Effects of Azadirachta indica on Serum liver function test parameters and  physical obesity markers  in high-fat diet induced obesity in albino rats.
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ABSTRACT
Introduction: Obesity is a serious health challenge worldwide and is associated with various comorbidities, including dyslipidemia, type 2 diabetes and cardiovascular disease. Obesity is a challenging clinical condition to treat, because of their complex environmental components and efforts to develop innovative anti-obesity drugs with benefits for metabolic syndrome have been recently intensified
Aim: The study was designed to evaluate the effect of A. indica aqueous leaf extract on the biochemical and anthropometric parameters of high fat diet induced obesity in albino rats. 
Methodology: The obesity condition was induced in the rats by feeding them with high-fat diet for 12 weeks. At the 7th week of diet feeding, the obese rats were treated with the aqueous leaf extract of A. indica at 100 and 200 mg/kg/day, respectively, that continued for six weeks. At the end of the treatment period, body mass index, abdominal circumference, thoracic circumference, leeindex, feeding efficiency, energy intake, food and water consumption, body weight gain and specific mass gain were determined. Alanine aminotransferase (ALT), Aspartate aminotransferase (AST), Alkaline aminotransferase (ALP) and Total protein and Albumin were determined, Triglyceride, Total cholesterol, LDL-Cholesterol, VLDL and HDL were determined.
Result: The results showed that the body mass index, body weight, specific body mass, organ weight of the liver, %relative organ weight, lee index, energy intake, % feeding efficiency, food consumption, water intake  were significantly decreased in the treated groups compared to high-fat diet group animals. Serum Triglycerides, Total cholesterol, LDL-Cholesterol and VLDL-Cholesterol were significantly decreased while HDL-Cholesterol was elevated in the treated groups in a dose-dependent manner as compared to the HFD group. Alanine aminotransferase (ALT), Aspartate aminotransferase (AST),Alkaline phosphatase (ALP) and Total and direct bilirubin levels  were  significantly reduced in the treated groups while decrease in total protein and albumin levels in the HFD group showed no significant difference in the treated groups. 
Conclusion: These results confirmed the effect of Azadirachta indica extract in obesity as indicated by improvement of some anthropometrical parameters, amelioration of the dyslipidemia, restoration of liver enzyme.
Keywords: Azadirachta indica, Anthropometric, Biochemical Parameters, High-fat diet and Obesity.
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2.0 INTRODUCTION
The disease burden from overweight and obesity has continued to increase globally WHO, [1] The World Health Organization [1] reported that overweight and obese persons nearly tripled between 1975 and 2016 WHO, [1]. Recently, Ng et al. [2] reported that the prevalence of overweight and obesity increased significantly worldwide in children and young adults between 1980 and 2013 [2]. In 2016, more than 1.9 billion adults aged 18years or more were overweight, with 650 million obese. Obesity and overweight are strongly linked with several cardio-metabolic disorders including high blood pressure, high blood glucose, insulin resistance, high blood cholesterols, coronary heart disease, stroke and cancers [3].The prevalence of overweight varies widely across different settings in Nigeria, ranging from 1.9% in Egbeda, Oyo State, a rural setting in South-west Nigeria [4], to 53.3% in Katsina, North-west Nigeria [4]. From all data points, the pooled crude prevalence of overweight persons in Nigeria was 25.0% (95% CI: 20.4–29.6). The prevalence in women was slightly higher at 25.5% (17.1–34.0) compared to men at 25.2% (18.0–32.4).The prevalence was highest in South-east (33.0%, 26.4–40.0). Although, both the North-east and North- west had limited data points, the prevalence of From all studies, the highest prevalence of obesity was reported in Umuahia, Abia State, South-east Nigeria in 2012 at 33.7% [5], with the lowest rate recorded in Kano, North-west Nigeria in 2013 at 0.84% [6]. The pooled (from all data points) crude prevalence of obesity in Nigeria was 14.3 (95% CI: 12.0–15.5).As observed among over- weight persons, the prevalence was higher among women (19.8%, 13.9–25.6) compared to the pooled rate in men (12.9%, 9.1–16.7) [6]. 
Dietary fat intake often has been claimed as responsible for the increase in adiposity. Human studies have shown that high-fat diets ($30% of energy from fat) can easily induce obesity [7, 8, 9, 10, 11]  Epidemiological studies conducted in countries such as China, Canada and the USA have shown that, when the average amount of fat in the diet increases, the incidence of obesity also increases [12, 13, 14, 15]. This has led to a worldwide effort to decrease the amount of fat in the human diet. Diets rich in fat not only induce obesity in humans but also make animals obese [16, 17, 18]. In both rats [19, 20] and mice [20, 21]  a positive relationship has been found between the level of fat in the diet and body weight or fat gain. In the scientiﬁc literature it was ﬁrst shown that rats consuming diets containing high proportions of fat gained weight faster than those on diets containing minimal amounts of fat [22].
Azadirachta indica known as neem in English, Dogonyaro or Dalbejiya  in Hausa, Ogwuakuma in Igbo, is the most widely cultivated species of the family Meliaceae and sub-family: Meliodeae, which is a native to tropical South–East Asia [23]. This tree is a fast-growing and was used by the ancient times as a medicinal plant [24] It is now widely cultivated and has become accepted in many locations in the tropics, especially in Nigeria. It is perennial true with quality of timber which has now been promoted for its traditional and industrial uses It is already an important crop in India, which stands first in neem seed production [25].
2.0 MATERIALS AND METHOD
2.1 PLANT COLLECTION AND IDENTIFICATION
Plant was collected from herbarium department of Pharmacognosy and identified at  department of Pharmacognosy, Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo University Sokoto with specimen voucher number of PCG/UDUS/Meli/0001
2.2 PLANT EXTRACTION:
Fresh leaf of A. indica was collected and air-dried at room temperature over a period of two weeks. It was grinded manually into powder using mortar and pestle. Four-hundred gram of powder was weighed and dissolved in 2L distilled water. The solution was left overnight with periodic stirring and filtered using Whattman filter paper and then the filtrate was evaporated at 55̊C in water bath as described by Majekodunmi et al. [26].The resultant   powder  weighed 40.5g and gave  10.1%  as percentage yielded.


