



CARDIO-PROTECTIVE EFFECT OF APOCYNIN IN HIGH FAT DIET INDUCED HYPERLIPIDAEMIA IN RATS


ABSTRACT

This study investigated the therapeutic potential of apocynin in mitigating obesity-induced cardiovascular dysfunction. With cardiovascular disease mortality projected to reach 22.2 million by 2030 and obesity recognized as a significant predisposing factor, the research addressed the limited scientific knowledge regarding apocynin's specific effects on cardiovascular health in obese subjects. Twenty-five Wistar rats were randomly assigned into 5 groups. The study utilized 25 Wistar rats, which were randomly distributed into five groups: a normal control, an apocynin-only group, a high-fat diet-induced obese group, an obese group treated with apocynin (50 mg/kg), and an obese group treated with glibenclamide (5 mg/kg). The experimental regimen lasted for 21 days, animals were allowed free access to water and feed. Results obtained revealed significant (p<0.05) increase in body weight of the obese group, which was reduced by apocynin administration. The serum lipids concentrations (mmol/L) in the control group were TC (1.50 ±0.02), TG (0.55 ±0.01), HDL-c (1.70 ±0.01), LDL-c (0.43 ±0.02) and VLDL-c (0.24 ±0.02), with atherogenic index of -0.10 ±0.02. TC, TG, LDL-c, VLDL-c and atherogenic index were significantly (p<0.01) raised, while HDL-c was significantly (p<0.01) reduced in the obese group compared with control. Treatment with Apocynin or glibenclamide reversed the changes near control values. The control group had troponin concentration of 67.00 ±2.10 pg/mL, CK-MB (11.00 ±0.41 IU/L), LDH (1466.00 ±18.00 IU/L), ACE (17.00 ±0.20 IU/L) and heme oxygenase (1.60 ±0.10 IU/L) of controls. These were significantly (p<0.01) raised in the obese group compared with the controls, but NO was significantly (p<0.05) lower in obese group compared with control (22.00 ±1.60 µmol/L). Total bilirubin, interleukin-6, C-reactive peptide, tissue necrotic factor-alpha, and malondialdehyde concentrations were significantly (p<0.01) raised, while total antioxidant capacity was significantly (p<0.01) lower in obese group compared with control. The administration of apocynin, similar to glibenclamide, effectively reversed these changes, to values comparable to the control group. In conclusion, oral apocynin attenuates the cardiovascular risks associated with obesity, likely through its potent antioxidant, anti-inflammatory, and anti-dyslipidemic actions.
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INTRODUCTION
The incidence of cardiovascular diseases (CVDs) is increasing drastically, and is becoming a global threat, [1]. Complications of some underlying ailments has contributed to a wide range of cardiovascular diseases, [2,1]. Mortality rate from cardiovascular diseases has been estimated to reach 22.2 million by 2030, [3].  Among the risk factors to cardiovascular diseases are, nutrition (diet) particularly dietary fat has been implicated as the increasing prevalent of CVDs, because dietary fat plays significant role in cardiac dysfunction. Obesity has contributed to about 90 % of the incidence of CVDs, which has direct correlation with dietary fat and excess accumulation of body fat in the adipose tissues [4].
Obesity is a pathological condition characterized by accumulation of excess body fat in the body, causing deleterious consequences on human health and threatening life expectancy. It is a chronic disease with complex interactions between genetic and environmental factors and excessive dietary calories and, lack of physical activity exacerbates this disorder. Obesity if delineated using body mass index (BMI), calculated by dividing the body weight (in kilograms) by the status height (in meters square). BMI values of 30 kg/m2 or higher indicates obesity. It is predisposing factor to cardiovascular risk and with its attendant high public health concern in both developed and developing countries [5]. The effects of obesity on the cardiovascular system are manifested as hypertension, myocardial infarction, atherosclerosis, stroke and with their common etiology linked to complications such as dyslipidemia, inflammation and oxidative stress, [6]. Others include increased angiotensin converting enzyme, bilirubin, heme-oxygenase and nitric oxide concentrations and their activities, [7].
Obesity is also a predisposing factor to myocardial infarction (MI) or heart attack. Myocardial infarction also known as coronary heart disease, due to necrosis of the myocardium caused by insufficient blood flow, which may be due to embolus, thrombus or vascular spasm.  Elevated circulatory levels of troponin-I, creatine kinase and lactate dehydrogenase are the common cardiac biomarkers for the presence of myocardial infarction, [8].
