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1. Introduction 

Hepatocytes are the primary functional units of the 

liver and serve as a central cellular interface for 

metabolic regulation and defense against chemical 

and inflammatory stress [1]. These cells coordinate 

xenobiotic metabolism, protein synthesis, and lipid 

homeostasis while maintaining an intracellular redox 

balance through tightly regulated enzymatic 

pathways [2]. Hepatocytes are particularly vulnerable  

 
 

 
 

to oxidative injury and enzymatic disruption 

following exposure to bioactive compounds owing to 

their central role in biotransformation and molecular 

signaling [1, 2]. Consequently, alterations in 

hepatocellular architecture and enzyme activity are 

widely recognized as early indicators of hepatic 

dysfunction in experimental toxicology and 

pharmacology studies [3]. 
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Herbal medicine continues to play a central role in 

healthcare delivery, particularly in low- and middle-

income countries, where plant-based therapies are 

frequently used for the management of chronic and 

metabolic diseases [4, 5]. In recent years, scientific 

interest has increasingly focused on polyherbal 

formulations due to their potential for synergistic 

biological activity and reduced toxicity, compared to 

the single plant extracts [6]. This growing attention is 

supported by extensive evidence of the therapeutic 

relevance of medicinal plants and their bioactive 

constituents in human health and disease 

management [4]. Despite this interest, the hepatic 

safety profile and biochemical consequences of 

combined herbal exposure remain inadequately 

characterized, particularly at the hepatocellular and 

enzymatic levels [7]. 
 

Tetrapleura tetraptera is a medicinal plant widely 

distributed in West Africa and is commonly used as 

both a culinary spice and therapeutic agent. 

Phytochemical investigations have identified 

flavonoids, tannins, saponins, and phenolic 

compounds as the major constituents of the fruit [8, 9]. 

These bioactive compounds possess antioxidant and 

anti-inflammatory properties associated with 

hepatocellular membrane stabilization and 

modulation of liver enzyme activity in experimental 

models [10, 11]. Recent studies have demonstrated 

that T. tetraptera fruit extract can attenuate oxidative 

stress and preserve hepatic architecture following 

chemically induced liver injury [9]. 
 

Jatropha curcas is a multipurpose plant traditionally 

employed in the treatment of inflammatory 

conditions, infections, and liver related disorders. The 

leaves contain flavonoids, diterpenes, and phenolic 

acids that exhibit notable antioxidant and anti-

inflammatory activities [12, 13]. Experimental studies 

involving Jatropha species have reported the 

normalization of hepatic enzyme levels following the 

controlled administration of leaf extracts, suggesting 

potential hepatoprotective effects [14]. However, the 

presence of toxic constituents in certain parts of the 

plant necessitates careful dose- dependent evaluation, 

particularly when J. curcas is used in combination with 

other medicinal plants [15, 16]. 
 

Polyherbal TJ, a combination of Tetrapleura tetraptera 

fruit and Jatropha curcas leaf extracts in a fixed ratio of 

1:2 was designed to leverage the complementary 

antioxidant and anti-inflammatory phytochemicals of 

both plants. This formulation provides a rational basis 

for assessing hepatic tolerance, given the reported 

hepatoprotective effects of each extract used 

individually and in combination. 
 

The evaluation of hepatic responses to polyherbal 

exposure requires an integrated biochemical and 

histological approach. Serum enzymes, such as 

alanine aminotransferase, aspartate aminotransferase, 

and alkaline phosphatase, serve as reliable 

biomarkers of hepatocellular injury and biliary 

dysfunction [17, 18]. Histopathological examination 

complements biochemical findings by directly 

visualizing hepatocyte integrity, sinusoidal 

organization, and pathological features such as 

steatosis or cellular degeneration [19]. Experimental 

rat models are widely accepted for assessing hepatic 

responses to herbal formulations due to their 

physiological similarity to humans and 

reproducibility under controlled laboratory 

conditions [20]. Therefore, investigation of 

hepatocellular and enzymatic responses following 

polyherbal exposure provides essential insights into 

hepatic tolerance, safety, and potential protective 

interactions. This study examined hepatocellular 

integrity and liver enzyme responses following 

polyherbal exposure in experimental rats, providing 

evidence-based insights into the hepatic safety and 

tolerance of combined herbal formulations. 

