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ABSTRACT

Paracetamol forms the poisonous metabolite N-acetyl-p-benzoquinone imine (NAPQI), which causes oxidative
stress and hepatocellular damage and is a main cause of DILI. Natural antioxidants may protect the liver. An
agricultural byproduct, pineapple peel (Ananas comosus) includes antioxidant and anti-inflammatory bromelain,
flavonoids, and vitamin C. This study examined pineapple peel extract's hepatoprotective efficacy against
paracetamol-induced liver injury in Wistar rats. In this post-test only control group study, 30 male Wistar rats were
divided into six groups (n = 5): negative control, positive control (paracetamol 2.5 g/kg body weight), and four
treatment groups receiving pineapple peel extract at 250, 500, 750, and 1,000 mg/kg body weight before
paracetamol induction. Histopathological examination of liver tissues used Hematoxylin-Eosin staining and Suzuki
scoring. Data were analysed using Kruskal-Wallis and Mann-Whitney. Liver damage ratings differed between
groups (p = 0.003). The highest efficient hepatoprotective dose was 750 mg/kg (p = 0.043). In conclusion, pineapple
peel extract protects the liver from paracetamol-induced liver damage.
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ABCTPAKT

[TapaneTamMos 06pasyeT TOKCHUYHBINA MeTaboauT N-aneTusn-n-6eH30xMHOH UMUH (NAPQI), KoTOpbIil BhI3bIBaeT
OKHCJIUTEJbHBIA CTpecc U HOBPeXJeHHe TelaTOLUTOB U fIBJIseTcs oCHOBHOW npuurHoi DILI Ilpuposnsbie
AHTUOKCUAAHTBl MOTYT 3alMlIaTh NeyeHb. CeslbCKOX03MCTBEHHBIA MOGOYHBIA NPOAYKT, KOXKypa aHaHaca
(Ananas comosus), COJEpPXUT aHTUOKCHUJAHTHBIM U NPOTHBOBOCHAJHUTEJBHbIA GpoMmesaiiH, (JaBOHOUABI U
BuTaMuH C. B 3TOM uccienoBaHnu 6bly1a H3yYeHa renaTonpoTeKTopHast 3PpPeKTUBHOCTb 3KCTPAKTa aHAHACOBOH
KOpPKH NPOTHUB MOBPEX/EHHS NeUyeHH, BbI3BAHHOTO NapaneTaMoJsioM, ¥ Kpbic Bucrap. B aTom uccienoBanuu c
KOHTpOJIeEM TOJIbKO nocJjie TecTa 30 caM1[0B Kpbic BucTap 66111 pas/fiesieHbl Ha LecTb Ipynn (n = 5): HeraTUBHBIN
KOHTPOJIb, TO3UTUBHbBIN KOHTpPOJIb (apaneTaMoJ 2,5 r/Kr Macchl TeJla) ¥ YeThIpe FPYIIIbI IeYeHHUs], ToJIydarolye
3KCTPaKT aHaHACcoOBOM KOpKH B fo3ax 250,500,750 u 1 000 Mr/Kr Macchl Tesia nepej MUHAYKLUEN TapalleTaMOoJIOM.
['McTonaTosioruyeckoe uccjaeoBaHre TKaHel eyeH! IPOBOAU/IOCH C UCII0/Ib30BAHUEM OKPACKU FreMaTOKCHUJINH-
303MHOM U OLieHKH 1o mKaJe Cya3yku. JlaHHble 6bLIM IpOaHAIM3UPOBaHbI C UCNIO/b30BaHMeM TecToB Kpackasa-
Yonnuca u ManHa-YuTHU. OLleHKM NOBPEXAEHUS NeYeHH pa3indainuch Mexay rpynmnami (p = 0.003). Haubosee
addexTHBHAA renaTonpoTeKTOpPHasd o3a coctaBusia 750 mr/kr (p = 0.043). B 3ak/0ueHre, 5KCTPAKT aHAHACOBOM
KOPKHU 3all{MLIaeT [eYyeHb OT MOBPeXAeHUH, BbI3BaHHbBIX IapalleTaMoJIOM.