Dyslipidemia in obesity is characterized by inappropriate elevation of bad cholesterols (triglycerides, low density lipoprotein cholesterol, very low density lipoprotein cholesterol) and abnormal decrease in the good cholesterol such as high density lipoprotein cholesterol (HDL-c). In dyslipidemia, plagues are formed by the bad cholesterol on the walls of the blood vessels causing atherosclerosis, this narrows and occludes the lumen of the vessels resulting in the onset of cardiovascular risk, [9,10,11,12,13,14]. 
Several mechanisms proposed on obesity induces organ disfunction include release of some pro-inflammatory cytokines such as interleukin-6, C-reactive protein and tumor necrosis factor-α in attracting inflammatory cells to the vascular tissues and in promoting the growth of plaque, plaque instability, arterial stiffness, endothelial dysfunction and calcium deposition on the arteries hence, causing cardiovascular diseases, [15]. Induction of oxidative stress is another mechanism of obesity induced maladies. In obesity, increase in adipose tissue causes an increase in the production of some free radicals called reactive oxygen species (ROS). The resultant ROS promotes pathophysiological processes such hypertension, vascular remolding and hypercholesterolemia via endothelial dysfunction, lipid peroxidation [5] 
In the management of chronic ailment, Apocynin is of great interest, it is currently gaining research grounds and recognition for it wide potency, therapeutic and pharmacological effect in the treatment and management of some diseases such as respiratory disorders, renal disorders, cancer, gastrointestinal disease, covid-19 and so others, [16, 17]. Although the exert mechanisms of actions of this drug is still sketchy, some studies have submitted that the drug is thought to act by inhibiting NADPH oxidase, decreasing ROS, scavenging free radicals and reducing apoptosis, [16, 17].  
However, there is still paucity of data on the effect of apocynin on cardiovascular health in obesity. Hence, this study sought to provide adequate knowledge on the effects of apocynin on cardiovascular function parameters in obesity, which will help to make inform decisions concerning the use of apocynin in the management of cardiovascular diseases associated with obesity. In this study obesity was induced using high fat diet on Wistar rats. 
MATERIALS AND METHOD
Experimental animals
Twenty-five (25) male Wistar rats weighing between 200g-250g were obtained from the animal house of the Department of Physiology, University of Calabar. The animals were then allowed to acclimatize in their new location for one week and their weights noted before the induction and treatment of obesity.  They were housed in stainless steel cages at temperature (28 ± 2 oC) and twelve hours light-dark cycle and fed with normal rat chow and allowed access to water ad libitum. Good hygiene was maintained by constant cleaning and removal of feces and spilled feed from cages daily and treated for 21 days. 
The experimental animals were divided into five groups of five rats each, thus:  
Group 1:	Normal control 
Group 2:	Apocynin only (50mg/kg body weight per day, orally)
Group 3: 	Obese group (fed with high fat diet and water) 
Group 4: 	Obese + Apocynin group
Group 5: 	Obese + Glibenclamide (5mg/kg body weight in the last five days).
Ethical Issues
	Ethical approval to conduct this research was obtained from the Faculty of Basic Medical Sciences ethics committee with the file number 303PHY2724.
Induction of experimental obesity 
After a week of acclimatization, the rats were assigned into two (2) groups and labeled A and B.  Group A had ten (10) rats and were further divided into group 1 and 2 and served as the normal control and fed with normal rat diet (rats chow) and water. Group B (group 3-5) of fifteen (16) rats were fed with high fat diet (HFD) for five (5) weeks to induce obesity. Obesity was induced using standard method [17,19,20]. Rats with above 20% body weight increase compared with average weight gain of normal control were considered obese and used in the study. The high fat diet was sustained in the obese groups throughout the experimental period. The formula for calculating and selecting rats with 20% weight increase above mean weight of normal control group is shown below.
% weight gain =   Mean weight of control – weight of rat fed with HFD	x 100
				Mean weight of control
                                     
