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INTRODUCTION

NSAIDs are widely used worldwide and are the most
common drugs associated with drug induced liver injury.1

Although there are many studies attempting to decrease
the toxicity of NSAIDs, to date there are no effective
drugs and therapeutic strategies for the treatment or pre-
vention of hepatic damage caused by NSAIDs. Indo, is
one of the most commonly used NSAIDs with potential
hepatotoxicity.2 It is used to relieve fever, pain, stiffness,
and swelling in musculoskeletal disorders. Indo is rapidly
absorbed from the gastrointestinal tract after oral adminis-
tration and its hepatic clearance is low.3

Thymol, a monoterpene phenolic compound, is found in
the oils of thyme and produced from different plant species
such as Thymus vulgaris, Thymbra spicata, Thymus ciliates, Origa-
num vulgarae, Trachyspermum ammi species, Monarda fistulosa and

Nigella sativa seeds. It has many pharmacological biological ac-
tivities such as antimicrobial, anti-inflammatory, antioxidant,4

antiapoptotic,5 anti-hepatotoxic,6 anti-hyperlipidemic and
anti-hyperglycemic,7 neuroprotective8 and radioprotective
activities.9 Many phenolic compounds in various plants have
been reported to have potent antioxidative and hepatoprotec-
tive activities.10 So, the aim of the present study was to evalu-
ate the hepatoprotective role activity of Thymol on
Indo-induced gastric ulcer models and to identify the molec-
ular pathways involved in this pathophysiology.

MATERIAL AND METHODS

Animals

Thirty Sprague-Dawley rats, female and weight ranging
250-300 g, were used in the study. Constant environmental
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Introduction and aim.Introduction and aim.Introduction and aim.Introduction and aim.Introduction and aim. Indo is widely one of the non-steroidal anti-inflammatory drugs and one of the common toxic effects of
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orally administered to the rats. Liver function enzymes (AST, ALT and LDH) were measured from serum samples. TOS/TAC, TNF-
α and PGE2 levels, eNOS and Caspase-3 activity were assessed from tissue homogenate samples. In addition, histopathologic
analysis on liver sections was performed. Results.Results.Results.Results.Results. Indo significantly increased the levels of hepatic enzymes, TNF-α and eNOS,
and caspase-3 activation, while decreased PGE2 levels. Furthermore, it induced oxidative stress as evidenced by elevated TOS
and decreased TAC levels. However, Thymol treatment induced a significant improvement in these parameters, especially in 250 mg/
kg dose. On the other hand, treatment with Thymol 500 mg/kg dramatically affected the parameters much worse than the Indo treat-
ed group. Conclusion.Conclusion.Conclusion.Conclusion.Conclusion. The findings of the current study demonstrated that Thymol administration significantly ameliorated liver in-
jury due to Indo toxicity. This effect of Thymol (250 mg/kg) may be mediated by its anti-oxidative or anti-inflammatory effect, and
up-regulation the synthesis of PGE2.
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conditions were maintained with a temperature of 22 ± 1
°C, humidity of 55% and a 12-h light/dark cycle. Experi-
ments were performed according to the Guide for the
Care and Use of Laboratory Animals published by the US
National Institutes of Health (NIH publication No. 85-23,
revised 1996). All experimental procedures in this study
were approved by the Atatürk University Local Ethics
Committee for Animal Experiments (No. 104, 02.06.2015).

Chemicals

Indo were purchased from DEVA Holding A.S. (Istan-
bul, Turkey). Certified chemical standard of Thymol (>
99.5%) and the other all chemicals were purchased from
Sigma-Aldrich International (St. Louis, MO, USA).

Experimental Design

The rats were divided into seven groups containing 5
rats in each group: control, ulcer control (30 mg/kg Indo),
Indo + reference standard (50 mg/kg Ranitidine hydro-
chloride), Indo + Thymol (75, 150, 250 and 500 mg/kg).
Doses of Thymol were determined according to our pre-
liminary studies based on the dose patterns of this agent
and the previous studies.11 The animals were fasted for 24
h prior to the administration of each of control, standard
and test compounds. The control rats received 1 mL dis-
tilled water orally by gavages. All substances used were
dissolved in distilled water. Firstly, Indo (30 mg/kg, 0.5
mL) was administered orally to the above mentioned
groups. After 10 minutes of this treatment, Thymol (1 mL/
rat) were given orally at the studied doses. Six hours after
Indo treatment, the rats were anesthetized using Sevoflu-
rane (3.5vol% and 30% oxygen: 70% N2O) for a 30-min ex-
perimental period using a rat-adapted masks. A
longitudinal incision was made 2 cm to in the upper abdo-
men and livers were dissected.

