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Abstract

This study evaluated the hepatoprotective and antioxidant effects of thymol in female Wistar albino rats using a carbon
tetrachloride (CCls)-induced liver injury model. Rats were treated for seven days with thymol at doses of 100 and 200
mg/kg/day under both preventive and curative regimens. CCls administration induced marked hepatic damage, characterized
by elevated liver enzymes, altered lipid profiles, and increased oxidative stress. Thymol treatment markedly attenuated CCla-
induced liver injury, as evidenced by improved hepatic biochemical parameters, normalization of lipid metabolism, and
enhanced antioxidant defense mechanisms. The protective and curative effects were dose-dependent, with the higher dose
showing superior efficacy. Overall, thymol reduced lipid peroxidation and strengthened endogenous antioxidant enzyme
activities. These findings demonstrate that thymol exhibits significant hepatoprotective, therapeutic, and antioxidant proper ties
in experimental models of liver toxicity, supporting its potential therapeutic application in chemically induced hepatic
disorders.

Rezumat

Acest studiu a evaluat efectele hepatoprotectoare si antioxidante ale timolului la sobolani Wistar albino femele, utilizdnd un
model de leziune hepatica indusa de tetraclorura de carbon (CCls). Animalele au fost tratate timp de sapte zile cu timol, in doze
de 100 si 200 mg/kg/zi, atat in regim preventiv, cat si curativ. Administrarea de CCls a indus leziuni hepatice semnificative,
evidentiate prin cresterea enzimelor hepatice, alterarea profilului lipidic siamplificarea stresului oxidativ. Tratamentul c u timol
a atenuat semnificativ leziunile hepatice induse de CCls, fapt demonstrat prin ameliorarea parametrilor biochimici hepatici,
normalizarea metabolismului lipidic si intensificarea mecanismelor de aparare antioxidanta. Efectele protectoare si curative au
fost dependente de dozi, doza mai mare prezentdnd o eficacitate superioar. in concluzie, timolul a red us peroxidarea lipidica
si a stabilizat activitatea enzimelor antioxidante endogene. Aceste rezultate demonstreaza ca timolul prezintd proprietati
hepatoprotectoare, terapeutice si antioxidante semnificative in modele experimentale de toxicitate hepaticd, sustinand un
potential terapeutic pentru afectiunile hepatice induse chimic.
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Introduction of highly reactive trichloromethyl (-CCls) and
trichloromethyl peroxy (-OOCCls) radicals that
initiate oxidative stress and lipid peroxidation within
hepatocellular membranes (2).

Oxidative stress is recognized as a central
pathogenic pathway in CCls-induced liver toxicity.
Excessive generation of reactive oxygen species
(ROS) overwhelms endogenous antioxidant defense
systems, leading to oxidative damage to proteins,
lipids,and nucleicacids (3). This imbalance destroys
membrane integrity, impairs mitochondrial and
endoplasmic reticulum functions, and ultimately
leads to hepatocyte necrosis and inflammatory
infiltration. Experimental studies consistently report

The liver is an essential organ that plays a central
role in detoxification, metabolism, and maintaining
redox equilibrium. Due to its strategic anatomical
position and physiological functions, the liver is
highly exposed to toxicity caused by xenobiotics,
environmental pollutants, and chemical toxins.
Carbon tetrachloride (CCl4) is one of the most widely
used experimental hepatotoxins, reproducibly causing
liver damage in animalmodels, enabling investigation
of hepatotoxic pathways and assessment of hepato-
protective substances (1). The primary cause of
CCls-hepatotoxicity is its bioactivation by
cytochrome P450 enzymes, leading to the formation
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that CCls administration causes marked elevationsin
serum transaminases, increased levels of lipid
peroxidation products such as malondialdehyde
(MDA), and pronounced histopathological alterations,
including steatosis, congestion, and hepatocellular
necrosis (4). Consequently, the CCls-induced hepato-
toxicity model is widely accepted as a reliable
experimental tool for studying oxidative liver damage
and assessing antioxidant-based hepatoprotective
strategies (1).