TABLE 1: Composition of high-fat diet
	Ingredients
	Quantity (per 100g)

	Basal diet
	69

	Lard
	10

	Sucrose
	10

	Milk
	5

	Egg yolk powder
	5

	Sodium chloride
	0.2

	Porcine bile salt
	0.8


Source: [19]


Administration of apocynin 
Apocynin purchased from EMD Millipore Corp, USA was administered orally at a dosage of 50 mg/kg body weight per day to the test animals [21] for 21 days.
Administration of glibenclamide 
Glibenclamide was administered orally at a standard dosage of 5 mg/kg body weight per day in the last five days of the experiment due to it hypoglycemic properties. 
Collection of blood samples
After twenty (21) days of treatment, the rats were subjected to an overnight fast and were anaesthetized with ketamine anesthesia at a dose of 3 ml per 100g body weight. The thoracic cages were opened and blood collected via cardiac puncture and properly emptied into well labeled plain capped tubes. The samples bottles were allowed to stand for one hour after which they were spun at a speed of 3000 revolutions per minutes (rpm) for five minutes using a centrifuge. At the end of the spinning process, the sample bottles were removed from the centrifuge and serum collected and used for biochemical analysis.
Methods of laboratory assay
 	The biochemical parameters (serum lipid profile, angiotensin converting enzyme, heme-oxygenase, nitric oxide, bilirubin, Troponin I, Creatine kinase, LDH, IL-6, C-RP, TNF-α, TAC and MDA assays) were done in the laboratory following standard laboratory procedure and guidelines according to manufacturers instructions. 
Determination of atherogenic index 
Atherogenic index was calculated using the standard formula, Log 10 (TG / HDL-c), [22]. 
Statistical analysis
The results are presented as mean ± standard error of mean (SEM). Data were analyzed using GraphPad prism software version 6.00 for Windows (GraphPad Software, San Diego, CA, USA). Normality test with Kolmogorov Smirnov test, one-way analysis of variance with Turkey post-test was performed after homogeneity of variance was confirmed with Levene test, and probability level of p<0.05 were considered statistically significant.

RESULTS
Initial, final and body weight change of the experimental animals
The initial body of the experimental rats before induction of obesity is shown in Fig. 1. No significant differences were observed among the different experimental groups.
The results of final body weights of the experimental rats after treatment (Fig.2) showed that the mean ± SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were 306.00 ±4.30; 253.00 ±3.50; 586.00 ±20.00; 322.00 ±7.90 and 451.00 ±16.00g respectively.
The final body weights in APO group significantly decreased (p<0.01) compared with control, OBE, OBE+APO and OBE+GLB groups. The OBE group significantly increased (p<0.01) compared with the OBE+APO and OBE+GLB groups. OBE+APO group decreased significantly (p<0.01) compared with OBE+GLB group. They were no significant difference in OBE+APO group compared with Control.
The results of the percentage body weight gain of the experimental rats after treatment (Fig. 3) showed that the mean values for the control, APO, OBE, OBE+APO and OBE+GLB groups were 20.00 ±1.80; -0.80 ±1.70; 130.00 ±4.70; 26.00 ±3.10 and 76.00 ±6.90g respectively.
The result of the percentage weight gain in APO group significantly decreased (p<0.01) compared with Control, OBE, OBE+APO and OBE+GLB groups. The OBE group significantly increased (p<0.05) compared with OBE+APO and OBE+GLB groups and at P<0.01 compared with Control. OBE+APO group significantly decreased (p<0.05) compared with OBE+GLB group.
Serum total cholesterol levels in the different experimental groups
The result of the serum total cholesterol levels of the experimental rats after treatment (Table 2) showed that the mean ± SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were 1.50 ±0.02; 1.60 ±0.03; 6.10 ±0.03; 3.00 ±0.70; and 3.80 ±0.17 mmol/L respectively.
Serum total cholesterol levels in APO group significantly decreased (p<0.05) compared with OBE, OBE+APO, OBE+GLB groups.  In the OBE group, they were significantly increased (p<0.05) compared with OBE+APO and OBE+GLB groups. The OBE+APO group showed significant decreased (p<0.05) compared with OBE+GLB group. The result showed no significant difference between APO and Control groups.

