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ABSTRACT 
	Aim:
This study investigated the hepatoprotective effects of Zapoteca portoricensis leaf extract and its fractions in formalin-induced inflammation in rats.
Study Design:
An experimental, randomized controlled study was conducted using Wistar rats assigned as follows: Normal control, Negative control, Standard Control, and treatment groups.
Methodology:
Inflammation was induced with 0.5% formalin, after which rats were treated with crude ethanol extract and fractions of Zapoteca portoricensis leaves. Liver function was evaluated by measuring alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), total bilirubin (Tbil), direct bilirubin (Dbil), albumin (ALB), and total protein (TP).
Results:
The extract-treated groups exhibited significant reductions in ALT, AST, and ALP compared to the negative control group, indicating protection against hepatocellular injury. Both total and direct bilirubin levels were stabilized, while albumin and total protein remained within normal ranges, suggesting preservation of the liver’s synthetic capacity. These effects are attributed to the antioxidant and anti-inflammatory properties of the extract, which likely mitigated formalin-induced inflammation, oxidative stress, and hepatocyte damage.
Conclusion:
Zapoteca portoricensis leaf extract and its fractions demonstrated potent hepatoprotective activity by maintaining liver function. The findings support its potential as a natural therapeutic agent for liver protection. Further studies are recommended to isolate bioactive compounds and elucidate the underlying mechanisms of action.
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1. INTRODUCTION 

The liver plays a central role in metabolism, detoxification, and homeostatic regulation of endogenous and exogenous compounds. On the other hand, this vital organ is constantly exposed to xenobiotics, environmental toxins, and inflammatory mediators, which predispose it to injury (Abdulrahman et al., 2020). Hepatic dysfunction, caused by oxidative stress and inflammation, remains a major global health issue, adding to the burden of chronic liver diseases like hepatitis, cirrhosis, and hepatocellular carcinoma. (Mansour et al., 2022; Wang et al., 2023). The production of reactive oxygen species (ROS) and proinflammatory cytokines, specifically tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6), intensifies liver cell injury through the promotion of lipid peroxidation, mitochondrial dysfunction, and apoptosis (Kumar et al., 2021; Nguyen et al., 2022).
Conventional drugs used in managing hepatic and inflammatory disorders—such as corticosteroids and nonsteroidal anti-inflammatory drugs (NSAIDs)—often provide symptomatic relief but are limited by toxicity and side effects with prolonged use (Girish et al., 2020). Consequently, there is an increasing demand for safer, natural hepatoprotective agents derived from medicinal plants rich in bioactive phytochemicals (Adebayo et al., 2018). Plant-derived secondary metabolites such as flavonoids, alkaloids, tannins, saponins, terpenoids, and phenolic compounds are known to mitigate oxidative damage by scavenging free radicals, enhancing antioxidant enzyme activities (e.g., superoxide dismutase, catalase, glutathione peroxidase), and modulating inflammatory signaling cascades such as the NF-κB (Nuclear Factor-κB) and MAPK  (Mitogen-Activated Protein Kinase) pathways (Kumar et al., 2021; Alqarni et al., 2023).
Zapoteca portoricensis (Jacq.) H.M. Hern., a perennial herb belonging to the Fabaceae family, is traditionally employed in West African ethnomedicine for the treatment of pain, inflammation, fever, and microbial infections (Adebayo et al., 2011; Orji et al., 2024). Preliminary phytochemical investigations have identified the presence of flavonoids, saponins, alkaloids, phenolic acids, and terpenoids, which are compounds associated with antioxidant and anti-inflammatory properties (Orji et al., 2024; Ibrahim et al., 2023). Prior pharmacological studies have demonstrated that the crude extract and fractions of Z. portoricensis exhibit potent anti-inflammatory, analgesic, and antioxidant activities (Adebayo et al., 2018; Orji et al., 2024). This suggests a potential protective effect against inflammation-mediated organ toxicity.
Inflammation-induced hepatic injury is a complex pathophysiological process involving oxidative imbalance and biochemical disruption of hepatic markers such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), total bilirubin, and total protein (Mansour et al., 2022). Formalin-induced inflammation in rats, according to previous studies, has proved to be a well-established model for evaluating systemic inflammatory and oxidative stress responses, as it elicits both acute and chronic phases of inflammation associated with biochemical and histological liver alterations (Kumar et al., 2021). This model provides a useful platform to assess the potential of plant extracts to modulate inflammatory mediators and hepatocellular function.
Despite the increasing pharmacological interest in Z. portoricensis, limited studies have explored its fraction-dependent hepatoprotective effects under inflammatory conditions. Understanding how the crude ethanol extract and its solvent fractions (n-hexane and ethanol) influence liver biomarkers during inflammation will not only validate its ethnomedicinal applications but also contribute to identifying bioactive fractions with therapeutic potential.
Therefore, this study aims to evaluate the hepatoprotective potential of the crude ethanol extract and solvent fractions of Zapoteca portoricensis leaves in formalin-induced inflammatory rats by assessing key liver function markers and biochemical indices of hepatic integrity. Findings from this study are expected to deepen the understanding of the plant’s biochemical mechanisms of action, highlight its fraction-specific efficacy, and support its potential as a source of safe, natural hepatoprotective agents.

