et al,2013).   

3.6.2 Malondialdehyde measurement  

The plasma level of malondialdehyde (MDA, lipid peroxidation product) in cardiac muscle 

was evaluated using TBARS method (Dugbartey et al., 2015). To do this, a volume of 100 mL 
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PBS was mixed with heart tissue and blended after which it was spun at 10000 rpm for 300 

seconds.  Thereafter, the supernatant was taken. MDA standard was added followed by 

incubation for 300 seconds. A volume of 125 mL of TBA catalyst was included and heated at 

95 °C for 60 minutes and then cooled at room temperature for 5 minutes. The mixture was 

centrifuged at 15,000 rpm for 5 minutes at 4 °C. The supernatant was used to measure MDA 

level spectrophotometrically. 

3.8 Western Blotting 

RIPA lysis buffer solution and phenylmethylsulphonyl were used to homogenize heart tissue 

samples that were stored at -80 °C. After centrifugation at 12,500g for 10 minutes, supernatant 

was removed. The amount of protein concentration of heart tissues was determined using 

Bicinchoninic (BCA) protein test kit, and the proteins were run through direct electrophoresis. 

Thereafter, the proteins were electronically transmitted for 50 minutes at 10 12 V in the PVDF 

membrane (EMD Millipore, Billerica, MA, USA). PVDF membranes are then treated with 

TGF-β1, Smad2, Smad3 and β-actin primary antibodies.  

3.9 Statistical analysis 

 Results are shown as standard deviation (SD). Prism software was used for statistical analysis, 

which included one-way variance analysis (ANOVA) and Tukey posthoc test (Prism 8, 

GraphPad Software, Inc., San Diego, CA, USA). A p value of less than 0.05 indicates a 

statistically significant difference between groups. 
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CHAPTER FOUR 

RESULTS 

4.0 Impact of treatment with ALA, gliclazide and ramipril on clinical parameters 

We measured body weight and evaluated glycated hemoglobin (HbA1c) and pancreas 

histology in both diabetic and non-diabetic rats to ascertain how triple combination treatment 

influenced body weight and glycemia, as well as the pancreas. T2DM induction resulted in 

severe loss of weight and damage to pancreatic islets (Fig. 4A, 4B and 4C). Except for the 

untreated diabetic (DM untreated) and ramipril-treated (DM+RAM) groups, none of the groups 

had a change in body weight (Fig. 4A).  
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.  

Figure 4. Changes in clinical parameters and pancreas structure.  (A) Change in body weight, (B) glycemic 

status, and (C) images of pancreas taken at 400x magnification 
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4.1 Impact of treatment with ALA, gliclazide and ramipril on diabetic cardiomyopathy  

Induction of T2DM followed by no treatment resulted in substantial myocardial fibre 

degeneration and vacuolation, high relative heart weight and cardiac damage marker5C). While 
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monotherapies provided some cardioprotection, a higher protection was seen in the group that 

received all three drugs (ALA, gliclazide and ramipril) (Fig. 5A-5G) 

 

Figure 1. Myocardial structure and markers of cardiac injury. (A) Myocardial structure, and evaluation of 

(B) cardiomyocyte vacuolation, (C) heart weight/body weight ratio, (D) cardiac troponin I, (E) BNP, (F) cardiac 

CK-MB and (G) plasma CK-MB. Arrows and arrow heads in histological images point to cardiomyocyte 

vacuolation and myocardial degeneration respectively.  
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4.2 Impact of treatment with ALA, gliclazide and ramipril on lipid profile and 

inflammation.  

We observed impaired lipid profile in untreated diabetic rats (Fig. 6A-6C). This was 

characterized by significantly higher triglyceride and total cholesterol levels while high-density 

lipoprotein was markedly reduced (Fig. 6A-6C;). Pro-inflammatory cytokines followed a 

similar pattern as plasma triglyceride and total cholesterol (Fig. 6D-6F). Although single 

therapy (either ALA, gliclazide or ramipril) of T2DM tried to restore these anomalies, lipid 

profile and inflammatory level in rats that received all three drugs (ALA, gliclazide and 

ramipril) were restored near healthy control values (Fig. 6A-6F; p > 0.05), (Fig. 6C).  
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Figure 6. Lipid profile and inflammation. (A) Triglyceride, (B) total cholesterol, (C) plasma high-density 

liprotein, (D) IL-1β, (E) IL-6 and (F) TNF-α.  
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4.3 Impact of treatment with ALA, gliclazide and ramipril on antioxidant status in the 

heart and plasma  

We also observed significantly higher production of ROS, indicated by higher MDA level, 

and markedly lower levels of glutathione and superoxide dismutase antioxidants in 

untreated diabetic rats (Fig. 7A-7D). Individual treatments with either ALA, gliclazide or 

ramipril reduced ROS production and raised glutathione and superoxide dismutase levels. 