Serum triglyceride levels in the different experimental groups
The results of the serum triglyceride levels of the experimental rats after treatment (Table 2) showed that the mean ± SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were 0.55 ±0.01; 0.55 ±0.02; 0.82 ±0.03; 0.60 ±0.01; and 0.60 ±0.01 mmol/L respectively.
Serum levels of triglycerides in APO group significantly decreased (p<0.05) compared with OBE, OBE+APO and OBE+GLB groups. Triglyceride levels in the OBE group significantly increased (p<0.05) compared with OBE+APO and OBE+GLB groups. OBE+APO groups showed significant decreased (p<0.05) compared with OBE+GLB. The result showed no significant difference between APO and Control group.
High density lipoprotein serum levels in the different experimental groups
The results of serum high density lipoprotein in the experimental rats after treatment (Table 2) showed that the mean ± SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were 1.70 ±0.01; 1.80 ±0.01; 0.41 ±0.01; 0.92 ±0.01; and 0.81 ±0.02 mmol/L respectively.
High density lipoprotein levels in APO group significantly increased (p<0.05) compared with OBE, OBE+APO, OBE+GLB groups (P<0.05) compared with Control group. OBE group showed significant decreased (p<0.05) compared with OBE+APO and OBE+GLB groups. HDL levels in OBE+APO group significantly increased (p<0.05) compared with OBE+GLB group.
Serum levels of low density lipoprotein in the different experimental groups
Low density lipoprotein levels in the experimental rats after treatment (Table 2) showed that the mean ± SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were 0.43 ±0.02; 0.49 ±0.01; 2.40 ±0.20; 0.50 ±0.05 and 0.62 ±0.00 mmol/L respectively. 
Low density lipoprotein levels were significantly decreased (p<0.05) in the APO group compared with OBE, OBE+APO and OBE+GLB groups. OBE group showed a significant increase (p<0.05) compared with OBE+APO and OBE+GLB groups. LDL levels in the OBE+APO group were decreased significantly (p<0.05) compared with OBE+GLB group. 
Serum levels of very low density lipoprotein in the different experimental groups
Very low density lipoprotein levels in the experimental rats after treatment (Tabe 2) showed that the mean ± SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were 0.24 ±0.01; 0.23 ±0.01; 0.72 ±0.01; 0.30 ±0.01; and 0.45 ±0.01 mmol/L respectively.
VLDL levels in APO group significantly decreased (p<0.05) compared with OBE, OBE+APO and OBE+GLB group. The OBE group showed a significant increase (p<0.05) compared with OBE+APO and OBE+GLB groups. VLDL levels in OBE+APO group decreased significantly (P<0.05) compared with OBE+GLB group. The result showed no significant difference between APO and Control groups.
Atherogenic index levels of the different experimental groups
Atherogenic index levels in the experimental rats after treatment (Table 2) showed that the mean ± SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were -0.096 ±0.20; -0.11 ±0.02; 14,00 ±0.77; 23.00 ±0.04; and 37.00 ±0.26 respectively.
The atherogenic index level of APO group significantly decreased (p<0.05) compared with OBE, OBE+APO; OBE+GLB groups. It significantly increased (p<0.05) in OBE group compared with OBE+APO and OBE+GLB groups. APO+OBE group showed significant increased (p<0.05) compared with OBE+GLB group. The result showed no significant difference between APO and Control groups.
Serum troponin-I levels in the different experimental groups  
Serum troponin-I levels in the experimental rats after treatment (Table 3) showed that the mean ±SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were 67.00 ±2.10; 73.00 ±4.70; 342.00 ±3.50; 110.00 ±3.40; and 211.00 ±10.00 ng/mL respectively.
Serum troponin-I levels in APO group significantly increased (p<0.05) compared OBE, OBE+APO and OBE+GLB groups. The OBE group showed a significant increase in troponin levels (p<0.05) compared with OBE+APO and OBE+GLB groups. Troponin-I levels in OBE+APO group significantly decreased (p<0.05) compared with OBE+GLB group. The result showed no significant difference between the APO and Control groups. 
Serum creatine kinase levels  
The serum creatine kinase levels in the experimental rats after treatment (Table 3) showed that the mean ± SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were 11.00 ±0.41; 14.00 ±0.44; 40.00 ±0.71; 18.00 ±1.20; and 34.00 ±1.70 IU/L respectively.
Serum creatine kinase levels in APO group significantly decreased (P<0.05) compared with OBE, OBE+APO and OBE+GLB groups. OBE group showed a significant increased (p<0.05) compared with OBE+APO and OBE+GLB groups. OBE+APO group significantly decreased (pP<0.05) compared with OBE+GLB group. They were no significant difference between APO and Control groups.
Serum lactate dehydrogenase levels in the experimental rats
[bookmark: _Hlk207802032]The serum lactate dehydrogenase levels in the experimental rats after treatment (Table 3) showed that the mean ± SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were 1466.00 ±18.00; 1497.00 ±14.00; 1702.00 ±30.00; 1507.00 ±31.00; and 1689.00 ±33.00 IU/L respectively.
