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INTRODUCTION 

Paracetamol (pcm) is the commonly used analgesic and 

antipyretic around the world readily available for use 

amongst the population. It is the first line drug of choice 

for mild-to-moderate acute pain that is the most utilized 

over the counter drug worldwide. It is regarded drug of 

choice for people who have sensitivities to non-steroidal 

anti-inflammatory drugs, the underage and also pregnant 

and lactating women, geriatrics and patients with peptic 

ulcers.1 It has been found that paracetamol is the most 

common drug that causes liver toxicity since it is 

metabolized in the liver and its overdose may cause injury 

to the liver. Paracetamol has been readily found across the 

world with or without prescription over-the-counter thus 

steadily increasing the number of paracetamols induced 

liver intoxication.2 

Prolonged use of paracetamol or at high doses causes 

oxidative metabolites N-acetyl-para-benzoquinone mine 

(NAPQI) to cause the liver cells to be under oxidative 

stress. This therefore will cause the hepatocellular 

mitochondria to burst leading to free oxygen radicals and 
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ABSTRACT 

Background: Paracetamol is the most common analgesic that is readily available with or without prescription over the 

counter and its toxicity is due to misuse or overdose associated with liver damage. Silymarin milk thistle is an edible 

herb believed to have antioxidant, scavenging and regulation of glutathione contents within the cell. Aim of the study 

was to determine the effects of different doses of silymarin milk thistle on liver biomarkers of paracetamol induced 

liver toxicity among albino rats. 

Methods: Twenty-four adult albino rats were randomly grouped into four groups each group consisting of six animals. 

Paracetamol-only group given high dose paracetamol-750 mg/kbwt and control group received water and food only. 

The experimental group, were divided into three subgroups with all receiving high dose paracetamol for five days and 

thereafter given varying doses of silymarin milk thistle. SIL-G1 given 200 mg/kbwt of silymarin milk thistle, SIL-G2 

given 400 mg/kbwt of silymarin milk thistle and SIL-G3 was given 600 mg/kbwt of silymarin milk thistle.  All the 

animals were fed with standard rodent foods and water ad libitum. After completion of 24 hours of the last drug 

administration, they were humanely sacrificed, serum biochemical analysis of liver biomarkers (ALP, ALT and AST) 

was determined. 
Results: High dose of paracetamol induced liver toxicity. Upon administration of high dose of silymarin milk thistle, 

there was restoration of ALP, AST and ALP of all these biomarkers in relation to the control group. 

Conclusions: These findings showed that high dose (600 mg/kbwt) of silymarin milk thistle was found to have 

restorative effects and normalized liver biomarkers of ALP, AST and ALT. 
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nitrogen ions to cause necrosis of hepatocellular cells 

leading to liver damage. PCM has been long time 

considered nontoxic when it is given in therapeutic doses 

though it might result in hepatotoxicity when taken singly 

or repeatedly in high dose or after it’s been chronically 

ingested.3 Toxicity may also arise when there is poor 

dietary intake and nutritional status of an individual or in 

alcohol intake even when administered at a therapeutic 

dose.4 

Studies also suggested that there could unintentional acute 

liver injury due to acetaminophen toxicity for adults with 

small physique even though administered at lower or 

recommended doses. This could be due to acetaminophen 

dose per unit of body weight being higher for individuals 

with malnutrition, underweight or with a small frame.5 

Silymarin (SIL), an edible herb has been found to have 

hepato-protective effects on the liver. It has antioxidant, 

scavenging and regulation of glutathione contents within 

the cell thus causing cell membrane stabilization and 

regulation of permeability into the cell thereby preventing 

hepatotoxic agents from getting into the hepatocytes.6,7 

These anti-oxidant properties of silymarin have been 

found to greatly reduce free radicals that are produced 

secondary to metabolism of toxic substances such as 

paracetamol and alcohol thereby improving the integrity of 

the mitochondria and maintaining redox balance thus 

maintaining liver function. Silymarin also increases 

hepatic glutathione which will promote the antioxidant 

defense of the liver.8,9 

According to Jacobs et al and Vargas-Mendoza et al, 

silymarin milk thistle was found to have significant 

improvement in liver histology and liver biochemical 

markers for patients that had chronic liver disease with it 

also playing a critical role in liver defense by it increasing 

liver glutathione, hepatocyte protein synthesis by 

stimulating RNA polymerase I activity.8,10 

Silymarin has been postulated to reduce the elevated levels 

of ALT and AST biochemical serum levels amongst 

patients who had non-alcoholic fatty liver though there is 

still inadequate data on it.11 Similar studies conducted on 

Non-alcoholic fatty liver disease showed that there was 

significant reduction in liver enzymes post administration 

of silymarin milk thistle extracts.12 

With the increasing level of liver failures arising from 

toxicities from various agents such as drugs or alcohol 

non-intervention group restorative remedy should be 

sought to avoid progression of the disease to help in 

improvement of quality of life and health in the 

population.13 Scientific data on the dosage and 

administration is of great essence in application of various 

types of medicinal herbs to counter liver toxicities.  

