Phytochemical compositions and the Effects of Azadirachta indica aqueous leaf extract on Molecular Biomarkers in high-fat diet-induced obese Wistar rats


                                                             ABSTRACT	
The incidence of obesity is increasing tremendously, world wide. This study aimed to determine phytochemical compositions and effect of Azadirachta indica aqueous leaf extract on molecular biomarkers in high-fat diet-induced obese wistar rats. The extract obtained was screened phytochemically. The obesity condition was induced in the rats by feeding them with high-fat diet for 12 weeks.Twenty-five male and female adult wistar rats were divided into five groups. Group A served as negative control fed with normal diet for 12 weeks. Group B were administered orally, with high-fat diet and normal diet for 12 weeks. Groups C, D and E received high-fat diet + normal diet for 6 weeks and treated with 10mg/kg.bw of lipostatin, 200mg/kg.bw and 400mg/kg.bw of Azadirachta indica extract respectively for another  6 weeks. During the treatment, abdominal circumference, body weight and body mass index were measured weekly. After treatment, animals were euthanized for laboratory analysis. Gene expressions were examined in adipose tissue and liver. The results of phytochemical analysis revealed the presence of metabolites in varying proportions. The body weight, body mass index, abdominal circumference were significantly decreased (p< 0.05) in the treated groups compared to high-fat diet group.  Azadiracta indica upregulated the activity of peroxisome proliferator-activated receptor-α gene and downregulated  leptin gene. In conclusion. These results confirmed the effects of Azadirachta indica extract on molecular biomarkers in obesity as indicated by down regulation of peroxisome proliferator-activated receptor-α gene and upregulation of leptin gene.
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INTRODUCTION	
Obesity is a chronic disease characterised by pathophysiological processes that lead to an increase in adipose tissue mass due to a positive energy balance (Lincoff et al., 2023; Rizvi et al., 2022; Patoulias et al., 2022). The condition arises from the interplay of genetic and environmental factors (Kosiborod et al., 2023; Jastreboff et al., 2022; Stefan et al., 2023; Brown et al., 2023). Globally, approximately 13% of adults (11% of men and 15% of women) were classified as obese in 2014 (Knop et al., 2023; Xiang et al., 2024; Behrooz et al., 2023). In Nigeria, the prevalence of overweight individuals ranges from 20.3% to 35.1%, while obesity affects 8.1% to 22.2% of the population.
Genetic causes of obesity can be broadly categorised as: (1) monogenic obesity, resulting from single-gene mutations predominantly within the leptin–melanocortin pathway (Zhang et al., 2024; Marin et al., 2024; Apperloo et al., 2024; Jensterle et al., 2022); (2) syndromic obesity, characterised by severe obesity associated with neurodevelopmental abnormalities and other organ or system malformations (Bliddal et al., 2024; Lin et al., 2024; Asghar, 2025; Ashraf and Idrees, 2024); and (3) polygenic obesity, which arises from the cumulative effects of multiple genes (Bojarczuk et al., 2024; Zhao et al., 2024; Zhao et al., 2023).
Despite significant advances in pharmacological management, synthetic drugs often present limitations such as adverse effects, high costs, and short-term efficacy, prompting renewed interest in medicinal plants due to their accessibility, affordability, and biocompatibility (Fitch and Bays, 2022; Drucker, 2024; Bays et al., 2024; Yanuwski and Yanuwski, 2014; Lin et al., 2024; Smith and Weissman, 2010).
Azadirachta indica (neem) is widely used globally and considered safe in traditional medicine, with over 75% of traditional applications utilising neem leaf extract (Nagini et al., 2024; Nandi and Ghosh, 2023; Arockiaraj et al., 2025; Asghar, 2025; Balasubramaniyan and Chidambaram, 2023; Farooq et al., 2025; Martinez-Monitoro et al., 2024). Given the limitations of current anti-obesity drugs, this study aimed to evaluate the phytochemical composition of Azadirachta indica aqueous leaf extract and its effects on genetic alterations in high-fat diet–induced obese rats.
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MATERIALS AND METHODS	
Plant Collection and Identification		
The leaf of Azadirachta indica was collected at the herbarium of pharmaceutical department Usmanu Danfodiyo University, Sokoto. The plant taxonomic identification and assigning of Voucher Number was carried-out at harbarium department of pharmacognosy, Usmanu Danfodiyo University, Sokoto with voucher number: PCG/UDUS/Meli/0003.
Plant Extraction  	
Fresh leaf of Azadirachta indica was collected and air-dried at room temperature over a period of two weeks. Dried materials was pounded in the laboratory mortar into powder. About 1000g of pounded grinded Azadirachta indica extract was weighed and dissolved in distilled water in 5000ml of distilled water. The solution was stirred with the use of stirrer for two hours and left to stay over 24hours. This was filtered with muslin cloth and evaporated at 55 ̊C in water bath (Balasubramaniyan and Chidambaram, 2023). The resultant powder weighed 40.5g and gave 10.1% as percentage yielded.
Phytochemical Analysis			
Phytochemical investigations of active components of Azadirachta indica aqueous leaf extract. Phytochemical analysis both quantitative and qualitative was carried-out on Azadirachta indica aqueous leaf extract to identify the following phytochemical constituents as described by (Savithramma et al., 2011). Tannin, Alkanoid, Saponins, Glycoside, Flavonoid, Steroid, Anthraquinone and reducing sugar for both quantitative and qualitative analysis.