However, treatment of T2DM rats with all three drugs restored antioxidant status (Fig. 7A-

7D).   

 

 

University of Ghana http://ugspace.ug.edu.gh



28 

 

 

Figure 2. Antioxidants status in the heart and plasma. (A) Malondialdehyde (MDA) level in cardiac tissue, 

(B) MDA levels in plasma, (C) Glutathione content and (D) Superoxide dismutase activity.  

4.4 Impact of treatment with ALA, gliclazide and ramipril on fibrotic pathway in the 

heart  

To investigate whether fibrosis is implicated in our diabetic cardiomyopathy model, we used 

western blot technique to measure transforming growth factor-beta 1 (TGF-β1) and its effector 

proteins Smad2 and Smad3 in the heart tissue as a major fibrotic pathway. DM untreated rats 

expressed substantial amount of TGF-β1, Smad2 and Smad3 in comparison with the expression 

in the heart tissue of healthy control rats (Fig. 8; p < 0.001). Whereas monotherapies with either 
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ALA, gliclazide or ramipril afforded some level of protection by reducing the expression levels 

of these fibrotic proteins, treatment with all three drugs in the last group strongly inhibited this 

fibrotic pathway (Fig. 8). 
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Figure 3. Fibrosis in the heart1showing (A) expressing level of fibrotic proteins on immunoblot, 

and measurement of the quantity of (B) transforming growth factor-beta 1 (TGF-β1), (C) Smad2 and 

(D) Smad3.  
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. CHAPTER FIVE 

DISCUSSION AND CONCLUSSION 

5.0 DISCUSSION 

This study provides a new pharmacotherapeutic strategy to effectively treat or prevent DCM. 

Our T2DM model in the untreated diabetic rats revealed damaged pancreas, which indirectly 

culminated in a threefold increase in glycated hemoglobin and a remarkable weight loss, all of 

which are hallmarks of uncontrolled diabetes mellitus in a clinical situation. In addition to these 

changes, examination of the heart tissues of this group of rats revealed severe cardiac damage, 

along with increased damage markers in plasma and heart tissue and activation of fibrotic 

pathway. Furthermore, biochemical assessment showed impaired lipid profile, decreased 

antioxidant status and increased inflammation. While single therapy with either alpha-lipoic 

acid (ALA), gliclazide or ramipril afforded some protection, combined treatment with all three 

drugs strongly protected and prevented these pathological changes.  

Such an anti-hyperglycemic effect and effective protection of the pancreas and heart tissue by 

the combined treatment suggests that either each of these drugs activated individual protective 

pathways within these tissues or produced a synergistic action that turned on protective 

pathways including antioxidant and other pathways that are outside the scope of this thesis and 

inhibited damaging such as inflammatory, fibrotic, and other unidentified signaling pathways. 

For example, as ALA is a potent multifunctional antioxidant in the mitochondria, an organelle 

which also serves as a source of ROS generation, a study by Onozato et al (2004) also showed 
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that gliclazide administration exhibited antioxidant effect by increasing mitochondrial 

manganese superoxide dismutase, leading to suppression of pro-inflammatory intercellular 

adhesion molecule-1 (ICAM-1) and improved lipid profile, and consequently protected rats 

against diabetic nephropathy, another major complication of diabetes mellitus. Importantly, 

hyperglycemia-induced increase in production of ROS as observed in this study, has been well-

established as the central mediator of many pathological pathways including fibrotic, 

inflammatory, and apoptotic pathways in the developing and progression of DCM and other 

diabetic complications (Jia et al, 2016., Midaoui et al, 2003; Murdoch et al, 2014). Therefore, 

the addition of ALA to already existing anti-diabetic and anti-hypertensive drugs presents a 

new pharmacological strategy for effective DCM treatment. Thus, this approach will strongly 

boost the body’s antioxidant defence system at the cellular and subcellular levels and raise a 

strong resistance against cell death and tissue injury due to hyperglycemia-induced ROS 

production. Our results also suggest that early detection and early treatment of diabetes mellitus 

with this combined therapy is an effective way of preventing DCM and possibly other diabetic 

complications.  