SIL is a medicinal herb that is widely growing in most of 

the climatic conditions worldwide and has been used in 

managing liver conditions. The findings that was obtained 

from the study will be helpful to health workers to 

administer silymarin milk thistle tablets to patients with 

drug induced hepatotoxicity hence breaching the gap in 

countering liver complications and restoration of the liver 

biomarkers. 

METHODS 

Study location 

The study was conducted between May 2023 to July 2023 

at the school of Biomedical Sciences of Maseno 

University. It’s located along the equator in Kisumu 

County Western part of Kenya. All experimental studies 

appertaining feeding, weighing and administration of 

drugs were done at the animal house within the school 

Study subjects  

This study was conducted on pure bred albino rats of the 

species of Rattus norvegicus from a pure colony of both 

sexes sourced from the School of Biomedical Sciences of 

Maseno University, (Kisumu, Kenya). The albino rats 

weighing between 240g and 280g. The animals were fed 

with standard rodent pellets obtained from Unga Feeds 

Limited Kisumu city and water ad libitum. They were then 

put in cages and left to acclimatize for 5 days before the 

commencement of the study. All protocols for humane 

handling of the animals were strictly adhered to. 

Experimental design 

A post-test only true experimental study design was used. 

Animals were randomly selected into two groups of 

intervention group which did receive any silymarin milk 

thistle and non-intervention group did not receive any 

silymarin milk thistle. Sampling technique that was 

utilized was a simple random sampling method to obtain 

the 24 animals and assigned to the two major groups of 

experimental and control group. 

Grouping was done into; A: Control group, this group did 

not receive any drug intervention. B- Paracetamol only 

group- high dose paracetamol (750 mg/kbwt) for five days. 

C- Low dose Silymarin group (SIL-G1)- received high 

dose paracetamol (750 mg/kbwt) for five days thereafter 

low dose of silymarin milk thistle (200 mg/kbwt) for the 

remaining days. D- Medium dose Silymarin group (SIL-

G2)- received high dose paracetamol (750 mg/kbwt) for 

five days thereafter low dose of silymarin milk thistle (400 

mg/kbwt) for the remaining days. E- High dose Silymarin 

group (SIL-G3)- received high dose paracetamol (750 

mg/kbwt) for five days thereafter low dose of silymarin 

milk thistle (600 mg/kbwt) for the remaining days. 

Sample size determination and sampling technique 

A total number of 24 rats were sampled for this 

experiment.  The sampled size was arrived at using 

Modified Resource equation method” of which there was 
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no previous research done to determine the standard 

deviation.14  

Acquisition of study drugs 

The paracetamol tablets (500 mg tablets) were obtained 

from Litein Central Chemist, Kericho-Kenya while the 

silymarin milk thistle tablets were obtained from 

Dynapharm Kenya Limited-Nakuru, Kenya. They were 

prepared by dissolving in water for injection before use. 

Determination of doses for paracetamol and silymarin 

milk thistle  

To induce liver toxicity, paracetamol a high dose 

paracetamol (750 mg/kbwt) was administered for five 

days.   

Procedure for drug administration  

The drugs were administered orally where they were 

dissolved in water for injection. Paracetamol was used to 

induce hepatotoxicity and silymarin milk thistle was used 

as a curative/ restorative drug. For the paracetamol-only, 

control group and the experimental group, they were given 

high dose paracetamol once daily for five days. Thereafter, 

those in the experimental group were given varying doses 

of silymarin according to the different groups. 

Each albino rat was held and wrapped using a table towel 

to avoid the animal from soiling the primary researcher’s 

garments. The animal was held behind the neck region 

with one hand. After that, the rat was put to resting position 

to lie on the researcher with its mouth put to face forward.  

The gastric gavage needle was gently inserted into the 

albino rat’s mouth while gently to maneuvering it through 

the esophageal constrictors and finally through the cardiac 

sphincter. Eventually the Paracetamol dose was eventually 

deposited into the rat’s stomach. The gastric gavage needle 

was removed slowly and gently to avoid injuring the 

animal. 

