


Protective Effects of Hydroalcoholic and Aqueous Extracts of Allamanda cathartica Leaves against Acetaminophen-Induced Hepatic Damage in Rats

ABSTRACT
Background: The liver plays a major role in the metabolism of proteins, carbohydrates, and lipids and is one of the important organs of the human body. The recent studies indicated that oxidative stress might be a pivotal originating factor in the pathogenesis of liver diseases including drug-induced hepatic damage, alcoholic hepatitis, and viral hepatitis or ischemic liver injury.
Objective: Our study aimed to investigate the hepatoprotective activity of hydroalcoholic and aqueous extracts of Allamanda cathartica (A. cathartica) leaves against acetaminophen-induced liver toxicity in rats. 
Methods: Animals were divided into nine groups, each containing six rats, and the study duration was 14 days. Hepatotoxicity was induced by administering acetaminophen (3 g/kg b.wt, p.o.). The effects of three dose levels (100, 150, and 200 mg/kg b.wt, p.o.) of hydroalcoholic and aqueous extracts of A. cathartica leaves were evaluated. Silymarin (100 mg/kg b.wt, p.o.) was used as the standard drug and significantly reduced the toxic effects of acetaminophen. 
Results: The results indicated that both hydroalcoholic and aqueous extracts of A. cathartica protected the liver from acetaminophen-induced oxidative stress, supporting the traditional claims regarding this plant. Blood samples and liver tissues were collected and subjected to biochemical and histopathological analysis. Significant improvements in biochemical parameters including ALT, AST, ALP, total protein, bilirubin, lipid profile, antioxidants, and oxidative stress markers were observed in extract-treated hepatotoxic rats. Histological findings revealed that acetaminophen caused marked necrosis and lymphocyte infiltration, whereas higher doses of both extracts maintained near-normal hepatic structure. 
Conclusions: In conclusion, hydroalcoholic and aqueous extracts of A. cathartica leaves demonstrated significant hepatoprotective effects against acetaminophen induced liver toxicity in rats. These findings support its traditional use and highlight its potential as a therapeutic agent for hepatic disorders.
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1.INTRODUCTION
The liver plays a major role in the metabolism of proteins, carbohydrates, and lipids and is one of the important organs of the human body [1]. Some are uncommon, but there are a few, such as hepatitis, cirrhosis, alcoholism, and liver cancer. Exposure to various environmental contaminants and xenobiotics, such as paracetamol, carbon tetrachloride, thioacetamide, cadmium, alcohol [2], and chemicals-induced liver injury, also known as toxic hepatopathy, is a major clinical problem [3]. These toxins mainly harm the liver by generating reactive oxygen species (ROS) [2]. The recent studies indicated that oxidative stress might be a pivotal originating factor in the pathogenesis of liver diseases including drug-induced hepatic damage, alcoholic hepatitis, and viral hepatitis or ischemic liver injury [4].
Synthetic medications used to treat liver problems are ineffective and can have dangerous side effects. As a result, there is a worldwide movement toward returning to traditional medicinal plants [2]. Plants and plant extracts have been used for thousands of years to treat diseases and day by day increase the interest in natural products due to their lesser side effects in comparison to synthetic drugs [5]. Plants have played a significant role in improving human health as well as developing the standard of human life. Most of the medicines are now obtained from plant sources [6].
Allamanda cathartica Linn. (A. cathartica) belongs to the family Apocynaceae and is a broadly growing everlasting ornamental shrub. A. cathartica was first described in Australia as a confirmed species in 1945 and by 1992 it was established as a weed in Queensland [7]. It has long been used in traditional medicine for different purposes, including [8] laxative, emetic [9], antifungal, antiviral, to improve blood circulation and to reduce inflammation. It is also used to treat jaundice [10;11]. The whole plant of A. cathartica contains several phytochemicals, among which plumieride, plumericin, and allamandin are considered essential. The parts of the plant contain various phytoconstituents. Leaves consist of ursolic acid, ß-amyrin, and ß-sitosterol. It also contains sesquiterpenes and Plumericin. Plumieride and a long-chain ester have been isolated and identified from leaves [7]. Previously, this plant has been reported to exhibit various pharmacological activities, including anti-inflammatory, antiviral, antimicrobial, purgative, wound healing, thrombolytic, antifertility, antidiabetic, and antidepressant effects [10,7]. The uses of A. cathartica as an antioxidant and in the prevention of liver damage are well documented in literature. However, there are no reports on the potential of this plant against acetaminophen-induced oxidative stress. Hence, this study aimed to evaluate the hepatoprotective potential of the aqueous and hydroalcoholic extracts in rats challenged with acetaminophen.