In recent years, increasing attention has been
directed toward natural products and medicinal
plants as alternative or complementary strategies for
the prevention and treatment of liver diseases. A
wide range of plant-derived bioactive compounds
has demonstrated hepatoprotective effects, largely
attributed to their antioxidant properties. These
include free radical scavengingactivity, inhibition of
lipid peroxidation, and modulation of endogenous
antioxidant defense systems such as superoxide
dismutase (SOD) and catalase (CAT) (1).
Experimental investigations employing CCl.-
induced hepatotoxicity models have consistently
shown that various medicinal plant extracts can
attenuate biochemical alterations and histo-
pathological damage associated with liver injury;
such findings provide strong experimental evidence
supporting  the  therapeutic  potential of
phytochemicals in hepatic protection (1).

Among aromatic and medicinal plants, Thymus
vulgaris has gained significant attention for its
abundance ofbioactive phenolic compounds. One of
its main active constituents, thymol, a
monoterpenoid phenol, has been widely studied for
its antioxidant and hepatoprotective potential.
Experimental findings suggest that thymol can
reduce lipid peroxidation, restore antioxidant
enzyme activities, and limit the rise of liver function
markers following CCls-induced toxicity (5).
Comparative studies with synthetic antioxidants
such as butylated hydroxytoluene (BHT) further
highlight thymol’s protective role against oxidative
stress-related liver damage. These effects are
reflected by decreased MDA levels, improved
antioxidant defense systems, and preservation of
normal liver tissue architecture (5).

Beyond thymol-specific research, studies on
medicinal plant extracts in general consistently
support the protective role of natural antioxidants
against CCls-induced hepatotoxicity. Improvements
in serum biochemical markers, recovery of hepatic
antioxidant defenses, and reduced histopathological
damage have been reported following treatment with
plant-derived compounds (3). Histological observations
further demonstrate reduced hepatocellular necrosis,
inflammatory cell infiltration, and lipid accumulation,
emphasizing the central role of oxidative stress
modulation in liver protection (4).
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Despite these promising findings, important
questions remain, particularly regarding thymol’s
effectiveness under different treatment strategies and
dosing conditions. In addition, studies directly
comparing its preventive and therapeutic effects in
the same standardized liver injury model remain
limited. Clarifying these aspects is essential for a
better understanding of thymol’s true hepato-
protective potential.

Therefore, this study aimed to evaluate both the
protective and therapeutic effects of thymol in a
CCls-induced liver toxicity model in Wistar albino
rats. This was achieved by assessing liver function
biomarkers, lipid profile, oxidative stress parameters,
and histopathological changes. The originality of
this work lies in examining thymol’s effects through
both preventive and curative approaches within a
single experimental design.

Materials and Methods

Animals

We conducted an in vivo study on female Wistar
albino rats obtained from the Pasteur Institute of
Algeria. On arrival, the animals weighed 150 to 160
g. After an adaptation period, the mean body weight
reached approximately 200 g at the start of the
experimental procedures. We randomly assigned the
animals toexperimental groups ofseven rats per group.
We balanced the groups for baseline body weight.
During the adaptation and experimental periods, the
rats had free access to standard laboratory chow
supplied by the National Office of Animal Feed
(ONAB) in Bejaia. They also had free access to tap
water ad libitum. We housed the animals under
controlled conditions at 23 + 2°C. We maintained a
natural light-and-dark cycle. We performed all
handlingand experimental procedures in accordance
with internationally accepted guidelines for the care
and use of laboratory animals.

At the start of the experiment, the rats were
approximately 10-12 weeks old. Animals were
housed in groups of seven rats per cage under
standard laboratory conditions.

Chemical reagents

All chemicals used in this study were of analytical
grade and purchased from Sigma-Aldrich. The main
reagents included 5-methyl-2-(1-methylethyl) phenol
or thymol (CAS No. 89-83-8) with catalog number
16254, carbon tetrachloride or CCls (CAS No. 56-
23-5) with catalog number 319961, Tween 80 (CAS
No. 9005-65-6) under catalog number P4780,
formaldehyde (10%), potassium chloride (KCI),
hydrogen peroxide (H20:), potassium phosphate
(KHPOs), ethylenediaminetetraacetic acid (EDTA),
pyrogallol, trichloroacetic acid (TCA), thiobarbituric
acid (TBA), Tris base, and n-butanol. All reagents
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were prepared and stored according to the
manufacturers’ recommendations.

