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Original Article
Protective Effect of Lantana camara Methanolic Leaf 
Extract Against Acetaminophen-induced Liver Injury in 
Male Albino Rats

Background: Lantana camara is used traditionally against liver ailments, but scientific 
evidence for its hepatoprotective effects is limited. 

Objectives: This study evaluates the hepatoprotective effect of methanolic leaf extract of L. 
camara against acetaminophen-(APAP) induced hepatotoxicity in a rat model. 

Methods: Phytochemical analysis revealed the presence of phenolics (5.03%), alkaloids 
(4.30%), saponins (6.14%), tannins (3.81%) and flavonoids (3.54%) in the extract. Methanolic 
leaf extract of L. camara was administered orally to rats at 100, 300 and 500 mg/kg doses for 
5 days before APAP challenge at 750 mg/kg. Serum liver enzymes, proteins, bilirubin and 
histopathology were assessed to determine the extent of liver injury and protection. 

Results: APAP administration caused significant (P<0.05) elevation of serum aspartate 
transaminase (AST) (89.57±6.90 U/L), alanine transaminase (ALT) (35.61±0.81 U/L), 
alkaline phosphatase (ALP) (124.90±1.94 U/L), and bilirubin levels along with a reduction 
of total protein (57.77±0.73 g/L) and albumin levels (25.21±1.08 g/L). It also induced severe 
hepatocellular necrosis and inflammation. Pretreatment with 300 mg/kg extract dose conferred 
optimal protection by normalizing enzyme activities (AST: 58.61±2.88 U/L, ALT: 23.57±1.71 
U/L, ALP: 92.99±9.87 U/L) and liver function biomarkers (total protein: 80.42±1.72 g/L, 
albumin: 27.79±1.91 g/L). It also preserved near-normal liver tissue architecture with minimal 
necrosis, indicating its antioxidant and membrane-stabilizing properties.

Conclusion: The findings validate the ethnomedicinal use of L. camara and indicate its 
potential for development as an affordable therapy for APAP overdose liver damage.
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Introduction

iver is the largest internal organ in the body 
and the primary site for various metabolic 
and detoxification functions. Liver is vital 
for energy metabolism, biosynthesis, and 
removing toxic substances and drugs from 
the body [1]. However, liver is susceptible 

to injury from various infectious agents, drugs, and tox-
ins, considering its central role in metabolism and clear-
ance. Drug-induced liver injury (DILI) is the leading 
cause of acute liver failure and represents a major clini-
cal and economic burden worldwide [2].

Acetaminophen (APAP), one of the primary drugs ca-
pable of causing DILI in therapeutic misuse or overdose 
scenarios, is the most commonly used analgesic and 
antipyretic medication in Nigeria and across Africa [3]. 
The mechanism of APAP hepatotoxicity involves metab-
olism by cytochrome P450 enzymes to form the reactive 
intermediate, N-acetyl-p-benzoquinone imine (NAPQI) 
[4]. While NAPQI is typically neutralized by binding to 
glutathione, excessive APAP doses deplete liver gluta-
thione stores. 

While N-acetylcysteine (NAC) can replenish glutathi-
one, delayed administration beyond 8 hours after inges-
tion reduces its effectiveness [5]. Furthermore, NAC 
may not be readily available or affordable for many 
Nigerian patients. Liver transplant is the only definitive 
treatment but is limited in Nigeria due to lack of facili-
ties, high costs, and organ shortage [6]. Therefore, there 
is an urgent need for affordable therapeutic options that 
can reduce APAP hepatotoxicity. Locally available me-
dicinal plants may offer potential options.

Medicinal plants have traditionally been used world-
wide to treat various ailments, and their phytochemicals 
can potentially be developed into effective therapies [7]. 
Lantana camara L. (Verbenaceae) is a shrub that grows 
widely across tropical and subtropical regions as an in-
vasive species in over 60 countries across Africa, includ-
ing Nigeria [8], Asia and Australia [9]. 

