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Abstract- Paracetamol (PCM)–induced hepatotoxicity is a 

major cause of drug-related liver injury, while the role of 

dietary sugar in modulating this toxicity remains unclear. 

This study evaluated the dose-dependent effect of sugar 

on PCM-induced liver damage in rats. Hepatotoxicity was 

induced using paracetamol, followed by co-administration 

of sugar at 50% and 100% concentrations. Liver injury 

was assessed using body and relative liver weight, serum 

biochemical markers (ALT, AST, ALP), oxidative stress 

parameters, and histopathology. Paracetamol 

significantly increased relative liver weight (7.50 ± 0.35%) 

compared to normal controls (4.80 ± 0.20%) and elevated 

ALT (140.0 ± 4.5 U/L), AST (155.0 ± 6.4 U/L), and ALP 

(260.0 ± 8.0 U/L) levels (p < 0.001). Lipid peroxidation 

increased markedly, with MDA levels rising to 3.80 ± 0.25 

nmol/mg protein versus 1.20 ± 0.15 nmol/mg protein in 

controls, alongside reduced antioxidant enzymes. Co-

administration of 50% sugar partially attenuated PCM-

induced toxicity, whereas 100% sugar aggravated 

oxidative stress (MDA: 4.50 ± 0.30 nmol/mg protein) and 

liver damage.These findings suggest that moderate sugar 

intake may offer limited hepatoprotection, while excessive 

sugar worsens PCM-induced liver injury. 
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I. INTRODUCTION 

 

The liver is a vital metabolic organ responsible for 

maintaining systemic homeostasis through its roles in 

nutrient metabolism, detoxification, protein synthesis, 

immune regulation, and bile production. Owing to its 

central involvement in drug metabolism, the liver is 

particularly vulnerable to toxic insults, making drug-

induced liver injury a major clinical concern. Among 

commonly used drugs, paracetamol (acetaminophen, 

PCM) is one of the leading causes of acute liver 

failure worldwide, especially following overdose. 

 

Paracetamol-induced hepatotoxicity is primarily 

mediated through its bioactivation to the reactive 

metabolite N-acetyl-p-benzoquinone imine (NAPQI), 

which depletes intracellular glutathione (GSH), 

induces oxidative stress, disrupts mitochondrial 

function, and triggers inflammatory responses, 

ultimately leading to hepatocyte necrosis. Despite the 

availability of N-acetylcysteine as an antidote, dietary 

and metabolic factors are increasingly recognized as 

important modifiers of PCM toxicity. 

 

Sugar consumption is an integral part of modern diets 

and plays a crucial role in hepatic glucose 

metabolism and energy homeostasis. Glucose 

availability can influence glutathione synthesis, 

insulin signaling, oxidative stress, and hepatic 

enzyme activity. While moderate glucose intake may 

support hepatic detoxification by replenishing energy 

and antioxidant reserves, excessive sugar 

consumption has been linked to insulin resistance, 

oxidative stress, fatty liver disease, and altered drug 

metabolism. 

 

Emerging evidence suggests that dietary sugar may 

interact with PCM metabolism by modulating hepatic 

pathways involved in glucuronidation, oxidative 

stress, and inflammatory signaling. However, the 

extent to which different concentrations of sugar 

influence PCM-induced hepatotoxicity remains 

poorly understood. Therefore, investigating the dose-

dependent effects of sugar on PCM-induced liver 

injury is essential for understanding diet–drug 

interactions and improving clinical and nutritional 

recommendations. 

 

Male Sprague-Dawley rats, weighing between 140–

180 g, were sourced from the Central Animal 

Facility, CSIR-CDRI, Lucknow. Prior to the 

initiation of experiments, the animals were 

acclimatized for seven days under controlled 

laboratory conditions. They were housed in 

polypropylene cages, with no more than five rats per 

cage, to ensure adequate space and minimize 
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stress.All procedures were carried out in the 

Departmental Animal Facility, Faculty of Pharmacy, 

Integral University, Lucknow. The housing 

environment was maintained at a constant 

temperature of 23±2^∘ C, with relative humidity 

between 50–60%, and a 12-hour light/dark cycle. 