 

2. Materials and methods 

2.1. Plant material 

Fresh fruits of T. tetraptera and J. curcas leaves were 

collected from a natural habitat in southwestern 

Nigeria. The plant materials were identified and 

authenticated by a qualified taxonomist. Voucher 

specimens were deposited in a recognized herbarium 

under voucher numbers UBH-T472 (T. tetraptera) and 

UBH-J404 (J. curcas) for future reference. All 

procedures involving plant collection and use were 

conducted in accordance with the applicable research 

and ethical guidelines. 
 

2.2. Preparation and extraction of plant materials 

The collected plant materials were thoroughly 

washed with clean water to remove adhering debris 

and air dried at room temperature to prevent 

degradation of heat sensitive constituents. The dried 

fruits of T. tetraptera and leaves of J. curcas were 
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separately pulverized into fine powders using a 

mechanical grinder. Aqueous extraction was 

performed using a modified cold maceration method. 

Briefly, 500 g of each powdered plant material was 

soaked separately in 1.5 L of distilled water and 

allowed to stand for 24 h with intermittent stirring to 

enhance the extraction efficiency. The mixtures were 

homogenized using an electric blender and kept 

overnight at 4 °C. The suspensions were filtered 

through a muslin cloth to remove plant residues. The 

filtrates were concentrated under reduced pressure at 

40 °C using a rotary evaporator and subsequently 

freeze dried to obtain powdered aqueous extracts. The 

extracts were stored in airtight containers at 4 °C until 

use. 
 

2.3. Acute toxicity study (LD₅₀) 

Information on the acute toxicity and median lethal 

dose (LD₅₀) of T. tetraptera fruit and J. curcas leaf 

extracts was obtained from previously published 

toxicological studies [8-10, 21]. Published reports 

indicate that aqueous fruit extracts of T. tetraptera do 

not cause mortality or overt signs of toxicity in rodents 

following oral administration at doses up to 5000 

mg/kg body weight [8, 9]. Additional reviews of the 

biological and toxicological properties of T. tetraptera 

have further described a broad safety margin at 

moderate experimental doses [10]. For J. curcas, 

available toxicological evaluations report that 

aqueous leaf extracts, when appropriately processed 

and administered within defined dose limits, were 

tolerated in experimental animals without significant 

adverse effects [7, 21]. Based on these documented 

findings, the doses used in our study were within the 

reported non-toxic ranges and were considered 

suitable for subacute exposure. 
 

2.4. Experimental animals 

Twenty-four apparently healthy adult female Wistar 

rats weighing between 107 g and 155 g were used in 

this study. The animals were obtained from a 

registered laboratory animal facility and housed in 

well-ventilated wire mesh cages under standard 

laboratory conditions. Environmental conditions 

were maintained at a temperature of 22-25 °C with a 

12 h light/12 h dark cycle. Clean wood shavings were 

used as bedding and were changed regularly. Rats 

were allowed a two-week acclimatization period prior 

to the commencement of the experiment and had free 

access to standard laboratory feed and clean drinking 

water ad libitum. Animals were observed daily for 

general health status, behavior, and signs of distress, 

throughout the experimental period. All experimental 

procedures were conducted in accordance with 

internationally accepted guidelines for the care and 

use of laboratory animals and were approved by the 

accredited Ethics Review Committee. 
 

2.5. Experimental design 

The animals were randomly allocated to four 

experimental groups of six rats each to minimize 

selection bias (n=6). Group A served as the control and 

received standard feed and distilled water only. 