2. MATERIALS AND METHODS
2.1Chemicals
Epinephrine bitartrate (LOBA Chemie), Haematoxylin (Himedia), Eosin (Himedia),  Thiobarbituric acid (CDH), DTNB (Elman’s reagent) (Himedia), Sodium hydroxide (Himedia), Disodium hydrogen phosphate (CDH), Sodium citrate RO14(Himedia), Acetaminophen tablet( 500 mg) Cipla, Silymarin tablet Micro labs limited, Formalin (CDH), Reduced glutathione 0397000001(LOBA Chemie), Potassium dihydrogen phosphate (HIMEDIA), Tris hydrochloride (HIMEDIA), Trischloroacetic acid (LOBA Chemie), LDH Test kit (True chem), Total protein Test kit (ERBA), Albumin Test kit (ERBA), Urea Test kit (ERBA), Creatinine Test kit (ERBA)  HDL test kit (ERBA), Triglyceride kit (ERBA), SGOT kit (ERBA), SGPT kit (ERBA), ALP kit (ERBA).
2.2Plant material
Fresh A. cathartica leaves were collected from a nursery in the Dehradun region and authenticated by the Botanical Survey of India (BSI), Dehradun [BSI/NRC Tech./Herb (Ident.)/2021-22/81].
2.3Extraction
Dried powdered leaves of Allamanda cathartica were macerated at room temperature with 70% ethanol and 30% water for 72 hrs. which resulted from the Hydroalcoholic extract and powdered material was macerated with water for 72 h. obtain the aqueous extract [12].
2.4Preliminary Phytochemical Screening
The qualitative assay was performed as per described standard methods of hydroalcoholic and aqueous extract for the presence of phytochemicals [13]. 
2.5Biological studies
2.5.1Experimental animals
Male Wistar rats weighing 225–250 g and aged 8–10 weeks were used for the study. The rats were housed in standard polypropylene cages with free access to food and water (ad libitum). Animals were housed in groups of four to five per cage under controlled room temperature (24 ± 2°C) and humidity, with a 12 h light–dark cycle. The experiment was conducted in a noise-free environment. All procedures involving animals were performed in accordance with the guidelines of the Committee for the Purpose of Control and Supervision of Experimental Animals (CPCSEA), Government of India.
2.5.2Selection of Doses
The doses were selected based on previous studies on this plant [8]. The dose of acetaminophen (3 g/kg, p.o.) was chosen according to a previous study on the comparative hepatoprotective activity of detoxified roots of Plumbago zeylanica L. and Plumbago rosea L. in Wistar rats [14]. The dose of silymarin (100 mg/kg, p.o.) was selected based on a previous study investigating the hepatoprotective potential of ethanolic extract of Aquilaria agallocha leaves against paracetamol-induced hepatotoxicity in SD rats [15,16].
2.5.3Paracetamol-induced hepatotoxicity
In cases of accidental overdose, which can occur in alcoholics and the elderly, acetaminophen, a commonly used analgesic and antipyretic can cause severe liver damage. Its oxidation product, N-acetyl-p-benzoquinoneimine, covalently binds to the sulfhydryl groups of proteins, leading to hepatotoxicity, cell necrosis, and elevated levels of serum marker enzymes including SGOT, SGPT, ALP and total bilirubin [17, 18, 19]. 
Animals were divided into nine groups, each containing six rats. The study duration was 14 days. Group 1 (Vehicle control) received a single daily dose of vehicle (1% CMC, 1 ml/kg, p.o.) for 14 days. Group 2 (Positive control) received 1% CMC for 13 days, followed by acetaminophen (3 g/kg, p.o.) on day 14. Group 3 (Standard) received silymarin (100 mg/kg, p.o.) for 13 days, followed by acetaminophen (3 g/kg, p.o.) on day 14. Groups 4–6 (T1–T3) received hydroalcoholic extract of A. cathartica leaves (HEACL) at doses of 100, 150, and 200 mg/kg, respectively, for 13 days, followed by acetaminophen (3 g/kg, p.o.) on day 14. Groups 7–9 (T4–T6) received aqueous extract of A. cathartica leaves (AQACL) at doses of 100, 150, and 200 mg/kg, respectively, for 13 days, followed by acetaminophen (3 g/kg, p.o.) on day 14. At the end of the experiment, blood samples were withdrawn from the retro-orbital plexus of each rat, allowed to clot at room temperature for 1 hour, and then serum was separated by centrifugation at 2,500 rpm for 15 minutes. The collected serum was used for the estimation of various biochemical parameters.
2.5.3.1Assessment of liver function
Various biochemical markers, including AST, ALT, ALP, TB, and total protein (TP), were examined in the serum that was obtained after centrifugation. The method developed by Rietman and Frankel [20] was used to measure serum transaminase activity. Using the Scand method [21], the ALP and serum bilirubin were measured. The Lowry OH, et al. method [22] was used to measure the TP. 
2.5.3.2Biochemical analysis  
Measurement of LOD levels
Ohkawa et al (1979) described MDA levels for estimation. Brain homogenates were mixed with a 20% w/v solution of trichloroacetic acid (TCA) and centrifuged for 10min at 4℃. The supernatant was separated and mixed with 0.6% (w/v) Thiobarbituric acid (TBA) solution and incubated for 30min in boiling water, cooled at room temperature, extracted with n-butanol by using centrifugation for 10min and finally, the absorbance was measured at 532 nm using a spectrophotometer [23]. 

