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Background: Pseudoelephantopus spicatus (PS) is used in ethnomedicine for hepatic disorders;
however, its effects on biochemical markers of drug-induced liver injury remain incompletely
characterized. This study evaluated the effects of the ethanolic root extract of PS on serum biochemical
indices in an acetaminophen-induced acute hepatotoxicity model.

Methods: Sprague-Dawley rats (150-200 g) were allocated into five groups (n = 6/group). PS extract
(500 and 1000 mg/kg) and silymarin (100 mg/kg) were administered orally for 10 days. On day 10,
hepatotoxicity was induced by a single oral dose of acetaminophen (700 mg/kg) after a 12 h fast.
Serum ALT, AST, ALP, total bilirubin, total protein, albumin, and globulin were quantified 24 h
post-administration.

Results: Acetaminophen produced marked elevations in ALT, AST, ALP, and total bilirubin, with
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Phytotherapy reduced serum protein fractions. PS treatment did not significantly reduce ALT or AST levels. However,
Pseudoelephantopus spicatus PS significantly decreased ALP activity at both 500 and 1000 mg/kg (p < 0.001) and reduced total
Rat model bilirubin dose-dependently (p < 0.01-p < 0.001 vs. acetaminophen control). At 1000 mg/kg, PS

significantly restored total protein (p < 0.001) and increased albumin and globulin levels (p < 0.05),
indicating partial recovery of hepatic synthetic function.

Conclusion: PS ethanolic root extract produced selective biochemical attenuation of acetaminophen-
induced hepatobiliary dysfunction, significantly modulating ALP, total bilirubin, and circulating proteins
without significant transaminase normalization. These findings indicate partial functional improvement
rather than comprehensive hepatocellular protection. Further studies incorporating histopathology,
oxidative stress, and mechanistic analyses are required to establish structural and molecular correlates.

liver damage is commonly associated with altered ALT, AST, ALP,
bilirubin, and protein levels, which are used as biochemical indicators
of liver function [5].

1. Introduction

The liver is the primary site for the metabolism and elimination of
xenobiotics and endogenous compounds, rendering it particularly

vulnerable to chemically induced injury [1]. Drug-induced liver
injury represents a major cause of acute hepatic failure, with ac-
etaminophen overdose being one of the most extensively studied and
clinically relevant models of hepatotoxicity [2]. Under therapeutic
conditions, acetaminophen is predominantly metabolized through
glucuronidation and sulfation pathways; however, excessive dosing
leads to cytochrome P450-mediated bioactivation to the highly
reactive metabolite N-acetyl-p-benzoquinone imine (NAPQI) [3].
Accumulation of NAPQI results in depletion of intracellular glu-
tathione reserves, covalent binding to hepatic proteins, mitochondrial
dysfunction, enhanced generation of reactive oxygen species, and
subsequent hepatocellular necrosis [4]. Acetaminophen-induced
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Currently available hepatoprotective therapies are limited in efficacy,
necessitating the exploration of alternative agents capable of mod-
ulating oxidative, inflammatory, and metabolic pathways involved
in liver damage [6]. While oxidative stress and inflammation are
recognized contributors to acetaminophen-induced hepatotoxicity,
this study focused specifically on routine serum biochemical markers-
ALT, AST, ALP, bilirubin, and circulating protein fractions-as
primary endpoints. These biomarkers provide reliable, accessible
measures of hepatocellular and hepatobiliary function, reflecting
functional impairment and recovery without requiring direct assess-
ment of oxidative or inflammatory pathways [7, 8]. In this context,
medicinal plants constitute a valuable source of structurally diverse
bioactive compounds with potential hepatoprotective properties [9].

P. spicatus (Juss.) Rohr. (Asteraceae) is a perennial herb traditionally
used to manage inflammatory disorders, infectious diseases, and
hepatic dysfunction [10]. Phytochemical investigations have revealed
the presence of sesquiterpene lactones, triterpenoids, sterols, and
related secondary metabolites, several of which exhibit antioxidant,
anti-inflammatory, and cytoprotective activities [11]. Experimental
studies have reported moderate hepatoprotective effects of P. spicatus
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extracts against chemically induced liver injury, including toxin
and drug-mediated models [12]; however, systematic evaluation of
organ-specific extracts, particularly roots, in acetaminophen-induced
hepatotoxicity remains limited.