L. camara has been extensively studied for its various 
pharmacological properties. For instance, the leaf ex-
tracts of L. camara have been found to exhibit the high-
est antioxidant activity due to the presence of phenolic 
compounds and flavonoids [10]. The plant extract ef-
fectively reduced inflammation and edema in an animal 
model, demonstrating its anti-inflammatory properties 
[11]. Studies have also reported significant hypoglycae-
mic and antihyperglycemic effects of L. camara in dia-

betic animal models [12, 13]. Furthermore, the plant has 
shown antimicrobial properties, inhibiting the growth of 
various pathogenic bacteria and fungi [9, 14, 15]. L. ca-
mara has also been studied for its antiulcerogenic [16], 
wound healing [17-19] and antihyperglycemic activities 
[20], with potential therapeutic applications in these ar-
eas. 

These pharmacological activities have been attributed 
to its rich phytochemical constituents. Phytochemical 
studies have revealed that L. camara is rich in flavonoids 
like quercetin, kaempferol and hispidulin; phenolic com-
pounds like caffeic acid and ferulic acid; triterpenes like 
ursolic acid and oleanolic acid; and alkaloids like lan-
tamine and camarin [9, 21]. However, there are also re-
ports of L. camara toxicity, especially from ingestion of 
unripe green berries containing higher concentrations of 
pentacyclic triterpenoids like lantadene A and lantadene 
B, causing hepatotoxicity, photosensitivity, and respira-
tory distress in animals and humans [22]. 

However, while L. camara shows potential hepato-
protective effects based on its traditional use and phyto-
chemical composition [23]. The present study aimed to 
evaluate the hepatoprotective efficacy of methanolic leaf 
extract of L. camara against APAP-induced hepatotoxic-
ity in a rat model.

Materials and Methods

Plant material and extraction

The fresh leaves of L. camara were collected from wild 
sources at the National Veterinary Research Institute 
(NVRI), Vom, Nigeria (9°43’47.77’’N, 8°47›24.38››E). 
O. E. Agyeno, a Botanist from the Department of 
Plant Science Technology, University of Jos, Plateau 
State, performed taxonomic identification and authen-
tication where a voucher specimen (Herbarium No. 
UJH19000291) was deposited. The collected leaves 
were cleaned and shade-dried, powdered, and subjected 
to methanol extraction using the maceration method de-
scribed by Araya et al. [24]. The powdered plant sample 
was infused in methanol for 72 hours and filtered using 
Whatman Filter Paper No. 1. The filtrate was dried at 
50°C and stored at 4°C.

Phytochemical screening

Preliminary phytochemical screening of the extract 
was performed to identify major chemical constituents 
using standard procedures [25]. Qualitative and quanti-
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tative evaluation of the phytochemical constituent was 
carried out.

Experimental drug

APAP powder (McNeil Product Ltd, SL6, UK) was sus-
pended in 1% carboxymethyl cellulose and administered 
by oral gavage at 750 mg/kg body weight to induce hep-
atotoxicity in Wistar rats.

Experimental animals

In this study, 25 male Wistar albino rats weighing 100-
150 g were procured from the National Veterinary Re-
search Institute, Vom, Plateau State. The animals were 
housed under standard room temperature and 12 hours 
of light/dark cycle and fed with a commercial pellet diet 
and water ad libitum [26].

Experimental design

The Wistar rats were divided into five groups of 5 rats 
each and were treated for 6 days as follows. Group I 
(normal control): Distilled water orally (10 mL/kg); 
Group II (APAP control): Distilled water for 5 days, then 
APAP (750 mg/kg) [27] by oral gavage to induce hepato-
toxicity on day 6 [28]; Group III (extract 100 mg/kg): L. 
camara leaf extract (100 mg/kg) for 5 days, then APAP 
(750 mg/kg) on day 6; Group IV (extract 300 mg/kg): L. 
camara leaf extract (300 mg/kg) for 5 days, then APAP 
(750 mg/kg) on day 6; Group V (extract 500 mg/kg): L. 
camara leaf extract (500 mg/kg) for 5 days, then APAP 
(750 mg/kg) on day 6.

The vehicle, extracts and APAP were administered 
once daily by oral gavage in a volume of 10 mL/kg body 
weight. On the 6th day, 24 hours after APAP administra-
tion, the rats were anesthetized using a ketamine/xyla-
zine cocktail, blood was collected by cardiac puncture, 
and liver tissues were excised after euthanasia by cervi-
cal dislocation. Serum biomarkers and histological pa-
rameters were evaluated using standard procedures.