Measurement of Reduced Glutathione (GHS)
Ellman (1959) described the method for measurement of GSH level. Briefly, homogenates brain was mixed with 10% (w/v) Solution of TCA and centrifuged at 4 ◦C for 10min. The supernatant was separated and mixed with a 10mM solution of DTNB and phosphate buffer. Kept for 1hr. incubation. After incubation, absorbance was measured at 412nm [24].
Measurement of Superoxide Dismutase (SOD)
Nandi and Chatterjee, 1988 described the method for measurement of SOD activity. The mixture of Tissue homogenate mixed with Carbonate buffer (0.05 M. pH 10.2). Epinephrine was added just before taking absorbance at 325 nm for 5 min with 30-s intervals and evaluated the SOD activity [25].
[bookmark: _heading=h.c23vg6p44dxt]2.5.3.3Histopathological studies
At the end of the dosing period, rats from each group were euthanized using pentobarbitone. The liver was excised, cut into small pieces, washed three times with phosphate-buffered saline (PBS), and fixed in 10% formalin for 24 hours. Dehydration and clearing of the tissue were performed using increasing concentrations of alcohol, followed by immersion in a xylene–alcohol mixture for 2 hours. The tissue sections were embedded in paraffin for 1 hour and then stained with hematoxylin and eosin (H/E) and Gomori aldehyde-fuchsin (GAF), a beta-cell specific stain. The stained sections were evaluated both quantitatively (morphometric) and qualitatively (morphological).
2.5.4Statistical analysis
All values and data were analyzed by using one-way ANOVA followed by Dunnett multiple comparison tests applied for statistical analysis expressed as mean ± SD, <; 0.05, N=6 in each group for the behavioral assessment.
3. RESULTS
3.1Extraction of Plant material
Maceration extracts of A. cathartica were subjected to calculating their %yield, and consistency, respectively given in Table 1.
Table 1. The different percentage yield of extract and characteristics of A. cathartica.
	S.no.
	Extracts 
	Consistency
	%Yield w/w

	1.
	Hydroalcoholic 
	Semi-solid
	11.77%

	2.
	Aqueous
	Semi-solid
	9.57%





3.2 Preliminary phytochemical screening
Hydroalcoholic and Aqueous extracts of A. cathartica reveal the presence of phytoconstituents such as carbohydrates, tannins, and flavonoids. The result of the chemical test is shown in Table 2.
Table 2. The percentage yield of hydroalcoholic and aqueous extract of A. cathartica leaves
	Phytochemical
constituents
	Test
	    Hydroalcoholic extract
	Aqueous extract