Throughout the study, the animals had free access to 

a standard pellet diet and water ad libitum.Although 

paracetamol-induced hepatotoxicity has been widely 

investigated, important research gaps still remain. 

Most existing studies primarily focus on 

pharmacological or therapeutic interventions, while 

the role of dietary factors, particularly sugar, in 

modulating paracetamol-induced liver toxicity has 

received limited attention. Moreover, the available 

literature presents conflicting findings regarding 

whether sugar exerts protective or harmful effects on 

hepatic oxidative stress and detoxification pathways. 

There is also a lack of systematic, dose-dependent 

experimental studies evaluating the impact of varying 

sugar concentrations on paracetamol-induced 

hepatotoxicity. Additionally, comprehensive 

investigations integrating biochemical liver markers, 

oxidative stress parameters, and histopathological 

changes under combined sugar and paracetamol 

exposure are insufficient. Mechanistic insights 

explaining how sugar-mediated metabolic alterations 

influence antioxidant defenses and liver architecture 

during paracetamol toxicity are also poorly 

understood. These gaps underscore the necessity for a 

systematic evaluation of the dose-dependent 

influence of sugar on paracetamol-induced liver 

injury. The present study aimed to evaluate the dose-

dependent effect of sugar on paracetamol-induced 

hepatotoxicity in experimental animals.The 

objectives of this study were to induce hepatotoxicity 

in experimental animals using paracetamol and to 

evaluate the effect of different concentrations of 

sugar on body weight and relative liver weight in 

paracetamol-treated animals. The study also aimed to 

assess liver function by estimating serum 

biochemical markers such as alanine 

aminotransferase (ALT), aspartate aminotransferase 

(AST), and alkaline phosphatase (ALP). 

Furthermore, oxidative stress was evaluated by 

measuring lipid peroxidation (MDA) and antioxidant 

parameters including reduced glutathione (GSH), 

superoxide dismutase (SOD), and catalase. 

Histopathological alterations in liver tissue following 

paracetamol and sugar co-administration were 

examined, and the study sought to determine whether 

moderate or high sugar intake attenuates or 

exacerbates paracetamol-induced liver damage. 

 

II. EXPERIMENTAL DESIGN 

 

A total of twenty male Sprague-Dawley rats (Rattus 

norvegicus) were randomly divided into four groups, 

with five animals in each group. The study was 

conducted over a 14 day period. Baseline body 

weights of all rats were recorded prior to the 

initiation of treatment. The treatment regimens 

assigned to each group are summarized in Table 1. 

 

 

Table 1. Experimental groups and treatment schedule 

S. 

No. 
Group (n=5) Treatment, Dose, Route, and Duration 

1 Normal Control 
Normal saline (0.9% NaCl), 1 mL/rat, administered orally once daily for 14 days, 

along with a standard diet. 

2 Toxic Control I 
Paracetamol at 640 mg/kg body weight (p.o.), dissolved in normal saline, 

administered once daily for 14 days. 

3 
Test Group I (Toxic 

Control II) 

Paracetamol at 640 mg/kg body weight (p.o.), dissolved in 50% sugar solution, 

administered once daily for 14 days. 

4 
Test Group II (Toxic 

Control III) 

Paracetamol at 640 mg/kg body weight (p.o.), dissolved in 100% sugar solution, 

administered once daily for 14 days. 
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Throughout the experimental period, the rats were 

monitored daily for behavioral changes, signs of 

toxicity, or mortality. Body weights were recorded 

weekly, and final weights were measured on Day 14. 

On the last day of treatment, animals were 

anesthetized with ketamine hydrochloride (100 

mg/kg, intraperitoneally). Blood samples were 

collected, followed by euthanasia, and liver tissues 

were harvested for subsequent biochemical and 

histopathological analyses. 

 

5.4 Serum and Liver Tissue Homogenate Preparation 

Approximately 4–5 mL of blood was collected from 

each rat and transferred into plain collection tubes. 

The samples were left undisturbed at room 

temperature for 30 minutes to allow clot formation, 

followed by centrifugation at 3000 rpm for 10 

minutes. The separated serum was carefully aspirated 

and stored for subsequent biochemical analyses. 