Serum lactate dehydrogenase levels in APO group significantly decreased (p<0.05) compared with OBE, OBE+APO and OBE+GLB groups. The OBE group showed significant increase (p<0.05) compared with OBE+APO. OBE+APO group showed a significant decrease (p<0.05) compared with OBE+GLB. The result showed no significant between APO and Control groups. 
Serum angiotensin converting enzyme levels in the experimental rats
The serum angiotensin converting enzyme levels in the experimental rats after treatment (Table 3) showed that the mean ± SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were 17.00 ±0.20; 17.00 ±0.34; 29.00 ±0.42; 19.00 ±0.34; and 23.00 ±0.75 IU/L respectively.
Serum angiotensin converting enzyme levels in APO group decreased significantly (p<0.05) compared with OBE, OBE+APO and OBE+GLB groups. The OBE group showed significant increased (p<0.05) compared with OBE+APO and OBE+GLB groups. It levels in OBE+APO group significantly decreased (p<0.05) compared with OBE+GLB group. They were no significant difference between APO and control groups.
Serum heme-oxygenase enzyme levels in the experimental rats
The serum heme-oxygenase enzyme levels in the experimental rats after treatment (Table 3) showed that the mean ± SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were 1.60 ±0.10; 1.20 ±0.07; 0.18 ±0.01; 1.10 ±0.05; and 0.59 ±0.04 IU/L respectively.
The serum heme-oxygenase enzyme levels in APO group increased significantly (p<0.05) compared with OBE, OBE+APO and OBE+GLB groups. ACE levels significantly decreased (p<0.05) compared with OBE+APO and OBE+GLB groups. OBE+APO group showed significant increased (P<0.05) compared with OBE+GLB group. 
Serum nitric oxide levels in the experimental rats
[bookmark: _Hlk207802285]The serum nitric oxide levels in the experimental rats after treatment (Table 3) showed that the mean ±SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were 22.00 ±1.60; 24.00 ±1.30; 4.50 ±0.11; 15.00 ±0.98; and 7.40 ±0.58 µmo/L respectively.
Nitric oxide levels in APO group increased significantly (p<0.05) compared with OBE, OBE+APO and OBE+GLB groups. OBE group showed a significant decrease (p<0.05) with OBE+APO and OBE+GLB groups. HO levels in OBE+APO group significantly increased (p<0.05) compared with OBE+GLB group.
Serum total bilirubin levels in the experimental rats
The serum total bilirubin levels in the experimental rats after treatment (Table 4) showed that the mean ±SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were 4.00 ±0.47; 4.40 ±0.10; 6.30 ±0.13; 4.70 ±0.19; and 5.70 ±0.11 µmol/L respectively.
Bilirubin levels in APO group significantly decreased (P<0.05) compared with OBE, OBE+APO and OBE+GLB groups. In the OBE group, they were significant increase in serum bilirubin levels (p<0.05) compared with OBE+APO and OBE+GLB group. OBE+APO group showed significant decrease (p<0.05) compared with OBE+GLB group.
Serum interleukin-6 levels in the experimental rats
[bookmark: _Hlk207802489]The results for serum Intyerleukin-6 levels in the experimental rats after treatment (Table 4) showed that the mean ± SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were 3.30 ±0.11; 3.36 ±0.12; 8.20 ±0.15; 4.70 ±0.14 and 5.00 ±0.20 ng/mL respectively.
Interleukin-6 levels in APO group significantly decreased (p<0.05) compared with OBE, OBE+APO and OBE+GLB groups. OBE group showed a significant increase (p<0.05) compared with OBE+APO and OBE+GLB groups. IL-6 levels in OBE+APO group significantly decreased (P<0.05) compared with OBE+GLB group.
Serum C-reactive protein levels
The result for C-reactive protein levels for the control, APO, OBE, OBE+APO and OBE+GLB groups were 12.00 ±0.56; 12.00 ±0.29; 29.00 ±0.64; 14.00 ±0.78; and 20.00 ±0.61 ng/mL respectively after treatment (Table 4)
The serum C-reactive protein levels in the APO group significantly decreased (p<0.05) compared with OBE, OBE+APO and OBE+GLB groups. It increased significantly (p<0.05) compared with OBE+APO and OBE+GLB group. C-reactive protein levels decreased (p<0.05) in the OBE+APO group compared with OBE+GLB group.
Serum tumor necrosis factor alpha levels
The mean values of TNF-α after treatment for control, APO, OBE, OBE+APO and OBE+GLB groups were 83.00 ±1.20; 83.00 ±0.73; 125.00 ±1.90; 93.00 ±1.40 ; and 100.00 ±2.40 pg/mL respectively, (Table 4). Serum tumor necrosis factor alpha levels in the APO group decreased significantly (p<0.05) compared with OBE, OBE+APO and OBE+GLB groups. TNF-α levels in the OBE group increased significantly (p<0.05) compared with OBE+APO and OBE+GLB group. OBE+APO group showed a significant decrease (p<0.05) compared with OBE+GLB group.
 Serum total antioxidant capacity of the different experimental groups
The results for serum total antioxidant capacity levels in the experimental rats after treatment (Table 4) showed that the mean ± SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were 8.80 ±0.32; 8.50 ±0.41; 4.00 ±0.30; 7.30 ±0.24; and 5.90 ±0.15 µmol/mg respectively.
The serum total antioxidant capacity levels in APO group were significantly increased (p<0.05) compared OBE, OBE+APO and OBE+GLB groups. OBE group showed a significant decrease (p<0.05) compared with OBE+APO and OBE+GLB groups. OBE+APO levels significantly increased (p<0.05) compared with OBE+GLB group.