Accordingly, the present study was designed to evaluate the effects
of the ethanolic root extract of P. spicatus on serum biochemical
markers of hepatocellular and hepatobiliary injury in a rat model
of acetaminophen-induced acute hepatotoxicity. By focusing on
these routine endpoints, the study aims to establish the functional
hepatoprotective potential of P. spicatus before mechanistic or
histopathological investigations.

2. Methods

2.1. Plant Collection and Extraction

The plant of P. spicatus was collected from Dhamrai, Dhaka,
Bangladesh, and identified by the Bangladesh National Herbarium
(BNH) and accession number (DACB87366). Thoroughly washed,
shade-dried at 35-40 °C for 7 days, pulverized to a fine powder, and
subjected to Soxhlet extraction using 96% ethanol (900 g powder;
30 h extraction). The combined ethanolic extract was concentrated
under reduced pressure using a rotary evaporator (BUCHI Rota
Vapor R-114, Switzerland), further dried on a water bath at room
temperature to yield a solid extract (100 g), which was stored at
4 °C until use. Although the plant material was taxonomically
authenticated and a voucher specimen deposited, the ethanolic
extract was not standardized using a quantified chemical marker
or chromatographic fingerprint, and variation in phytochemical
composition may therefore influence reproducibility.

2.2. Chemicals and Reagents

Acetaminophen (APAP) was procured from Gonoshasthaya Phar-
maceuticals Ltd. aspartate aminotransferase (AST), alanine amino-
transferase (ALT), alkaline phosphatase (ALP), and total bilirubin
(TB) were obtained from HUMAN GmbH (Germany), while total
protein and albumin were quantified using colorimetric diagnostic
kits supplied by Erba Mannheim (Transasia Bio-Medicals Ltd.,
India); all other reagents used in the study were of analytical grade.

2.3. Experimental Animals

Sprague-Dawley rats of either sex (4-8 weeks old) were housed three
per polypropylene cage with standard bedding and environmental
enrichment materials under standard hygienic conditions at the ani-
mal house of the Department of Pharmacy, Jahangirnagar University.
Environmental conditions were maintained at 27 + 2 °C witha 12 h
light/12 h dark cycle, and animals had free access to a standard pellet
diet and water. All animals allocated to the experimental groups (n =
6 per group) were included in the final biochemical evaluation, and no
animals were excluded from analysis. All procedures were conducted
in accordance with institutional and international ethical guidelines.
Animals of both sexes were included; however, the allocation of
males and females within individual experimental groups was
not recorded during the study. Consequently, sex-balanced group
assignment and sex-specific analyses could not be performed.

2.4. Acute Oral Toxicity Study

A preliminary acute oral toxicity study was conducted in Swiss
albino female mice (25-30 g, n = 4 animals per dose step) as an
exploratory dose-tolerability assessment using a stepwise design
broadly based on the acute toxic class approach described in OECD
Test Guideline 423, in which animals received a single oral dose of
ethanolic P. spicatus root extract and were continuously monitored
for 4 h, periodically over 24 h, and daily up to 14 days for clinical

signs, including locomotor activity, grooming, respiration, food and
water intake, tremors, and mortality, with body weights recorded
on days 0, 7, and 14. No mortality or treatment-related clinical
signs were observed at doses up to 1000 mg/kg. Based on these
observations, 500 and 1000 mg/kg were selected for subsequent
biochemical evaluation in Sprague-Dawley rats [10, 13].

2.5. Experimental Design and Assessment of Liver Function

The in vivo study was conducted at the Pharmacology Laboratory,
Department of Pharmacy, Jahangirnagar University (Savar, Dhaka),
using adult Sprague-Dawley rats of either sex (150-200 g) housed
in polypropylene cages under controlled environmental conditions
(27 + 2 °C, standard pellet diet, ad libitum access to water)
following a minimum 2-week acclimatization period. All protocols
for the animal experiment were approved by the Research Ethical
Committee under the Center for Multidisciplinary Research of
Chikitsa Foundation Bangladesh (Approval No. CF-BD/EC/023).
Animals were monitored daily for clinical signs of toxicity or distress,
including changes in behavior, locomotion, grooming, and food and
water intake, and humane endpoints were applied in accordance with
approved ethical guidelines. Before acetaminophen administration,
animals received their respective treatments once daily for 10
consecutive days. Rats were randomly assigned to five groups (n =
6 per group) after body weight measurement to ensure comparable
mean body weights across groups. Group allocation was performed
using a simple randomization method based on a random number
sequence.