Simultaneously, liver tissues were excised, rinsed 

thoroughly with ice cold phosphate buffered saline 

(PBS), blotted dry, and weighed. A 10% (w/v) 

homogenate was prepared in PBS (25 mM, pH 7.4) 

using a tissue homogenizer. The homogenates were 

centrifuged at 1700 rpm for 10 minutes, and the 

resulting supernatant was preserved at −20 °C until 

further biochemical evaluation. For histopathological 

examination, a portion of the liver was fixed in 10% 

neutral buffered formalin. 

 

The relative liver weight was calculated according to 

the formula described by Höring et al. (2021): 

 

 
 

Parameters Assessed 
 

Physical Parameters 

Body weights were recorded prior to euthanasia. 

After sacrifice under anesthesia, livers were excised, 

rinsed with cold saline, and blotted dry. The relative 

liver weight was calculated as: 

 

 
 

Gross Examination 

Excised livers were visually inspected for changes in 

color, texture, and morphology to detect any gross 

pathological alterations. 

 

Biochemical Parameters (Serum) 

Serum levels of alanine transaminase (ALT), 

aspartate aminotransferase (AST), and alkaline 

phosphatase (ALP) were measured using commercial 

diagnostic kits (Span Diagnostic Ltd., Surat, India) 

on a Shimadzu UV spectrophotometer, following 

manufacturer protocols. 

 

Alanine Aminotransferase (ALT/SGPT) 

ALT (also known as SGPT) is a key enzyme in 

amino acid metabolism, primarily localized in the 

liver. Elevated serum ALT levels serve as a sensitive 

biomarker of hepatocellular injury. 

 

III. ESTIMATION OF ALANINE 

AMINOTRANSFERASE (ALT/SGPT) 

 

Assay Principle 

Alanine aminotransferase (ALT) catalyzes the 

reversible transamination reaction between L-alanine 

and α-ketoglutarate, producing pyruvate and L-

glutamate. The pyruvate formed is subsequently 

reduced to lactate by the action of lactate 

dehydrogenase (LDH), accompanied by the oxidation 

of reduced nicotinamide adenine dinucleotide 

(NADH) to NAD⁺. 

 

The rate of decrease in NADH concentration is 

directly proportional to ALT activity and is 

monitored kinetically by measuring the decline in 

absorbance at 340 nm. During the initial incubation 

phase, endogenous pyruvate present in the serum 

sample is rapidly reduced by LDH, thereby 

eliminating interference and ensuring assay 

specificity. 

 

Preparation of Working Reagent 

The working reagent was prepared freshly by mixing 

Reagent 2 with Reagent 1 in a ratio of 1:4 (i.e., 1 mL 

of Reagent 2 added to 4 mL of Reagent 1). The 

mixture was gently homogenized before use. 
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Assay Procedure 

Serum or plasma (100 µL) was pipetted into a test 

tube labeled as “test.” To this, 1000 µL of the 

working reagent was added. The contents were mixed 

thoroughly, and the mixture was immediately 

aspirated into the analyser for kinetic measurement. 

 

IV. ANALYZER CONFIGURATION AND 

MEASUREMENT 

 

Analyzer Configuration 

The analyzer was calibrated using purified distilled 

water as a blank. Absorbance measurements were 

recorded at 340 nm, beginning after an initial delay 

of 60 seconds, and subsequently monitored at 30 

second intervals up to 120 seconds. From these 

kinetic readings, the mean change in absorbance per 

minute (ΔA/min) was calculated to determine the 

reaction rate. 

 

Calculation of ALT Activity 

ALT activity was calculated using the following 

equation: 

 

 
 

Where the kinetic factor (F) is defined as: 

 

 
 

M: Molar extinction coefficient of NADH at 340 nm 

(6.22 × 10³ L·mol⁻¹·cm⁻¹), TV: Total reaction volume 

(sample volume + reagent volume), SV: Sample 

volume: Optical path length (cm),10⁶: Conversion 

factor for expressing enzyme activity in U/L 

 

V. ESTIMATION OF ASPARTATE 

AMINOTRANSFERASE (AST/SGOT) 

 

