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ABSTRACT 

	Aim: To investigate the hepato-curative effects of the methanolic leaf extract of Anisopus mannii.                  
Study design: An in vivo experimental study using CCl4-induced hepatotoxic albino rats to evaluate the hepato-curative effects of the methanolic leaf extract of Anisopus mannii.
Place and Duration of Study: Department of Biochemistry, Umaru Musa Yar’adua University, Katsina, between December 2023 and May 2024.
Methodology: The leaf extract was evaluated for the presence of phytochemicals. The extract was subjected to thin layer chromatography, and the fractions obtained were fed to the hepatotoxic wistar albino rats. 
Results: Phytochemical screening revealed the presence of flavonoids, tannins, saponins, alkaloids, phenols and terpenoids. Thin layer chromatography revealed four (4) fractions. The hepato-curative effect was evaluated in the hepatotoxic albino rats over three weeks. The fractions significantly improved alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), and others compared to hepatotoxic control group. These effects were comparable to the standard drug Silymarin. 
Conclusion: This study showed that the methanolic leaf extract of Anisopus mannii possesses hepato-curative potential which could be beneficial in the treatment of hepatotoxicity. Fraction 3 and Fraction 4 were found to be the most effective in terms of the hepatp-curative potential.
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[bookmark: _Hlk202953960]1. Introduction 
“The leading cause of drug non-approval and drug withdrawal by the Food and Drug Administration (FDA) in the US is drug-induced hepatotoxicity” [1]. “More than a thousand medicines and chemicals have been reported to cause liver injury [2]. Drug-induced liver injury may account for approximately 10% of all cases of acute hepatitis, 5% of all hospital admissions, and 50% of all acute liver failures” [3]. “It is remarkable that more than 75% of cases of idiosyncratic drug reactions result in liver transplantation or death” [4]. “Drug-induced liver injury is a relatively common cause of acute liver disease and carries a mortality of around 10%” [5]. “Inefficient drug metabolism, as is observed in the renal transplant (RT) recipients with the chronic liver disease, make them more prone to drug-induced hepatotoxicity” [6]. “Extensive research on drug-induced hepatic cell damage worldwide has been done in the past and is also an area of 2major concern at present since hepatotoxicity due to these drugs, when it becomes terminal, results in malnutrition, organ dysfunction, and death” [7].
“The liver plays a major role in the metabolism and removal of drugs” [8]. “Detoxification of drugs and xenobiotics in the liver by drug metabolising enzymes (DMEs) is an important phenomenon in the acquisition of homeostasis” [9]. “Alteration in homeostatic status leads to a shift in the dynamic equilibrium of metabolism toward the ROS generation thereby oxidative stress leading to organ malfunction” [10]. “Liver insufficiency and damage resulted from exposure to environmental toxicants, particular combinations or dosages of pharmaceuticals, and microbial metabolites are major causes of disease and death worldwide” [11]. “Intake of drugs, their metabolism and removal make a condition of dynamic equilibrium to maintain homeostasis” [12]. “Phase I and phase II enzymes play a crucial role in the metabolism and detoxification of various drugs and xenobiotics. For the acquisition of dynamic homeostasis, highly tuned metabolic control of drugs or xenobiotics by xenobiotic metabolising enzymes is needed. Any imbalance in the activity of these enzymes ultimately leads to the shifting of equilibrium toward free radical generation that could finally bind to macromolecules such as DNA to cause mutation, lipid to cause membrane damage, or proteins to alter their activities” [13]. “The generation of reactive intermediates is a common event in liver damage resulting from a variety of hepatotoxic drugs and solvents” [14]. 
The study was aimed to determine the hepato-curative effects of the methanolic leaf extract of Anisopus mannii in hepatotoxic induced albino rats.