	
		
	
	
	
		

Procurement of Animal	
A total of 37 healthy Wistar albino rats (both male and female), weighing between 175–180 g, were obtained from the animal house of the Faculty of Pharmaceutical Sciences, Ahmadu Bello University, Zaria. Of these, 25 rats were used for the main experiment, while 12 were reserved for LD₅₀ determination. All animals were allowed to acclimatize for 14 days prior to the start of the study. During the experimental period, the rats were provided with standard laboratory feed and water ad libitum. They were housed in metal cages within a well-ventilated environment maintained at suitable temperatures and were cleaned regularly at the animal house of the Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo University, Sokoto.
Acute Toxicity Study	
The median lethal dose (LD₅₀) of Azadirachta indica was determined using Lorke’s method at the Animal House, Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo University, Sokoto. This method was performed in two phases.
Phase I: Nine rats were randomly divided into three groups of three animals each. The first group received 10 mg/kg, the second group 100 mg/kg, and the third group 1000 mg/kg of Azadirachta indica extract. Rats were monitored for signs of toxicity and mortality over 24 hours. As no deaths occurred during this phase, the study proceeded to Phase II.
Phase II: Three groups, each consisting of a single rat, were administered doses of 1600 mg/kg, 2900 mg/kg, and 5000 mg/kg, respectively. Animals were observed closely for 24 hours for any signs of toxicity or mortality.
The LD₅₀ was calculated based on the results of the second phase using the geometric mean of the highest dose producing 0% mortality (D₀) and the lowest dose producing 100% mortality (D₁₀₀), according to the formula:
[image: ]