The chemicals were obtained from Sigma-Aldrich
(Merck KGaA, Darmstadt, Germany). Thymol
(CAS No. 89-83-8) was purchased from Sigma-
Aldrich (Riedel-de Haén brand) with catalog number
16254. Carbontetrachloride (CCls) (CASNo.56-23-
5) was obtained as reagent grade (=99.9%) from
Sigma-Aldrich, catalog number 319961. Tween 80
(Polysorbate 80) (CASNo. 9005-65-6) was supplied
by Sigma-Aldrich under catalog number P4780.
Evaluation of the hepatoprotective and therapeutic
effect of thymol

Induction of hepatotoxicity by CCIl4

The CCls-induced liver injury model used in this
study represents an acute hepatotoxicity model. We
induced hepatic damage with a single intraperitoneal
injection of carbon tetrachloride. Researchers use
this approach to examine early oxidative stress and
hepatocellular injury. They also use it to capture
initial biochemical and histopathological changes
linked to toxic liver damage.

Followinga 2 h fast, hepatotoxicity was induced by
intraperitoneal injection of carbon tetrachloride at 3
mL/kg body weight (2385 mg/kg), previously
diluted in olive oil (50% v/v) (6).

Treatment of animals

To evaluate the hepatoprotective and therapeutic
effects of thymol against CCls-induced liver injury,
we randomly assigned the animals to six
experimental groups. Each group included seven
rats. We administered thymol at 100 mg/kg and 200
mg/kg body weight. We prepared the dosing
solutions fresh each day. We administered thymol
for seven consecutive days. We used 0.9% NaCl
saline containing 0.1% Tween 80 as the vehicle.
The experimental groups were organized as follows.
Group 01 (negative control) received 0.9% NaCl by
oral gavage for seven days. Group 02 (positive
control) received 0.9% NaCl by gavage for seven
days, followed by intraperitoneal injection of CCla.
Groups 03 and 04 (post-treatment groups) were
injected with CCls and, after 30 min, treated with
thymol by oral administration at doses of 100 mg/kg
(C100) and 200 mg/kg (C200), respectively, for
seven days. Groups 05 and 06 (preventive groups)
were pretreated with thymol at doses of 100 mg/kg
(P100) and 200 mg/kg (P200), respectively, for
seven days before CCla injection.

At the end of the treatment period, all rats were
sacrificed, and blood and liver samples were
collected for biochemical, oxidative stress, and
histopathological analyses.

Sacrifices, blood sampling, and liver recovery
On the eighth day, rats were sacrificed under
anesthesia using diethyl ether. Blood samples were
collected by puncturing the retro-orbital sinus into
heparinized tubes for biochemical analyses. Samples
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were centrifuged at 3000 rpm for 10 min, and the
plasma was collected and stored at —4 °C until
biochemical parameter (ASAT, ALAT) and
oxidative stress marker (SOD, CAT, MDA)
analyses. Following dissection, livers were carefully
excised, rinsed with physiological saline (0.9%
NaCl), cleaned of adhering fat, weighed, and stored
appropriately. Portions of liver tissue were used to
prepare a homogenate to assess hepatic oxidative
stress parameters.

Determination of body weight and liver relative
weight

Body weight was recorded at the beginning of the
experiment and followed throughout the study
employingaprecision balance. Relative liver weight
(RLW) was calculated as the ratio of liver weight to
total body weight and expressed as a percentage

