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ABSTRACT
Background: Paracetamol-induced hepatotoxicity has been on the rise worldwide and there is
a need for restorative measures to counter its effect. Silymarin milk thistle is an herb that has
been used for the treatment of liver conditions. This current study aimed at determining the
restorative effects of silymarin milk thistle on the liver morphology and terminal body weight of
paracetamol-induced hepatotoxicity among albino rats. Methodology: This study was conducted
at Maseno University, and a posttest-only experimental design was used. A total of 24 adult albino
rats were randomly selected and grouped into four groups, each consisting of six albino rats.
Positive control received (5 days of high-dose paracetamol 750mg/kbwt) and negative control
received no drug intervention. Three experimental groups received high-dose paracetamol for
five days and were thereafter given varying doses of silymarin milk thistle (low-dose group: 200
mg/kbwt, medium-dose: 400 mg/kbwt and high-dose: 600 mg/kbwt) of silymarin milk thistle.
Gross liver morphological data and body weight were expressed as mean = SEM. A one-way
ANOVA analysis of variance was used to test the mean groups and a post hoc test was used to
test the difference between the mean groups. A p < 0.05 was found to have statistical significance
at a 95% confidence interval. Results: This current study found that there was a significant (p<
0.0001) increase in mean weight, volume, length, and width of the liver in the high dose silymarin
milk thistle group as compared to the positive control group. There was a significant (p< 0.0001)
reduction in the terminal mean body weight of the rats in the positive control group, low dose
silymarin group and the medium dose silymarin group respectively, as compared to the negative
control group. Conclusion: Silymarin milk thistle was found to have restorative effects on the

liver morphology and body weight following paracetamol toxicity at high dose.
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INTRODUCTION

Paracetamol is the commonly used analgesic to the liver. Its availability worldwide, with or
and antipyretic around the world, readily without a prescription, has steadily increased
available for use among the population. It is the number of paracetamol-induced liver
regarded as the drug of choice for people intoxications (Jozwiak-Bebenista, 2014).

who have sensitivities to non-steroidal anti- Prolonged use of paracetamol or at high
inflammatory drugs, the underage and also doses causes oxidative metabolites N-acetyl-
pregnant and lactating women (Jozwiak- para-benzoquinone mine (NAPQI) to cause
Bebenista, 2014). It has been found that the liver cells to be under oxidative stress.
paracetamol is the most common drug that This, therefore, will cause the hepatocellular
causes liver toxicity since it is metabolized in mitochondria to burst, leading to free oxygen
the liver, and its overdose may cause injury radicals and nitrogen ions causing necrosis of
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hepatocellular cells leading to liver damage
(Majee, 2013).

Paracetamol has long been considered
nontoxic when given in therapeutic doses,
though it might result in hepatotoxicity when
taken singly, repeated in high doses, or after
it's been chronically ingested (Tittarelli et al.,
2017). 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 (Kurtovic
& Riordan, 2003; Eriksson et al,, 1992).

Silymarin, an edible herb, has been found to
have hepato-protective effects on the liver,
and 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 (Fraschini et a/.,
2002). These anti-oxidant properties of
silymarin have been found to greatly reduce
free radicals that are produced secondary to
the 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
(Vargas-Mendoza et al, 2014; Surai, 2015)
glutathione which  will promote the
antioxidant defense of the liver.

Silymarin milk thistle has also been found to
have significant improvement in liver
histology and liver biomarkers for patients
with chronic liver disease, with it also playing
a critical role in liver defense by increasing
liver glutathione, hepatocyte protein
synthesis by stimulating RNA polymerase 1

activity (Jacobs et al., 2002; Vargasdoza et
al, 2014). The effects of silymarin on the
hepatocytes of alcohol-induced liver cirrhosis
were found to have a significant reduction in
tumor cell proliferation, angiogenesis and
resistance to insulin, liver fibro-genesis and
promotion of hepatocyte regeneration (Feher
& Lengyel, 2012).