SAMPLE SIZE DETERMINATION
The sample size of the experiment was determined by this formular: n= DF/k +1 (Luis et al., 2023). n = the number of animals used in experiment per group. DF = the degree of freedom for the error term in an analysis of variance (ANOVA). k = the number of groups, n =?  DF = 20, k = 5. Therefore, n = 20/5 + 1 = 5 animals. 
EXPERIMENTAL ANIMAL GROUPING AND EXPERIMENTAL DESIGN
A total of 25 healthy albino rats were used in the study. Following a two-week acclimatization period, the animals were randomly divided into five groups, each containing five rats.
· Group A (Negative Control): Rats received water ad libitum and were fed standard rat chow throughout the 12-week experimental period. 
· Group B (Obese Positive Control): Rats were administered a high-fat diet orally, consisting of 1 mL daily of a mixture of melted pig fat and hydrogenated vegetable oil in a 4:3 ratio, along with standard rat chow for 12 weeks (OECD, 2000; Shyamala et al., 2003). 
· Group C (Standard Drug Control): Rats received the high-fat diet (1 mL of the 4:3 pig fat and hydrogenated vegetable oil mixture) orally for 6 weeks, followed by oral administration of the standard anti-obesity drug, Lipostatin, at 10 mg/kg body weight daily for the subsequent 6 weeks (Calderon et al., 2011). 
· Groups D and E (Treatment Groups): Rats received the high-fat diet orally for 6 weeks, followed by standard rat chow along with oral administration of Azadirachta indica extract at doses of 200 mg/kg body weight (Group D) and 400 mg/kg body weight (Group E) daily for the remaining 6 weeks. The extract doses were selected based on the results of the acute toxicity (LD₅₀) study. 
Throughout the 12-week experimental period, body weight and length of all rats were measured weekly (Adekunle et al., 2016), as summarised in Table 1.


 

Table 1: Summary of Experimental Design 
	Experimental Groups
	
	Intervention Given

	Treatment Given

	Durations 
	Laboratory Analysis


	Group A: 5 rats (Normal control)


	
Distilled water + normal diet
         
	No treatment given

	12 weeks

	PCR


	Group B: 5 rats (Negative  control)


	High-fat diet/ + normal diet

	No treatment given

	12 weeks

	 PCR


	Group C: 5 rats. (standard control)

	High-fat diet   + normal diet for 6 weeks
	
	10mg/kgbw of lipostatin for 6 weeks

	12 weeks

	 PCR


	Group D: 5 rats.
Test.

	High-fat diet   + normal diet for 6 weeks

	200mg/kgbw of A.indica leaf extract for 6 weeks

	12 weeks

	 PCR


	Group E: 5 rats
Test.

	High-fat diet   + normal diet for 6 weeks
	
	400mg/kgbw of A. indica extract for 6 weeks

	12 weeks


	PCR




INDUCTION OF OBESITY
High-fat diet was prepared by mixture of melted pig fat and hydrogenated vegetable oil in 4:3 ratio (OECD, 2000; Shyamala et al., 2003). Obesity was induced by single daily oral dose of 1ml/kg.bw daily of mixture of melted pig fat and hydrogenated vegetable oil in 4:3  ratio of high-fat diet in addition to normal diet for  12 weeks. Treatment began at 7 weeks week of diet feeding that continued for another six weeks.

	




Anthropometric Determination
At the beginning of the research the initial weight and length of the animals for calculation of  body mass index (BMI) and abdominal circumference were taken in each group. Subsequently, weekly measurement of weight and length of the animal was done to calculate body mass index. Six weeks after induction of the animal with high fat diets and before the commencement of treatment with Azadirachta indica extract, measurement of the weight and height and abdominal circumference were also taken. After treatment with Azadirachta indica, similar measurement was carried out to compare with the initial weight, body mass index (BMI), and abdominal circumference, six week after the treatment. 
 Euthanisation and Collection of Samples
After six weeks of the treatment period, the animals were anaesthetized using chloroform vapour in a sealed transparent plastic chamber. Subsequently, a longitudinal abdominal incision was made using a surgical blade to carefully dissect and harvest the liver and adipose tissues for subsequent PCR analysis.