using the following formula:
Liver weight

RLW = ———————=x 100
Body weight 4,

Biochemical parameter assays
Plasma biochemical markers, including aspartate
aminotransferase (ASAT), alanine aminotransferase
(ALAT), cholesterol, and triglycerides, were
measured using commercially available diagnostic
kits commonly used in Algerian clinical laboratories
(Spinreact®). Each assay was carried out according
to the manufacturer's specific guidelines. After an
overnight of fasting, blood samples were collected
and centrifuged to separate the plasma.
ASAT and ALAT activities were measured using an
enzymatic kinetic technique in accordance with the
International Federation of Clinical Chemistry
(IFCC) guidelines (7,8). To assess the plasmatic
level of triglycerides, an enzymatic colorimetric
technique based on the GPO-PAP (glycerol-3-
phosphate oxidase-peroxidase) principle was used
(9). Total cholesterollevels were assessed using an
enzymatic colorimetric technique based on the
CHOD-PAP  (cholesterol  oxidase-peroxidase)
principle (10). All analyses were performed at Ain
Arnat's Medical Analysis Laboratory in Setif,
Algeria.
Measurement of oxidative stress markers
Preparation of the homogenate.
On the analysis day, liver homogenates were
prepared by homogenizing 500 mg of hepatic tissue
in 5 mL 0of 0.15 M KCl buffer (pH 7.4) at 4 °C using
a Potter-Elvehjem tissue homogenizer. As protease
inhibitors, 1 mM Phenylmethylsulfonyl fluoride
(PMSF) was added to prevent protein hydrolysis.
Liver homogenates were centrifuged at 3000 x g for
10 min,and the resultingsupernatants were collected
to determine oxidative stress status.
Protein concentration in liver homogenates was
determined using the Biuret method, the Spinreact
Kit (BSIS30-1). Antioxidant enzyme activities were



FARMACIA, 2026, Vol. 74, 1

normalized to protein content and expressed as
international units per milligram of protein.
Total Protein Assay

Plasmatic and hepatic total protein were determined
by the Biuret method using the Spinreact Kit
(BSIS30-1). The principle of this assay is based on
the formation of a violet-blue complex between
coppersalts and proteins in an alkaline medium. In
this test, the color intensity produced is proportional
to the total protein amount in the sample, as
determined by measuring absorbance at 540 nm
using a calibration curve (11). Briefly, twenty-five
pL of the standard, homogenate, or plasma was
added to 1 mL of the reagent. After 10 min of
incubation at room temperature, the absorbance was
recorded at 540 nm.

Measurement of superoxide dismutase enzymatic
activity

Superoxide dismutase (SOD) activity was
determined according to the method of Nandy et al
(12). The principle of this assay is based on the
inhibition of pyrogallol auto-oxidation by SOD.
Absorbance was measured at 420 nm for 60 s in the
presence or absence of plasma or liver homogenate
samples. The amount of enzyme required to inhibit
50% of pyrogallol auto-oxidation was considered as
oneunitof SODactivity. The enzymatic activity was
expressed as international units per milligram of
hepatic tissue protein or per milliliter of plasma.
Measurement of catalase enzymatic activity
Plasmatic and hepatic catalase activities were
assessed by following the decrease in absorbance at
240 nm, which reflects the breakdown of hydrogen
peroxide (H202). The H20: solution was prepared in
0.1 M potassium phosphate buffer (pH 7.2) and
added to the biological sample. Enzymatic activity
was calculatedusingthe molar extinction coefficient
0f43.6 M '-cm " and expressed as umol/min/mg of
tissue protein or umol/min/mL of plasma (13).
Measurement of malondialdehyde
Malondialdehyde (MDA) levels,used as an indicator
of lipid peroxidation, were measured using the
thiobarbituric acid reactive substances (TBARS)
assay.Sampleswere treated with trichloroacetic acid
and thiobarbituric acid under acidic conditions and
high temperature, followed by extraction with n-
butanol. The absorbance was recorded at 532 nm,
and the MDA level was calculated using a molar
extinction coefficient of 1.56 x 10° M™'-cm™.
Results were expressed as nmol MDA per gram of
tissue or per milliliter of plasma (14).
Histopathological Examination

Liver tissues were fixed in 10% neutral buffered
formalin, dehydrated, and embedded in paraffin.
Sections were cut and stained with hematoxylin and
eosin (15). Histopathological examination was
performed under a light microscope, and
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photomicrographs were obtained at the pathology
laboratory of Setif University Hospital, Algeria.
Statistical analysis

Data obtained from in vivo experiments were
expressed as mean + standard error of the mean
(SEM). Statistical analysis was performed using
GraphPad Prism 7 software. Comparisons between
groups were conducted using Student’s t-test for
simple comparisons or one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test for
multiple comparisons. Differences were considered
statistically significant at p <0.05.