 2.3. PROCUREMENT OF ANIMAL
A total number of 42 healthy wistar albino rats were purchased from Animal Facility of the Faculty of Pharmaceutical Sciences Ahmadu Bello University, Zaria, weighing 165-175g and kept in a well-ventilated cage in the Animal House, Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo University Sokoto. They were allowed to acclimatize for two weeks with free access to water and food before beginning of experimental protocol. The age of animal (wistar rats) was four (4) weeks when the study began. The age of wistar rats when sacrificed was sixteen (16) weeks.
2.4 INDUCTION OF OBESITY AND EXPERIMENTAL DESIGN
A total number of 30 healthy wistar albino rats were used. After the acclimatization period, animals were divided into two groups. First group consisted of six rats were given water ad libitum and were fed a standard rat chow with  crude protein-13%, fat-8%,crude fibre-15%,calcium-0.9%, phosphorus-0.34% in 25kg of chow during 12 weeks of experimental period and serve as lean control. The other twenty-four rats in second group were received water ad libitum and were administered orally with high-fat diet in the dose 10ml/kg body weight daily [27], of mixture of melted pig fat and hydrogenated vegetable oil in 3:2 ratio respectively [28] and also fed with a standard rat chow. After six week of diet feeding, the animals were randomly assigned into 4groups (six rats per group including replicate) as follows. Group one in which the rats were continued fed a High-fat diet, for induction of obesity [29] for other 6weeksand served as obese control group, group two and three in which rats were fed a HFD for 6 weeks and were orally administered with A. indica extract in a doses of 100mg/kg b.w, and 200mg/kg b.w [30] respectively daily for another 6 weeks. Group four in which the rats were fed a HFD for 6weeks and were orally administered a standard drug simvastatin in a dose of 1.8mg/kg body weight daily [30] for another six weeks. The body weight and food intake of the rats were recorded every week throughout the experimental period
2.5 ETHICAL CONSIDERATION/APPROVAL
The protocol of this study was approved by the Ethics and Research Committee of Department of Pharmacy, Usmanu Danfodiyo University Sokoto with ethical clearance reference number as PTAC/Ai/OT/ 006-18.