[bookmark: _Hlk202954408]2. Materials and Methods 
Chemicals and Reagents
All chemicals and reagents used in this study were of analytical grade.
Plant Material
The fresh leaves of the plant Sample “Anisopus mannii” was collected from its habitat at Kurfi local government area of Katsina State. The plant was taxonomically authenticated at Umaru Musa Yar’adua University’s Herbarium Unit, Biology Department. The plant was given a voucher number (UMYUH8)
Preparation of the Plant Material and Extraction
The leaves of the plant were washed with clean water and dried, under shade, at room temperature. The dried leaves were then grounded to powder, and the powdered sample was then put in a Ziplock bag until it was ready for extraction. The Soxhlet extraction method was used to extract bioactive compounds from the ground sample using methanol as the solvent. Approximately 40g of the plant powder was placed into a thimble made of a soft cloth, which was then inserted into the Soxhlet extractor. The Soxhlet extractor, attached to a round-bottom flask containing 200 mL of methanol, was connected to a reflux condenser. The extraction was conducted over a heating mantle set to maintain the boiling point of methanol at around 65°C. The solvent evapourated, condensed, and repeatedly extracted the plant material over a period of 8 hours. After the extraction, the methanolic extract was concentrated using a rotary evaporator at 50°C to discard the surplus solvent. The concentrated extract was then kept in a glass Petri dish in a cool and dark place.  The procedure was repeated 4 times to obtain 200g of powder extracted in 800ml of methanol.  
Thin Layer Chromatography (TLC) Analysis
Thin Layer Chromatography (TLC) was conducted by using the procedure described by Kidane et al. [15], with little modifications. Exactly, 1 mg/mL of the plant extract (dissolved in methanol) was carefully poured onto a silica gel-coated TLC plate, about 1 cm from the bottom edge, using a micropipette. After letting the spot to dry, the plate was carefully placed in a solvent mixture made of equal parts ethyl acetate and methanol (5 mL each). Once the solvent front rose to about three-quarter of the plate, it was removed and dried at a moderate temperature (in the range of 60–120°C). The separated bands on the plate were individually scraped into labeled beakers and washed with methanol to isolate the fractions. The fractions were dried in a hot air oven and kept until required for further work. The procedure was repeated three times to ensure reliability.  Retention factor (Rf) values of the fractions were calculated using:
Rf = Distance moved by the sample/ Distance moved by the solvent
[bookmark: _Toc203864187]Experimental Design 
A total of 35 healthy albino Wistar albino rats (male and female) weighing 120-160 g were obtained. The animals were housed in the aluminum cage and kept in the animal house Department of Biochemistry, Umaru Musa Yaradua University Katsina. They were maintained under normal standard laboratory condition of temperature (22 to 25 0C), humidity (40 to 60 g/m³) and normal photoperiod (12dark/12light). The animals were acclimatised for 28 days under standard laboratory conditions with free access to normal feed and water. After acclimatisation, the rats were randomly divided into 7 groups, with five (5) rats in each group. Group 1 served as the normal control and received only normal saline without any induction. Group 2 was the hepatotoxic control, in which hepatotoxicity was induced using carbon tetrachloride (CCl₄) without treatment. Group 3 served as the standard drug control, where rats were induced with CCl₄ and treated with Silymarin, a known hepato-curative agent. Group 4 was the treatment group, which received CCl₄ to induce hepatotoxicity, followed by treatment with thin-layer chromatography (TLC)-separated methanolic fractions of Anisopus mannii leaf extract, each administered at a dose of 50 mg/kg. The treatment group was subdivided into four subgroups Fraction I, Fraction II, Fraction III, and Fraction IV with each subgroup receiving a specific fraction of the extract. All treatments were administered orally, and the experimental design was intended to evaluate and compare the hepato-curative effects of the different fractions relative to the standard drug and control groups.