Serum malondialdehyde activity of the different experimental groups
The results for serum malondialdehyde activity in the experimental rats after treatment (Table 4) showed that the mean ±SEM for the control, APO, OBE, OBE+APO and OBE+GLB groups were 0.41 ±0.01; 0.40 ±0.02; 1.60 ±0.03; 0.50 ±0.01; and 0.74 ±0.01 mmol/mg respectively. 
The MDA levels in APO group decreased significantly (p<0.05) compared with OBE group (p<0.05) compared with OBE+APO and OBE+GLB group. OBE group showed significant increased (p<0.05) compared with OBE+APO and OBE+GLB groups. Serum MDA levels in the OBE+APO showed a significant decreased (p<0.05) compared with OBE+GLB group.





FIG. 1: Body weights (g) of experimental rats before induction of obesity.

Values are expressed as mean +SEM, n = 5. 
No significant differences among groups









FIG. 2: Final body weights (g) of experimental rats after treatment.
Values are expressed as mean +SEM, n = 5. 
** = p<0.01 compared with control;
 # = p<0.05 compared with APO, OBE+APO, OBE+GLB
+ = p<0.0 vs OBE+APO
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FIG. 3: Percentage body weights (g) gain experimental rats after treatment
Values are expressed as mean +SEM, n = 5. 
** = p<0.01 compared with control;
 # = p<0.05 compared with APO, 
a = p<0.05 vs OBE.
+ = p<0.0 vs OBE+APO





TABLE 2: Serum lipid profile and atherogenic index of the different experimental groups

	
	TC (mmol/L)
	TG (mmol/L)
	HDL-c
(mmol/L)
	LDL-c
(mmol/L)
	VLDL-c
(mmol/L)
	AI

	Control
	1.50
	0.55
	1.70
	0.43
	0.24
	-0.10

	
	±0.02
	±0.01
	±0.01
	±0.02
	±0.01
	±0.02

	
	
	
	
	
	
	

	APO
	1.60
	0.55
	1.80
	0.49
	0.23
	-0.11

	
	±0.03
	±0.02
	±0.01
	±0.01
	±0.01
	±0.01

	
	
	
	
	
	
	

	Obese
	6.16
	0.82
	0.41
	2.40
	0.72
	14.00

	
	±0.03*,a
	±0.03*,a
	±0.01*,a
	±0.02*,a
	±0.01*,a
	±0.77*,a

	
	
	
	
	
	
	

	Obese + APO
	3.00
	0.60
	0.92
	0.50
	0.30
	23.04

	
	±0.70b
	±0.01b
	±0.01*,a,b
	±0.05b
	±0.01b
	±0.98*,a,b

	
	
	
	
	
	
	

	Obese + Glib.
	3.80
	0.60
	0.81
	0.62
	0.45
	37.00

	
	±0.17b
	±0.01b
	±0.02*,a,b
	±0.00b
	±0.01b
	±0.26*,a,b


Values are expressed as mean ±SEM, n = 5.