2.6 ANTHROPOMETRICAL DETERMINATIONS
The abdominal circumference(AC)(cm)(Immediately anterior to the forefoot), Thoracic Circumference(TC)(cm) (immediately behind the foreleg),body length(nose-to-anus or nose-anus length).Lee index, Food consumption (g/day),Energy intake (kJ/day), FE (%) and BMI (g/cm2) were calculated as follows: Body mass index (BMI) = body weight(g)/length2 (cm2) Lee index = cube root of body weight (g) / nose-to-anus length (cm) ([30], Energy intake (kJ/day) = mean food consumption x dietary metabolizable energy, % Feed efficiency (FE; %)=(mean body weight gain ×100)/energy intake were determined in all rats at the end of experimental period (12weeks) the measurements were made in anaesthetized rats.
2.7 EUTHANISATION AND COLLECTION OF SAMPLES
After six weeks of the treatment period, the animals were fasted overnight and then sacrificed with the aid of chloroform vapour anaesthesia in an enclosed transparent jar. Blood samples were collected by cardiac puncture into plain bottle and allowed to clot. The serum was separated and used for biochemical analysis.


2.8 LABORATORY ANALYSIS  
The blood serum for biochemical parameters was analysed for the measurement of  total cholesterol, triglyceride, high density lipoprotein-cholesterol(HDL-C), using enzymatic colorimetric method. Low Density Lipoprotein-Cholesterol(LDL-C) was calculated by Friedwald formulae [31] LDL-C=TC-(HDL-C + TG/5).Very Low Density Lipoprotein Cholesterol(VLDL-C):VLDL-C=TG/5.Also,activities of serum alanine aminotransferase (ALT), aspartate aminotransferase (AST) was carried out using colorimetric method, alkaline phosphatase (ALP)  was done using modified Bowers and Mc Comb Method [32]. Total protein was determined using the Biuret method of Henry et al [33]. The concentration of albumin was determined as described by Grant and Kacchman. [34]. All measurements were done using spectrophotometer including total and direct bilirubin.
 2.9 DATA ANALYSIS
All the values were expressed as mean ± standard error of the mean (SEM). The data were subjected to analysis of variance (ANOVA) model. A value of p< 0.05 was considered to be statistically significant. The statistical analyses were performed using SPSS statistical software version. 
2.10 RESULT
 No significant difference was observed in the initial body weight. There was significant increase in the final body weight , liver weight, % relative organ weight, body weight gain, specific rate of body mass gain of the HFD group after 12weekswhen compare with NC group (P<0.05).However, the increases in these parameters were significantly reversed in  HFD group treated with HDG,LDG of A. indica for 6-weeks when compared to  HFD group (P<0.05) with the similar result with 1.8mg/kg simvastatin standard drug .It was also  observed that there was significant increase(p<0.05) in average food intake ,water intake, %feeding efficiency, energy intake of obese rats after 12 weeks when compared with that in normal control rats. In contrast, the increases in these parameters  were significantly reversed in HFD group rats treated with aqueous leaf extract of Azadirachta indica after 12weeks when compared with that of obese rats(p<0.05).The similar observation was observed with the group received simvastatin standard drug. Moreso, Thoracic Circumference (TC), Abdominal Circumferences (AC),Lee index, BMI(g/cm²)of obese group with HFD showed significant increases when compared with normal control(p<0.05).However, there was significant decrease (p<0.05) in these anthropometrical parameters  of obese rats treated with HDG,LDG of aqueous leaf extract of A. indica and this is closed to the group received 1.8mg/kg of simvastatin when compared with obese control rats. No significant difference was observed in body length among the group.