KiroueBble ciioBa: AHaHac cbeo0HBIN; [ emaTonpoTexTopHsIif; [Tapanieramorn; I'ucronaronorus nedeHu.
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INTRODUCTION

Liver injury can be caused by various
factors, including exposure to drugs,
infections, alcohol consumption, and
metabolic disorders. One of the drugs most
frequently associated with hepatotoxicity is
paracetamol, which is widely used as an
analgesic and antipyretic. Although it is
generally considered relatively safe at
therapeutic doses, excessive consumption of
paracetamol can lead to severe liver damage.
This toxicity mechanism is primarily related to
the formation of the reactive metabolite N-
acetyl-p-benzoquinone imine (NAPQI), which,
when produced in excessive amounts,
depletes hepatic glutathione reserves and
induces oxidative stress that ultimately results
in hepatocellular injury.*2

Drug-induced liver injury (DILI) remains an
important clinical problem worldwide. The
widespread availability of paracetamol as an
over-the-counter medication further
increases the risk of inappropriate use and the
potential for overdose. In Indonesia,
paracetamol is the most commonly used drug
for self-medication, followed by other
analgesics such as mefenamic acid, aspirin,
and ibuprofen.?

Excessive metabolism of paracetamol leads
to increased formation of the toxic metabolite
NAPQI. Under normal conditions, NAPQI is
detoxified  through  conjugation  with
glutathione. However, in cases of overdose or
prolonged use, hepatic glutathione reserves
may become depleted, resulting in the
accumulation of NAPQI and triggering
oxidative stress. This process can damage cell
membranes and hepatocytes, ultimately
leading to acute liver failure. Therefore,
numerous studies have focused on identifying
natural compounds with hepatoprotective
properties to prevent or reduce paracetamol-
induced liver injury.*

Pineapple (Ananas comosus) is a tropical
fruit known to contain various bioactive
compounds, including phenolic compounds,
vitamin C, and the proteolytic enzyme
bromelain, which have been reported to
exhibit antioxidant and hepatoprotective
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activities. Pineapple peel, which constitutes an
agricultural by-product of the fruit, has been
reported to contain bromelain at a
concentration of approximately 0.05-0.08%
and accounts for about 28.6% of the total
weight of the pineapple fruit. The presence of
these bioactive compounds suggests that
pineapple peel has potential as a natural
source of beneficial biological agents.>>¢

The utilization of agricultural waste such as
pineapple peel as a source of bioactive
compounds remains relatively limited, and
studies specifically evaluating the
hepatoprotective effect of pineapple peel
extract against paracetamol-induced liver
injury using a histopathological approach are
still scarce. Therefore, this study was
conducted to evaluate the hepatoprotective
effect of pineapple peel extract on
paracetamol-induced hepatotoxicity in male
Wistar rats through histopathological
examination of liver tissue following
administration of the extract at doses of 250,
500, 750, and 1,000 mg/kg body weight.

Notably, although plant-derived
compounds such as flavonoids and phenolics
are widely recognized for their antioxidant
properties, accumulating evidence suggests
that at higher concentrations these
compounds may exert pro-oxidant effects.
This paradoxical behavior may lead to
increased generation of reactive oxygen
species and contribute to cellular damage
rather than protection. Therefore, a
comparative evaluation of histopathological
severity across higher dose groups,
particularly between 750 mg/kg and 1,000
mg/kg, is essential to determine whether
increasing doses confer additional
hepatoprotection or instead induce potential
pro-oxidant effects.

MATERIAL AND METHODS

This study was a laboratory experimental
study aimed at evaluating the effect of
pineapple peel extract (Ananas comosus) on
liver histopathological features in
paracetamol-induced rats. A post-test only
control group design was used, consisting of
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two control groups and four treatment groups
receiving different extract doses. After the
treatment period, liver tissues were collected
and examined histopathologically to assess
the degree of hepatocellular damage.
Histopathological evaluation was performed
independently by two anatomical
pathologists.

Preparation of Pineapple Peel Extract:
Pineapple peels (Ananas comosus) were
washed, air-dried in the shade at room
temperature, and ground into coarse powder.
The powder was extracted by maceration
using 96% ethanol for 72 hours (3 x 24 h) with
occasional stirring. The mixture was then
filtered, and the filtrate was concentrated
using a water bath at 40-50°C to obtain a
viscous extract. The extract was stored in a
sealed container at 4°C until use. The
extraction yield was 11.64% (w/w),
calculated as the ratio of the dry extract weight
to the initial dry weight of the plant material.