Group I received distilled water (10 mL/kg, p.o.) for 10 days and
served as the normal control.

Group II received distilled water (10 mL/kg, p.o.) for 10 days,
followed by a single oral dose of acetaminophen (700 mg/kg).

Group III received silymarin (100 mg/kg, p.o.) for 10 days, followed
by a single oral dose of acetaminophen (700 mg/kg).

Groups IV and V received P. spicatus root extract (500 and 1000
mg/kg, p.o., respectively) for 10 days, followed by a single oral dose
of acetaminophen (700 mg/kg).

Acute hepatotoxicity was induced by a single oral administration of
acetaminophen (700 mg/kg) on day 10, administered 1 h after the
final dose of the respective treatments, following 12 h of overnight
fasting [14, 15]. Food was withheld for 12 h before acetaminophen
administration, while water was provided ad libitum. The animals
were observed for 24 h after dosing. The dried extract yield was
11.1% (w/w) relative to the starting plant material. The extract was
suspended in distilled water and administered orally at a dosing
volume of 10 mL/kg body weight. The formulation was freshly
prepared, stored at 25 °C protected from light, and used within 2 h
to ensure stability. Following treatment, animals were anesthetized
with ketamine (50 mg/kg, intraperitoneal) [16, 17] to achieve deep
anesthesia before blood collection. Animals were sacrificed under
anesthesia in accordance with institutional ethical approval. Blood
samples were collected and centrifuged (3000 rpm, 10 min) to obtain
serum, and liver function biomarkers, including ALT, AST, ALP,
and total bilirubin [18], total protein, and albumin were determined
using standard enzymatic colorimetric assays (Figure 1) [19]. Serum
biochemical assays and statistical analyses were conducted using
coded samples so that investigators performing the analyses were
unaware of the treatment group allocation.

2.6. Statistical Analysis
Data were analyzed using one-way ANOVA followed by Bonfer-
roni’s post hoc test in SPSS v16.0. Results are presented as mean +
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Figure 1: Schematic overview of the experimental design and liver function assessment workflow illustrating animal grouping, treatment regimen, sample
collection, and biochemical evaluation of hepatic biomarkers in acetaminophen-induced hepatotoxicity in rats.

SEM, with statistical significance was defined as *p < 0.05, **p <
0.01, and ***p < 0.001, where the normal control group (Group I)
was compared with the acetaminophen control (Group II) to confirm
hepatotoxicity, and each treatment group-PS 500 mg/kg (Group IV),
PS 1000 mg/kg (Group V), and silymarin 100 mg/kg (Group III)-was
statistically compared exclusively against the acetaminophen control
(Group II) without intergroup comparisons or reference to the normal
control.

3. Results

3.1. Acetaminophen-induced hepatic injury and effects on serum

transaminases and ALP by P. spicatus
Acetaminophen administration resulted in elevated serum ALT,
AST, and ALP levels compared with the normal control group,
consistent with the expected biochemical pattern of hepatic injury in
this experimental model. Relative to the acetaminophen control
group, treatment with P. spicatus (PS) at 500 mg/kg did not
produce statistically significant reductions in ALT or AST levels;

however, ALP activity was significantly decreased (p < 0.001).

Similarly, PS at 1000 mg/kg did not significantly alter ALT or AST
levels compared with the acetaminophen control group, while ALP
levels were significantly reduced (p < 0.001), suggesting selective
modulation of hepatobiliary enzyme activity. In contrast, silymarin
(100 mg/kg) significantly decreased ALT, AST, and ALP levels (p
< 0.001) relative to the acetaminophen control group. Collectively,
PS treatment was associated with a significant reduction in ALP but
not in transaminase levels, whereas silymarin significantly reduced
all measured hepatic enzyme parameters (Table 1) and (Figure 2).