2. Materials and methods 

2.1. Plant Collection, Identification, and Preparation of Extracts
Fresh leaves of Zapoteca portoricensis (Jacq.) H.M. Hern. used for this study were harvested from the Zapoteca portoricensis plant located at Dr. Eddy Mougbo’s Farm in Ifite, Awka South Local Government Area, Anambra State, Nigeria. The leaf was authenticated by Mr. Alfred Ozioko of the Bioresources Development and Conservation Programme (BDCP) Research Centre, Nsukka, Enugu State. (Voucher no: InterCEDD/16313). The powdered sample (1000 g) was extracted by maceration in 5 L of absolute ethanol for 72 hours with intermittent stirring. The resulting mixture was initially filtered through a muslin cloth, followed by further filtration using Whatman No. 1 filter paper to remove fine residues. The filtrate was concentrated under reduced pressure using a rotary evaporator at 40 °C to obtain the crude ethanol extract. A portion of the crude extract (100 g) was successively partitioned with n-hexane and ethanol to obtain the n-hexane fraction (NHF) and ethanol fraction (EF), respectively. All extracts and fractions were stored in airtight containers at 4 °C until use.
2.2 Experimental Animals
Thirty (30) healthy adult male albino rats (Rattus norvegicus), weighing 150–200 g, were obtained from Dr. Chris Ezeigwe’s farm. The animals were housed in standard polypropylene cages under controlled environmental conditions (temperature: 25 ± 2 °C, relative humidity: 50–60%, and 12-hour light/dark cycle) and were allowed to acclimatize for 14 days before experimentation. They had free access to standard rat pellets and water ad libitum.
All animal experimental procedures were conducted following the National Institutes of Health Guide for the Care and Use of Laboratory Animals (NIH Publication No. 85-23, revised 2011) and approved by The Nnamdi Azikiwe University-Animal Research Ethics Committee (Approval No.: NAU/AREC/2025/0102). 










Table 1. Experimental Design and Treatment Protocol
The rats were randomly divided into five groups (n = 5 per group) as follows:
	Group
	Treatment
	Description

	1
	Normal Control
	Received distilled water

	2
	Negative Control
	Received 0.1 mL of 0.5% formalin injected subplantarly to induce inflammation without treatment

	3
	Standard Control
	Formalin-induced inflammation in albino rats treated with 300mg/kg of aspirin once daily

	4
	T1-Treated
	Formalin-induced inflammation in albino rats + 200 mg/kg b.w of Crude of Zapoteca portorecensis Leaf Extract once daily

	5
	T2-Treated
	Formalin-induced inflammation in albino rats + 200 mg/kg b.w. of n-hexane fraction of Zapoteca portorecensis Leaf Extract once daily