Table 1: Illustrates the effect of Azadirachta indica aqueous leaf extract on anthropometrical parameters of wistar albino rats after 12weeks.
	Parameters
	  Control
	   HFD
	Simvastatin
	  LDG                      
	   HDG

	IBW(g)                     
	172.83±.0.44a   
	173.23±0.41b
	173.23±0.41b
	173.06±.0.40d
	173.03±.0.27e

	FBW(g)   
	233.50±.0.28ª,b,c,
	303.13±0.24a,b,c,d
	181.10±.0.1,b
	216.90±3.05c
	193.53±0..27d


	AFI(g/day               

	110.00±0..57ª
	123.50±.0.26a,b,c,d
	91.00±1.52b
	101.00±.0.57c
	98.50±0.28d

	WI(ml/day)            

	226.00±0.57ª,b,c,d
	378.00±14.04a,b,c,d
	163.33±8.81 b
	183.33±3.33c
	178.00±5.50d

	TC(cm)                 

	12.00±0.00ª,b,c,d
	15.00±0.00a,b,c,d
	9.33±0.33b
	9.33±0.57c
	11.33±0.33d

	AC(cm)                  
	15.00±0.00ª,b,c,d
	18.00±0.00 a,b,c,d
	13.00±0.00 b     
	14.00±0.00c
	13.33±0.33d


	BL(cm)                  

	21.00±0.57ª
	21.00±0.57b                     
	21.00±0.00c
	20.00±0.00d         
	21.33±0.33e


	LI(cm)                   

	2.23±0.02ª,b,d
	2.43±0.026a,b,c,d
	2.05±0.00b
	2.22±0.00 c                  
	2.08±0.010d


	OW (g)   
	9.66±0.33a,b
	13.66±0.3 a,b,c,d
	8.00±0.57c                      
	7.66±0.33 b
	8.00±0.57d


	(ROW)%            
	4.13±0.16a                          
	4.50±0.10b                                           
	4.23±0.16c               
	3.63±0.26d
	4.10±0.28e


	EI(KJ/day)   
	1195.700±6.27a,b,c,d                
	1338.82±2.37a,b,c,d
	989.17±16.60b
	1097.87±6.27c
	1070.69±3.13d


	BWG(g/day)  
	5.46±0.06a,b,c,d
	11.66±.033a,b,c,d
	0.67±.046 b
	4.16±.066c                          
	1.83±.033d


	SRBMG(g/kg)   
	3.88±.060a,b,c,d
	8.27±0.020a,b,c,d 
	0.48±.034b
	2.96±0.041c                
	1.31±0.032 d


	FE(%)                  
	1.90±0.029a,b,c,d
	3.61±0.015a,b,c,d 
	0.28±0.026 b 
	1.58±0.026c                       
	0.71±0.010d


	BMI(g/cm²)   
	0.53±0.028a,b
	0.6933±0.037a,b,c,d
	0.41±0.00 b
	0.55±0.0033c 
	0.4400±0.00d



 
 Values are presented as mean ± Standard Error of the Mean. Values with the same superscript in the same row are significantly different (p< 0.05).
Key: HFD=High fat diet, HDG=High dose group, LDG=Low dose group, AC=Abdominal circumference, TC=Thoracic circumference, BMI=Body mass index, IBW=Initial Body Weight, FBW= Final body weight, AFI=Average food intake, WI=Water intake, BL=Body length, LI=Lee index, OW=Organ weight, ROW=Relative organ weight, EI=Energy intake. BWG=Body weight gain, SRBMG=Specific rate of body mass gain, FE=Feeding efficiency, SHS=Score of hepatic steatosis. 
                   