From the literature reviewed, there is still a
deficiency of information on the hepato-
restorative morphological changes and
terminal body weight changes associated
with paracetamol toxicity. Paracetamol is a
drug that is tolerable by a large population,
however, paracetamol toxicity causes side
effects in the liver. This present study was
conducted on adult albino rats of the species
Rattus Norvegicus to determine changes in
the liver morphology and terminal body
weights upon administration of varying doses
of silymarin milk thistle on paracetamol-
induced toxicity.

With the increasing level of liver failures
arising from toxicities from various agents
such as drugs or alcohol (Stefan & Hamilton,
2010), a restorative remedy should be
sought to help in managing the disease and
improve the quality of life and health in the
population. Scientific data on dosage and
administration is of great importance in the
application of various types of medicinal
herbs to counter liver toxicities. Silymarin
milk thistle is a medicinal herb that widely
grows in most of the climatic conditions
worldwide, and it has been used in managing
liver conditions, though there is still
inadequacy of data on the hepato-restorative
effects that this study sought to find out.

MATERIALS AND METHODS

Study subjects

This study was conducted on pure bred
albino rats of the species Rattus norvegicus
from a pure colony sourced from the
Department of Biomedical Sciences of
Maseno University. This study used albino
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rats as study subjects due to various facts;
they have a short gestational period, they are
small in size and easy to handle during the
experimental study, are able to withstand a
wide range of medicines and they share
similar biological characteristics with humans
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therefore, they replicate same results
(Pritchett & Corning, 2004).They were put in
polycarbonate cages in the animal house and
fed with standard rodent pellets and water
ad libitum throughout the entire
experimental period. Study design: A
Posttest-only experimental study design was
used.

Sample size determination and
sampling technique

The sampled size was arrived at using
Modified Resource equation method (Arifin,
2017). A total of 24 albino rats were used in
this study.

Sampling technique; a simple random
sampling method was used to obtain the 24
animals from a colony in the animal house
and also randomly sampled into the two
major groups of Experimental groups and
Control groups. These included;

A: Negative control group- this group did not
receive any drug intervention.

B: Positive control group- high dose
paracetamol (750 mg/kbwt) for five days.

C: Low dose Silymarin group- received high
dose of paracetamol (750 mg/kbwt) for five
days for hepatotoxicity induction, thereafter
low dose of silymarin milk thistle (200
mg/kbwt) for the remaining days.

D: Medium dose Silymarin group- received
high dose of paracetamol (750 mg/kbwt) for
five days for hepatotoxicity induction,
thereafter medium dose of silymarin milk
thistle (400 mg/kbwt) for the remaining
days.

E: High dose Silymarin group- received high
dose of paracetamol (750 mg/kbwt) for five
days for hepatotoxicity induction, thereafter
high dose of silymarin milk thistle (600
mg/kbwt) for the remaining days.

Drugs

The paracetamol tablets were obtained from
Litein Central Chemist, Kericho County,
Kenya (BN: 2H103), while the silymarin milk
thistle tablets were obtained from
Dynapharm Kenya Limited, Nakuru City.
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They were prepared by dissolving in water
for injection before being administered
orally.

Data collection

To achieve the liver morphological
parameters of length and width, a digital
Vanier caliper was used, while a digital
weighing scale was used to obtain liver
weight and animal weight. The animal
weights were taken at the beginning of the
experiment (initial body weight) and at the
end of the experiment (terminal body
weight). To estimate liver volume,
Archimedes’ principle was used to obtain the
independent volumes of all rats’ livers. This
principle works by estimating the volume of
the liver by inserting the fixed liver organ
that was extracted into the 100 ml graduated
beaker, half-filled with normal saline, with
measurements of displaced volumes taken.

Laboratory procedure

All the rats were fed with standard rodent
pellets and water ad /ibitum throughout the
experimental period within polycarbonate
cages. The drugs (paracetamol and silymarin
milk thistle) were all dissolved in water for
injection and given in varying doses as per
the weights and dosages for each group.
Administration of these drugs was via the
oral route using gastric gavage. The animals
were handled solely by the principal
investigator and a certified animal technician
for purposes of drug administration and daily
weighing.