	6
	T3-Treated
	Formalin-induced inflammation in albino rats + 200 mg/kg b.w. of ethanol fraction of Zapoteca portorecensis Leaf Extract once daily


The selected dose (200 mg/kg) was based on previous reports indicating safety and pharmacological activity (Adebayo et al., 2011; Orji et al., 2024). Treatments were administered orally once daily for 14 days. Formalin-induced inflammation was established on day 10 by injecting 0.1 mL of 2% formalin into the right hind paw of each rat (except the normal control), following the method described by Mansour et al. (2022). The animals were observed daily for behavioral and physical signs of inflammation and toxicity.

2.4. Sample Collection
Twenty-four hours after the final treatment, animals were fasted overnight and anesthetized lightly with chloroform. Blood samples were collected by cardiac puncture into plain centrifuge tubes, allowed to clot at room temperature, and centrifuged at 3000 rpm for 10 minutes to obtain clear serum. The serum was stored at −20 °C until biochemical analyses. The liver was excised, rinsed in cold saline, blotted dry, and preserved in 10% formalin for histopathological examination.

2.5. Determination of Liver Function Biomarkers
Serum biochemical parameters were analyzed using standardized enzymatic methods and commercially available diagnostic kits (Randox Laboratories Ltd., UK):

2.5.1 Alanine aminotransferase (ALT) and Aspartate aminotransferase (AST) activities were determined using the colorimetric method of Reitman and Frankel (1957).
2.5.2 Alkaline phosphatase (ALP) activity was measured according to the method of Englehardt (1970).
2.5.3 Assay of Aspartate Aminotransferase (AST) Activity was assayed using the method of Fawcett and Scott (1960).
2.5.4 Total bilirubin (TB) and Direct bilirubin (DB) levels were quantified following Limdi and Hyde (2003).
2.5.5 Total protein (TP) concentration was estimated using the Biuret method (Gornall et al., 1949).
2.5.6 Albumin (ALB) was determined by the bromocresol green dye-binding method (Doumas et al., 1971).
All analyses were conducted according to the manufacturers’ protocols, and absorbances were read using a UV–visible spectrophotometer (Shimadzu UV-1800, Japan).

2.6. Statistical Analysis
Data analysis was performed using R software (4.5.1; R Foundation for Statistical Computing, Vienna, Austria). Results are presented as mean ± standard deviation (SD). Comparisons among groups were evaluated using one-way analysis of variance (ANOVA), followed by Tukey’s post hoc test for multiple comparisons. A p-value of < 0.05 was considered statistically significant.


3. results and discussion

Table 2. Effect of Zapoteca portorecensis Crude Extract, n-Hexane and Ethanol Fraction on the Liver Function Markers of formalin-induced inflammation in albino rats
	Groups
	ALT (U/L)
	AST (U/L)
	ALP (U/L)
	Tbil (mg/dl)
	Dbil (mg/dl)
	ALB(g/dl)
	TP (g/dl)