[bookmark: _Toc203864188]Induction of hepatotoxicity
In this study, hepatotoxicity was induced in 30 albino rats (weighing 120-160 grams) through a single intraperitoneal dose of carbon tetrachloride (CCl4) at 1.5 mg/kg body weight. The rats were divided into different groups for the study. Group 1 (Normal control), Group 2 (Hepatotoxic), Group 3 (Standard drug control) and Group 4 (Treatment group). After hepatotoxicity induction, the respective treatments were administered orally for 14 consecutive days, with rats monitored for any adverse reactions [16]. 
[bookmark: _Toc203864189]Liver Function Test
[bookmark: _Toc203864190]Total Protein (TP)
The total protein concentration in serum was determined using the Biuret method. Serum was mixed with Biuret reagent and incubated at room temperature for 30 minutes. The absorbance was measured at 540 nm using a spectrophotometer. A standard curve was prepared using bovine serum albumin [17].
[bookmark: _Toc203864191]Albumin (ALB)
Albumin concentration was measured using the bromocresol green (BCG) dye-binding method. Serum was mixed with BCG reagent and incubated at room temperature for 5 minutes. The absorbance was measured at 628 nm using a spectrophotometer. The albumin concentration was calculated using a standard curve of known albumin concentrations [18].
[bookmark: _Toc203864192]Alkaline Phosphatase (ALP)
The activity of ALP was measured using the p-nitrophenyl phosphate (pNPP) method. Serum was incubated with pNPP substrate at 37°C for 30 minutes. The reaction was stopped by adding sodium hydroxide, and the absorbance was measured at 405 nm. The ALP activity was calculated using a standard curve [19].
[bookmark: _Toc203864193]Alanine Transaminase (ALT)
ALT activity was determined using the Reitman-Frankel method. Serum was incubated with a buffered substrate containing L-alanine and α-ketoglutarate at 37°C for 30 minutes. The reaction was stopped by adding 2,4-dinitrophenylhydrazine, and after 20 minutes, sodium hydroxide was added. The absorbance was measured at 540 nm. ALT activity was calculated using a calibration curve [20].
[bookmark: _Toc203864194]Aspartate transaminase (AST)
AST activity was measured using the Reitman-Frankel method, similar to ALT. Serum was incubated with a buffered substrate containing L-aspartate and α-ketoglutarate at 37°C for 30 minutes. The reaction was stopped with 2,4-dinitrophenylhydrazine, followed by sodium hydroxide addition. The absorbance was measured at 540 nm, and AST activity was calculated using a standard curve [21].
[bookmark: _Toc203864195]Total bilirubin (TB)
Total bilirubin was measured using the Jendrassik-Grof method. Serum was mixed with diazotized sulfanilic acid to form azobilirubin. The absorbance was measured at 600 nm after adding alkaline tartrate. The concentration of total bilirubin was calculated using a standard curve [22].
[bookmark: _Toc203864196]Conjugated bilirubin (CB)
Conjugated bilirubin was measured by reacting serum with diazotized sulfanilic acid without the addition of caffeine reagent. The absorbance was measured at 540 nm. The concentration of conjugated bilirubin was calculated using a standard curve [22].
Statistical Analysis
[bookmark: _Hlk203729972]Statistical analysis was carried out by using Graph Pad Instat3 Software Version, 3.05. One-way analysis of variance (ANOVA) was used to evaluate the statistical differences. Values were considered significant when P<0.05. Experiments were conducted in triplicate and the mean value was reported as mean ± S.D.
[bookmark: _Hlk202954686]
3. Results and Discussion
Results