Assay Principle 

Aspartate aminotransferase (AST) catalyzes the 

reversible transfer of an amino group from L-

aspartate to α-ketoglutarate, resulting in the 

formation of oxaloacetate and L-glutamate. The 

oxaloacetate produced is subsequently reduced to L-

malate by the enzyme malate dehydrogenase (MDH), 

with the simultaneous oxidation of reduced 

nicotinamide adenine dinucleotide (NADH) to 

NAD⁺.The rate of oxidation of NADH is directly 

proportional to AST activity and is monitored 

kinetically by measuring the decrease in absorbance 

at 340 nm. To eliminate potential interference from 

endogenous pyruvate present in serum samples, 

lactate dehydrogenase (LDH) is included in the 

reagent system.The working AST reagent was freshly 

prepared by mixing Reagent 2 with Reagent 1 in a 

ratio of 1:4 (i.e., 1 mL of Reagent 2 added to 4 mL of 

Reagent 1). The solution was mixed gently and used 

immediately for analysis. 

 

Assay Procedure 

Serum or plasma sample (100 µL) was pipetted into a 

test tube labeled “Test.” Subsequently, 1000 µL of 

the working AST reagent was added. The contents 

were mixed thoroughly and immediately aspirated 

into the analyzer for kinetic measurement.The 

analyser was calibrated using purified distilled water 

as a blank. Absorbance readings were then recorded 

at 340 nm, beginning after an initial delay of 60 

seconds and subsequently measured at 30‑second 

intervals up to 120 seconds. From these kinetic 

measurements, the mean change in absorbance per 

minute (ΔA/min) was calculated to determine the 

reaction rate. 

 

Calculation of AST Activity 

Aspartate aminotransferase activity was calculated 

using the following equation: 

 

 
 

Where: 

ΔA/min is the mean change in absorbance per minute 

is the kinetic factor (1746), as specified by the 

reagent manufacturer 

 

The kinetic factor is derived from the formula: 

 

 
 

M: Molar extinction coefficient of NADH at 340 nm 

(6.22 × 10³ L·mol⁻¹·cm⁻¹),TV: Total reaction volume 
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(sample volume + reagent volume),SV: Sample 

volume,P: Optical path length (cm),10⁶: Conversion 

factor for expressing enzyme activity in U/L 

 

VI. ESTIMATION OF ALKALINE 

PHOSPHATASE (ALP) 

 

Assay Principle 

Alkaline phosphatase (ALP) catalyses the hydrolysis 

of p-nitrophenyl phosphate (pNPP) in an alkaline 

medium in the presence of magnesium ions (Mg²⁺) 

and diethanolamine, which acts as a phosphate 

acceptor. This enzymatic reaction results in the 

formation of inorganic phosphate and p-

nitrophenol.Under alkaline conditions, p-nitrophenol 

is converted to its yellow-colored ionized form, the 

intensity of which is directly proportional to ALP 

activity. The rate of formation of p-nitrophenol is 

measured kinetically by monitoring the increase in 

absorbance at 405 nm using a UV–Visible 

spectrophotometer. 

 

Assay Procedure 

ALP activity was determined using either a one-

reagent or two-reagent kinetic method, as described 

below. 

 

One-Reagent Method 

Component Volume 

Working reagent 1000 µL 

Serum/Plasma sample 20 µL 

 

The reagents and sample were mixed thoroughly. 

After an initial delay of 60 seconds, the change in 

absorbance was recorded at 405 nm every minute for 

a total duration of 3 minutes. The mean change in 

absorbance per minute (ΔA/min) was calculated. 

 

Two-Reagent Method 

Component Volume 

Reagent 1 800 µL 

Reagent 2 200 µL 

 

The reagents were mixed and incubated for 25 

seconds. Subsequently, 20 µL of serum or plasma 

sample was added and mixed thoroughly. After an 

initial delay of 60 seconds, absorbance readings were 

taken at 405 nm at one-minute intervals for 3 

minutes. The mean ΔA/min was determined. 