	Alkaloid
	Wagner’s test
	++
	++

	
	Dragendrroff’s
	++
	++

	
	Mayer’s
	++
	++

	
	Hager’s
	++
	++

	
Phenols and Tannins
	Ferric chloride
	++
	++

	
	Iodine solution
	++
	++

	
Proteins
	Ninhydrin test
	++
	++

	
	Million’s
reagent test
	++
	++

	
Flavonoid
	Shinoda’s test
	++
	++

	
	Zn. Hydrochloride
	++
	++

	
Carbohydrate
	Fehling’s
	++
	++

	
	Molisch’s
	++
	++

	
	Barford’s
	++
	++

	
	Benedict’s reagent
test
	++
	++

	Steroids
	Salkowaski test
	++
	++











3.3Biological studies
3.3.1Effect of Hydroalcoholic and aqueous extract of A. cathartica leaves on lipid profile in acetaminophen-induced hepatotoxicity 
In the present study, the vehicle control group was administered a single dose of vehicle (1% CMC) 1ml/kg body weight p.o., and the positive control group was administered acetaminophen 3g/kg body weight p.o on the 14th day. In the standard group Silymarin 100mg/kg body weight administered p.o. The treatment groups were administered with hydroalcoholic and aqueous extract of A. cathartica leaves in three dose levels 100 mg /kg, 150mg/kg, and 200mg/kg body weight p.o. The administration of acetaminophen decreases the level of HDL-C while increasing the level of total cholesterol and triglyceride as compared with the vehicle control group. The standard group silymarin caused a significant increase in the level of HDL while decreasing the level of total cholesterol and triglyceride as compared with the positive control group. Among all the treatment groups hydroalcoholic extract of A. Cathartica leaves (200mg/kg body weight p.o.) produced the most significant increase in the level of HDL while decreasing the level of total cholesterol and triglyceride as compared to the positive control group Table 3.


Table 3. Effect of Hydroalcoholic and Aqueous extract of A. Cathartica leaves on Lipid Profile
	Groups
	Total cholesterol(mg/dl)
	Triglyceride (mg/dl)
	HDL-C
(mg/dl)

	Vehicle Control
group 1% CMC
	47.81 ±0.83
	95.23 ±2.41
	39.16 ±2.10

	Positive control group (Acetaminophen
3g/kg p.o.)
	154.86 ±1.72a
	297.89 ±2.57a
	9.18 ±0.32a

	Standard group (Silymarin 100mg/kg
p.o. )
	64.34 ±1.40 ***
	116.39
	±1.79***
	34.88±0.64***

	HEACL (100 mg /kg
p.o.)
	105.91 ±2.37
	209.98
	±3.27*
	13.29 ±0.80

	HEACL (150 mg /kg
p.o.)
	83.29 ±1.35**
	157.468 ± 3.30**
	25.306±1.03**

	HEACL (200 mg /kg
p.o.)
	67.79 ±0.86***
	120.584 ±2.99***
	30.92±1.03***

	AQACL (100 mg /kg
p.o.)
	138.52 ±0.86
	219.57 ±1.88
	11.93 ±0.99

	AQACL (150 mg /kg
p.o.)
	91.106±2.58*
	172.99
	±3.53*
	15.47 ±0.86*

	AQACL (200 mg /kg
p.o.)
	79.65 ±0.75 **
	143.27 ±3.03**
	25.51 ±0.76 **


All values are expressed as mean ± SEM; N=6 in each group, one-way ANOVA followed by Dunnetts multiple comparison test was applied for statistical analysis. P values: *P<0.05, **P<0.01 ***P<0.001
3.3.2 Effects of extracts on ALT, AST, ALP, TB, and TP levels 
The effect of hydroalcoholic and aqueous leaf extracts of A. cathartica on various biochemical parameters in acetaminophen-induced hepatotoxicity in rats is shown in Table 4.
Table 4. Effect of Hydroalcoholic and Aqueous leaf extracts of A. cathartica on various biochemical parameters in Acetaminophen-induced Hepatotoxicity in rats
	Groups
	ALT(IU/L)
	AST(IU/L)
	ALP (U/L)
	Total bilirubin (mg/dl)
	Total Protein
(g/dl)

	Vehicle control group(1% CMC)
	37.23 ±1.19
	77.55 ± 1.14
	119.04 ±1.68
	0.41 ±0.009
	7.2 ±0.12

	Positive control group (Acetaminophen 3g/kg
p.o.)
	146.21± 1.32a
	262.12 ± 2.53 a
	246.46 ±1.97a
	2.82 ±0.14a
	2.59 ±0.48a

	Standard group (Silymarin 100mg/kg
p.o. )
	53.97 ±1.23***
	101.32 ±1.10***
	148.64 ±3.30***
	0.626 ±0.03 ***
	5.89 ±0.11***

	HEACL (100 mg /kg
p.o.)
	118.61± 1.03*
	207.99 ±1.92*
	220.33 ±3.29
	1.908 ±0.03*
	3.24 ±0.04 *

	HEACL (150 mg /kg p.o.)
	86.12 ± 1.29**
	165.78 ± 1.60**
	181.29 ±4.29**
	1.55 ±0.01**
	4.08 ±0.11 **