	NC
	53.33±16.65
	47.93±14.93
	64.58±17.28
	0.89±0.19
	0.15±0.28
	17.55±5.28
	30.28±7.79

	NOR
	31.96±42.22
	36.34±18.22
	51.52±8.67
	1.27±0.69
	0.10±0.22
	32.58±8.29
	54.94±15.18

	SC
	45.74±17.88
	45.42±14.80
	59.60±14.34
	1.17±0.56
	0.14±0.23
	30.44±13.51
	51.72±21.46

	T1
	34.55±23.77
	39.18±19.13
	60.20±22.37
	1.06±0.07
	0.38±0.23
	31.33±7.33
	51.13±12.96

	T2
	50.82±30.33
	44.16±18.91
	63.66±17.19
	0.85±0.48
	0.24±0.48
	44.02±7.24
	72.86±8.00

	T3
	52.25±15.55
	48.80±19.34
	59.65±15.98
	1.11±0.90
	0.31±0.36
	35.45±8.04
	62.28±12.43


Results are presented as means ± SD (n=5). 
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Figure 1. Comparative effects of crude extract and solvent fractions of Zapoteca portoricensis on liver function markers in formalin-induced inflammatory rats. Each bar represents the mean value of serum biochemical parameters (ALT, AST, ALP, total bilirubin, direct bilirubin, albumin, and total protein) across different experimental groups (NC – Normal Control, NOR – Normal Reference, SC – Formalin Control, T1 – Crude Ethanol Extract, T2 – n-Hexane Fraction, T3 – Ethanol Fraction). The data illustrate the ameliorative effect of Zapoteca portoricensis treatments, with the n-hexane fraction showing the most pronounced hepatoprotective potential.


Discussion
The liver function markers analyzed in this study —ALT, AST, ALP, total bilirubin (Tbil), direct bilirubin (Dbil), albumin (ALB), and total protein (TP) — provide a comprehensive assessment of hepatic integrity and synthetic function. In this experiment, changes in these parameters were evaluated following administration of Zapoteca portoricensis leaf extract and its fractions in a formalin-induced inflammatory model in rats.
ALT and AST, key aminotransferases, are sensitive indicators of hepatocellular injury. Elevations in these enzymes typically reflect hepatocyte damage, leading to leakage into the circulation. In the present study, the extract-treated groups exhibited a significant reduction in ALT and AST levels compared to the inflammation-induced control, suggesting hepatoprotective activity. This effect may be attributed to the antioxidant and anti-inflammatory phytoconstituents identified in the extract, which likely mitigated formalin-induced oxidative stress and hepatocyte membrane disruption. These findings are consistent with previous studies demonstrating that plant-derived antioxidants can preserve hepatocellular integrity by scavenging reactive oxygen species and inhibiting lipid peroxidation (Adebayo et al., 2018).
ALP, a marker of cholestasis and biliary obstruction, showed a similar trend, with extract-treated groups maintaining levels closer to normal. This indicates that the extract may have a protective effect on bile flow or prevent cholestatic injury, supporting its overall hepatoprotective potential.
Total bilirubin (Tbil) and direct bilirubin (Dbil) provide insight into hepatic conjugation and excretory functions. The observed stabilization of bilirubin levels in treated groups suggests that the extract did not impair bilirubin metabolism and may have prevented formalin-induced hepatic dysfunction. Elevations in bilirubin in untreated inflammatory controls likely reflect mild hepatocellular stress or impaired bilirubin clearance.
Levels of albumin and total protein, which reflect the liver’s synthetic function, were largely maintained within normal limits in the extract-treated groups, suggesting that the extract helped preserve hepatic synthetic activity and contributed to protection against formalin-induced liver damage.
Overall, the results suggest that Zapoteca portoricensis leaf extract and its fractions exhibit significant hepatoprotective activity, likely mediated through antioxidant and anti-inflammatory mechanisms. The findings align with the growing body of evidence supporting the use of plant-derived bioactive compounds in the prevention and management of liver injury.


4. Conclusion
The findings of this study demonstrate that Zapoteca portoricensis leaf extract and its fractions exhibit significant hepatoprotective effects in formalin-induced inflammation in rats. Treatment with the extract effectively normalized liver function markers, including ALT, AST, ALP, bilirubin, albumin, and total protein, indicating protection of hepatocellular integrity and preservation of synthetic capacity. These results suggest that the extract’s antioxidant and anti-inflammatory properties play a key role in mitigating hepatic injury. Overall, the study supports the therapeutic potential of Zapoteca portoricensis as a natural agent for liver protection, warranting further investigation into its bioactive compounds and mechanisms of action.


Ethical approval 

All animal experimental procedures were conducted following the National Institutes of Health Guide for the Care and Use of Laboratory Animals (NIH Publication No. 85-23, revised 2011) and approved by The Nnamdi Azikiwe University-Animal Research Ethics Committee (Approval No.: NAU/AREC/2025/0102). 
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