 Laboratory Analysis
 Polymerase Chain Reaction Procedure for Leptin gene 
RNA was isolated from homogenate adipose tissue sample using Rneasy mini Kit following the manufacturer’s instructions (Qiagen, Germantown, MD).
Total RNA was quantified using a spectrophotometer (Eppendorf AG, Hamburg, Germany). Two micrograms of RNA from each sample were reverse transcribed into cDNA in 20 µL reactions using the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Life Technologies, Carlsbad, CA), according to the manufacturer’s instructions, on a MiniCycler thermal cycler (MJ Research, St. Bruno, Canada). The forward (F) and reverse (R) primers employed for gene amplification are listed in Table 1.
Quantitative real-time PCR (qRT-PCR) was carried out in a 20 µL reaction volume containing 250 nM of each primer with iQ SYBR Green Supermix (Bio-Rad, Hercules, CA). Thermal cycling conditions were set as follows: initial denaturation at 95 °C for 10 min, followed by 40 cycles of denaturation at 95 °C for 10 s and annealing at 56 °C for 30 s. A melting curve analysis was performed at the conclusion of amplification to verify primer specificity.
Cycle threshold (Ct) values were analysed using the comparative critical threshold method as described by Pfaffl (2001). Gene expression levels were normalised to the arithmetic mean of the reference gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH).
[image: ] Ct Formula; [image: ]Ct sample=Ct target – Ct reference, [image: ][image: ]Ct sample = [image: ] Ct sample – [image: ]Ct control, Fold Change= 2^- [image: ][image: ]Ct  
	








	
Polymerase Chain Reaction Procedure for PPAR-α gene	
Total RNA was isolated from homogenized adipose tissue samples using the RNeasy Mini Kit (Qiagen, Germantown, MD) following the manufacturer’s protocol. RNA quantity was determined spectrophotometrically (Eppendorf AG, Hamburg, Germany). Two micrograms of RNA from each sample were reverse transcribed into cDNA in 20 µL reactions using the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Life Technologies, Carlsbad, CA) on a MiniCycler thermal cycler (MJ Research, St. Bruno, Canada). The forward (F) and reverse (R) primers used for gene amplification are listed in Table 1.
Quantitative real-time PCR (qRT-PCR) was conducted in a 20 µL reaction volume containing 250 nM of each primer with iQ SYBR Green Supermix (Bio-Rad, Hercules, CA). The thermal cycling was carried out on a MiniOpticon system (Bio-Rad) and comprised an initial denaturation at 95 °C for 10 min, followed by 40 cycles of denaturation at 95 °C for 10 s and annealing at 57 °C for 30 s for PPAR-α. A melting curve analysis was performed at the end of amplification to verify primer specificity.
Cycle threshold (Ct) values were analysed using the comparative critical threshold (2⁻ΔΔCt) method as described by Pfaffl (2001), and gene expression levels were normalised to the arithmetic mean of the reference gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH).
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Table 2. Primers used in the experiment.	
	Gene		
	                   Forward
	                     Reverse

	Wistar rat peroxisome proliferator activated receptor alpha
( PPAR-α)
	TGCTGAAGTACGGTGTGTATG (Sense)
	CTTTAGGAACTCTCGGGTGATG (AntiSense)

	Wistar rat leptin (Lep)

	AGAACGGGACAGAACAACAG (Sense)
	ATGACACCAGCTACCACAAG (AntiSense)

	Wistar rat glyceraldehyde-3-phosphate dehydrogenase (Gapdh)
	GCAAGGATACTGAGAGCAAGAG (Sense)
	GGATGGAATTGTGAGGGAGATG (AntiSense) Hairpin Blast











 

DATA ANALYSIS
Data were analysed using GraphPad Prism 6.0 and are presented as mean ± SD. The normality of the data distribution was assessed using the Kolmogorov–Smirnov test, and homogeneity of variances was verified with Levene’s test. Statistical comparisons between groups were performed using one-way analysis of variance (ANOVA) followed by the post hoc Bonferroni multiple comparison test to identify significant differences in means where appropriate. A p‑value of <0.05 was considered statistically significant. Standard analyses were further conducted using SPSS Statistics software, version 27.
RESULT & DISCUSION
Table 3. The qualitative phytochemical analysis of Azadirachta indica extract shows that, Tannin, Saponin and flavonoid have high concentration while anthraquinone and glycosides are low in concentration and the reducing sugar is very low in concentration. While steroids were absent.