	HEACL (200 mg /kg
p.o.)
	58.24 ± 1.01***
	111.11 ±1.23***
	156.16 ±1.41***
	0.86 ±0.04***
	5.22 ±0.08 ***

	AQACL (100 mg /kg
p.o.)
	137.41±0.52
	233.8 ± 1.59
	229.72 ±2.83
	2.15 ± 0.05
	3.02 ±0.02

	AQACL( 150 mg /kg
p.o.)
	113.55 ±1.14*
	184 ±1.51*
	194.95 ±2.40*
	1.722 ±0.01*
	3.90 ±0.07*

	AQACL (200 mg /kg
p.o.)
	73.6± 1.06 **
	123.68 ±1.40**
	175.71 ±1.55**
	1.50 ±0.009**
	4.39 ±0.12**


All values are expressed as mean ± SEM; N=6 in each group, one-way ANOVA followed by Dunnetts multiple comparison test was applied for statistical analysis. P values: *P<0.05, **P<0.01 ***P<0.001
3.3.3Effect of hydroalcoholic and aqueous extract of A. cathartica leaves on oxidative stress and antioxidant parameters in acetaminophen-induced hepatotoxicity
In the present study, the vehicle control group was administered a single dose of vehicle (1% CMC) 1ml/kg body weight p.o., and the positive control group was administered acetaminophen 3g/kg body weight p.o on the 14th day. In the standard group Silymarin 100mg/kg body weight administered p.o. The treatment groups were administered with hydroalcoholic and aqueous extract of A. cathartica leaves in three dose levels 100 mg /kg, 150mg/kg, and 200mg/kg body weight p.o. The administration of acetaminophen decreases the level of GSH and SOD while increasing the level of LPO as compared with the control group. The standard group Silymarin caused a significant increase in the level of GSH and SOD while decreasing the level of LPO as compared with the positive control group. Among all the treatment groups hydroalcoholic extract of A. Cathartica leaves (200mg/kg body weight p.o.) produced the most significant increase in the level of GSH and SOD while decreasing the level of LPO as compared to the positive control group Table 5.


Table 5. Effect of Hydroalcoholic and Aqueous Extract of A. cathartica Leaves on Antioxidant Parameter
	Groups
	MDA (nmol/mg)
	GSH (mg/g)
	SOD(Eu/dl)

	Vehicle Control
group (1% CMC)
	3.14 ±0.10
	82.08 ±1.24
	30.25 ±0.77

	Positive control group
(Acetaminophen 3g/kg p.o.)
	31.67 ±0.83a
	41.73 ±1.19a
	7.05 ±0.06a

	Standard group (Silymarin 100mg/kg
p.o. )
	4.15 ±0.05***
	76.62 ±0.65***
	33.23±1.08***