The volume of extract administered was
calculated using the formula: Volume (mL) =
(Dose (mg/kg BW) x Body weight (kg)) /
Extract concentration (mg/mL)

Quantitative phytochemical analysis of the
pineapple peel extract was not performed in
this study. However, based on previous
reports, pineapple peel is known to contain
bioactive compounds such as flavonoids,
bromelain, and vitamin C, which are
associated with antioxidant and
hepatoprotective activities. The observed
hepatoprotective effects in this study were
interpreted in relation to these reported
bioactive constituents.

Experimental Animals: The experimental
animals used in this study were male Wistar
rats (Rattus norvegicus) obtained from
Biofarma. The rats were acclimatized for
seven days at the Animal Laboratory of
Universitas Jenderal Achmad Yani with
standard feed and drinking water provided ad
libitum. The rats had a body weight of 200-
250 g and were 8-10 weeks old. During the
experiment, the animals were maintained
under controlled environmental conditions
with a temperature of 22-25°C, relative
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humidity of 50-70%, and a 12-hour light-dark
cycle.

The inclusion criteria were male Wistar
rats weighing 200-250 g, aged 8-10 weeks,
clinically healthy, active, and without
anatomical abnormalities. The exclusion
criteria included rats that died during the
acclimatization period or experienced a body
weight loss 210% during the study.

Sample Size and Randomization

The sample size was determined using the
Federer formula, which is commonly applied
in experimental studies. Based on the six
experimental groups used in this study, the
minimum required sample size was four rats
per group. To anticipate potential sample loss
during the study, the number was increased
by 20%, resulting in a total of 30 Wistar rats,
with five rats in each group.

The allocation of experimental animals into
treatment groups was performed randomly
using a stratified simple randomization
method based on body weight. Each rat was
assigned an identification code, and the
randomization process was carried out using
the random function in Microsoft Excel to
ensure a relatively balanced distribution of
body weight among groups and to minimize
potential research bias.

Treatment Groups

a) A total of 30 rats were divided into six

groups (n =5 per group) as follows:

b) Negative control (K1): received

standard feed without treatment.

c) Positive control (K2): received
standard feed and paracetamol 2.5
g/kg body weight (BW).

d) K3: pineapple peel extract 250 mg/kg
BW + paracetamol 2.5 g/kg BW.

e) K4: pineapple peel extract 500 mg/kg
BW + paracetamol 2.5 g/kg BW.

f) K5: pineapple peel extract 750 mg/kg
BW + paracetamol 2.5 g/kg BW.

g) K6: pineapple peel extract 1,000 mg/kg
BW + paracetamol 2.5 g/kg BW.

The treatments were administered for 14
days, and necropsy was performed on day 15
for liver tissue collection. This study was
approved by the Research Ethics Committee of
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the Faculty of Medicine, Universitas Jenderal
Achmad Yani (Approval No:
031/UH1.10/2025; Protocol No:
H1.2509.031) and conducted in accordance
with the principles of the 3Rs (Replacement,
Reduction, and Refinement) for animal
research. Liver injury was induced by oral
administration of paracetamol at a dose of 2.5
g/kg body weight (BW), which is known to
cause hepatic damage characterized by
centrilobular  necrosis, steatosis, and
inflammatory cell infiltration.”

The negative control group (K1) received
standard feed only (20-25 g/rat/day) for 14
days. The positive control group (K2) received
paracetamol 2.5 g/kg BW from day 8 to day 14.
The treatment groups (K3-K6) received
pineapple peel extract orally at doses of 250,
500, 750, and 1,000 mg/kg BW, respectively,
for 14 consecutive days, along with
paracetamol 2.5 g/kg BW from day 8 to day 14.
All treatments were administered using a
gastric gavage.