Table 2: Show effect of treatment with A. indica on lipid profile of wistar albino rats
	Parameters
	Control
	High fat diet
	Simvastatin
	Low dose
	High dose

	TC(mg/dl)
	89.90±0.057a,b,c,d

	128.46±0.29a,b,c,d

	92.13±0.35 b

	95.86±0.18  c

	93.96±0.08 d


	TG(mg/dl)
	111.96±0.088a,b,d
	141.43±0.29a,b,c,d
	110.13±0.13b


	111.96±0.088c

	109.033±0.088d


	HDL(mg/dl)
	24.00±0.11a,c
	21.13±0.40 a ,b,c,d

	22.96±0.08 b

	25.96±0.088  c

	24.00±0.11d


	LDL(mg/dl)
	43.63±0.23a,c,d
	78.20±0.75 a,b,c,d

	46.80±0.56  b

	47.63±0.31c

	47.76±0.433 d

	VLDL(mg/dl)
	22.33±.066a

	28.56±0.218a,b,c,d
	22.03±0.033b
	22.40±0.00 c

	21.53±0.26 d




Key: TC=Total cholesterol, TG=Triglyceride, HDL=High density lipoprotein, LDL=Low density lipoprotein, VLDL=Very low density lipoprotein
Values are presented as mean ± Standard Error of the Mean. Values with the same superscript in the same row are significantly different (p< 0.05).

Table 3: Show effect of A. indica on serum AST, ALT, ALP, Total Bilirubin, Albumin, Direct bilirubin, Total protein.
	Parameters
	Control
	High-fat diet
	Simvastatin
	
	Low dose      High dose

	ALT(IU/L)
	77.83±0.16a,b,c,d

	177.86±0.18 a,b,c,d

	130.53±0.29 b

	
	1323±29c          110.00±0.00 d 


	AST(IU/L)
	134.30±0.35a,b,c,d

	235.56±0.33 a ,b,c,d

	177.00±0.1b

	218.10±0.7c

	196.23±0.3 d


	ALP(IU/L)
	219.90±0.15a,b,c,d

	379.9±0.033 a,b,c,d

	276.23±0.4b

	309.63±0.8c

	259.30±0.5d


	Total Bilirubin(mg/dl)
	0.54±0.0057a,b,c,d

	2.20±0.0057 a,b,c,d

	0.97±0.003 b

	1.793±0.033c

	1.37±0.003d


	Direct Bilirubin(mg/dl)
	0.026±0.0033a,b,c,d

	0.11±0.0057 a ,b,c,d

	0.046±0.00 3,b

	0.090±0.00c

	0.063±0.033d


	Total protein(g/dl)
	8.066±0.088a,b,c,d
	7.10±.057b
	7.42±.015 c
	7.28±.018 d
	7.033±.033 e

	Albumin(g/dl)
	4.10±.057a
	4.20±.057b

	4.10±.057c
	4.033±.088d
	4.083±.130e



Key: ALT=Alanine amino transferase, AST=Aspartate amino transferase, ALP=Alkaline phosphatase. Values are presented as mean ± Standard Error of the Mean. Values with the same superscript in the same row are significantly different (p< 0.05)