	HEACL (100 mg /kg
p.o.)
	22.38
	±1.11*
	52.68
	±0.92*
	12.04
	±0.72*

	HEACL (150 mg /kg
p.o.)
	15.95 ±0.54**
	61.06 ±0.6**
	17.40 ± 0.21**

	HEACL (200 mg /kg
p.o.)
	4.95 ±0.05***
	72.16 ±0.76***
	29.44±0.80***

	AQACL (100 mg /kg
p.o.)
	25.08
	±0.65
	45.92
	±1.69
	9.59 ±0.59

	AQACL (150 mg /kg
p.o.)
	18.17
	±0.35*
	51.84
	±1.64*
	14.18
	±1.29*

	AQACL (200 mg /kg
p.o.)
	12.38 ±0.92**
	64.95 ±2.28**
	18.82 ± 2.33**


All values are expressed as mean ± SEM; N=6 in each group, one-way ANOVA followed by Dunnetts multiple comparison test was applied for statistical analysis. P values: *P<0.05, **P<0.01 ***P<0.001
3.3.4Histopathology studies
In histopathology, Figure 1A (Vehicle control) shows normal liver architecture, including a hepatic artery, portal vein, and normal hepatic parenchyma. Figure 1B (Positive control) shows severe confluent necrosis surrounded by new blood vessels, occasional mononuclear cells, and moderate portal area inflammation. Figure 1C (Aqueous extract of A. cathartica, 200 mg/kg b.wt, p.o.) shows mild portal inflammation and mild necrosis. Figure 1D (Hydroalcoholic extract of A. cathartica, 200 mg/kg b.wt, p.o.) shows only mild infiltration of lymphocytes.
[image: C:\Users\ACER\Desktop\NIKITA.JPG]
Fig.1 Represents plate A-D: Liver histology showing hepatoprotective effects of the hydroalcoholic and aqueous extracts against acetaminophen induced liver toxicity in rats as observed in magnification 100x; A- Vehicle control, B- Positive control, C- aqueous extract (200mg/kg), and D-Hydroalcoholic extract (200mg/kg).
 4. DISCUSSION
Liver diseases are a main cause of ailment and death worldwide. Liver diseases, including alcoholic liver diseases (ALD), non-alcoholic fatty liver disease, hepatocellular carcinoma (HCC), hepatitis B virus (HBV), hepatitis C virus (HCV), and hepatitis A virus are the major origin of illness and death worldwide. Medicine herbs are a remarkable source of hepatoprotective drugs. Mono and polyherbal preparation have been used in various liver diseases. According to one evaluation, more than seven hundred mono and polyherbal preparations in the form of tincture, decoction, tablets, and capsules from more than hundreds of plants are used clinically. The liver can be harmed by certain synthetic substances known as hepatotoxins. Drug-induced liver injury (DILI) is a recurrent differential diagnosis in acute liver injury patients without clear etiology and one of the reasons for drug withdrawal from the market. Plant A.cathartica has been traditionally used in the treatment of jaundice, laxative, emetic, antifungal, and antiviral, to improve blood circulation and reduce inflammation in-vitro hepatoprotective studies carried out on the flowers and roots portion of the plant have shown a significant hepatoprotective effect. In the present study, hydroalcoholic and aqueous extract of A. cathartica leaves on acetaminophen-induced hepatotoxicity in the rat has been conducted to investigate the hepatoprotective effect and compared the results at different dose levels 100, 150, and 200 mg/kg p.o.
Hydroalcoholic and aqueous extract of leaves was prepared by maceration. Phytochemical screening of hydroalcoholic and aqueous extract of A.cathartica leaves was performed. Alkaloids, phenol and tannin, carbohydrate, steroid, protein, and flavonoids were present in the hydroalcoholic extract of A.cathartica leaves while in aqueous extract alkaloid, phenol, and tannin, carbohydrate, steroid, and protein were present. In the positive control group, hepatotoxicity was induced by the administration of acetaminophen (3g/kg body weight p.o.) on day 14th. Administration of acetaminophen decreases the level of HDL-C increase the level of total cholesterol and triglyceride, increases plasma liver enzymes level ALT, and AST increases ALP level, decreases the total protein, increases the level bilirubin, decreases antioxidant enzymes level and increases LPO level as compared with the vehicle control group.
In the standard group Silymarin 100mg/kg body weight administered p.o. increase the level of HDL-C, decrease the level of total cholesterol and triglyceride, decrease plasma liver enzymes level ALT, AST, decrease ALP level, increase the total protein and albumin level, decrease the level of urea, creatinine, bilirubin, and LDH, increase antioxidant enzymes level and decrease LPO level as compared with a positive control group. Among all the treatment groups hydroalcoholic extract of A. Cathartica leaves (200mg/kg body weight p.o.) produced the most significant increase in the level of HDL- C, decrease the level of total cholesterol and triglyceride, decreased plasma liver enzymes level ALT, AST, decrease ALP level, increase the total protein and albumin level, decrease the level of urea, creatinine, bilirubin, and LDH, increase antioxidant enzymes level and decrease LPO level as compared to the positive control group.
Histopathology of the vehicle control group, positive control group, hydroalcoholic extract of A. Cathartica leaves (200mg/kg body weight p.o.), aqueous extract of A. Cathartica leaves (200mg/kg body weight p.o.) were performed. The positive control group shows severe confluent necrosis. Among all the treatment groups hydroalcoholic extract of A. Cathartica leaves (200mg/kg body weight p.o.) produced the most significant recovery in the liver.
In conclusion, hydroalcoholic and aqueous extracts of A. cathartica leaves demonstrated significant hepatoprotective effects against acetaminophen induced liver toxicity in rats. These findings support its traditional use and highlight its potential as a therapeutic agent for hepatic disorders.
CONCLUSION
It may be concluded from the present study that hydroalcoholic and aqueous extracts of A. cathartica leaves could serve as a potential treatment strategy for various hepatic disorders. The hepatoprotective effect of A. cathartica against acetaminophen-induced hepatotoxicity may be mediated through the regulation of inflammatory factors, interleukins, nuclear factors, and apoptotic pathways. These mechanisms warrant further investigation to elucidate the exact mode of action of A. cathartica.
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