TABLE 3: Serum cardiac function biomarkers of the different experimental groups

	
	Troponin (pg/mL)
	CK (IU/L)
	LDH (IU/L)
	ACE (IU/L)
	Heme Oxygenase (IU/L)
	NO (µmol/L)

	Control
	67.00
	11.00
	1466.00
	17.00
	1.60
	22.00

	
	±2.10
	±0.41
	±18.00
	±0.20
	±0.10
	±1.60

	
	
	
	
	
	
	

	APO
	73.00
	14.00
	1497.00
	17.00
	1.20
	24.00

	
	±4.70
	±0.44
	±14.00
	±0.34
	±0.07
	±1.30

	
	
	
	
	
	
	

	Obese
	342.00
	40.00
	1702.00
	29.00
	±0.18
	4.50

	
	±3.50*,a
	±0.71*,a
	±30.00*,a
	±0.42*,a
	±0.01*,a
	±0.11*,a

	
	
	
	
	
	
	

	Obese + APO
	110.00
	18.00
	1507.00
	19.00
	1.10
	15.00

	
	±3.40*,a,b
	±1.20b
	±31.00b
	±0.34b
	±0.05b
	±0.98b

	
	
	
	
	
	
	

	Obese + Glib.
	211.00
	34.00
	1689.00
	23.00
	0.59
	7.40

	
	±10.00*,a,b,c
	±1.70*,a,c
	±33.00*,a
	±0.75b
	±0.04*,a,b,c
	±0.58*,a,c


Values are expressed as mean ±SEM, n = 5.


TABLE 4: Total bilirubin, inflammatory, antioxidant biomarkers and lipid peroxidation products of the different experimental groups

	
	TB (µmol/L)
	IL-6 (pg/mL)
	CRP (ng/mL)
	TNF-a (pg/mL)
	TAC (µmol/mg)
	MDA (mmol/mg)

	Control
	4.00
	3.30
	12.00
	83.00
	8.80
	0.41

	
	±0.47
	±0.11
	±0.56
	1.20
	±0.32
	±0.01

	
	
	
	
	
	
	

	APO
	4.40
	3.36
	12.00
	83.00
	8.50
	0.40

	
	±0.10
	±0.12
	±0.29
	±0.73
	±0.41
	±0.02

	
	
	
	
	
	
	

	Obese
	6.30
	8.20
	29.00
	125.00
	4.00
	1.60

	
	±0.13*,a
	±0.15*,a
	±0.64*,a
	±1.90*,a
	±0.30*,a
	±0.03*,a

	
	
	
	
	
	
	

	Obese + APO
	4.70
	4.70
	14.00
	93.00
	7.30
	0.50

	
	±0.19b
	±0.14b
	±0.78b
	±1.40b
	±0.24b
	±0.01b

	
	
	
	
	
	
	

	Obese + Glib
	5.70
	5.00
	20.00
	100.00
	5.90
	0.74

	
	±0.11b
	±0.20b
	±0.61*,a,b
	2.40b
	±0.15*,a,c
	±0.01b


Values are expressed as mean ±SEM, n = 5.
* = significantly different from control at p<0.05
a = significantly different from APO at p<0.05
b = significantly different from Obese at p<0.05
c = significantly different from Obese + APO at p<0.05