Our novel pharmacotherapeutic technique, on the other hand, has certain caveats. Insulin levels 

in the blood and pancreatic β-cell function could not be measured as a result of technological 

problems. Measuring these parameters would have provided more insights into understanding 

the impact of untreated T2DM and the effect of single therapy versus combined therapy. 

Nevertheless, from the pancreatic histological pictures and glycated hemoglobin levels in the 

current investigation, it can be deduced that insulin levels in the blood would be much lower 

and pancreatic β-cell function would be impaired in the untreated diabetic rats, which could 

have been possibly improved by the combined therapy.  
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CONCLUSION 

Finally, our findings showed that a combination of ALA, ramipril, and gliclazide reduces the 

with anti-hypertensive drugs such as ramipril in addition to anti-diabetic medications for DCM 

prevention and treatment. The results of this project add to the current body of information 

concerning DCM and its pharmacotherapy and management.  As a result, the findings from 

this project may be applied to the human heart to have a better understanding of the 

pathophysiology of clinical DCM and therapeutic alternatives.  
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RECOMMENDATION 

This research work provides an important addition to the body of existing knowledge about 

DCM, and its pharmacological treatment. Future   research can extrapolate these findings to 

the human heart to gain insight into the pathophysiology of DCM and its pharmacological 

treatment. 

Also, future studies should include measuring blood insulin and pancreatic B-cell which will 

give insights into understanding the impact of untreated T2DM and the effect of single therapy 

versus combined therapy. 

 

 

 

 

 

University of Ghana http://ugspace.ug.edu.gh



35 

 

REFERENCES 

 

Abel, H. B. (2014). Molecular mechanisms of diabetic cardiomyopathy, PMC, 57(4): 660–671) 

Alin O. Stirban, M. a. (2008). Cardiovascular Complications in Diabetes. Adv Exp Med Biol 

1067:197-217 

Alonso et al. (2017). Pathogenesis, clinical features, and treatment of diabetic cardiomyopathy. 

Pathogenesis, clinical features, and treatment of diabetic cardiomyopathy. 1067:197-217 

Baynes. (1991). Role of oxidative stress in the development of complications in diabetes. diabetes. 

Baynes, H. W. (2015). Classification, Pathophysiology, Diagnosis, and Management of Diabetes. 

journal of diabetes and metabolism. 

BorGhetti et al. (2018). Diabetic Cardiomyopathy: Current and Future Therapies. Beyond Glycemic 

Control. Frontiers in physiology. 30;9:1514 

Brasier, A. (2006). The NF-κB regulatory network. The NF-κB regulatory network, 6,111-130. 

Breithaupt-Grogler K, N. G. (1999). Dose-proportionality of oral thioctic acid--coincidence of 

assessments via pooled plasma and individual data. Eur J Pharm Sci, 57-65. 

Brutsaert, E. F. (md.). Complications of Diabetes Mellitus.  

Bugger H, A. E. (2014). Molecular mechanisms of diabetic cardiomyopathy. PMC. 

Erika F. Brutsaert, E. (2020). Complications of Diabetes Mellitus. MDS Manual. 

Wet et al. (2015). Molecular action of sulphonylureas on KATP channels: a real partnership between 

drugs and nucleotides. Biochem Soc Trans.43(5): 901-7. 

Jia G, H. M. (2018). Diabetic Cardiomyopathy: An Update of Mechanisms Contributing to This 

Clinical Entity. . . Circ Res, 122(4):624-638. 

in heart mitochondrial superoxide production. . Am J Hypertens., 16(3):173-9. 

Jia G, DeMarco VG, Sowers JR. (2016). Insulin resistance and hyperinsulinaemia in diabetic 

cardiomyopathy. . Nat Rev Endocrinol. , 12(3):144-53. 

University of Ghana http://ugspace.ug.edu.gh



36 

 

Târtea GC, F. D. (Rom J Morphol Embryol. 2020; 61(2):521-528.). Alpha-lipoic acid and vitamin B 

complex slow down the changes in mice diabetic cardiomyopathy. . Rom J Morphol Embryol. 

2020; 61(2):521-528., 2020; 61(2):521-528. 