Biochemical analysis

Serum levels of alanine transaminase (ALT) and aspar-
tate transaminase (AST) were determined through the 
calorimetric method at 546 nm using Randox assay kits 
based on principles described by Reitman and Frankel 
[29]. Alkaline phosphatase (ALP), which catalyzes the 
hydrolysis of the colorless organic phosphate ester sub-
strate, p-nitrophenyl phosphate, to the yellow-colored 
product p-nitrophenol and phosphate [30], was also de-
termined using Randox assay kits, calorimetrically at 

410 nm. Total and direct bilirubin levels were also de-
termined calorimetrically at 578 nm using Randox as-
say kits. Direct bilirubin and diazotized sulphanilic acid 
were combined in an alkaline medium to generate a blue 
complex. By reacting with diazotized sulphanilic acid in 
the presence of caffeine, which releases albumin-bound 
bilirubin, total bilirubin is measured [31]. Also, total 
protein was determined based on principles described 
by Weichselbaum [32], which involves the formation of 
colored biuret complex and albumin level based on prin-
ciples described by Doumas et al. [33] using a Randox 
assay kit.

Percent hepatoprotection

The percentage of hepatoprotection against APAP-in-
duced alterations in biochemical markers by L. camara 
leaf extract in a pretreatment model was assessed using 
Kolakota et al.’s approach [34]. To calculate the per-
centage of protection, it is assumed that the APAP toxic 
group’s biomarker levels indicate 0% protection, and the 
normal control group—a group not exposed to APAP—
represents 100% protection. The percentage protection 
was determined using the Equation 1:

1. ×100% Protection= 
(N-T)
(N-C)

where, N refers to the mean value of negative control, 
T denotes the mean value of treatment groups and C 
equals the mean value of normal control.

Histopathological studies

The histopathological analysis of liver tissues excised 
from the experimental animals and fixed in 10% neutral 
buffered formalin was carried out as described by Choji 
et al. [35].

Statistical analysis

Data were expressed as Mean±SEM and evaluated us-
ing a one-way analysis of variance (ANOVA) and Tukey 
post hoc test in SPSS software, version 27. P<0.05 were 
considered significant.

Results

Phytochemical analysis

The preliminary phytochemical screening of the 
methanolic leaf extract of L. camara revealed phenolics 
(5.03%) and alkaloids (4.30%) were found in the high-
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est amounts, followed by saponins (6.14%), tannins 
(3.81%) and flavonoids (3.54%) (Table 1).

Biochemical analysis of liver enzymes

APAP administration at 750 mg/kg significantly in-
creased the serum activities of some hepatic enzymes, 
including AST, ALT and ALP, compared to normal con-
trol animals (P<0.05) (Table 2). Rats treated solely with 
APAP showed 89.57±6.90 U/L AST level compared to 
63.4±3.63 U/L in normal controls. APAP also raised ALT 
and ALP to 35.61±0.81 U/L and 124.90±1.94 U/L versus 
22.61±0.33 U/L and 90.98±8.41 U/L in normal rats.

Pretreatment with 100 mg/kg L. camara leaf extract 
before the APAP challenge did not confer significant pro-
tection based on liver enzyme leakage. AST, ALT and 
ALP levels in this group were statistically comparable to 
the APAP control and were significantly higher (P<0.05) 
than normal rats. However, pretreatment with 300 mg/

kg leaf extract markedly lowered (P<0.05) AST, ALT 
and ALP levels to 58.61±2.88 U/L, 23.57±1.71 U/L and 
92.99±9.87 U/L, respectively. These enzyme activities 
were comparable to normal control levels and signifi-
cantly reduced (P<0.05) relative to the APAP group. The 
500 mg/kg extract dose also showed partial restoration 
by lowering ALT to 29.18±0.93 U/L versus 35.61±0.81 
U/L in the APAP control (P<0.05). However, AST and 
ALP levels were not significantly different from the in-
jury model at this dose.

As shown in Figure 1, a 300 mg/kg dose of L. camara 
leaf extract exhibited maximal protection against APAP-
induced leakage of liver enzymes AST, ALT and ALP, 
conferring 100%, 92% and 94% protection, respectively. 
Also, the 100 mg/kg extract dose did not result in sig-
nificant enzymatic protection, while the 500 mg/kg dose 
provided intermediate protection of 39% for AST and 
around 50% for ALT and ALP.