DISCUSSION
The study investigated the cardiovascular risk of high-fat diet induced obesity in Wistar rats treated with apocynin, with the objectives of ascertaining the therapeutic effects of apocynin on body weight, lipid profile, atherogenic index and cardiovascular function parameters. 
The results of the study showed that chronic consumption of high-fat diet increases the final body weights of rats. Following the oral administration of apocynin and glibenclamide, the increase in BMI was positively attenuated in the OBE+APO and OBE+GLB groups which may be due to the inhibitory effects of apocynin on the NADPH oxidase enzyme as earlier reported [23] and its ability to influence adipogenesis (the formation of fat cells) by modulating signaling pathways involved in lipid metabolism and by inhibiting the differentiation of pre-adipocytes into mature adipocytes and potentially limiting the expansion of adipose tissue and thereby contributing to reduced body weight, [24]. An increase in BMI above 29.9kg/m2 usually predicts obesity and predisposes the circulatory system to cardiovascular dysfunction, [25].     
High-fat diet induced obesity significantly increased serum levels of total cholesterol, triglycerides, low density lipoprotein cholesterol, very low density lipoprotein cholesterol and atherogenic index, and negatively decreased high density lipoprotein cholesterol leading to dyslipidemia in the rats. Recall that dyslipidemia is one of the risk factor of cardiovascular diseases and it is associated with the development and progression of atherosclerosis with clinical consequences like stroke, hypertension, heart failure and myocardial infarction, [26,27,28,29]. The manifested dyslipidemia was positively reversed significantly in the OBE+APO and OBE+GLB groups following the oral administration of 50 mg/kg body weight of apocynin and glibenclamide. The effect of apocynin on lipid profile and dyslipidemia may be due to its anti-oxidative and anti-inflammatory properties. Few reports have suggested that the effect of apocynin on dyslipidemia is by inhibiting NADPH oxidase, [23], inhibiting the production of pro-inflammatory cytokines that influence lipid levels, [30], improves liver function and reduces steatosis, which can contribute to better lipid profiles, [31]. Apocynin has also been reported to improve insulin sensitivity which can indirectly help in normalizing lipid levels, [32]. 
Furthermore, the study showed that obesity increases troponin-I, creatine kinase and lactate dehydrogenase in the experimental animals. Troponin-I, creatine kinase and lactate dehydrogenase are markers used for the diagnosis of myocardial infarction. The elevated levels of these biomarkers is a direct prediction that myocardial infarction has occurred. Following the administration of apocynin at the experimental dose, the elevated troponin-I, creatine kinase and lactate dehydrogenase were decreased in the OBE+APO group, showing a promising therapeutic effect of the drug against myocardial infarction. The effect of apocynin on myocardial infarction can be attributed to its ability to reduce infarct size by inhibiting the NADPH oxidase enzyme thereby reducing oxidative stress and subsequently reducing myocardial damage. Also, apocynin has been reported to improve cardiac functions by enhancing endothelial function and reducing inflammation, [33] and lastly by protecting against cardiomyocyte apoptosis as a result of oxidative stress, [34].
The hypertension biomarker; angiotensin converting enzyme increased while bilirubin, heme-oxygenase and nitric oxide were decreased in obese rats. It is worthy of note that obesity has been implicated as one of the prevalent causes of hypertension, [35]. Increase in angiotensin converting enzyme levels in blood is a predictor for hypertension while increase in bilirubin, heme-oxygenase and nitric oxide have been reported to promote normal blood pressure, [36,37,38]. The administration of apocynin exhibited anti-hypertensive effect by positively reversing the increased levels of angiotensin converting enzyme and decreased levels of bilirubin, heme-oxygenase and nitric oxide in the OBE+APO group. The anti-hypertensive effect of apocynin is likely due to its general effect on oxidative stress and inflammation and particularly due to its ability to enhance endothelial nitric oxide availability which is critical for vascular relaxation and lowering of high blood pressure and by vascular remodeling and reducing arterial stiffness in hypertensive individuals. This is also in line with the previous findings, [39] who submitted that apocynin may serve as a potential therapeutic agent in managing hypertension through oxidative stress reduction, endothelial function improvement, inflammation modulation and vascular remodeling.       
From the result obtained, apocynin also showed therapeutic effect against inflammation. Obesity is reported to be associated with low grade inflammation. Inflammation is a risk factor for many ailments particularly cardiovascular diseases due to it negative effect on the vascular system, [40]. Interleukin-6, C-reactive protein and tumor necrosis factor alpha are widely used for the prognosis of inflammation and increase levels of these markers would indicate inflammation, [41,42,43]. Apocynin exhibited it effect by positively reversing the increased levels of interleukin-6, C-reactive and tumor necrosis factor alpha in the OBE+APO groups. The effect of apocynin on inflammation is not unconnected to its reported effect in inhibiting NADPH oxidase, modulating immune response and by lowering pro-inflammatory cytokines, [44,17]. 
Apocynin administered at a dose of 50mg/kg body weight exhibited antioxidant effect against oxidative stress by increasing total antioxidant capacity and reducing malondialdehyde levels in the OBE+APO group. Oxidative stress is another complication of obesity caused by an imbalance in the generation and accumulation of reactive oxygen species (ROS) and reactive nitrogen species (RNS) in cells and tissues, as well as the ability of cellular machinery to remove these by-products, [45] and can contribute to the development of several cardiovascular pathologies, [46].  Several studies have suggested the effect of apocynin on oxidative stress to be via inhibiting NADPH oxidase enzyme which is responsible for the production of reactive oxygen species that are the drivers of oxidative stress, [17,44].
Conclusion
I conclusion, the oral administration of Apocynin significantly attenuates the increased body weight and cardiovascular risk of obesity via its antioxidant, anti-inflammatory and anti-dyslipidemic potentials.
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