Results and Discussion

Effect on body weight and relative liver weight
The results show no significant difference in body
weight between the initial and final measurements
across the experimental groups. Intraperitoneal
injectionofcarbontetrachloride (CCl4) led to a slight
decrease in final body weight compared to initial
weight in rats. Similarly, prophylactic and curative
pretreatment with thymol at 100 and 200 mg/kg/day
for 7 daysalsoresulted in a non-significant reduction
in final body weight relative to initial values.
However, the difference between initial and final
weight in the thymol-pretreated and treated groups
was significantly lower compared to the CCls-
intoxicated group (Table I).

As for relative liver weight (RLW), defined as the
ratio of liver weight (g) to total body weight (g), only
slight variations were observed among the groups
(Table I). The RLW values in thymol-treated rats
(both doses) closely resembled those of the normal
control group and were slightly lower than those in
the CCls-intoxicated group. This difference was not
statistically significant.

The slight reduction in body weight recorded
following CClas intoxication is consistent with its
hepatotoxic effects, which can disrupt metabolic
homeostasis. In thymol-treated groups, body weight
variation was not statistically significant, suggesting
that thymol treatment had no measurable effect on
body weight under the present experimental
conditions. These observations are consistent with
previous reports and are cautiously interpreted,
without extending mechanistic evidence (16, 17).
Similarly, no significant differences were recorded
in relative liver weight among the experimental
groups. This finding is expected in an acute CCla
intoxication model, where a single administration is
unlikely to induce marked liver enlargement. The
slight variations observed in relative liver weight are
therefore more likely to reflect changes in overall
body weight rather than true hepatic edema or
swelling.
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Variation in body weight, liver weight, and relative liver weight in control and thymol-treated rats
Experimental Groups

Healthy
CCl, group
Cur 200 mg
Cur 100 mg
Pre 200mg
Pre 100 mg

Initial weight (g)Final weight (g) A WeightLiver weight (g) Relative liver weight (%)
168.33 £11.09  176.00 + 10.53

203.43 £9.73
197.57 +3.18
184.00 +5.11
181.14 +3.65
182.85 £6.16

200.85+11.14
183.00 +4.08
166.66 + 11.81
162.50 +20.00
174.00 + 8.18

Table I
Parameters
7.67 6.74 £1.08 3.83 +£0.86
-2.58 8.59 £1.06* 4278 £0.45 *
-14.57 | 6.34 £0.36# 3.46 £0.20 ##
-17.34  6.67 £1.23 # 4.00 £0.73
-18.64  7.11+£0.72# 437+0.15#
-8.85 7.41+1.10# 4.26+0.39 #

The values represent the mean £ SEM (n=7). The values are expressed as mean + SEM, (n =7); *: p <0.05, **: p <0.01, ***: p <0.001

significant difference compared to the healthy control group, #: p <0.05, ##: p <0.01, ###: p <0.001 significant difference compared to the

CCl, group

Hepatoprotective and therapeutic effect of thymol
Effect on hepatic biochemical parameters

As illustrated in Figure 1, plasma alanine amino-
transferase (ALAT) and aspartate aminotransferase
(ASAT) activities were significantly increased in
rats exposed to carbon tetrachloride compared with
the healthy control group (p < 0.001), confirming
hepatocellular injury.

Preventive administration of thymol at both tested
doses was associated with lower transaminase
activities compared with the CCls-treated group,
with statistically significant differences observed at
specific doses. Post-treatment with thymol also
resulted in a significant reduction in ALAT and
ASAT activitiesrelativeto the CCla group. Although
enzyme activities were reduced following thymol
administration, they were not fully normalized.
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Figure 1.