3.2. Acetaminophen-induced alterations in serum total bilirubin
and effects of P. spicatus

Acetaminophen administration resulted in elevated serum total
bilirubin levels compared with the normal control group. Relative
to the acetaminophen control group, treatment with P. spicatus (PS)
at 500 mg/kg significantly reduced serum total bilirubin levels (p
< 0.01). Administration of PS at 1000 mg/kg produced a further
significant reduction in bilirubin levels (p < 0.001) compared

with the acetaminophen control group. Similarly, silymarin (100
mg/kg) significantly decreased serum total bilirubin levels (p <
0.001) relative to the acetaminophen control group. Collectively, PS
treatment was associated with a dose-dependent reduction in serum
bilirubin levels compared with acetaminophen-induced elevation
(Table 1) and (Figure 3).

3.3. Acetaminophen-induced alterations in serum total protein,

albumin, and globulin, and effects of P. spicatus

Acetaminophen administration resulted in marked reductions in
serum total protein, albumin, and globulin levels compared with
those in the normal control group. Treatment with P. spicatus
(PS) at 500 mg/kg did not produce statistically significant changes
in any of these parameters relative to the acetaminophen control
group. In contrast, PS at 1000 mg/kg significantly increased serum
total protein levels (p < 0.001) and elevated albumin and globulin
concentrations (p < 0.05) compared with the acetaminophen control
group. Silymarin (100 mg/kg) significantly increased serum total
protein levels (p < 0.01) relative to the acetaminophen control
group, whereas albumin and globulin showed no significant changes
(Table 2) and (Figure 4). Mean + SEM values for serum ALT,
AST, ALP, total bilirubin, total protein, albumin, and globulin across
all experimental groups, together with corresponding statistical
significance levels, are provided in (Tables 1 and 2) to ensure
full transparency of inter-animal variability and the dispersion of
biochemical responses.

4. Discussion

Acetaminophen (APAP) is widely used as an analgesic and an-
tipyretic, yet overdose results in severe hepatotoxicity due to
metabolic activation and oxidative stress [20]. Under therapeutic con-
ditions, acetaminophen is primarily detoxified via glucuronidation
and sulfation pathways; however, a minor fraction is bioactivated
by cytochrome P450 enzymes to the reactive intermediate N-acetyl-
p-benzoquinone imine (NAPQI), which is normally neutralized
through conjugation with reduced glutathione (GSH) [21]. Following
overdose, saturation of conjugation pathways leads to excessive
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Table 1: Effects of P. spicatus on hepatic injury biomarkers in acetaminophen-induced rat hepatotoxicity

Group ALT (IU/L) AST (IU/L) ALP (IU/L) Total Bilirubin
(mg/d)
Normal Control 44.0 +2.25 28.33 +3.72 84.50 +9.62 0.78 + 0.08
Acetaminophen Control 64.67 + 10.80 52.17 £5.78 172.33 + 13.36 1.92 +0.15
STD (Silymarin 100 mg/kg) 23.83 + 8.85% 15.50 + 1.67%** 60.33 + 4.09%** 0.55 + 0.12%**
PS 500 mg/kg 50.50 + 7.31 40.67 + 2.09 94.33 + 9.83%:%* 1.07 £ 0.18**
PS 1000 mg/kg 4550 +£ 12.71 37.50 + 491 89.83 + 3.69%#:** 0.65 + 0.06%**

Data are expressed as mean + SEM (n = 6) and were analyzed by one-way ANOVA followed by Bonferroni’s post hoc test; p* < 0.05, p** < 0.01, and p*** < 0.001 indicate
statistically significant, highly significant, and very highly significant differences, respectively, where the normal control group (Group I) was compared with the acetaminophen
control (Group II) to confirm hepatotoxicity, and each treatment group—PS 500 mg/kg (Group IV), PS 1000 mg/kg (Group V), and silymarin 100 mg/kg (Group I1I)—was
statistically compared exclusively against the acetaminophen control (Group II) without intergroup comparisons or reference to the normal control.