Table 3. Qualitative analysis of Azadirachta indica aqueous leaves extract
	Names	

	Results

	Remarks


	Alkaloids

	High Concentration

	+++


	Tannins

	High Concentration

	+++


	Saponins

	High Concentration

	+++


	Anthraquinone

	Low Concentration

	++


	Flavonoids

	High Concentration

	+++


	Steroids

	Absent

	---



	Glycosides

	Low Concentration

	++

	Reducing sugars

	Very low concentration

	----



Key: + present, - absent


Table 4: Shows  the quantitative phytochemical analysis of Azadirachta indica extract  that, Tannin, Saponin and flavonoid have high percentage while anthraquinone and glycosides are low in percentage and the reducing sugar is very low in percentage while steroids is absent



Table 4:  Quatitative analysis of Azadirachta indica aqueous leaves extract
	Name of phytochemical

	Tnnins%

	Alkanoid%

	Saponin%

	Glycoside%

	Flavonoid%

	Reducing sugar%

	Anthraquinone%


	Percentage

	2.13

	2.4

	29


	1.32


	42


	0. 1

	0.2







Lethal dose (LD50) of the Azadirachta indica Leaf Aqueous in Albino Rats 
The Lorke’s method of acute toxicity test (LD50), no toxicity or mortality was recorded after 24 hours across all groups of rats in both Phase I and Phase II (lorke’s et al., 1983).This shows that LD5O of the extract was above 5000 mg/kgbw (Table 5).












Table 5. Lethal dose (LD50) of the Azadirachta indica Leaf Aqueous in wistar rats.
	Experiment	
	Dose (mg/kg. bwt)
	No of dead rats after 24hrs.
	

	PHASE 1




PHASE 11    	
	         10
        100
        1000


       1600
       2900
       5000
	      0/3
      0/3
      0/3


      0/1
      0/1
      0/1





	




Key: mg = mililigram, 0/3 = none of the wistar rats ied out of three wistar rat in a group. 0/1 = none of the rat died in each group of one rat after 24 hours of the experiment.

 












Effect of aqueous leaves extract of Azadirachta indica on the Body Weight, Body Mass Index and Abdominal Circumference of albino rats
Table 6: Body Weight, Body Mass Index and Abdominal Circumference.

	Groups
	Initial measurements
	Measurements at 6 weeks 
	Measurements at 12 weeks 

	
	BW1(g)
	BMI1(g/cm2)
	AC1(cm)
	BW2(g)
	BMI2(g/cm2)
	AC2(cm)
	BW3(g)
	BMI3(g/cm2)
	AC3(cm)

	Group A
	177.67±9.29

	0.53±0.05

	13.67±0.58

	209.00±1.00

	0.62±0.03

	14.33±0.58 a

	221.67±1.53

	0.66±0.04

	15.67±0.58


	Group B
	176.65 
± 1.76
	0.52 
± 0.00
	13.37 
± 0.32
	342.82 
± 4.22a
	1.00±0.04

	19.67±0.78 a

	451.67±7.64 a

	1.3±0.006 a

	19.93±0.58 a


	Group C
	184.33±3.06

	0.55±0.03

	14.33±0.58

	343.67±5.51 a

	1.02±0.82

	18.33±0.68 a

	215.00±5.00 a,b

	0.62±0.06 a,b

	15.67±0,58 a,b


	Group D
	176.67±6.03

	0.52±0.04

	14.33±0.68

	343.33±5.77 a

	1.02±0.92

	19.33±0.58 a

	209.00±8.54 a,b

	0.60±0.06 a,b

	15.67±0.58 a,b


	Group E
	176.67±7.51

	0.53±0.05

	13.33±0.48

	330±10 a

	1.02±0.72

	18.67±0.78 a

	212±3.61 a,b

	0.63±0.05 a,b

	15.32±0.58a,b



Values are presented as mean ± Standard Error of the Mean. a represents a highly significant at p<0.05 when compared to Control Group 1 while b represents highly significant at p<0.05 when compared to HFD group 2
Key:  BW1 = Initial Body Weight, BW2 = Body Weight after induction and BW3 = Body Weight after treatment BMI 1 = Initial Body mass Index, BMI2 = Body mass Index after induction and BMI3 = Body mass Index after treatment AC1 = Initial Abdominal circumference, AC 2 = Abdominal circumference after inductionandAC3 = Abdominal circumference after treatment.