Qualitative Phytochemical Screening Methanolic Leaf Extract of A. manni
Qualitative phytochemical result of methanolic leaf extract of A. mannii was presented in table 1. The result indicated the presence of alkaloids, saponins, tannins, terpenoids, phenols and glycosides whereas, flavonoids, cardiac glycosides, steroids and quinones were shown to be absent

[bookmark: _Toc189908087]Table 1: Qualitative Phytochemical Screening Methanolic Leaf Extract of A. manni
	Phytochemicals 
	Result

	Flavanoids 
	+

	Tannins 
	+

	Saponins 
	+

	Quinones 
	-

	Alkaloids 
	+

	Phenols 
	+

	Glycosides 
	-

	Cardiac Glycosides 
	-

	Steroids 
	-

	Terpenoids 
	+


Key: + = Positive, - = Negative 

[bookmark: _Toc203864213]Hepato-curative effect of methanolic leaf extract of Anisopus mannii
The Hepato-curative effect of the fraction was presented in table 6. A significant (p<0.05) decrease in TB and ALB with increase in ALP, ALT, AST, and BIL was observed in hepatotoxic control group compared to normal control. Administration of the fraction revealed a significant (p<0.05) increase in ALP, ALT, AST and others in a dose dependent pattern compared to hepatotoxic control group. 

[bookmark: _Toc189908092]Table 2: Hepato-curative Effect of Methanolic Leaf Extract of Anisopus mannii
	Groups
	Total Protein (TP) (g/dL)
	Albumin (ALB) (g/dL)
	Alkaline Phosphatase (ALP) (IU/L)
	Alanine Transaminase (ALT) (IU/L)
	Aspartate Transaminase (AST) (IU/L)
	Total Bilirubin (TB) (mg/dL)
	Conjugated Bilirubin (CB) (mg/dL)

	NC
	7.50.04a
	4.50.06a
	751.00a
	250.8a
	350.7a
	0.70.03a
	0.20.01a

	HC
	4.40.07b
	2.50.05b
	1501.6b
	1201.7b
	1301.5b
	3.50.05b
	1.80.04b

	STDC
	7.20.05a
	4.20.05a
	801.1a
	311.1a
	411.0a
	0.80.03a
	0.20.02a

	F1 (50mg/kg)
	6.80.05a
	4.10.06a
	851.5a
	351.2a
	45a
	0.80.03a
	0.30.02a

	F2 (50mg/kg)
	6.50.06a
	3.80.07a
	911.2a
	41a
	491.4a
	1.10.04a
	0.50.03a

	F3 (50mg/kg)
	7.20.03a
	6.30.04c
	821.2a
	370.9a
	531.3a
	3.40.09b
	1.20.08b

	F4 (50mg/kg)
	8.42.63a
	6.4c
	932.4a
	380.08a
	521.8a
	3.21.12b
	2.11.9b


Values are the means ± standard deviation. Treatment means with different lowercase superscript letters in the same column are significantly different at p<0.05, n = 5, NC = Normal Control, HC = Hepatotoxic Control, STDC = Standard Drug Control.

Thin Layer Chromatography 
[bookmark: _Toc181263656]The thin layer chromatography (TLC) OF A. mannii was carried out, and four (4) separate fractions were obtained. The fractions showed four different shades of colours, from dark brown, light brown, light green and dark green. This indicated the presence of different phytochemical compounds. The variations in colour indicated differences in the chemical composition or the concentrations of specific components.  The Retention factor of the four fractions was calculated to be 0.53±0.01 respectively. This suggest that the components in the extract likely have comparable polarities or possess similar interactions with the stationary phase. 
Table 3: Fractions of the Methanolic Leaf extract of Anisopus mannii
	Band Number 
	Color Shade 
	Retention Factor (Rf)