Euthanasia and Liver Tissue Collection. At
the end of the treatment period, the rats were
anesthetized using carbon dioxide (CO;) gas
until the loss of pain reflexes was achieved,
followed by euthanasia. The liver was
removed through a necropsy procedure,
washed with 0.9% physiological NaCl solution,

and fixed in 10%  formalin for
histopathological examination.
Histopathological =~ Preparation.  Liver

tissues were fixed and processed through
graded alcohol dehydration, followed by
clearing in xylene and embedding in paraffin.
The paraffin blocks were sectioned at a
thickness of 4-5 pm using a microtome and
mounted on glass slides. The sections were
then stained with hematoxylin-eosin (H&E)
prior to microscopic examination.
Histopathological Evaluation Liver tissues
were examined under a light microscope at
400x magnification, with five randomly
selected fields of view around the central vein
(zone 3). Histological damage was assessed
using the Suzuki scoring method (1977), a
semi-quantitative scale evaluating sinusoidal
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congestion, hepatocellular necrosis, and
ballooning degeneration.”

Each parameter was scored from 0 to 4, and
the total score was calculated to represent the
overall severity of liver injury. The scoring was
performed independently by two observers.

Data were analyzed based on their
distribution. Normally distributed data were
compared using one-way ANOVA followed by
the Least Significant Difference (LSD) post hoc
test, while non-normally distributed data
were analyzed using the Kruskal-Wallis test
followed by the Mann-Whitney test. A p-value

< 0.05 was considered statistically significant

RESULT

This study used 30 white rats (Rattus
norvegicus), which were divided into six
groups: a negative control group (K1), a
positive control group (K2), and four
treatment groups receiving pineapple peel
extract at doses of 250 mg/kg BW (K3), 500
mg/kg BW (K4), 750 mg/kg BW (K5), and
1,000 mg/kg BW (K6). The study aimed to
evaluate the effect of pineapple peel extract on
the histopathological features of the liver in
paracetamol-induced rats. The degree of liver
damage was assessed using the Suzuki scoring
system, which includes the parameters of
hepatocyte degeneration, congestion, and
hepatocellular necrosis.

Statistical Analysis of Histopathological
Scores

Based on Table 1, the descriptive statistical
analysis showed that each group consisted of
five rats (n = 5). The negative control group
(K1) exhibited the lowest mean
histopathological damage score of 1.40, with a
range of 1.2-2.0, whereas the positive control
group (K2) showed the highest mean damage
score of 3.60, with a range of 2.6-4.6. These
findings indicate that administration of
paracetamol at a dose of 2.5 g/kg BW was
capable of inducing marked liver injury in the
experimental animals.

In contrast, the treatment groups receiving
pineapple peel extract (K3-K6) demonstrated
lower mean damage scores compared with the
positive control group, ranging from 1.72 to
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2.20. Among all treatment groups, the 750
mg/kg BW dose (K5) showed the lowest mean
score (1.72), whereas the 1,000 mg/kg BW
dose (K6) had a slightly higher mean score
(2.20).

Table 1. Descriptive Statistical Analysis of
Liver Histopathological Scores

Group n Mean Minimum-
+SD Maximum

K1 5 140 1.2-2.0
0.35

K2 5 3.60 = 2.6-4.6
0.75

K3 5 1.88+ 1.6-2.2
0.27

K4 5 1.80+ 1.2-2.2
0.47

K5 5 1.72 1.2-2.2
0.48

K6 5 220 1.6-2.6
0.40

Notes:

a) K1 = Negative control

b) K2 = Positive control (paracetamol 2.5 g/kg BW)

c) K3 = Pineapple peel extract 250 mg/kg BW +
paracetamol

d) K4 = Pineapple peel extract 500 mg/kg BW +
paracetamol

e) K5 = Pineapple peel extract 750 mg/kg BW +
paracetamol

f) K6 = Pineapple peel extract 1,000 mg/kg BW +
paracetamol

The difference in the mean scores between
K1 and K2 indicates that high-dose
paracetamol was able to induce significant
hepatocellular damage. This finding is
consistent with the known mechanism of
paracetamol toxicity, which involves the
formation of the reactive metabolite N-acetyl-
p-benzoquinone imine (NAPQI) that can
trigger oxidative stress and subsequent liver
cell injury.