In table 7, the result of the PPARα gene expression is shown. There was a significant increase in hepatic PPARα gene across the control group, high dose of 400mg/kg and low dose 200mg/kg of A. indica treated groups and standard drug (lipostatin) treated with 10mg/kg.bw. However, the statistically significant difference (p ˂ 0.05), was observed in the obese group received high-fat diet.



Table 7. Effects of Azadirachta indica aqueous leaf extract on PPAR-α gene	
	Variables%

	Group A
	
	Group B

	Group C

	Group D

	Group E


	PPAR-α

	32.89±0.88

	19.39±±0.10a

	30.48±0.72a,b

	28.88±2.97a,b

	28.23±3.17a,b


	GAPDH-PPAR-α

	12.31±13.13
	11.84±0.82a

	12.13±0.35a,b

	11.95±±0.60a,b

	11.92±0.05a,b



Values are presented as mean ± Standard Error of the Mean. a represents a highly significant at p<0.05 when compared to Control while b represents highly significant at p<0.05 when compared to HFD group.
Key:  PPAR-α = Peroxisome proliferator-activated receptor-alpha   
        GAPDH = Glyceraldehyde-3-phosphate dehydrogenase



In table 8, the result of leptin gene expression is shown. There was a significant decrease in leptin gene across the control group, high dose of 400mg/kg and low dose 200mg/kg of A. indica treated groups and standard drug (Lipostatin) treated with 10mg/kgbw. However, the statistically significant increase difference (p ˂ 0.05), was observed in the obese group received high-fat diet.
Table 8. Effects of Azadirachta indica aqueous leaf extract on Leptin gene
	Variables (%)

	Group A

	Group B

	Group C

	Group D

	Group E


	LEPTIN

	14.64±0.11

	24.27±0.84a

	13.09±0.19a ,b

	13.79±1.77a ,b

	14.12±0.38a ,b


	GAPDH-LEPTIN

	11.40±0.28

	12.77±0.90a

	11.38±0.23a ,b

	11.39±0.52a ,b

	11.41±3.28a ,b



Values are presented as mean ± Standard Error of the Mean. a represents a highly significant at p<0.05 when compared to Control while b represents highly significant at p<0.05 when compared to HFD group.
Key: GAPDH= Glyceraldehyde-3-phosphate dehydrogenase, HFD = High fat-diet 