ALT AST

Normal Control
Acetaminophen Control
mm  STD (Silymarin)
PS 500 mgikg
mm PS 1000 mg/kg

ALP

Figure 2: Modulatory effects of P. spicatus root extract on serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase

(ALP) activities in acetaminophen-induced hepatotoxicity in rats.

NAPQI formation, hepatic GSH depletion, and covalent binding of
NAPQI to cellular macromolecules, triggering lipid peroxidation,
calcium dysregulation, mitochondrial dysfunction, and hepatocel-
lular necrosis [22, 23]. Hepatocellular damage disrupts membrane
integrity, resulting in leakage of cytosolic enzymes into the cir-
culation, making serum transaminases and alkaline phosphatase
reliable biomarkers of liver injury [24, 25]. These biomarkers reflect
both hepatocellular membrane integrity and hepatobiliary functional
status, and differential modulation of these parameters may indicate
selective biochemical effects rather than uniform cytoprotection.

In the present study, acetaminophen administration was associated
with elevated serum ALT, AST, ALP, and bilirubin levels, con-
firming hepatocellular and hepatobiliary dysfunction. Treatment
with P. spicatus (PS) root extract attenuated these alterations, with
significant reductions observed in ALP at both doses and in bilirubin
in a dose-dependent manner. However, ALT and AST levels were not
significantly reduced at either dose, indicating that the extract did not
demonstrate statistically significant protection against hepatocellular
enzyme leakage under the present experimental conditions. The
higher dose produced marked reductions in ALP and bilirubin levels,
suggesting a possible modulatory effect on hepatobiliary parameters
rather than comprehensive hepatocellular protection [26]. Because

Table 2: Modulation of serum total protein, albumin, and globulin by P. spicatus in acetaminophen-induced hepatotoxicity

Group Total Protein (g/dl) Albumin (g/dl) Globulin (g/dl)
Normal Control 4.95 +0.36 3.06 +0.11 2.72 +£0.35
Acetaminophen Control 3.08 +£0.33 2.12 +0.27 1.75 +0.16
STD (Silymarin 100 mg/kg) 4.90 + 0.20%* 2.87 £ 0.31 2.60 + 0.36

PS 500 mg/kg 3.50 £0.20 222 +0.12 223 +£0.20

PS 1000 mg/kg 5.28 £ 0.16%** 3.25 +£0.23* 2.98 + 0.14*

Data are expressed as mean + SEM (n = 6) and were analyzed by one-way ANOVA followed by Bonferroni’s post hoc test; p* < 0.05, p** < 0.01, and p*** < 0.001 indicate
statistically significant, highly significant, and very highly significant differences, respectively, where the normal control group (Group I) was compared with the acetaminophen
control (Group II) to confirm hepatotoxicity, and each treatment group—PS 500 mg/kg (Group IV), PS 1000 mg/kg (Group V), and silymarin 100 mg/kg (Group III)—was
statistically compared exclusively against the acetaminophen control (Group II) without intergroup comparisons or reference to the normal control.
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Figure 3: Attenuation of acetaminophen-induced elevations in serum total bilirubin by P. spicatus in rats.

gldl
w
1

Albumin

Total Protein

Normal Control
Acetaminophe Control
STD (Silymarin)

PS 500 mg/kg

PS 1000 mgl/kg

Globulin

Figure 4: Restoration of acetaminophen-induced impairment of serum total protein, albumin, and globulin levels by P. spicatus in rats.

histopathological assessment and additional cholestatic markers (e.g.,
GGT or bile acids) were not evaluated, any inference regarding
selective canalicular or biliary membrane protection should be
interpreted cautiously and considered hypothesis-generating rather
than definitive. Accordingly, the observed reductions in ALP and
bilirubin, in the absence of significant normalization of ALT and
AST, suggest selective modulation of hepatobiliary biochemical
parameters rather than comprehensive hepatocellular protection
under the present experimental conditions [26]. Similar patterns
of partial biochemical modulation, characterized by improvement
in cholestatic markers with limited transaminase normalization,
have been reported in certain plant-derived hepatoprotective studies,
suggesting that phytochemical extracts may differentially influence
hepatobiliary and hepatocellular components depending on dose,
composition, and injury severity [27, 28].