In the treatment groups, the lower mean
damage scores compared with K2 suggest that
pineapple peel extract exerts a protective
effect on liver tissue. The 750 mg/kg BW dose
showed the lowest mean score, indicating
descriptively that this dose may be the most
effective in reducing hepatocellular damage.
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This effect is likely associated with the
presence of bioactive compounds in pineapple
peel, such as bromelain, flavonoids, and
vitamin C, which possess antioxidant and anti-
inflammatory activities that may help protect
liver cells from oxidative stress-induced
damage.%-8

However, increasing the dose to 1,000
mg/kg BW did notresultin a greater reduction
in the damage score compared with the 750
mg/kg BW dose. This finding suggests that
increasing the dose does not necessarily lead
to an enhanced protective effect, which is
consistent with the concept that some natural
compounds exhibit an optimal dose range for
exerting their biological effects.

The Shapiro-Wilk normality test showed
that most groups had a normal data
distribution (p > 0.05), except for the negative
control group (K1), which demonstrated a
non-normal distribution (p = 0.01). Therefore,
the analysis of differences among groups was
subsequently performed using nonparametric
tests. The Levene’s test for homogeneity of
variance showed a p-value of 0.192 (p > 0.05),
indicating that the variances among groups
were homogeneous. A Kruskal-Wallis test was
then conducted to determine differences in
histopathological scores among the groups.
The test result showed a statistic value of
17.941 with p = 0.003, indicating a significant
difference among the experimental groups.

Further analysis using the Mann-Whitney
test revealed a significant difference between
the negative control group (K1) and the
positive control group (K2) with a p-value of
0.002. This result confirms that paracetamol
induction ata dose of 2.5 g/kg BW was capable
of producing significant liver damage.

Among the treatment groups, only the
pineapple peel extract dose of 750 mg/kg BW
showed a significant difference compared
with the positive control group (p = 0.043).
The other doses did not show statistically
significant differences (p > 0.05). These
findings indicate that 750 mg/kg BW was the
most effective dose in reducing the degree of
liver damage in this study. The absence of
significant differences among the other extract
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doses suggests that increasing or decreasing
the dose relative to 750 mg/kg BW did not
provide additional hepatoprotective effects.

DISCUSSION

Histopathological Features of Rat Liver

In the negative control group (K1), the liver
tissue appeared normal, with a regular
arrangement of hepatocytes and open
sinusoids without pathological alterations. In
contrast, the positive control group (K2)
induced by paracetamol showed
parenchymatous degeneration of hepatocytes

and sinusoidal congestion. The hepatocytes
exhibited cellular swelling with paler
cytoplasm, while the sinusoids were dilated
and contained an increased number of
erythrocytes. No evidence of hepatocyte
necrosis was observed. These alterations are
likely associated with the formation of the
reactive metabolite N-acetyl-p-benzoquinone
imine (NAPQI), which depletes intracellular
glutathione (GSH), increases oxidative stress,
and induces lipid peroxidation leading to
hepatocellular injury..%>*°

Figure 1. Histopathological features of the liver in Wistar rats across different

experimental groups.
(A) Negative control; (B) positive control (paracetamol 2.5 g/kg BW); (C) pineapple peel extract 250 mg/kg BW; (D) pineapple
peel extract 500 mg/kg BW; (E) pineapple peel extract 750 mg/kg BW; (F) pineapple peel extract 1,000 mg/kg BW. Black arrows
indicate normal hepatocytes, blue arrows indicate parenchymatous degeneration of hepatocytes, and green arrows indicate
sinusoidal congestion. (Hematoxylin-Eosin staining, Obj.40x).

The treatment groups receiving pineapple
peel extract demonstrated a lower degree of
hepatocellular damage compared with the
positive control group. At a dose of 250 mg/kg
BW (K3), parenchymatous degeneration
began to decrease, although sinusoidal

further reduction in both hepatocellular
degeneration and sinusoidal congestion The
mildest degree of liver damage was observed
at the 750 mg/kg BW dose (K5), in which most
hepatocytes maintained a near-normal
morphology with only mild sinusoidal

congestion was still observed. Increasing the  congestion.
dose to 500 mg/kg BW (K4) resulted in a
25| DOI: https://doi.org/10.33533 /jpm.v20i1.14051 Vol 20: No: 1 (2026)


https://doi.org/10.33533/jpm.v20i1.12511

T.Koswara, T.P.Rahayu, E.N.Rochmah, E.H.Abbas

These findings indicate that pineapple peel
extract exerts a protective effect against
paracetamol-induced hepatocellular damage.