Group B received T. tetraptera fruit extract at a dose of 

200 mg/kg body weight. Group C received J. curcas 

leaf extract at a dose of 400 mg/kg body weight. Group 

D received polyherbal formulated extract (Polyherbal 

TJ), comprising of T. tetraptera fruit (200 mg/kg) and J. 

curcas leaf extract (400 mg/kg) in a fixed ratio of 1:2 (T. 

tetraptera: J. curcas). All treatments were administered 

orally once daily for 28 consecutive days using an oral 

gavage. The volume of administration did not exceed 

1 mL per 100 g body weight. 
 

2.6. Tissue collection and processing 

At the end of the treatment period, the animals were 

humanely sacrificed by cervical dislocation. The 

abdominal cavity was opened through a midline 

incision, and the liver was carefully excised, rinsed 

with normal saline, and fixed in 10% neutral buffered 

formalin. Fixed liver tissues were processed using 

routine histological techniques. Dehydration was 

carried out in ascending grades of alcohol, followed 

by clearing in xylene and embedding in paraffin wax. 

Tissue sections (5 µm thick) were cut using a rotary 

microtome and mounted on glass slides. The sections 

were then deparaffinized and stained with 

hematoxylin and eosin. Histological examination was 

performed using a light microscope, and 

photomicrographs were captured for 

histomorphological evaluations. Histopathological 

assessment was conducted without prior knowledge 

of the treatment allocation to minimize observer bias. 
 

2.7. Blood sample collection and biochemical analysis 

Blood samples were collected by cardiac puncture 

immediately after sacrifice and allowed to clot at room 

temperature. Serum was separated by centrifugation 

at 3000 rpm for 10 minutes and used for biochemical 

analysis of liver enzyme activities. Serum alanine 

aminotransferase (ALT) activity was determined 
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using the Alanine Transaminase Activity Assay Kit 

(Colorimetric), ab105134 (Abcam, United Kingdom), 

following the manufacturer’s instructions. In this 

assay, ALT catalyzes the conversion of alanine and α-

ketoglutarate to pyruvate and glutamate, respectively. 

The amount of pyruvate formed was coupled to a 

colorimetric reaction, and the absorbance was 

measured at 570 nm using a microplate reader. 
 

Serum aspartate aminotransferase (AST) activity was 

measured using the Aspartate Aminotransferase 

Activity Assay Kit, ab105135 (Abcam, United 

Kingdom), which quantifies AST-catalyzed reactions 

via a chromogenic end product detectable at 450 nm 

on a microplate reader. Alkaline phosphatase (ALP) 

activity was assessed using the Alkaline Phosphatase 

Assay Kit, MAK447 (Sigma-Aldrich, United States). 

This assay utilizes p-nitrophenyl phosphate as a 

substrate, which is hydrolyzed by ALP to produce a 

yellow chromogen. The optical density of the product 

was measured at 405 nm. 
 

All absorbance measurements were performed using 

a Thermo Scientific™ Multiskan™ FC Microplate 

Photometer (Thermo Fisher Scientific, United States). 

The instrument was calibrated according to the 

manufacturer’s protocol before analysis. Enzyme 

activity was calculated based on standard curves and 

expressed in international units per liter (IU/L). 
 

2.8. Statistical analysis 

Data obtained from biochemical analyses were 

expressed as mean ± standard error of the mean (SEM). 

Statistical analyses were performed using appropriate 

statistical software. Differences among groups were 

analyzed using one-way analysis of variance, 

followed by suitable post hoc tests. Statistical 

significance was set at p < 0.05. 
 

3. Results and discussion 

The effects of polyherbal exposure on body weight, 

liver weight, serum liver enzyme activities, and 

hepatic histology are presented in Table 1, Table 2, 

and Fig 1. As shown in Table 1, no statistically 

significant differences were observed in the initial 

body weight, final body weight, absolute liver weight, 

or relative liver weight among the treated groups 

compared to the control group (p > 0.05). Although 

slight numerical increases in liver weight and relative 

liver weight were recorded in rats administered the 

plant extracts, either singly or in combination, these 

variations remained within physiological limits and 

did not indicate hepatomegaly or adverse organ 

enlargement. Body weight gain across all groups 

further indicated that the administered doses of the 

extracts did not impair the growth or general health 

status of the animals during the experimental period. 
 