	1
	Dark Green 
	0.530.01

	2
	Light Green
	0.530.01

	3
	Light Brown
	0.530.01

	4
	Dark Brown
	0.530.01


Data are presented as mean ± standard deviation of triplicate readings (n=3). 
[bookmark: _Toc203864216]
Discussion
The qualitative phytochemical screening of the methanolic leaf extract of A. mannii revealed the presence of several important bioactive compounds, including flavonoids, tannins, saponins, alkaloids, phenols, and terpenoids. In comparison to other plants with documented medicinal value, these findings suggest that A. mannii holds significant potential for therapeutic applications, especially due to its rich chemical composition. 
Flavonoids are widely known for their antioxidant, anti-inflammatory, and antimicrobial properties [23], and the presence of flavonoids in A. mannii aligns with the findings of other studies [24, 25, 26]. Flavonoids were detected in the methanolic extract of Ageratum conyzoides [27], a plant known for its antimicrobial properties. The presence of flavonoids in A. mannii further corroborates its potential for use in treating conditions related to oxidative stress, including cardiovascular diseases and cancer.
Tannins another important class of compounds found in A. mannii, were also present in the methanolic extract. Tannins are known for their astringent properties and their ability to act as antioxidants, antimicrobial agents, and anti-inflammatory compounds [28]. This result is consistent with previous studies, such as that by Bolaji et al. [29] who reported tannins in the leaf extract of Azadirachta indica and linked these compounds to the plant’s antimicrobial and anticancer properties. The presence of tannins in A. mannii suggests that it may also possess similar therapeutic benefits, such as wound healing and anti-diarrheal effects, which are commonly attributed to tannin-rich plants [30].
Saponins are another class of bioactive compounds that were present in the methanolic leaf extract of A. mannii. Saponins are known for their wide range of pharmacological activities, including antimicrobial, anti-inflammatory, and cholesterol-lowering effects [31]. This finding is in line with studies on other plants like Moringa oleifera, where saponins were identified as the primary bioactive compounds contributing to the plant’s antimicrobial and antioxidant properties [32]. The presence of saponins in A. mannii strengthens the idea that this plant may have cardiovascular and immune-boosting properties, as saponins are known to support heart health and enhance immune responses [33].
The presence of alkaloids in A. mannii further emphasizes the plant’s medicinal potential. Alkaloids are nitrogen-containing compounds with well-documented pharmacological activities, including analgesic, antimalarial, and anti-inflammatory effects [34]. Alkaloids have been widely studied in plants such as Crotalaria juncea, where their antimicrobial and anticancer properties have been highlighted [35]. The presence of alkaloids in A. mannii shows that it could serve as a source of bioactive compounds with potent medicinal properties, particularly in the treatment of pain and inflammation.
Phenols including flavonoids, tannins, and phenolic acids, are known for their antioxidant and anticancer activities [36]. The detection of phenols in A. mannii aligns with findings in other plant species, such as Passiflora edulis, where phenolic compounds contributed to antioxidant activity [37]. The presence of phenols in A. mannii shows that the plant may have significant potential as an antioxidant agent, useful for managing conditions related to oxidative stress, such as diabetes, cancer, and neurodegenerative diseases [38].
While the presence of several key bioactive compounds in A. mannii is promising, the absence of glycosides is notable. 
The presence of terpenoids in A. mannii further supports the plant’s potential as a source of bioactive compounds [39]. Terpenoids are known for their antimicrobial, anti-inflammatory, and antimalarial activities [40]. The presence of terpenoids in A. mannii shows that the plant may be effective in treating infections and inflammatory conditions, further strengthening its medicinal profile.
The concentration of alkaloids in A. mannii was found to be the highest among the phytochemicals tested. Alkaloids are known for their diverse pharmacological effects, including analgesic, antimalarial, and antidiabetic properties [41]. This concentration of alkaloids is comparable to or higher than levels found in other medicinal plants. The alkaloid content in Catharanthus roseus (periwinkle), which is known for its alkaloids vincristine and vinblastine used in cancer chemotherapy, ranges from 0.1% to 1.2% depending on the part of the plant and environmental conditions [42]. The higher alkaloid concentration in A. mannii shows that this plant may hold significant pharmacological potential for various therapeutic uses, particularly in managing chronic conditions such as hypertension, diabetes, and infections, similar to these other well-known plants [43].