Table 1. Qualitative and quantitative phytochemical composition of the methanolic leaf extract of L. camara

Phytochemicals Qualitative Quantitative (%)

Saponins + 6.14

Tannins + 3.81

Terpenoids – –

Flavonoids + 3.54

Alkaloids + 4.30

Glycosides – –

Steroids – –

Phenols + 5.03

+Presence, –Absence. 

Table 2. Effect of L. camara extract on liver enzymes in acetaminophen-induced rats

Treatment Groups
Mean±SEM

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

Normal control 63.4±3.63* 22.61±0.33* 90.98±8.41*

Negative control 89.57±6.90 35.61±0.81 124.90±1.94

L. camara (100 mg/kg) 103.68±7.38 35.19±2.40 104.63±4.06

L. camara (300 mg/kg) 58.61±2.88* 23.57±1.71* 92.99±9.87*

L. camara (500 mg/kg) 79.45±7.22 29.18±0.93* 109.22±6.06

Abbreviations: AST: Aspartate transaminase; ALT: Alanine transaminase; ALP: Alkaline phosphatase. 
*P<0.05 significant statistical differences compared to the negative control.
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Biochemical analysis of total protein, albumin, 
and bilirubin

The administration of APAP caused a significant reduc-
tion in serum total protein and albumin levels compared 
to normal control animals (Table 3). The APAP group had 
a total protein of 57.77±0.73 g/L versus 63.00±1.41 g/L 
in controls. Serum albumin was decreased to 25.21±1.08 
g/L relative to 22.92±1.60 g/L in normal rats. Pretreat-
ment with 100 mg/kg L. camara leaf extract did not re-
store total protein or albumin, with levels comparable 
to the APAP group (P<0.05). However, the 300 mg/kg 
extract dose significantly increased total protein and al-
bumin close to normal control values (P<0.05). The 500 

mg/kg dose, however, does not attenuate the APAP-in-
duced hypoalbuminemia and hypoproteinaemia.

Total and direct bilirubin were significantly higher in 
the APAP group compared to normal controls (P<0.05) 
(Table 3). Pretreatment with 100 mg/kg extract failed to 
prevent hyperbilirubinemia, with total and direct biliru-
bin comparable to the APAP group. However, the 300 
and 500 mg/kg extract doses significantly attenuated the 
APAP-induced increase in direct bilirubin (P<0.05). To-
tal bilirubin was also lowered by these doses, although 
not to the extent of direct bilirubin. The results indicate a 
dose-dependent improvement in conjugation and excre-
tory capacity of the liver conferred by L. camara leaf 
extract against APAP toxicity. 

Table 3. Effect of L. camara extract on serum albumin, total protein, total and direct bilirubin in acetaminophen-induced rats

Treatment Groups
Mean±SEM

Albumin (g/L) Total Protein (g/L) Total Bilirubin (μM/L) Direct Bilirubin (μM/L)

Normal control 27.92±1.60 63.00±1.41 1.72±0.15* 0.62±0.09*

Negative control 25.21±1.08 57.77±0.73 3.06±0.42 1.71±0.27

L. camara (100mg/kg) 28.69±0.89 65.45±3.47 2.72±0.28 1.74±0.21

L. camara (300 mg/kg) 27.79±1.91 80.42±1.72* 1.45±0.26* 0.80±0.20*

L. camara (500 mg/kg) 24.58±1.25 56.95±4.84 1.23±0.15* 0.85±0.17*

*P<0.05 significant statistical differences compared to the negative control.

Figure 1. Percentage protection of acetaminophen-induced elevation of serum enzyme markers by L. camara crude extract 
(LCE) in different concentrations in a pretreatment model
Abbreviations: AST: Aspartate transaminase; ALT: Alanine transaminase; ALP: Alkaline phosphatase.
*Significant difference compared to the toxic control, *P<0.05.
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Analysis of protection against APAP-mediated declines 
in serum proteins and bilirubin is shown in Figure 2. The 
100 mg/kg extract dose did not significantly protect se-
rum biochemical parameters. Also, 300 mg/kg extract 
dose demonstrated high protection of 95%, 100%, and 
83% for serum albumin, total protein, and direct biliru-
bin, respectively. The highest dose of 500 mg/kg pro-
vided complete reversal of increased total bilirubin and 
partial restoration of direct bilirubin and albumin.