Hepatic profile (AST and ALT) of rat groups treated with CCl4 in the presence and absence of thymol (100 and

200 mg/kg for 7 days).1 The values are expressed as mean = SEM, (n =7); *: p <0.05, **: p <0.01, ¥**: p <

0.001 significant difference compared to the healthy control group, #: p <0.05, ##: p <0.01, ###: p <0.001
significant difference compared to the CCls group

Effect on lipid biochemical parameters

As shown in Figure 2, carbon tetrachloride
administration modestly increased plasma
triglyceride and cholesterol levels compared with the
healthy control group; however, these differences
were not statistically significant. Preventive and

post-treatment administration of thymol at both
doses did not produce statistically significant
changes in plasma lipid parameters compared with
the CCla-treated group. Therefore, variations in lipid
profile were reported descriptively without inferring
a hypolipidemic effect.
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Figure 2.

Lipid profile (triglycerides and cholesterol) of rat groups treated with CCl4 in the presence and absence of
thymol (100 and 200 mg/kg for 7 days).2 The values are expressed as mean £ SEM, (n=7); *: p <0.05, **: p <
0.01, ***: p <0.001 significant difference compared to the healthy control group; #: p < 0.05, ##: p <0.01, ###:

p <0.001 significant difference compared to the CCl4 group

65



FARMACIA, 2026, Vol. 74, 1

Plasmatic ALAT and ASAT activities were significantly
increased in CCls-intoxicated rats, clearly reflecting
hepatocellular injury. These findings may be
interpreted as the over-release ofthese enzymes into
the circulation when the hepatocyte membrane is
destroyed by reactive free radicals generated during
CCls Biotransformation (18-20). Whereas, treatment
with thymol significantly decreased ALAT and
ASAT activities compared with the CCls-treated
group. This reflects a significant protective effect
against liver toxicity. Enzyme activities were
improved but not fully normalized, avoiding
overinterpretation of complete functional recovery
(21,22).

Variations in plasma lipid parameters observed
following CCls administration may reflect disturbances
in lipid metabolism induced by oxidative stress (17).
Although thymol-treated groups tended to show
lower triglyceride and cholesterol levels, these
differences were not statistically significant.
Therefore, these results should be interpreted with
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caution, and no definitive hypolipidemic effect can
be concluded from the present data.

Evaluation of oxidative stress markers

Oxidative stress markers in plasma

Plasma oxidative stress status is presented in Figure
3. CCls- intoxication induces a significant increase
in plasma malondialdehyde (MDA) levels compared
with the control group, indicating enhanced lipid
peroxidation. While plasma catalase (CAT) and
superoxide dismutase (SOD) activities decreased
following CCls administration, the changes were not
statistically significant.

Thymol administration was associated with lower
plasma MDA levels than in the CCls-treated group,
with statistically significant differences observed at
selected doses. Modulation of CAT and SOD
activities was also observed following thymol
treatment. These findings were interpreted as
attenuation of oxidative stress without attributing
specific molecular mechanisms.

MDA (nmol/mi)

Figure 3.
Effect of thymol on the status of oxidative stress markers in plasma. The values are expressed as mean
+SEM, (n=7); *: p<0.05,**: p <0.01, ***: p <0.001 a significant difference compared to the healthy control
group, #: p <0.05, ##: p <0.01, ###: p <0.001 a significant difference compared to the CCl4 group

Oxidative stress markers in liver homogenate

The hepaticoxidative stress status is shownin Figure
4. Rats exposed to carbon tetrachloride exhibited a
significant increase in hepatic malondialdehyde
levels compared with the healthy control group,
reflecting marked lipid peroxidation in liver tissue.
Hepatic catalase and superoxide dismutase activities
were also significantly altered following CCls exposure.

Both preventive and post-treatment administration
of thymol was associated with lower hepatic MDA
levels than in the CCls-treated group. Antioxidant
enzymeactivities in liverhomogenates were modulated
following thymol treatment. These changes were
described without inferring enzyme depletion,
compensatory upregulation, or direct restoration
mechanisms.
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Figure 4.