Procedure for anaesthetizing of albino rats 

Concentrated chloroform was opened into a heavy tight 

fitting bell jar. The albino rats will be euthanized by being 

put into the bell jar for approximately 3-5 minutes. After 

being euthanized they were removed from the tight fitted 

lid jar and put on the dissecting board and well mounted 

using mounting pins to lie of the rear side facing supine. 

Biochemical analysis 

The rats in the control group and paracetamol-only group 

were anaesthetized on day 5 by using concentrated 

chloroform and the blood was collected via cardiac 

puncture. 

The rats in the experimental group were anaesthetized on 
day 21 by using concentrated chloroform and the blood 
was collected via cardiac puncture The isolated blood was 
then centrifuged at 3000 rpm for 10 min and the serum was 
pipetted off carefully and stored at 20 degrees centigrade 
until used to assess liver enzymes. 

Serum alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP) was 
conducted at the UON Vet Teaching and Referral Hospital 
at the University of Nairobi, Kenya. 

Data collection 

The data obtained was entered into excel sheet, analyzed 
using SPSS for windows version 26 Chicago Illinois and 
statistically tested and analyzed using a One-way analysis 
of variance (ANOVA) for the group means with a p≤0.05 
was considered statistically significant at a 95% 
confidence interval and comparison made between 
experimental and control group.  

RESULTS 

Animal mortality 

There was no mortality observed during the period of 
experiment. 

Biochemical parameters following administration of 
paracetamol followed by silymarin milk thistle 

The normal adopted ranges of the biochemical parameters 
were as follow; Alanine transaminase (14-30 Units/l), 
Alkaline phosphatase (56.8–128 Units/l) and Aspartate 
transaminase (45.7- 80.0 Units/l). 

There was statistical (p=0.0001) increase in in the levels of 
the Alanine transaminase, Alkaline phosphatase and 
Aspartate transaminase in the paracetamol-only control 
group as compared to the control group. One way ANOVA 
was used to test the difference between the means and post 
hoc test to find significance and the (p≤0.05) at 95% 
confidence interval was found significant. All the 
biomarkers tested were all above the normal ranges for the 
control group. 

There was statistical significance (p=0.0001) increase in 
the levels of the Alanine transaminase, Alkaline 
phosphatase and Aspartate transaminase in the 
paracetamol-only group, Medium and Low dose group as 
compared to the control group. All biochemical parameter 
levels in the paracetamol-only group. 

Medium and Low dose group were above the normal 
adopted reference ranges. One way ANOVA was used to 
test the difference between the means and post hoc test to 
find significance and the (p≤0.05) at 95% confidence 
interval was found significant. The paracetamol-only 
group, the low dose SIL and the medium dose SIL had 
deranged values in the liver biomarkers tested. 
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Table 1:  Mean of the biochemical parameters between the control and paracetamol-only groups. 

Groups ALT ALP AST 

Control group 22.00±0.95 77.00±0.70 94.62±0.71 

Paracetamol-only group 35.84±0.51  108.30±1.39 113.27± 0.21 

 P=0.0001 P=0.0001 P=0.0001 

ALT-Alanine transaminase, ALP-Alkaline phosphatase, AST-Aspartate transaminase 

Table 2:  Mean of the biochemical parameters between the paracetamol-only group and the experimental groups. 

Groups ALT  ALP  AST  

Paracetamol-only group 
35.84±0.51  

P=0.0001 
 

108.30±1.39 

P=0.0001 
 

113.27± 0.21 

P=0.0001 
 

High dose SIL group 
25.72±1.33 

P=0.111 
 

78.33±0.89 

P=1.000 
 

95.66±0.25 

P=1.000 
 

Medium dose SIL group 
34.28±0.10 

P=0.0001 
 

106.81±1.86 

P=0.0001 
 

112.35±0.76 

P=0.0001 
 

Lose dose SIL group  
35.22±0.70 

P=0.0001 
 

106.58±1.71 

P=0.0001 
 

113.60±0. 22 

P=0.0001 
 

Sig.-significance. ALT-Alanine transaminase, ALP-Alkaline phosphatase, AST-Aspartate transaminase, SIL-Silymarin milk thistle 

DISCUSSION 

Liver biochemical parameters (AST, ALT, ALP) following 

administration of silymarin milk thistle in paracetamol 

induced hepatotoxicity among adult albino rats 

Paracetamol is listed as one of the essential drugs by the 

World Health Organization and it has a narrow therapeutic 

index. Toxicity can be due to accidental ingestion, self-

harm overdose or even dose error prescription.15 

Paracetamol is the most commonly used analgesic 

worldwide, readily available over the counter with or 

without prescription. It has been attributed that its overdose 

leads to liver injury with several incidences of liver toxicity 

leading to high cost of treatment and hospitalization 

worldwide with almost 2 million deaths annually.16 

Paracetamol poisoning has become a leading medication 

poisoning in most countries posing a serious health concern 

worldwide.17 Over the last decade, incidences of 

paracetamol toxicity have sharply risen in the America and 

the European countries hence becoming the leading cause 

of liver transplants.18,19 This current study is designed to 

assess the restorative effects of silymarin milk thistle on 

paracetamol induced hepatotoxicity.  