Histopathological analysis

Figures 3 and 4 show the histological changes at ×100 
and ×400 magnification. Microscopic observation of 
normal control liver sections showed the characteristic 
hexagonal hepatocytes with granulated cytoplasm and 
centrally located nuclei (Figures 3A and 4A). In contrast, 
the APAP-treated group exhibited extensive hepatocellu-
lar necrosis with derangement of the radial arrangement 
of the hepatocytes along with sinusoidal dilatation. Cel-
lular demarcations appear as strands, while mild hem-
orrhage is demonstrated by red blood cells within the 
tissue (Figures 4A and 4B). Cytoplasmic vacuolization, 
nuclear pyknosis, and disrupted cell membranes were 
visible, indicating severe hepatic injury. Pretreatment 
with 100 mg/kg L. camara leaf extract could not pre-
vent APAP-induced necrosis, with microscopic features 
similar to the APAP control group (Figures 3C and 4C). 
Extensive hepatocellular degeneration, apoptotic nuclei, 
and necrotic debris were observed. The 300 mg/kg ex-
tract dose conferred moderate protection of the lobular 

architecture and hepatocytes (Figures 3D and 4D). Mild 
sinusoidal dilation and occasional necrosis were vis-
ible, but overall cytoarchitecture was preserved. Nuclei 
were intact and radially arranged around the central vein. 
Sections of the 500 mg/kg extract pretreatment group 
showed near-normal lobular patterns with minimal dis-
ruption or necrosis (Figures 3E and 4E). Mild lympho-
cytic infiltration was observed, indicating some cellular 
inflammatory response. 

Discussion

This study evaluated the hepatoprotective potential of 
L. camara, a medicinal plant used traditionally against 
liver ailments [36]. Phytochemical analysis revealed 
the presence of various bioactive compounds like phe-
nolics, flavonoids, alkaloids, saponins and tannins in L. 
camara leaf extract. Plant phenolics exhibit a wide range 
of biological properties, including antioxidant, anti-
inflammatory, antimicrobial, immunomodulatory, and 
tissue-protective effects [37]. The phenolic compounds 
in L. camara leaves can scavenge free radicals, chelate 
redox-active metals, and attenuate lipid peroxidation 
and protein carbonylation induced by toxins like APAP 
[38]. This property may significantly contribute to its 
observed hepatoprotective activity. Likewise, flavonoids 
can prevent hepatocellular damage through antioxidant 
mechanisms as well as via modulating cytochrome P450 
enzymes involved in xenobiotic metabolism and bioac-
tivation [39, 40]. Saponins have also shown protective 
effects against DILI by preserving membrane integrity 

Figure 2. Percentage protection of acetaminophen-induced elevation of serum liver markers by LCE at different concentrations 
in a pretreatment model
*Significant difference compared to the toxic control, *P<0.05.
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and enhancing glutathione redox cycling [41]. Alkaloids, 
though toxic at high doses, may stimulate tissue repair 
processes at lower concentrations by regulating growth 
factors, cytokines, and extracellular matrix remodeling 
[42]. Similarly, tannins can promote hepatocyte regener-
ation and accelerate normalization of liver function [43].

APAP overdose caused extensive liver injury as evi-
denced by marked elevation of serum AST, ALT and 
ALP levels, comparable to other studies using similar 
APAP doses in rats [44, 45]. These membrane-bound 
enzymes are released into circulation following hepatic 
cellular damage, making them clinically relevant mark-
ers of hepatocellular injury [46]. However, the dramatic 
AST increases in this study are likely from the liver due 
to simultaneous ALT increases. The profound rise in 

their serum activities indicates considerable membrane 
fragility and leakage of these cytosolic enzymes into cir-
culation. Elevated ALP levels correlate with cholestatic 
liver damage as this enzyme is abundantly present on the 
canalicular membrane of hepatocytes and biliary epithe-
lial cells [47]. Pretreatment with 300 mg/kg L. camara 
leaf extract remarkably restored AST, ALT and ALP to 
normal control levels, indicating superior hepatoprotec-
tive efficacy compared to extracts of Aerva javanica [48] 
or Acacia catechu [49], which offered only partial pro-
tection at higher doses, signifying profound stabilization 
of hepatocellular membrane architecture and structural 
integrity. This membrane-protective effect can be attrib-
uted to the antioxidant phytochemicals like phenolics 
and flavonoids present in the extract [50]. This condition 
attenuates membrane disruption and the resultant leak-