At the end of the 21 days, the rats were left
for 12 hours after the Ilast drug
administration before being sacrificed. They
were anesthetized by being put in a jar filled
with concentrated chloroform. They were
mounted on a mounting board in supine
position with an incision from the sternal
angle to the pubis symphysis. They were
then sacrificed and liver tissues harvested for
measurements of morphological parameters
such as volume, width and length.
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Data Analysis

The data were entered into an Excel sheet
and analyzed using SPSS (26) Chicago,
Illinois. Gross morphological data such as
volume, weight, length and width of the liver
were analyzed descriptively using the mean
and the standard error of the mean. One-
way ANOVA analysis of variance was used to
test the mean groups and a post hoc test was
used to test the difference between the
mean groups. A p < 0.05 was found to have
statistical significance at a 95% confidence
interval.

Ethical considerations: The ethical
approval to carry out the study was sought
from the University of Eastern Africa,
Baraton-Kenya, number
UEAB/ISERC/11/01/2023. Licensed from the
National Commission for Science,
Technology and Innovation (NACOSTI),
license number: NACOSTI/P/23/23588. All
protocols for handling and humane
sacrificing of animals were adhered to
throughout the entire study period.

RESULTS

Morphological restorative effects of
different doses of silymarin milk thistle
on paracetamol-induced hepatotoxicity
The mean volume, width, length and weight
of the liver of the control groups were
compared to the experimental groups that
received high, medium and low dose of
silymarin milk thistle. The terminal body
weights of the experimental groups were
also compared to the control groups to
illustrate body weight restoration after
administration of varying doses of silymarin
milk thistle.

There was a significant (p < 0.0001)
reduction in the mean length, weight, width
and volume of the liver in the positive control
group as compared to the negative control
group. A One-way ANOVA was used to test
the significance and p < 0.05 at 95%
confidence interval was found to be
significant (Table 1).

There was a significant (p< 0.0001) increase
in the mean of all liver parameters of volume,
width, length and weight in the high dose
group as compared to the positive control
group. All the liver weights and gross
morphological parameters of the low dose
group and medium dose group were not
statistically (P< 1.000) significant (Table 2).
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There was a significant (p < 0.0001)
reduction in the mean of all liver parameters
(length, width, weight and volume) in the
low dose and medium dose groups as
compared to the negative control group.
There was no significant difference (p<
1.000) in the liver morphologic parameters of
the high dose group as compared to the
negative control group (Table 3).

Terminal body weight of the adult
albino rats

The body weight of the albino rats was taken
at the beginning and at the end of the study.
The terminal body weight was the one that
was found to be of statistical significance.
There was reduction in the terminal mean
body weight of the rats in the positive control
group, the low dose silymarin group and the
medium dose silymarin group respectively as
compared to the negative control group with
a significant (p< 0.0001) increase in the liver
weights in the high dose silymarin group
(Figure 1).
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Table 1: Morphological changes in paracetamol induced hepatotoxicity
Variable per groups

Negative Control
(water + feeds)

Positive

(750mg/kgbwt
paracetamol)

control
of

Volume of the Width of the

Length of the Weight of the

liver (ml) liver (mm)

Mean £SEM Mean £SEM
11.76 £ 0.04 41.14 + 0.23
8.88 + 0.11 35.50 + 0.19
P < 0.0001 P=<0.0001

liver (mm) liver (g)
Mean £SEM Mean £SEM
64.61 + 0.19 11.04 £ 0.11
50.97 £ 0.10 8.41 £ 0.09
P < 0.0001 P < 0.0001

Table 2: Liver morphological changes in paracetamol induced hepatotoxicity following administration of different doses
of silymarin milk thistle and positive control
Variable per groups

Positive control (750mg/kg/bwt of

paracetamol)