Alkaline phosphatase activity was calculated using 

the following equation: 

 

 
 

Where: 

ΔA/min = Mean change in absorbance per minute, K 

= Kinetic factor (2712), as specified by the reagent 

manufacturer 

 

Estimation of Total Bilirubin 

Assay Method (Diazo Method) 

Total bilirubin levels were determined using the 

Roche Cobas C111 automated chemistry analyzer 

based on the diazo reaction principle. In this method, 

bilirubin reacts with a diazo reagent in a strongly 

acidic medium (pH 1–2) in the presence of a 

solubilizing agent to form azobilirubin, a colored 

compound. The intensity of the color formed is 

directly proportional to the total bilirubin 

concentration and is measured photometrically. 

 

All measurements were performed strictly according 

to the manufacturer’s instructions, and results were 

expressed as mg/dL. 

 

Antioxidant Parameters (Liver Tissue) 

Lipid Peroxidation (LPO) Assay 

Lipid peroxidation was assessed by estimating 

malondialdehyde (MDA), a well-established marker 

of oxidative membrane damage, following a standard 

thiobarbituric acid reactive substances (TBARS) 

protocol [15]. Briefly, 0.2 mL of liver tissue 

homogenate was mixed with 0.2 mL of 8.1% sodium 

dodecyl sulfate, 1.5 mL of 20% acetic acid, and 1.5 

mL of 8% thiobarbituric acid. Subsequently, 4 mL of 

distilled water was added, and the mixture was heated 

at 95 °C for 60 minutes. 

 

After cooling to room temperature, the final volume 

was adjusted to 5 mL. A butanol–pyridine mixture 

(15:1, v/v) was added, followed by vortexing for 2 

minutes. The mixture was centrifuged at 3000 rpm 

for 10 minutes, and the organic layer was collected. 
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Absorbance was measured at 532 nm using a 

spectrophotometer against a reagent blank. MDA 

levels were expressed as nanomoles of TBARS per 

milligram of protein. 

 

Estimation of Reduced Glutathione (GSH) 

Reduced glutathione (GSH) content in liver tissue 

was estimated using the method described by Sedlak 

and Lindsay [18]. Liver homogenate was treated with 

10% trichloroacetic acid and centrifuged to 

precipitate proteins. An aliquot (0.1 mL) of the 

resulting supernatant was mixed with 2 mL of 

phosphate buffer (pH 8.4), 0.5 mL of 5,5′-dithiobis-

(2-nitrobenzoic acid) (DTNB), and 0.4 mL of double-

distilled water. 

 

The mixture was vortexed, and absorbance was 

recorded at 412 nm within 15 minutes using a 

Shimadzu UV PC-1600 spectrophotometer (Japan). 

GSH levels were expressed as nanomoles per 

milligram of protein. 

 

Superoxide Dismutase (SOD) Activity 

Superoxide dismutase (SOD) activity was measured 

according to the method described by Nandi and 

Chatterjee. The reaction mixture consisted of 2.860 

mL of Tris buffer (50 mM, pH 8.5), 0.1 mL of EDTA 

solution, 0.02 mL of liver homogenate, and 0.02–

0.08 mL of pyrogallol. 

 

The rate of autoxidation of pyrogallol was monitored 

by measuring the increase in absorbance at 420 nm 

using a Shimadzu UV PC-1600 spectrophotometer, 

with an appropriate blank. SOD activity was 

expressed as units per milligram of protein. 

 

Catalase (CAT) Activity 

Catalase activity was determined using hydrogen 

peroxide as the substrate, following the method of 

Aebi. Briefly, 0.1 mL of liver homogenate was added 

to 1.9 mL of phosphate-buffered saline (PBS, pH 7.0) 

in a 3 mL quartz cuvette. The reaction was initiated 

by the addition of 1 mL of 30 mM hydrogen 

peroxide. 

 

The decomposition of hydrogen peroxide was 

monitored by recording the decrease in absorbance at 

240 nm using a Shimadzu UV–Visible 

spectrophotometer. Catalase activity was expressed 

as units per milligram of protein. 

 

Histopathological Examination of Liver Tissue 

Liver samples were fixed in 10% neutral buffered 

formalin for histopathological evaluation. The fixed 

tissues were processed routinely, embedded in 

paraffin wax, and sectioned at a thickness of 5 µm 

using a rotary microtome (HM 325, Thermo 

Scientific, UK). The sections were stained with 

hematoxylin and eosin (H&E) and examined under 

an Olympus DP 72 light microscope (Tokyo, Japan) 

for histoarchitectural alterations. 