Lee SJ, K. J. (2009). Effects of alpha-lipoic acid on transforming growth factor beta1-p38 mitogen-

activated protein kinase-fibronectin pathway in diabetic nephropathy. Metabolism. 2009; 

58:616–623., 58:616–623. 

. Cummings BP, S. K. (2010). Dietary fructose accelerates the development of diabetes in UCD-

T2DM rats: Am J Physiol. 

Lindman BR, D.-R. V. (2014). The cardiovascular phenotype in HFpeEF patients with or without 

diabetes: a RELAX trial ancillary study. J Am Coll Cardiol, 64:541-9. 

Rubler S, D. J. (1972). A new type of cardiomyopathy associated with diabetic glomerulosclerosis. 

Am J Cardio, 30.595-602. 

Jia G, H. M. (2018). Diabetic Cardiomyopathy: An Update of Mechanisms Contributing to This 

Clinical Entity Circ Res, 122(4):624-638. 

Kakkar R, K. J. (1995). Lipid peroxidation and activity of antioxidant enzymes in diabetic rats. . ;. 

Mol Cell Biochem, 151(2):113-9. 

Ge Q, Z. L. (2019). An angiotensin receptor-neprilysin inhibitor, ameliorates diabetic 

cardiomyopathy by inhibiting inflammation. Exp.Biol Mes, 1038-1039. 

Shay KP, M. R. (2009). Alpha-lipoic acid as a dietary supplement: molecular mechanisms and 

therapeutic potential.  Biochim Biophys Acta., 1790(10):1149-1160. 

Strödter D, L. E. (1995). The influence of thioctic acid on metabolism and function of the diabetic 

heart. Diabetes Res Clin Pract, 29(1):19-26. 

Midaoui AE, E. A. (2003).  Lipoic acid prevents hypertension, hyperglycemia, and the increase in 

heart mitochondrial superoxide production.  Am J Hypertens., 16(3):173-9. 

University of Ghana http://ugspace.ug.edu.gh



37 

 

Jia G, DeMarco VG, Sowers JR. (2016). Insulin resistance and hyperinsulinaemia in diabetic 

cardiomyopathy. Nat Rev Endocrinol.  12(3):144-53. 

Târtea GC, F. D. (Rom J Morphol Embryol. 2020; 61(2):521-528.). Alpha-lipoic acid and vitamin B 

complex slow down the changes in mice diabetic cardiomyopathy.  Rom J Morphol Embryol. 

2020; 61(2):521-528., 2020; 61(2):521-528. 

Lee SJ, K. J. (2009). Effects of alpha-lipoic acid on transforming growth factor beta1-p38 mitogen-

activated protein kinase-fibronectin pathway in diabetic nephropathy. Metabolism. 2009; 

58:616–623., 58:616–623. 

Cummings BP, S. K. (2010). Dietary fructose accelerates the development of diabetes in UCD-

T2DM rats: Am J Physiol. 

Lindman BR, D.-R. V. (2014). The cardiovascular phenotype in HFpeEF patients with or without 

diabetes: a RELAX trial ancillary study. J Am Coll Cardiol, 64:541-9. 

Rubler S, D. J. (1972). A new type of cardiomyopathy associated with diabetic glomerulosclerosis. 

Am J Cardio, 30.595-602. 

Agrawal NK, Gupta U. (2013;). Evaluation of ramipril on blood sugar level and interaction with the 

oral anti-diabetic drugs in alloxan-induced diabetic rats. Int J Pharm Sci Res.  (8): 2933–

2938. 

 I M Stratton et al. (2000). Association of glycemia with macrovascular and microvascular 

complications of type 2 diabetes (UKPDS): prospective observational study. BMJ., 321:40. 

Dan Z et al. (2016). Predictors of improvement and progression of diabetic polyneuropathy 

following treatment with alpha-lipoic acid for 4 years in the NATHAN 1 trial. J Diabetes 

Complications., 30(2):350-356. 

Aslfalah H, Jamilian M, Rafiei F, Khosrowbeygi A. (2019;)). Reduction in maternal serum values of 

glucose and gamma-glutamyltransferase after supplementation with alpha-lipoic acid in 

women with gestational diabetes mellitus. J Obstet Gynaecol Res., 45(2). 

University of Ghana http://ugspace.ug.edu.gh



38 

 

Atabek et al., 2004) (2004). Increased cardiac troponin I concentration in diabetic ketoacidosis. J 

Pediatr Endocrinol Metab., 17(8):1077-82. 