Organ weight assessment is a sensitive indicator of 

systemic and organ-specific toxicity, particularly for 

the liver, which serves as the primary site for 

xenobiotic metabolism. The absence of significant 

alterations in liver weight observed in the present 

study suggests that the aqueous extracts of T. 

tetraptera fruit and J. curcas leaves at the selected doses 

were well tolerated. Similar observations have been 

reported in experimental studies evaluating the 

hepatic safety of medicinal plants and polyherbal 

formulations at moderate doses [17, 20]. 
 

The serum liver enzyme activities are presented in 

Table 2. The activities of alanine aminotransferase 

(ALT), aspartate aminotransferase (AST), and alkaline 

phosphatase (ALP) did not differ significantly among 

the treated groups compared to the control group (p > 

0.05). ALT and AST are cytosolic enzymes released 

into circulation following hepatocellular membrane 

damage, whereas, ALP is commonly associated with 

biliary tract integrity and membrane transport 

processes. The maintenance of these enzyme activities 

within the normal physiological range indicates 

preserved hepatocellular integrity and the absence of 

enzyme leakage, suggesting that the administered 

extracts did not induce biochemical hepatotoxicity. 
 

The biochemical findings of this study are consistent 

with previous reports indicating that T. tetraptera 

possesses hepatoprotective properties, attributed 

largely to its flavonoid and phenolic constituents [8-

11]. In the present study, serum ALT, AST, and ALP 

activities in rats administered T. tetraptera, J. curcas, or 

their combination did not differ significantly from 

those in the control group (Table 2), indicating 

preserved hepatocellular integrity. Although the 

antioxidant activities of these plants have been 

reported in previous studies [10-13], antioxidant 

parameters were not directly assessed in the present 

study. Similarly, reports of normalization of liver 

enzyme activities following J. curcas administration 

were derived from experimental models involving 

chemically induced hepatic injury [12-14]. In contrast, 

no hepatotoxic challenge was applied in the present  
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Table 1. Effect of T. tetraptera fruit and J. curcas leaf exposure on body weight and liver weight of experimental rats. 
 

Group Treatment 
Initial Body Weight 

(g) 

Final Body Weight 

(g) 

Liver Weight 

(g) 

Relative Liver 

Weight (%) 

A Control (Distilled water) 127.50 ± 3.77 153.50 ± 6.66 7.15 ± 0.72 4.66 

B T. tetraptera fruit extract  

(200 mg/kg) 

115.00 ± 2.97 132.75 ± 2.46 8.28 ± 0.56 6.24 

C J. curcas leaf extract  

(400 mg/kg) 

139.25 ± 8.38 152.25 ± 7.78 8.45 ± 0.42 5.55 

D T. tetraptera (200 mg/kg) + 

J. curcas (400 mg/kg) 

143.00 ± 4.64 158.50 ± 7.96 8.95 ± 0.93 5.65 

Values are presented as mean ± SEM (n = 6). Relative liver weight (%) was calculated as (liver weight/final body weight) × 100. One-way 

ANOVA followed by Tukey’s post hoc test was used for multiple comparisons. No statistically significant differences were observed 

among groups compared with the control (p > 0.05). 

 

Table 2. Effect of T. tetraptera fruit and J. curcas exposure on serum liver enzyme activities in experimental rats. 
 
 

Group Treatment ALT (U/L) AST (U/L) ALP (U/L) 

A Control (Distilled water) 6.00 ± 0.41 8.25 ± 0.63 9.50 ± 0.65 

B T. tetraptera fruit extract (200 mg/kg) 6.00 ± 0.00 7.00 ± 1.00 10.50 ± 0.50 

C J. curcas leaf extract (400 mg/kg) 6.75 ± 0.25 8.00 ± 0.41 11.75 ± 0.48 

D T. tetraptera (200 mg/kg) + J. curcas (400 mg/kg) 5.75 ± 0.25 7.25 ± 0.25 10.25 ± 1.11 
Values are presented as mean ± SEM (n = 6). One-way ANOVA followed by Tukey’s post hoc test was used for multiple 

comparisons. No statistically significant differences were observed among groups compared with the control (p > 0.05). 