Several authors have used liver biomarkers to assess the 

level of liver toxicity and restoration on using different 

drugs. Paracetamol toxicity has been found to cause 

significant changes by increasing the total bilirubin, total 

protein, Alanine transaminase (ALT), Alkaline 

phosphatase (ALP) and Aspartate transaminase (AST) 

levels in the body.20 The current study found a significant 

increase (P=0.0001) in the levels of ALP, AST, ALT in 

medium dose SIL group and low dose SIL group and 

paracetamol-only group (Table 1 and Table 2) as compared 

to the control group and high SIL group. It showed that 

high dose of silymarin milk thistle ameliorates these liver 

biomarkers. The persistent elevation of these markers even 

after giving silymarin milk thistle at low and medium doses 

is an indication that the restorative effects on the liver 

tissue did not occur using these doses. However; at higher 

doses of 600 mg/kbwt there was normalization of all liver 

biochemical markers (Table 2).  

In agreement with the current results, a study on the effects 

of silymarin on the resolution of carbon tetrachloride 

induced liver fibrosis, observed that low doses of silymarin 

were ineffective and could not cause any restoration and 

normalization of the elevated liver biochemical markers.21 

In addition, other authors also reported that lower doses of 

less than 100 mg/kgbwt of silymarin milk thistle had no 

restorative effects on the liver histoarchitecture.22 He 

further observed no normalization of liver biomarkers that 

had increased due to toxicity of acetaminophen on liver 

tissues. It was also found that silymarin milk thistle restores 

the elevated liver biomarkers of ALT, ALP and AST which 

suggest that it has hepatocyte membrane stabilizers hence 

preventing toxins from getting into the cells and 

ameliorating their effects.23,24 

The levels of AST, ALP, ALT in the high dose SIL group 

and the control group were within the normal ranges 

indicating that restoration of the liver tissue was achieved 

through high dose silymarin. this confirms that 

phytochemical silymarin in the milk thistle may facilitate 

reconstruction of hepatic histo-architecture of the liver 

tissue and counteraction of the hepatotoxin effects of 

paracetamol, thereby improving the levels of glutathione 

thus improving the liver functional biochemistry. Authors 

from literature reviewed recorded that administration of 

silymarin milk thistle was found to normalize the elevated 

AST, ALP, ALT since the silymarin at high dose of 500 

mg/kbwt was found to potentiate normalization of liver 

tissues causing improvements in liver biochemical 

parameters.6,21,25 Moreover, Rahul et al, also reported 

restoration of liver histoarchitecture after administering 

Rhodiola Imbricata and silymarin milk thistle to injured 
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liver among rats therefore, these studies concluded that 

silymarin milk thistle may have a restorative effect on 

damaged liver tissues.26 

The results of this study indicates that the restorative 

effects of silymarin milk thistle is dose dependent thus only 

higher doses may give the desired results. These findings 

mirror observations from other authors who found that the 

normalization of liver biomarkers was directly dependent 

on the dose of silymarin and Nigella sativa where a high 

dose of silymarin portrayed normalization of liver 

functions and improvement of its histoarchitecture.  

However, more studies may be needed to assess effects 

high doses of silymarin milk thistle and its 

pharmacodynamics.27,28 

This current study found out that high dose of silymarin 

milk thistle caused normalization of the liver biomarkers of 

ALP, AST and ALT in paracetamol induced hepatotoxicity 

and therefore reinforced the evidence that injurious effect 

of paracetamol can be reversed by silymarin milk thistle.  

CONCLUSION 

Silymarin milk thistle was found to have restorative effects 

on paracetamol induced hepatotoxicity at a high dose (600 

mg/kbwt). This led to normalization of liver biomarkers 

and this could be a possible therapeutic solution to 

paracetamol hepatotoxicity.  Further studies should also be 

done to the human dosages and the pharmacokinetics and 

pharmacodynamics of silymarin milk thistle on human 

beings. 
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