Meanwhile, in the 1,000 mg/kg BW dose
group (K6), the morphological appearance of
hepatocytes did not demonstrate greater
protection compared with the 750 mg/kg BW
dose. This phenomenon may be related to the
properties of certain flavonoid compounds,
which at high concentrations can act as pro-
oxidants through interactions with transition
metal ions, leading to the generation of
additional free radicals. This condition may
explain why the hepatoprotective effect of
pineapple peel extract appears to be most
optimal at the dose of 750 mg/kg BW,
consistent with the U-shaped dose-response
concept commonly observed in natural
compounds. 10, 11,12

A comparative analysis between the 750
mg/kg BW (K5) and 1,000 mg/kg BW (K6)
groups revealed a paradoxical reduction in
hepatoprotective effect at the higher dose.
Although both doses demonstrated lower
histopathological scores compared to the
positive control, the 750 mg/kg BW group
showed a lower mean score (1.72) than the
1,000 mg/kg BW group (2.20), indicating
superior hepatoprotection.

A non-linear, U-shaped dosage-response
connection is suggested by this research.
According to this relationship, increasing the
dose beyond an ideal level may not improve
the therapeutic impact, and it may even
decrease it depending on the circumstances.
At high quantities, flavonoids have a pro-
oxidant action, which could be one possible
reason for this phenomenon. It is possible for
flavonoids to undergo redox cycling and
produce reactive oxygen species (ROS) when
they are in the presence of transition metal
ions. This results in flavonoids instead
contributing to oxidative stress rather than
alleviating it.10. 11

Numerous research have reported on this
phenomenon, which demonstrates that high
doses of antioxidants produced from plants
have the potential to perform dual roles as
both antioxidants and pro-oxidants,
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depending on the quantity of the antioxidants
and the environment in which they are found
within the cell. As a result, the decreased
efficiency that was found at the dose of 1,000
mg/kg body weight may be a reflection of the
beginning of pro-oxidant effects that are
directed against the hepatoprotective
capabilities of the extract.
The existence of bioactive substances in
pineapple peel (Ananas comosus) has been
documented in earlier research to be present
in pineapple peel. These chemicals include
bromelain, flavonoids, and vitamin C. It is
possible that the hepatoprotective action of
pineapple peel extract is connected with the
presence of these active compounds. The
antioxidant and anti-inflammatory properties
of these substances are also well-known
phenomena in the scientific community.
Because flavonoids are known to suppress
lipid peroxidation and neutralise free radicals,
they are able to protect hepatocyte cell
membranes from being damaged. In addition,
flavonoids have the potential to regulate the
expression of genes that are involved in the
oxidative stress response. This includes the
upregulation of endogenous antioxidant
enzymes like glutathione (GSH), superoxide
dismutase (SOD), and catalase. These enzymes
are essential in the process of neutralising
reactive oxygen species (ROS) that are
produced during the toxic metabolism of
paracetamol.13. 14

Bromelain possesses anti-inflammatory
activity that can suppress the production of
inflammatory mediators such as TNF-a, [L-1,
and IL-6, as well as inhibit the activation of
nuclear factor-kappa B (NF-kB) and the MAPK
signaling pathway, thereby reducing damage
to the hepatic parenchyma. 1516,17.18

Vitamin C (ascorbic acid) present in
pineapple peel acts as a direct antioxidant by
neutralizing reactive oxygen species (ROS)
and as an indirect antioxidant by increasing
glutathione (GSH) levels and enhancing the
activity of antioxidant enzymes such as
superoxide dismutase (SOD) and catalase
(CAT).
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These mechanisms help protect hepatocyte
membranes and cellular structures from
oxidative damage caused by the toxic
metabolism  of  paracetamol, thereby
supporting the protective effect against liver
injury.19.20

Overall, the bioactive compounds present
in pineapple peel provide protection to
hepatocytes through several mechanisms,
including direct antioxidant activity by
neutralizing reactive oxygen species (ROS),

indirect  antioxidant  effects  through
enhancement of endogenous defense systems
such as glutathione (GSH), superoxide

dismutase (SOD), and catalase, and anti-
inflammatory effects by suppressing NF-kB
activation and the production of pro-
inflammatory cytokines. These mechanisms
may contribute to the reduction in the degree

of parenchymatous degeneration and
sinusoidal congestion induced by
paracetamol. The findings indicate that

pineapple peel extract has potential as a
hepatoprotective agent, with the 750 mg/kg
BW dose showing the most effective
protection in maintaining liver
histopathological morphology.