In the normal control group, both total protein (TP) and albumin (ALB) levels were within the expected normal ranges, while the hepatotoxic control group exhibited significantly lower TP and ALB levels, indicative of liver damage. In contrast, the treatment groups showed progressive improvements in these parameters. Notably, group F4 (50 mg/kg) showed the highest TP and ALB values, approaching the normal control values, reflecting substantial liver recovery.
These findings align with those from other studies investigating the hepato-curative effects of plant extracts. In a study by Temdie et al. [44] on Cissus quadrangularis leaf extract, a similar increase in TP and ALB was observed in rats treated with the extract after hepatotoxicity induction, highlighting the restorative role of the extract on liver function [44]. The results of A. mannii were consistent with these observations, where the plant extract reversed the reductions in TP and ALB levels caused by liver damage, indicating its role in promoting protein synthesis and liver regeneration.
The hepatotoxic control group exhibited significantly elevated levels of liver enzymes, specifically ALP, ALT, and AST, which is characteristic of liver damage. In contrast, the administration of A. mannii extract led to a dose-dependent reduction in these markers, particularly in the higher-dose groups. For instance, in group F4, ALP levels, ALT levels, and AST levels were significantly lower, reflecting improved liver function.
This finding is in line with numerous studies demonstrating the hepato-curative properties of plant extracts. In a study by Seriana et al. [45] on Azadirachta indica (neem), rats treated with neem extract also showed significant reductions in ALT, AST, and ALP levels following liver damage [45], and this is similar to the hepato-curative effect observed with A. mannii. Similarly, in Silybum marianum (milk thistle) studies, the extract showed effective restoration of liver enzymes in rats with induced hepatotoxicity [46]. The reduction in ALT and AST levels with A. mannii extract further suggests its capacity to protect the liver from damage and improve liver cell function.
Bilirubin, a product of hemoglobin breakdown, is typically elevated in cases of liver dysfunction. In the hepatotoxic control group, both total bilirubin (TB) and conjugated bilirubin (CB) levels were significantly higher TB and CB, indicating impaired liver function. Although the extract-treated groups showed improvements in bilirubin levels, the values remained slightly elevated in the higher-dose groups (F3 and F4), suggesting a potential dose-related effect on bilirubin clearance. 
This result might indicate that while A. mannii extract had hepato-curative effects. It may not fully normalise bilirubin clearance at higher doses, possibly due to the plant’s complex biochemical interactions with liver function. 
The hepato-curative potential of A. mannii extract were consistent with other research on medicinal plants with similar therapeutic properties. A study by Elgengaihi et al. [47] on Cichorium intybus (chicory) demonstrated significant improvements in liver function parameters, including a reduction in liver enzymes (ALT and AST) and bilirubin, following treatment with the plant extract. Similarly, studies on Momordica charantia (bitter melon) had shown hepato-curative effects, with reductions in ALT, AST, and ALP levels, alongside improved bilirubin clearance [48]. Furthermore, a study by Farida et al. [49] on Ipomoea asarifolia exhibited significant reversal of CCl4-induced liver damage comparable to silymarin. These findings reinforce the potential of A. mannii as a natural agent for liver curation, particularly in the management of liver toxicity caused by chemical agents or diseases.

[bookmark: _Toc203864229]4. Conclusion
[bookmark: _Toc203864231]This study demonstrated the hepato-curative potential of the methanolic leaf extract of Anisopus mannii against hepatotoxic induced albino rats. Phytochemical analysis revealed the presence of bioactive compounds such as alkaloids, flavonoids, tannins, saponins, phenols, and terpenoids. The study demonstrated the hepato-curative potential, as extract-treated groups displayed significant restoration of liver function biomarkers such as total protein, albumin, and liver enzymes (ALT, AST, ALP), especially in groups F3 and F4, approaching the efficacy of the standard hepato-curative drug (Silymarin). However, further research is recommended to characterise the compounds responsible for the observed hepato-curation from and to elucidate their mechanism(s) of action.
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