Brooks et al. (2008). Diastolic dysfunction and abnormalities of the microcirculation in type 2 

diabetes. Diabetes Obes Metab., 10(9):739-46. 

Castoldi et al. (2009). Prevention of myocardial fibrosis by N-acetylseryl-aspartyl-lysyl-proline in 

diabetic rats. Clin Sci (Lond), 118(3):211-20. 

Chang JW, et al. (2007). Effects of alpha-lipoic acid on the plasma levels of asymmetric 

dimethylarginine in diabetic end-stage renal disease patients on hemodialysis: A pilot study. 

Am J Nephrol. 27:70–7. 

Emral R, et al. (2005). The effect of short-term glycemic regulation with gliclazide and metformin 

on postprandial lipemia. Exp Clin Endocrinol Diabetes., 113(2):80-4. 

Fukuda M, et al (2010). Ezetimibe ameliorates cardiovascular complications and hepatic steatosis in 

obese and types 2 diabetic db/db mice. J Pharmacol Exp Ther., 335(1):70-5. 

Ghelani et al. (2017). Alpha-lipoic acid reduces blood glucose and lipids levels in a high fat and low 

dose streptozotocin-induced metabolic syndrome and type 2 diabetes in Spragued Dawley 

rats. Pharmacol res Perspect. 

Hegazy SK, et al (2013). Alpha-lipoic acid improves subclinical left ventricular dysfunction in 

asymptomatic patients with type 1 diabetes. Rev Diabet Stud, 10(1):58-67. 

HC, C. (2011-12). Our diabetes services in England and wales measuring up? National Diabetes 

Audit. 

Huynh K, et al (2012). Coenzyme Q10 attenuates diastolic dysfunction, cardiomyocyte hypertrophy, 

and cardiac fibrosis in the db/db mouse model of type 2 diabetes. Diabetologia 55(5):1544-

53. 

University of Ghana http://ugspace.ug.edu.gh



39 

 

Jaishy B, Zhang Q, Chung HS, Riehle C, Soto J, Jenkins S, Abel P, Cowart LA, Van Eyk JE, Abel 

ED. (2015). Lipid-induced NOX2 activation inhibits autophagic flux by impairing lysosomal 

enzyme activity. J Lipid Res., 56(3):546-561. 

Khamaisi et al. (1997). Lipoic acid reduces glycemia and increases muscle GLUT4 content in 

streptozotocin-diabetic rats. Metabolism, 46(7): 763-8. 

Khamaisi M et al. (1997). Lipoic acid reduces glycemia and increases muscle GLUT4 content in 

streptozotocin-diabetic rats. Metabolism., 46(7): 763-8. 

Kuethe F, S. H. (2007). Apoptosis in patients with dilated cardiomyopathy and diabetes: a feature of 

diabetic cardiomyopathy? Horm Metab Res, 39(9)6:672-6. 

Lee C, Joseph L, Colosimo A, Dasgupta K. (2012). Mortality in diabetes compared with 

previous cardiovascular disease: a gender-specific meta-analysis. Diabetes. Diabetes Metab, 

38:541-9. 

Lee JE, Yi CO, Jeon BT, Shin HJ, Kim SK, Jung TS, Choi JY, Roh GS. (2012). α-Lipoic acid 

attenuates cardiac fibrosis in Otsuka Long-Evans Tokushima Fatty rats. Cardiovasc. 

Diabetol. 11:111. 

Lind M, et al. (2011). Glycaemic control and incidence of heart failure in 20,985 patients 

with type 1 diabetes: an observational study. Lancet, 378(9786):140-6. 

Mayr JA, F. R. (2014). Lipoic acid biosynthesis defects. J Inherit Metab Dis., 37(4):553-563. 

Midaoui AE, Elimadi A, Wu L, Haddad PS, de Champlain J. Lipoic acid prevents 

hypertension, hyperglycemia, and the increase in heart mitochondrial superoxide 

production. Am J Hypertens. 16(3):173-9. 

Moini H, Tirosh O, Park YC, Cho KJ, Packer L. (2002). R-alpha-lipoic acid action on cell 

redox status, the insulin receptor, and glucose uptake in 3T3-L1 adipocytes. Arch 

Biochem Biophys. 397(2): 384-. 