High dose (600 mg/kbwt of silymarin)

Medium dose (400 mg/kbwt of

silymarin)

Low dose (200 mg/kbwt of silymarin)

Key: SEM- standard error of mean. Mg/kbwt -milligrams kilo body weight, Volume measured in milliliters (ml), width

and length (mm), weight (g)

Volume of the Width ofthe

liver

Mean £SEM
8.88 £ 0.11
P< 0.0001

11.23 + 0.07
P=< 0.0001

8.62 £0.18
P< 1.000

8.76 £0.19
P<1.000

Length of Weight of
liver the liver the liver
Mean £SEM Mean £SEM Mean £SEM
35.50 £ 0.19 50.97 £ 0.10 8.41 £ 0.09
P< 0.0001 P< 0.0001 P< 0.0001
40.35 £ 0.10 62.48 £0.20 @ 10.87 £0.10
P< 0.0001 P< 0.0001 P< 0.0001
35.67 £ 0.22 50.95+ 0.13 8.61 £ 0.25
P< 1.000 P< 1.000 P< 1.000
35.59 £ 0.19 50.59 £ 0.27 8.35+ 0.04
P< 1.000 P< 1.000 P< 1.000

Table 1: Liver morphological changes in paracetamol induced hepatotoxicity following administration of different
doses of silymarin milk thistle and negative control

Variable per groups

Negative control (water + feeds)

High dose (600 mg/kbwt of

silymarin)

Medium dose (400 mg/kbwt of

silymarin)

Low dose (200 mg/kbwt of

silymarin)

Key: SEM- standard error of mean. Mg/kbwt -milligrams kilo body weight. Volume measured in milliliters (ml), width

and length (mm), weight (g)

Volume of the

liver
Mean £SEM

11.76 + 0.04
P=< 0.0001

11.23 £ 0.07
P< 1.000

8.62 £ 0.18
P=< 0.0001

8.76 £ 0.19
P=< 0.0001
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Width of
the liver
Mean
+SEM
41.14 £ 0.23
P< 0.0001

40.35 £ 0.10
P<1.000

35.67 £ 0.22
P=< 0.0001

35.59 £ 0.19
P=< 0.0001

Length of
the liver
Mean

+SEM

64.61 + 0.19
P< 0.0001

62.48 £ 0.20
P<1.000

50.95+ 0.13
P=< 0.0001

50.59 + 0.27
P=< 0.0001

Weight of
the liver
Mean
+SEM

11.04 £ 0.11
P< 0.0001

10.87 £ 0.10
P<1.000

8.61 £ 0.25
P=< 0.0001

8.35 £ 0.04
P=< 0.0001
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Figure 1: Line graph showing the mean terminal body weight of the control group compared the experimental groups.
EXP1- positive control group, CONTROL- Negative control group

DISCUSSION

Silymarin milk thistle an edible herb, is
believed to have antioxidant, radical
scavenging and regulation of glutathione
levels properties. It has been used over time
in treating various conditions, including
stomach upset, liver and kidney problems;
however, its  pharmacokinetics and
pharmacodynamics have not been well
documented. In this study, different doses of
silymarin milk thistle (high dose of SIL-600
mg/kbwt, medium dose of SIL-400 mg/kbwt,
low dose of SIL-200 mg/kbwt) were
administered to the experimental group and
there was a significant improvement in liver
morphological parameters of weight,
volume, width and length as compared to the
positive control group (Tables 1, 2, & 3). The
high dose SIL group showed that there was
marked restoration of these parameters as
compared to the low dose SIL and medium
dose SIL groups. This might have been due
to silymarin improving the glutathione levels
in the blood and the liver counteracting the
effects on paracetamol toxicity, hence
lowering the effects of NAPQI. These
changes may also be due to the reduction in
superoxide anion levels in the bloodstream,
causing improvement and restoration of
these parameters as compared to those of
the negative control. From literature
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reviewed, silymarin milk thistle was found to
potentiate the restoration of relative liver
weights, glutathione levels and plasma lipid
levels in metabolic syndromes and
nonalcoholic fatty liver disease
(Tajmohammadi et al,, 2018; Abenavoli et
al., 2011). Khazaei et al., also recorded that
silymarin milk thistle led to a reduction in the
weights of spleen in laboratory animals,
hence concurring with the current study
(Khazaei et al,, 2022).