In addition to enzymatic changes, PS treatment at 1000 mg/kg
significantly restored serum total protein, albumin, and globulin
levels, indicating improved circulating protein levels. Notably, serum
protein fractions in the 1000 mg/kg group exceeded values observed

in the normal control group. Such supranormal elevations may
reflect biological variability in circulating proteins after acute injury
and recovery, adaptive compensatory responses of the liver, acute
phase reactant changes, or transient shifts in hydration and plasma
volume rather than definitive supraphysiological protein synthesis.
Without histopathological correlation and comprehensive biomarker
profiling, these elevated protein levels should be interpreted cau-
tiously as exploratory observations rather than conclusive evidence
of enhanced synthetic capacity [29, 30]. Since the liver is the
primary site of plasma protein synthesis [31], reductions in these
parameters are indicative of impaired hepatocellular function in
acute hepatic injury [32]. Restoration of protein levels following
PS administration suggests enhancement of hepatocyte functional
integrity and biosynthetic activity [33].

Nevertheless, because transaminase levels were not significantly
normalized and structural assessment was not performed, this
improvement should be interpreted as functional modulation rather
than confirmed cytoprotective regeneration. Thus, the improvements
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in circulating protein fractions likely reflect partial restoration of hep-
atic synthetic function rather than confirmed structural regeneration
of hepatocytes.

Overall, the findings demonstrate that P. spicatus root extract ame-
liorated selected biochemical alterations induced by acetaminophen,
particularly ALP and bilirubin elevation, and improved hepatic
synthetic parameters at the higher dose. These effects indicate
selective biochemical improvement and partial functional restoration,
but do not establish comprehensive hepatocellular protection. In
addition to statistical significance, the magnitude of change in ALP
and bilirubin relative to the acetaminophen control group indicates
a biologically meaningful attenuation of hepatobiliary dysfunction.
However, effect size estimation would further strengthen interpreta-
tion in future studies [34, 35]. Although oxidative stress is central
to acetaminophen-induced hepatotoxicity, oxidative stress markers,
antioxidant enzyme activity, and histopathological validation were
not assessed in this study; therefore, attribution of antioxidant
or membrane-stabilizing mechanisms would be premature [36].
Therefore, any mechanistic interpretation regarding antioxidant, anti-
inflammatory, or membrane-stabilizing activity should be considered
speculative and requires direct biochemical and structural validation
[37]. Future studies should incorporate oxidative stress profiling,
molecular pathway analyses, and liver histology to clarify the
mechanistic basis of the observed effects. Additionally, the relatively
high doses employed (500-1000 mg/kg crude extract) necessitate
careful consideration of dose optimization, extract standardization,
pharmacokinetic characterization, and safety evaluation before
translational extrapolation can be justified [38]. Inclusion of extract-
only control groups in future investigations would further help
delineate intrinsic hepatic effects independent of acetaminophen-
induced injury. Importantly, because an extract-only control group
was not included in the present study, the extract’s independent
biochemical effects in the absence of an acetaminophen challenge
cannot be excluded. Another limitation of the present study is that
the crude ethanolic extract was not chemically standardized using
chromatographic fingerprinting or quantified marker compounds;
therefore, potential variability in phytochemical composition may
influence reproducibility. In addition, because the sex distribution
within individual groups was not recorded, it was not possible to
assess whether males and females responded differently to treatment.
This remains a potential source of biological variability that could not
be addressed in the present study. This represents a design limitation
that should be addressed in future investigations.

5. Conclusion

In this acetaminophen-induced acute liver injury model, the ethanolic
root extract of P. spicatus produced selective biochemical attenuation
of hepatobiliary dysfunction, demonstrated by significant reductions
in ALP and total bilirubin, as well as restoration of circulating protein
fractions at 1000 mg/kg. The absence of significant normalization of
ALT and AST indicates that comprehensive hepatocellular protection
was not achieved under the present experimental conditions. These
findings indicate partial biochemical improvement in hepatobiliary
functional markers. Definitive validation will require histological ex-
amination, assessment of oxidative stress and inflammatory markers,
inclusion of extract-only controls, and standardized pharmacological
characterization before translational extrapolation can be made.
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