 

 

 
 

Figure 1. Representative liver histology showing preserved hepatic architecture across 

groups (H&E, ×400). 

 
study. The absence of enzyme elevation in the 

combined extract group (Table 2) indicates that the 

polyherbal TJ formulation did not elicit hepatotoxic or 

synergistic adverse effects at the tested doses. 

The histological evaluation of liver sections is shown  

in. Fig 1 microscopic examination revealed a 

preserved hepatic architecture across all groups. 

Hepatocytes appeared polygonal and were arranged 
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in cords, displaying eosinophilic cytoplasm with 

centrally placed, normochromic nuclei and indistinct 

nucleoli. The sinusoidal spaces were intact and well 

defined, with no evidence of hepatocellular 

degeneration, necrosis, steatosis, or inflammatory 

infiltration. In rats administered the combined 

extracts (Fig 1D), additional hepatic structures, 

including the central vein, portal vein, hepatic artery, 

bile duct, and Kupffer cells, were clearly identifiable, 

further indicating the preservation of normal lobular 

organization. 
 

The histological findings corroborated the 

biochemical data and reinforced the conclusion that 

the administered plant extracts did not compromise 

hepatic structure or function. The preservation of liver 

histoarchitecture following herbal exposure has been 

widely associated with the antioxidant and anti-

inflammatory actions of phytochemicals such as 

flavonoids, saponins, and phenolic acids, which 

mitigate oxidative stress and stabilize cellular 

membranes [1, 2, 4, 10]. These compounds play critical 

roles in maintaining hepatocellular homeostasis and 

preventing oxidative injury during xenobiotic 

metabolism [1, 3]. 
[ 
 

Fig. 1 show preserved hepatic architecture across all 

groups, with hepatocytes exhibiting eosinophilic 

cytoplasm and centrally placed normochromic nuclei 

with indistinct nucleoli. Sinusoidal spaces were intact, 

and no evidence of hepatocellular degeneration, 

inflammatory infiltration, or structural distortion was 

observed following the administration of plant 

extracts, either singly or in combination.    
 

Taken together, the concordance between body and 

organ weight indices, serum liver enzyme activities, 

and histological findings provides strong evidence 

that the aqueous extracts of T. tetraptera fruit and J. 

curcas leaves, administered singly or in combination, 

did not exert hepatotoxic effects under the 

experimental conditions employed. This observation 

supports previous reports on the hepatic safety of 

medicinal plants when used within controlled dose 

ranges [17-19]. However, herb-induced liver injury 

has been documented in cases of prolonged exposure, 

inappropriate dosing, or the use of poorly 

characterized herbal preparations [15, 19]. Therefore, 

while the present findings suggest hepatic tolerance 

and safety following short-term exposure, further 

studies involving longer durations, higher doses, and 

molecular markers of oxidative stress and 

inflammation are required to fully elucidate the long-

term hepatic effects of these polyherbal formulations 

[3, 15, 21]. 
 

3.1. Limitations of the study 

This study was limited to a 28-day exposure period 

and focused on routine biochemical and histological 

assessments, which may not fully reflect the long-

term or molecular hepatic effects. The use of only 

female rats and a single dose range further limits 

broader biological extrapolation.  
 

4. Conclusions  
This study showed that aqueous extracts of T. 

tetraptera fruit and J. curcas leaves, administered singly 

or mixed, did not adversely affect liver weight, serum 

liver enzyme activities, or hepatic histoarchitecture in 

experimental rats. These findings indicate preserved 

hepatocellular integrity and enzymatic function, 

suggesting hepatic tolerance to the polyherbal 

formulation at the tested doses. Further studies 

involving longer exposure periods and additional 

mechanistic endpoints are recommended to establish 

long-term hepatic safety. 
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