From literature reviewed, it was found out
that post-administration of silymarin milk
thistle on carbon tetrachloride induced liver
fibrosis, liver morphological parameters were
greatly improved, leading to resolution of
liver fibrosis (Tsai et al, 2008), hence
concurring with this present study that
demonstrates restorative effects of silymarin
milk  thistle on  paracetamol-induced
hepatotoxicity. Upon administration of
silymarin milk thistle to diazinon-treated rats,
it was found that liver volume and weight
increased significantly as compared to those
that never received silymarin, concurring
with this study that liver volume and weight
were  positively impacted by the
administration of silymarin milk thistle
(Masoumi et al., 2020).
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A study by Cetinkunar et al,, 2015 on the
effects of silymarin on liver regeneration
after partial hepatectomy, found that
silymarin was able to speed up the rate of
liver regeneration, thereby increasing the
relative liver weights. Silymarin was also
found to bring about a restoration of body
weights and an increase in kidney weights in
drug-induced nephrotoxicity, either from
acetaminophen, chloroform, gentamycin, or
even cisplatin (Mashayekhi, 2012; Shahbazi
etal., 2012).

Paracetamol toxicity has been associated
with a reduction in the body weight of the
animals (Figure 1). This could be due to the
injurious effects of paracetamol on the body
organs, specifically the liver and kidney. The
oxidative stress and free radical production
cause hepatocellular and nephro-cellular
damage that triggers inflammatory
mediators that cause cell damage. These
toxic levels would lead to oxidative stresses
that would likely affect the normal
physiological functions of the body, leading
to a general decline in body metabolism and
functioning, leading to a decline in terminal
body weights (Nuriye Ezgi Bektur, 2016).

A study done on pigs to determine the effects
of silymarin milk thistle on animal weight and
organ weight showed that there was an
increase in the average weight of the liver
and kidneys, though there was a reduction in
the weights of the heart and the lungs. There
was also an increase in the terminal weights
of the pigs given silymarin milk thistle. This
could possibly be an indication that silymarin

has a positive impact on the
cardiorespiratory as well as restorative
properties on the liver and kidneys

(Kropiwiec-Domanska et al., 2022).

A study by Khazaei et al,, on the effects of
silymarin milk thistle on some laboratory
animals found out that on administration of
this medicinal plant, there was an increase in
body weight and carcass components in
Japanese quail (Khazaei et al., 2022). Kumar
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Das & Vasudevan, also recorded that
silymarin milk thistle had a protective effect
against weight loss in ethanol-induced
oxidative stress in the liver (Subir Kumar
Das, 2006). In a study on the anti-aflatoxin
effects of silymarin milk thistle on broilers, it
was noted that on administration of silymarin
milk thistle, there was an increase in weight
gain in the animals (Alhidary et al., 2017).
This improvement in the body weights of the
animals could be due to the phytochemical
silymarin countering the hazardous effects of
various components of toxic drugs on the
body and restoring the normal physiology of
the organs. These studies imply that
silymarin has restorative effects on the body
weights of various animals, thus concurring
with this current study.

CONCLUSIONS

Silymarin milk thistle has been found to have
restorative effects on liver tissue at higher
doses, even though its pharmacodynamics
and pharmacokinetics in humans have not
been confirmed. It was further recorded that
silymarin milk thistle had an impact on
improving the body weight of the albino rats
that had paracetamol-induced
hepatotoxicity.

Strengths and limitations of the study
No deaths among the study subjects were
recorded during the entire experimental
process. One limitation encountered was the
expensive reagents used in the experimental
process.
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