Figure 3. Photomicrographs of the liver sections
A) Normal control rats, B) Acetaminophen control rats exhibiting injury, C) 100 mg/kg extract pretreated rats showing ne-
crosis, D) 300 mg/kg extract pretreated rats with moderate protection, E) 500 mg/kg extract pretreated rats displaying near-
normal morphology (haematoxylin-eosin staining at ×100 magnification)
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age of liver enzymes into circulation. The 300 mg/kg 
dose likely represents an optimal balance and synergy 
between the different hepatoprotective phytochemicals 
in L. camara leaves. In contrast, at 500 mg/kg, the inhib-
itory effects of less active components may predominate, 
resulting in reduced efficacy [11].

The significant decline in serum total protein and al-
bumin signifies reduced hepatic protein synthesis due 
to APAP-induced liver injury [51]. Albumin comprises 
over half of the total measured serum proteins and is ex-
clusively synthesized in the liver. Therefore, hypoalbu-
minemia is a clinical marker of diminished liver function 
and impaired hepatocellular protein production capacity 
[51]. Pretreatment with 300 mg/kg L. camara leaf ex-

tract optimally restored these serum protein and biliru-
bin parameters close to normal control levels. The phy-
tochemicals may stimulate regeneration mechanisms, 
preserve functional hepatocytes, and enhance bile flow 
to normalize serum biomarkers [9].

Microscopic observation of liver sections provided 
visual evidence of the biochemical and functional al-
terations induced by APAP overdose. Extensive centri-
lobular necrosis, sinusoidal dilation, cytoplasmic vacu-
olization, and nuclear pyknosis seen in the APAP group 
correlate with the severe membrane and mitochondrial 
damage caused by oxidative stress and protein binding 
of NAPQI [1]. Loss of cellular architecture and accu-
mulation of necrotic debris signify profound structural 

Figure 4. Photomicrographs of liver sections
A) Normal control rats, B) Acetaminophen control rats exhibiting injury, C) 100 mg/kg extract pretreated rats showing ne-
crosis, D) 300 mg/kg extract pretreated rats with moderate protection, E) 500 mg/kg extract pretreated rats displaying near-
normal morphology (haematoxylin-eosin staining at ×400 magnification)
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disruption of the hepatocyte cytoskeleton [4]. This effect 
complements the marked leakage of liver enzymes into 
circulation. The 100 mg/kg L. camara leaf extract dose 
could not prevent this damage. However, pretreatment 
with 300 and 500 mg/kg L. camara leaf extract marked-
ly reduced this morphological degradation, maintaining 
near-normal liver tissue and cell structure. The extracts 
likely preserve membrane integrity, stimulate tissue re-
pair, and enhance removal of necrotic cells to facilitate 
regeneration [52]. 

This research demonstrates the hepatoprotective poten-
tial of the medicinal shrub L. camara. The study used a 
rat model to show that pretreatment reduced this mor-
phological degradation, maintaining near-normal liver 
tissue and cell structure. The extracts likely preserve 
membrane integrity, stimulate tissue repair and enhance 
removal of necrotic cells to facilitate regeneration [52].

This study evaluated hepatoprotection in a pretreat-
ment model, which differs from the more common post-
treatment approach used for many natural products [24, 
48]. The pretreatment regimen assesses the extract’s 
ability to induce cellular defense mechanisms and pre-
pare the liver to withstand the subsequent toxic insult 
[53]. This approach is clinically relevant for high-risk 
patients prone to DILI.

Conclusion 

This research demonstrates the hepatoprotective poten-
tial of the medicinal shrub L. camara. The study used a 
rat model to show that pretreatment with L. camara leaf 
extract can mitigate liver damage caused by an overdose 
of APAP. The extract was particularly effective at 300 
mg/kg, normalizing liver enzyme activities and main-
taining liver functional biomarkers. It also maintained 
near-normal liver tissue architecture with minimal ne-
crosis by likely preserving hepatocellular membrane in-
tegrity and stimulating regeneration.
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