 

Statistical Analysis 

All experimental data were expressed as mean ± 

standard error of the mean (SEM). Statistical analysis 

was performed using SPSS software (version 20.0, 

IBM Corporation, New York, USA) and Microsoft 

Excel 2013 (Redmond, WA, USA). Group 

comparisons were conducted using one-way analysis 

of variance (ANOVA), followed by post hoc tests 

including Dunnett’s and Tukey’s multiple 

comparison tests. Additional statistical analysis and 

graphical representations were performed using 

GraphPad Prism software (version 6.0). A p-value of 

<0.05 was considered statistically significant, while p 

<0.001 was considered highly significant. 

 

VII. RESULT AND DISCUSSION 

 

Effects of Paracetamol in Combination with Sugar on 

Body Weight and Relative Liver Weight in Rats 

After 14 days of treatment, no significant changes in 

body weight were observed in the normal control 

group (p > 0.05). In contrast, rats treated with 

paracetamol (PCM) showed a reduction in final body 

weight compared to the normal control group, 

indicating paracetamol-induced systemic 

toxicity.Relative liver weight was significantly 

increased in the PCM-treated group compared to the 

normal control group (p < 0.01), suggesting hepatic 

enlargement associated with liver injury. Co-

administration of sugar along with PCM resulted in a 

dose-dependent modulation of body weight and 

relative liver weight.Rats receiving PCM with 50% 

sugar exhibited body weight changes comparable to 

the normal control group, while relative liver weight 
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showed a reduction compared to the PCM group. 

Notably, administration of 100% sugar along with 

PCM produced a significant decrease in relative liver 

weight compared to the PCM-treated group (p < 

0.05), indicating an attenuation of PCM-induced 

hepatomegaly.Overall, sugar supplementation 

modulated PCM-induced alterations in body weight 

and relative liver weight in a dose-dependent manner, 

with higher sugar concentration showing a more 

pronounced protective effect against paracetamol-

induced liver enlargement (Figure 1; Table 1). 

 

 

Table 1 

Effects of Paracetamol in Combination with Sugar on Body Weight and Relative Liver Weight in Rats 

Groups Initial Weight (g) Final Weight (g) Weight Gain/Loss (g) Relative Liver Weight (g) 

Normal Control 150 ± 5.2 155 ± 4.9 5.0 ± 0.5 4.8 ± 0.2 

Toxic Control (PCM) 153 ± 4.8 150 ± 3.9 −3.0 ± 0.6 5.5 ± 0.3** 

PCM + 50% Sugar 151 ± 5.5 147 ± 6.0 −4.0 ± 0.5 6.1 ± 0.4# 

PCM + 100% Sugar 152 ± 6.3 145 ± 5.7 −7.0 ± 1.1 7.5 ± 0.3# 

 

Values are expressed as Mean ± SEM (n = 6). 

Statistical analysis was performed using one-way 

ANOVA followed by Dunnett’s and Tukey’s 

multiple comparison tests. 

 

p < 0.001 vs. normal control; #p < 0.05 vs. PCM 

group 
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Effects of Paracetamol in Combination with Sugar on 

Liver Enzymes 

Administration of paracetamol (PCM) resulted in a 

marked elevation of serum liver enzymes compared 

to the normal control group, indicating significant 

hepatocellular damage. The PCM-treated group 

showed a significant increase in alanine 

aminotransferase (ALT), aspartate aminotransferase 

(AST), and alkaline phosphatase (ALP) activities 

when compared with the normal control group (p < 

0.001).Co-administration of sugar along with PCM 

further influenced serum enzyme levels. Rats treated 

with PCM in combination with 50% sugar exhibited 

slightly higher levels of ALT, AST, and ALP 



© SEP 2026 | IRE Journals | Volume 10 Issue 3 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV10I3-1723028 

 

IRE 1723028          ICONIC RESEARCH AND ENGINEERING JOURNALS 1189 

compared to the PCM-alone group. Similarly, 

treatment with 100% sugar along with PCM 

produced a further increase in these enzyme levels. 