[bookmark: _GoBack]Obesity is linked to numerous significant complications, including diabetic nephropathy, metabolic syndrome, coronary heart disease, and disorders of the spleen, liver, and gall bladder (Rangraze et al., 2024). It represents a major public health concern, frequently associated with metabolic disorders, and its prevalence has been steadily increasing over time, prompting the development of a variety of therapeutic strategies (Rangraze et al., 2024). Although several synthetic drugs have been developed to manage obesity, their long-term use carries a risk of substantial side effects and safety concerns (Magaji et al., 2023). Consequently, plant-based natural supplements have been investigated as potential alternatives due to their lower toxicity and reduced adverse effects compared with synthetic medications (Magaji et al., 2023). This present study shows that, the qualitative phytochemical analysis of Azadirachta indica shows, flavonoid, tannins, saponins and alkanoid have high concentrations while glycosides, reducing sugars are low in concentration while the quantitative analysis shows that flavonoid has the highest percentage of 42% than others that shows that the flavonoid is a major active constituent in Azadirachta indica extract that is responsible to ameliorate obesity. This finding is similar to   (Laxmi   et al., 2024) who also carried out phytochemical analysis in reducing obesity. 
The acute toxicity test of Azadirachta indica extract showed that all graded doses up to 5000mg/kg had no sign of toxicity in the animal within and after 24 hr of oral administration of A. indica and no mortality was recorded within and after 24hrs. Therefore, LD50 of aqueous leaf extract Azadirachta indica was found to be higher than 5000mg/kg body weight. This result is similar to findings of Larson (1987) who recorded LD50 of A. indica in excess of 5000mg/kg using the same method.
The Lethal Dose (LD₅₀) of Azadirachta indica aqueous leaf extract was determined to be greater than 5000 mg/kg body weight, indicating that the extract can be considered safe, in accordance with Lorke (1983). Induction of obesity via dietary manipulation in animal models is widely regarded as a reliable method, as it closely mimics the common pathways of obesity development in humans (Khairunnur et al., 2011). High-fat diets are well-established contributors to obesity in experimental animals.
In the present study, the effects of Azadirachta indica aqueous leaf extract on anthropometric parameters, as well as histological and molecular biomarkers, were investigated in high-fat diet-induced obese rats. Measurements of abdominal circumference, body weight, and body mass index (BMI) were recorded before, during, and after the dietary induction period. Significant increases in abdominal circumference, body weight, and BMI were observed in groups B through E compared with their baseline values and the non-obese control group. These results confirm the successful establishment of obesity in the experimental animals.
This finding is in agreement with finding of Jarinyaporn and Supaporn (2016) who induced obesity with high-fat diet for 6 weeks and began the treatment at 6 weeks for another 6 weeks making 12 weeks. There was a general decrease in the abdominal circumference, weights and body mass indexes of rats in group C, D and E, which were treated with 400, 200 and 10 mg/kg b.w of Azadirachta indica extract and lipostatin respectively. The PPARα gene was increased significantly in control group, 200mg/kg and 400mg/kg group treated of A. indica extract doses and lipostatin of 10mg/kg while the decrease in PPARα gene value was observed in high fat diet group. This conforms with (Sylwia et al., 2024). who observed that PPAR-α is highly expressed in hepatocytes and is most abundant PPAR isoforms in the liver so its value is less in obesity (Sylwia et al., 2024). This is similar to (Isabela et al., 2024) who also observed a decrease in gene expression of PPARα in obesity. The leptin gene expression decrease was observed in group A and group E and there was increase in group B and the decrease in expression was also observed in the treated groups C and E. The similar observation was reported by (Shujing et al., 2024).







CONCLUSION	
The treatment with Azadirachta indica could ameliorate genetic alterations in obese rats by increasing peroxisome proliferator-activated receptor-α (PPAR-α) gene and increase leptin gene thus, Azadirachta indica could be useful in the treatment of obesity and its related disorders.   
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Abbreviations: LD50= Lethal Dose, D0= the maximum dose producing 0 % mortality, D100=the minimum dose that produced 100 % mortality, PCR=polymerase chain reaction, DEXA = Dual-energy X-ray Absorptiometry, BMI=body mass index, WC= waist circumference, WHR= waist-to-hip ratio, WHtR=waist-to-height ratio.
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100 % mortality (D100) and mathematically expressed as: LDS0 =
(DOx D100).

The median lethal dose (LDso) of Azadirachta indica was determined using Lorke's method at the Animal
House, Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo University, Sokoto. This method was
performed in two phases.

Phase I: Nine rats were randomly divided into three groups of three animals each. The first group received
10mg/kg, the second group 100 mg/kg, and the third group 1000 mg/kg of Azadirachta indica extract. Rats
were monitored for signs of toxicity and mortality over 24 hours. As no deaths occurred during this phase,
the study proceeded to Phase Il

Phase II: Three groups, each consisting of a single rat, were administered doses of 1600 mg/kg, 2900 mg/kg,
and 5000 mg/kg, respectively. Animals were observed closely for 24 hours for any signs of toxicity or
mortality.

The LDs was calculated based on the results of the second phase using the geometric mean of the highest
dose producing 0% mortality (Do) and the lowest dose producing 100% mortality (Dscc), according to the
formula:

LDso = v/ Do x D1
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