Although biochemical parameters such as
ALT, AST, and bilirubin were not evaluated in
this study, histopathological assessment using
the Suzuki scoring system provides direct
structural evidence of hepatocellular injury.
Therefore, the findings should be interpreted
primarily at the morphological level.

Paracetamol-induced hepatotoxicity is
known to involve the formation of the reactive
metabolite N-acetyl-p-benzoquinone imine
(NAPQI), leading to depletion of intracellular
glutathione (GSH) and increased oxidative
stress. In this context, oxidative stress
biomarkers such as malondialdehyde (MDA)
and GSH levels would provide more
comprehensive insight into the biochemical
mechanisms underlying liver injury and the
protective effects of pineapple peel extract.

However, since such biochemical and
molecular analyses were not performed, the
present study is limited to histopathological
outcomes. Despite this limitation, the

observed reduction in Suzuki scores in the
treatment groups suggests a potential
hepatoprotective effect of pineapple peel
extract. Future studies incorporating serum
liver enzymes (ALT, AST), oxidative stress
markers (MDA and GSH), and molecular
pathways are recommended to further
elucidate the functional and mechanistic basis
of the observed hepatoprotective activity.

Study Limitations and Futur Directions

This study has several limitations that
should be acknowledged. First, phytochemical
characterization of the pineapple peel extract
was not performed; therefore, the specific
concentrations of bioactive compounds such
as flavonoids, bromelain, and vitamin C could
not be determined. Although previous studies
have reported their presence and associated
biological activities, the absence of direct
quantification limits the ability to correlate
specific compounds with the observed
hepatoprotective effects. In future studies,
detailed  phytochemical profiling and
compound isolation (e.g., flavonoids such as
quercetin and kaempferol) are recommended
to identify the active constituents responsible
for the observed activity.

Secondly, the hepatoprotective effects were
evaluated exclusively based on
histopathological assessment, without the
measurement of biochemical liver function
markers such as alanine aminotransferase
(ALT) and aspartate aminotransferase (AST),
as well as oxidative stress biomarkers. This
was done in order to determine whether or
not the agents were effective. For this reason,
it is recommended that future research
combine  biochemical and  molecular
investigations, such as those involving
malondialdehyde (MDA), glutathione (GSH),
and inflammatory signalling pathways, in
order to gain a deeper understanding of the
mechanisms that occur under the surface.
Third, the study's statistical power may be
limited due to the very small sample size taken
into consideration.
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When doing future research, it is
recommended that larger experimental
cohorts be used in order to improve the
robustness and reproducibility of the findings.
Additionally, in addition to resolving these
constraints, future research should also
concentrate on dose optimisation. This can be
accomplished by reducing the range of doses
from 500 mg/kg to 1,000 mg/kg body weight
in order to ascertain the precise therapeutic
dose that is ideal. In addition, because the
highest dose was shown to have a lower
efficacy, it is required to conduct sub-chronic
toxicity studies in order to examine the safety
profile of pineapple peel extract, particularly
when it is administered in quantities that are
high. It is vital to conduct these research in
order to determine if the potential toxicity of
the extract itself or a pro-oxidant biological
action is responsible for the diminished
efficacy at a dosage of 1,000 mg/kg bodily
weight.

CONCLUSION

Induction of paracetamol at a dose of 2.5
g/kg BW in Wistar rats caused liver injury
characterized by increased hepatocellular
parenchymatous degeneration and sinusoidal
congestion. Administration of pineapple peel
extract (Ananas comosus) at various doses
demonstrated a hepatoprotective effect by
reducing the degree of liver damage. The most
optimal protective effect was observed at a
dose of 750 mg/kg BW.
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