2.10 DISCUSSION
Obesity induction via dietary means in animal models has been considered as the most popular reference among researchers due to its high similarity of mimicking the usual route of obesity occurrence in human. It is generally known that high-fat diet is one of the major factors causing obesity [34]. In this  study, the potential effects of  A. indica on body weight, food intake, water intake, some other anthropometric parameters in rats, lipid profile, liver functions and histopathological studies of liver tissue in HFD-induced obese rats were investigated.
The animals in all the HFD-fed groups showed significantly higher body weight, dyslipidemia, and increased hepatic lipid accumulation than those fed with normal animal diet. These observations confirmed successful induction of obesity. This finding is in agreement with finding of [35], who induced obesity with high fat diet for 6 weeks and began the treatment at 7weeks for another 6 weeks making 12weeks.
The energy intake is an important factor in the regulation of body weight [36]. This study shows that HFD –induced obese rats had significant increase in  food consumption, water intake and energy intake  after 12weeks.This is in agreement with finding of Abdelaaty et al. [37] The rats in this group also  developed significant increase  in weight gain, specific body mass, % feeding efficiency and %relative organ weight. For this reason, intake of high fat foods could become major factors that contribute to obesity [38]. It also means that the total energy intake was higher in obese rats than that in the NC, confirming that obesity was the result of energy intake exceeding energy expenditure [39]. This also indicates that diet is certainly of importance to obesity [39]. Despite the higher energy intake in HFD-induced obese rats, no significant difference was observed in body length among the groups indicating that the increased body weight due to excessive energy intake was adipose tissue. Moreover, the body weights, food consumption, water intake, energy intake, weight gain, specific body mass, % feeding efficiency, %relative organ weight of the HFD group treated with A. indica were significantly decreased in a dose dependent manner as compared to the HFD group. Also, both TC and AC were significantly increased in obese rats. These results indicate that there was fat accumulation in the thoracic and abdominal regions due to high fat diet [40]. In addition, Lee index and BMI showed significant increase in obese rats when compared with normal control rats. This shows that there were positive correlations between daily lipid intake and BMI as well as fat deposition in obesity [41]. 
Treatment of obese rats with different doses of extract resulted in a reduction in TC, AC, Lee index and BMI. These findings indicate that A. indica extracts could reduce body fat percentage in obese rats. This might be explained by the capacity of A. indica active ingredients to reduce the expression of sterol regulatory element binding protein 1 which inhibits lipid accumulation and expression of lipogenic genes, resulting in the reduction in body fat ([41].  
The results of this study revealed significant increase in serum total cholesterol, TG, LDL and VLDL levels in obese rats. While, significant depletion in serum HDL level was recorded in obese rats as compared to normal control rats. This is in line with Athesh et al. [42] and Son et al. [43]  findings. This also agrees with the fact that, lipids in adipose tissue are largely derived from circulating triglycerides especially during high-fat diet feeding and the reduction in serum triglycerides leads to decreased adipose tissue mass.
Different doses of A. indica extracts used in this study reduced serum total cholesterol, triglycerides, LDL level and increase serum HDL level in obese rats. This is similar to that of  standard drugs simvastatin used in reducing hepatic lipid parameters. Increase in HDL could stimulate the reverse cholesterol transport from the blood stream to the liver [44]. 
Also, these results indicate that the constitution of A. indica leaf plays an important role in improving blood lipid profile. These results are in agreement with that of Chattopadhyay and Bandyopadhyay, [45]. The possible hypocholesterolemic mechanisms of A. indica were related to decreased cholesterol absorption or inhibition of the enterohepatic circulation of bile acids, due to the physicochemical properties Chattopadhyay and  Bandyopadhyay [45]. The hypotriglyceridemic effect of A. indica is consistent with a possible delay in the absorption of triglycerides and sugars from the small intestine due to its chemical compounds Chattopadhyay and Bandyopadhyay [45].
However, there was significant increase in serum enzyme activities namely AST,ALT, ALP, total and direct bilirubin and slightly fall in total protein and  albumin levels in HFD-induced obese rats as compared with control. This has been attributed to damaged structural integrity of the liver and hepatocellular dysfunction [46]. This also agrees to the fact that, Total protein and albumin concentrations will be decreased by inadequate synthesis due to liver disease (Marshall, 2000). [47]. Reversion of these marker enzyme levels and total and direct bilirubin, towards the normal value by treatment of HFD-induced obese rats with A. indica indicates the anti-obesity nature of this plant. This agrees with the fact that serum levels of transaminases return to normal with the healing of hepatic parenchyma and the regeneration of hepatocytes [48]. This observation was similar with the standard drug.
The result of total protein and albumin concentrations were not affected by A. indica in the treated group as compared to HFD-group. This is similar with Baliger et al. ([49] finding that recorded that the value of albumin was not affected by A. indica. leaf extract. Similar result was obtained on Centellaasiatica ([50]. 
2.11 CONCLUSION
Oral administration of A. indica leaf extract to HFD-induced obese wistar rats conducted in this study has shown that this plant exhibited anti-obesity property and long-term consumption of A. indica may be useful in treating obesity. The effect that was accompanied by improvement of some anthropometrical parameters, amelioration of the dyslipidemia, restoration of liver enzyme and reduction of hepatic lipid accumulation in high-fat diet-induced obesity in rats. Thus, A. indica extracts, particularly, aqueous leaf extract  may be useful for treating obesity and related disorders.
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