The elevation in enzyme activities followed a dose-

dependent trend with increasing sugar concentration 

(Table 2). 

 

 

Table 2 Effects of Paracetamol in Combination with Sugar on Serum Liver Enzymes in Rats 

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

Normal Control 35.0 ± 2.1 45.0 ± 3.0 120.0 ± 5.0 

Toxic Control (PCM) 140.0 ± 4.5 155.0 ± 6.4 260.0 ± 8.0 

PCM + 50% Sugar 145.0 ± 4.6 160.0 ± 6.8 280.0 ± 9.0 

PCM + 100% Sugar 150.0 ± 5.8 165.0 ± 7.2 290.0 ± 10.0 

Values are expressed as Mean ± SEM (n = 

6).Statistical analysis was performed using one-way 

ANOVA followed by Dunnett’s and Tukey’s 

multiple comparison tests. 

 

p < 0.001 compared to normal control; #p < 0.05 

compared to PCM group. 

 

 

Norm
al C

ontro
l

Toxic Contro
l (P

CM)

PCM + 50% Sugar

PCM + 100% Sugar
0

50

100

150

200

ALT (U/L)

Groups

AL
T (

U/
L)

ALT(U/L)

**
**#

 

Normal Contro
l

Toxic Contro
l (P

CM)

PCM + 50% Sugar

PCM + 100% Sugar
0

50

100

150

200

AST(U/L)

Groups

AS
T(U

/L)

** # **



© SEP 2026 | IRE Journals | Volume 10 Issue 3 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV10I3-1723028 

 

IRE 1723028          ICONIC RESEARCH AND ENGINEERING JOURNALS 1190 
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Paracetamol (PCM) administration caused significant 

hepatotoxicity, as evidenced by increased relative 

liver weight and marked elevations in serum ALT, 

AST, and ALP levels compared to the normal control 

group. Co-administration of sugar at 50% 

concentration slightly reduced relative liver weight; 

however, liver enzyme levels remained markedly 

elevated, indicating persistent hepatocellular damage. 

In the 100% sugar group, despite a further reduction 

in relative liver weight, ALT, AST, and ALP 

activities remained high, suggesting ongoing liver 

stress. Overall, sugar supplementation failed to 

normalize biochemical markers of liver injury, and 

higher sugar concentration appeared to exacerbate 

PCM-induced hepatotoxicity rather than providing 

hepatoprotection. 

 

Evaluation of Serum Biochemical Parameters 

Effect on Lipid Peroxidation (LPO) 
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Table 6.3 Effect of Paracetamol and Sugar on Lipid 

Peroxidation (LPO) in Rat Liver 

Lipid peroxidation in liver tissue was assessed by 

measuring malondialdehyde (MDA) levels. 

Compared with the normal control group, MDA 

levels were significantly increased in all treated 

groups, including the paracetamol (PCM), PCM + 

50% sugar, and PCM + 100% sugar groups (p < 

0.001). 
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Furthermore, co-administration of sugar with PCM 

resulted in a significant additional increase in MDA 

levels in both the 50% and 100% sugar-treated 

groups compared to the PCM-alone group (p < 0.05), 

indicating enhanced lipid peroxidation (Table 6.3; 

Figure 6.4). 

 

Group MDA (nmol/mg protein) 

Normal Control 1.20 ± 0.15 

Toxic Control (PCM) 3.80 ± 0.25** 

PCM + 50% Sugar 4.20 ± 0.30**,# 

PCM + 100% Sugar 4.50 ± 0.30**,# 

Values are expressed as Mean ± SEM (n = 6). 

 

Statistical analysis was performed using one-way 

ANOVA followed by Dunnett’s and Tukey’s tests. 

 

p < 0.001 vs. normal control; #p < 0.05 vs. PCM 

group. 

 

Effect on GSH, SOD, and Catalase Levels 

The effects of paracetamol (PCM) and sugar co-

administration on antioxidant parameters in liver 

tissue are presented in Table 6.4. Compared to the 

normal control group, hepatic levels of reduced 

glutathione (GSH), superoxide dismutase (SOD), and 

catalase were significantly decreased in all treated 

groups, including PCM, PCM + 50% sugar, and PCM 

+ 100% sugar groups (p < 0.001). 