Murdoch CE, Chaubey S, Zeng L, Yu B, Ivetic A, Walker SJ, Vanhoutte D, Heymans S, 

Grieve DJ, Cave AC, Brewer AC, Zhang M, Shah AM (2014). Endothelial NADPH 

oxidase-2 promotes interstitial cardiac fibrosis and diastolic dysfunction through pro-

inflammatory effects and endothelial-mesenchymal transition. Am J Coll Cardiol. 

Onozato ML, Tojo A, Goto A, Fujita T (2004.). Radical scavenging effect of gliclazide in 

diabetic rats fed with a high cholesterol diet. Kidney Int, 65(3): 951-60. 

University of Ghana http://ugspace.ug.edu.gh



40 

 

Pan WQ, Wang SF, Ding BP, Huang ZG. (2020). Protective effects of gliclazide on the 

myocardium of diabetic rats and its mechanism. Zhongguo Ying Yong Sheng Li Xue 

Za Zhi., 36(5):402-407. 

Rideout TC, Carrier B, Wen S, Raslawsky A, Browne RW, Harding SV. (2016.). 

Complementary Cholesterol-Lowering Response of a Phytosterol/alpha-Lipoic Acid 

Combination in Obese Zucker Rats. J Diet Suppl, 13(3):283-99. 

Robillon JF, S. J. (1994). Abnormalities are suggestive of cardiomyopathy in patients with 

type 2 diabetes of relatively short duration. Diabetes Metab, 473-80. 

Strödter D, Lehmann E, Lehmann U, Tritschler HJ, Bretzel RG, Federlin K. (1995.). The 

influence of thioctic acid on metabolism and function of the diabetic heart. Diabetes 

Res Clin Pract. 29(1):19-26. 

Symeonides P, Koulouris S, Vratsista E, Triantafyllou K, Ioannidis G, Thalassinos N, 

Katritsis D. (2007). Both ramipril and telmisartan reverse indices of early diabetic 

cardiomyopathy: a comparative study. . Eur J Echocardiogr. , 8(6):480-6. 

Tillquist MN, M. T. (2012). Update 0on diabetic cardiomyopathy: I inch forward, miles to 

go. Curr Diab Reep, 12:305-313. 

Trödter D, L. E. (1995). The influence of thioctic acid on metabolism and function of the 

diabetic heart. Diabetes Res Clin Pract. , 29(1):19-26. 

Tros SU, B. W. (2002). Overexpression of the sarcoplasmic reticulum Ca(2+)-ATPase 

improves myocardial contractility in diabetic cardiomyopathy. Diabetes. Diabetes, 

51:1166-71. 

Verma PR (2018). Effect of alpha-lipoic acid and its nano-formulation on streptozotocin-

induced diabetic neuropathy in rats. Pharma Innovation J, 7:482–485. 

Xu YZ, Zhang X, Wang L, Zhang F, Qiu Q, Liu ML, Zhang GR, Wu XL (2013). An 

increased circulating angiotensin II concentration is associated with 

hypoadiponectinemia and postprandial hyperglycemia in men with nonalcoholic fatty 

liver disease. Intern Med. 

Xu G, L. B. (2018). Prevalence of diagnosed type 1 and type 2 diabetes among us in 2016 

and 2017. BMJ. 

      

Yaworsky K, Somwar R, Ramlal T, Tritschler HJ, Klip A. (2000). Engagement of the insulin-

sensitive pathway in the stimulation of glucose transport by alpha-lipoic acid in 3T3-

L1 adipocytes. Diabetologia., 43(3): 294-303. 

University of Ghana http://ugspace.ug.edu.gh



41 

 

Yi X, Nickeleit V, James LR, Maeda N. (2011). α-Lipoic acid protects diabetic 

apolipoprotein E-deficient mice from nephropathy. J Diabetes Complications, 25(3): 

193-201. 

Zhang YW, Wang X, Ren X, Zhang M. (2018). Involvement of glucose-regulated protein 78 

and spliced X-box binding protein 1 in the protective effect of gliclazide in diabetic 

nephropathy. Diabetes Res Clin Pract., 146: 41-47. 

Ziegler D, Reljanovic M, Mehnert H, Gries FA. (1999). Alpha-lipoic acid in the treatment of 

diabetic polyneuropathy in Germany: Current evidence from clinical trials. Exp Clin 

Endocrinol Diabetes. 107:421–430. 

 

 

University of Ghana http://ugspace.ug.edu.gh