Effect of thymol on the hepatic status of oxidative stress markers. Values are expressed as mean = SEM, (n = 7);

*p <0.05,%%: p<0.01, ***: p<0.001 significant difference compared to the healthy control group, #: p <0.05,
#:p<0.01,##. p <0.001 significant difference compared to the CCl4 group
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Evaluation of oxidative stress status revealed a
significantincrease in plasma MDA levels following
CCls exposure, reflecting enhanced lipid peroxidation.
Changes in Catalase and SOD activities were
observed in both plasma and liver samples. While
plasma antioxidant enzymeactivities decreased after
CCls administration, hepatic enzyme activities
responded differently, highlighting tissue-specific
variations in oxidative stress. No mechanistic conclusions
regarding enzyme depletion, compensatory, or
regulation were drawn, as such interpretations
require additional experimental evidence (23, 24).
Thymol treatment was associated with lower MDA
levels and modulated CAT and SOD activities
compared with the CCls-treated group. These
findings suggest an attenuation of oxidative stress,
although these effects were interpreted cautiously,

520
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Ithy control

100 mg/ke

without assuming direct enzyme restoration or
specifying molecular mechanisms involved (23,24).
Histopathological study

Representative histological sections are presented in
Figure 5. Livertissues fromthe healthy control group
exhibited normal hepatic architecture, with well-
organized hepatocytes and intact sinusoids. In
contrast, the CCls-treated group showed marked hepatic
alterations, including hepatocellular degeneration,
inflammatory cell infiltration, vascular congestion,
necrosis, ballooned hepatocytes, and steatosis.

In the thymol pre-treatment groups, liver tissues
demonstrated a noticeable reduction in the severity
of histopathological lesions, particularly at the
higher dose, with partial preservation of normal
hepatic architecture. Likewise, post-treatment with
thymol resulted in less tissue damage than in the
CCla-treated group, although mild alterations remained.

Figure 5.

Liver histological sections (A) Healthy control: HT (healthy tissues). (B) CCls group: Inf. I (inflammatory
infiltration), Bal. cell (ballooned hepatocytes), Nec (necrosis), Conj (congestion). (C) Pre -treatment (Pre 100
mg/kg): Inf. I (inflammatory infiltration), Conj (congestion). (D) Pre-treatment (Pre 200 mg/kg): Ste (steatosis),
Conj (congestion). (E) Curative treatment (Cur 100 mg/kg): Con (congestion). (F) Curative treatment (Cur 200

mg/kg): Conj (congestion).
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Histopathological examination corroborated the
biochemical findings, revealing pronounced hepatic
damage in CCls-treated rats, including necrosis,
inflammatory infiltration, steatosis, and disruption
of normal liver architecture (25). Administration of
Thymol alleviated the occurrence of these lesions,
especially atthe higher dose, suggesting a protective
effect at the tissue level. These results reflect
histological improvement but do not indicate entire
hepatic regeneration beyond the structural changes
recorded (25,26).

Overall, the results of this study demonstrate that
thymol attenuated the biochemical, oxidative, and
histopathological alterations induced by acute CCla
exposure. While these findings reveal the thymol
hepatoprotective and therapeutic potential, the
conclusions are limited to the specific experimental
conditions of this study (27-33). Further studies are
required to elucidate the underlying mechanisms,
assess tissue-specific antioxidant responses, and
evaluate the long-term efficacy of thymol in models
of liver toxicity.

Conclusions

This study assessed the hepatoprotective and
therapeutic effects of thymol at 100 and 200
mg/kg/day, administered either prior to or following
CCla exposure, in Wistar rats. Acute CCls intoxication
was characterized by significant alterations in
biochemical markers of livertoxicity and oxidative
stress, includingincreased plasma transaminases and
high lipid peroxidation.

Thymol treatment was associated with an attenuation
of CCls-induced biochemical and oxidative alterations,
as reflected by reduced ALAT and ASAT activities
and decreased malondialdehyde levels compared
with the CCls-treated group. Improvements in
antioxidant enzyme activities were observed in both
plasma and liver samples following thymol
administration, however, these changes were
interpreted cautiously and not attributed to specific
molecular mechanisms. Although changes in plasma
lipid parameters did not reach statistical significance,
no adverse effects were observed following thymol
administration at the tested doses.

Overall, the results of this study reveal that thymol
attenuated biochemical, oxidative, and histo-
pathological alterations induced by acute CCls
intoxication. While these findings support the
hepatoprotective and therapeutic potential of
thymol, further studies are required to further clarify
the underlying molecular mechanisms, assess long-
term safety, and evaluate its efficacy in other
experimental models of liver toxicity.
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