 

Furthermore, co-administration of sugar with PCM 

resulted in a further significant reduction in GSH, 

SOD, and catalase activities in both the 50% and 

100% sugar-treated groups compared to the PCM-

alone group (p < 0.05). The decrease in antioxidant 

enzyme levels was more pronounced at the higher 

sugar concentration (Table 6.4; Figures 6.7–6.9). 

 

 

Table 6.4 Effect of Paracetamol and Sugar on GSH, SOD, and Catalase Levels in Rat Liver 

Group GSH (nmol/mg protein) SOD (U/mg protein) Catalase (U/mg protein) 

Normal Control 6.50 ± 0.40 205.0 ± 15.5 55.0 ± 4.5 

Toxic Control (PCM) 3.00 ± 0.30** 120.0 ± 12.0** 35.0 ± 3.8** 

PCM + 50% Sugar 2.50 ± 0.25**,# 110.0 ± 11.5**,# 25.0 ± 3.2**,# 

PCM + 100% Sugar 2.00 ± 0.25**,# 95.0 ± 10.2**,# 20.0 ± 2.8**,# 

Values are expressed as Mean ± SEM (n = 6). 

 

Statistical analysis was performed using one-way 

ANOVA followed by Dunnett’s and Tukey’s tests. 

 

p < 0.001 vs. normal control; #p < 0.05 vs. PCM 

group. 
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Histopathological Evaluation of Liver 

Histopathological examination of liver sections from 

the vehicle control group showed normal hepatic 

architecture with well-arranged hepatocytes, intact 

sinusoidal spaces, and centrally located nuclei, 

indicating no pathological alterations.In contrast, the 

paracetamol (PCM)-treated group exhibited marked 

hepatic damage characterized by extensive 

coagulative necrosis, prominent hemorrhage, and 

inflammatory cell infiltration, predominantly in the 

centrilobular and midzonal regions, while periportal 

areas remained relatively spared. 
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Figure 6.10 Histopathology of liver tissue 

 

These findings confirm severe paracetamol-induced 

hepatotoxicity.Liver sections from the PCM + 50 

mg/kg sugar group showed mild to moderate hepatic 

injury, with focal coagulative necrosis and lobular 

inflammation. Although the severity of damage was 

reduced compared to the PCM group, the normal 

lobular architecture was not fully restored. In the 

PCM + 100 mg/kg sugar group, liver sections 

exhibited near-normal architecture with mild 

inflammatory changes and occasional residual 

necrosis. However, complete recovery was not 

observed, indicating persistent hepatic stress. Overall, 

histopathological findings demonstrate that 

paracetamol induces significant liver damage, 

particularly in centrilobular regions, and co-

administration of sugar does not provide complete 

hepatoprotection, with residual necrosis and 

inflammation evident even at higher sugar doses. 

 

VIII. CONCLUSION 

 

The present study evaluated the influence of different 

concentrations of sugar on paracetamol (PCM)-

induced hepatotoxicity in rats by assessing body 

weight changes, liver enzyme levels, oxidative stress 

markers, and histopathological alterations. The 

results demonstrate that the effect of sugar on PCM-

induced liver injury is dose dependent.Moderate 

sugar supplementation (50%) showed partial 

protective effects against PCM-induced 

hepatotoxicity, as evidenced by comparatively lower 

liver enzyme levels, reduced oxidative stress, and 

mild histological improvement in liver architecture. 

In contrast, high sugar supplementation (100%) failed 

to confer hepatoprotection and, in several parameters, 

exacerbated liver injury, oxidative stress, and tissue 

damage.Overall, these findings suggest that while 

moderate sugar intake may exert limited 

hepatoprotective effects, excessive sugar 

consumption can aggravate PCM-induced liver 

toxicity. Therefore, careful regulation of dietary sugar 

intake may be important during exposure to 

hepatotoxic drugs such as paracetamol. Further 

studies are warranted to clarify the underlying 

mechanisms and to define safe thresholds of sugar 

consumption in the context of drug-induced liver 

injury. 
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