Estimation of
serum biochemical parameters

Liver function enzymes including serum AST, ALT,
and LDH were determined in accordance with methods
provided by the diagnostic kits (Bioclinica).12

Preparation of tissue homogenates

Fresh tissues were rinsed with ice-cold saline and im-
mediately stored at -80 °C. The tissue specimens were
weighed and then homogenized in a PBS at pH 7.0. Ho-
mogenized liver specimens were then centrifuged at
10,000 rpm at 4 °C for 15 min to isolate the supernatant for
subsequent analysis.

Determination of TNF-ααααα,
Caspase-3, PGE2, and eNOS levels

The commercially available ELISA kits were used ac-
cording to the manufacturers’ recommendation: Rat
TNF-α kit (Biolegend San Diego, CA, USA), Caspase-3
activity kit (Beyotime Institute of Biotechnology, Haimen,
China), PGE2 Express kit (Cayman Chemical Company,
Ann Arbor, MI, US), eNOS kit (Korain Biotech, Junjiang
Internatioanl Bldg., SH. China).

Determination of oxidative stress

The automated TAC and TOS assays were carried out
in tissue homogenates using commercially available kits
(Rel Assay Diagnostics®, Gaziantep, Turkey).13

Histopathological examinations
and assessments

Liver sections were fixed in 10% formalin and then em-
bedded in paraffin to form blocks. Later, the samples were

Table 1. The effects of Thymol on serum AST, ALT and LDH in Indomethacin-induced liver injury in rat.

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

Control 111.25 ± 8.46 43 ± 2.94 880.75 ± 59.38

Indo (25 mg/kg) 157.25 ± 7.89a4 57.75 ± 3.86a1 1597.0 ± 300.10a3

Ranitidine (50 mg/kg) + Indo 139.0 ± 8.20a1 44.25 ± 3.86 1312.0 ± 109.40

Thymol (75 mg/kg) + Indo 165.5 ± 11.84a4 56.50 ± 1.29 1947.2 ± 227.34a4

Thymol (150 mg/kg) + Indo 163.25 ± 11.95a4 55.25 ± 3.59 1572.7 ± 273.33a3

Thymol (250 mg/kg) + Indo 122.25 ± 5.62b2 44.75 ± 2.36 964.2 ± 176.56b2

Thymol (500 mg/kg) + Indo 390.5 ± 22.23a4,b4 107.50 ± 17.07a4,b4 2405.5 ± 293.20a4,b4

Data are presented as means ± SD (n = 5). a denotes significant differences between other studied groups and control (a1: p < 0.05, a3: p < 0.001, a4: p <
0.0001), b denotes significant differences between other studied groups and Indo group (b2: p < 0.01, b4: p < 0.0001) by Tukey’s multiple range tests.



Geyikoglu F, et al.  ,     2018; 17 (6): 980-991982

then serially-sectioned (5-μm thick) using a Leica
RM2135 microtome (Leica, Berlin, Germany), mounted
on glass slides and then stained using H&E solution. In
order to determine the liver glycogen content, some
slides were stained by PAS base following the manufac-
turers’ instruction (Sigma-Aldrich, PAS kit). The pres-
ence of an amyloid fibril protein was detected using
Congo red-staining kit and then sections were examined
under a light microscope by an experienced pathologist
who was blinded to the treatment. The high-resolution
pictures of samples (x200 and x400) were taken under
bright field using an Olympus BX60 microscope.

Statistical analysis

Results are expressed as the mean ± SD. Firstly, to see
whether all data are normally distributed or not, they were
analysed by Kolmogorov-Smirnov tests and then the differ-
ences in variance were analysed statistically using a one-way
analysis of variance (ANOVA) test (GraphPad Prism 6.01,
GraphPad Software, Inc.). Tukey’s test was used as a post. p
< 0.05 was considered as statistically significant. The su-
perscripts of a and b were used to compare the control and
Indo groups with other studied groups and the degree of
statistical significance was denoted such as a1: p < 0.05, a2:
p < 0.01, a3: p < 0.001, a4: p < 0.0001.

RESULTS

Effect of Thymol on
the serum AST, ALT and LDH levels

The levels of AST, ALT and LDH in serum of the con-
trol and experimental groups were shown in table 1. The
levels of AST, ALT and LDH were significantly elevated
in the Indo-treated rats. In rats treated with Thymol at
doses of 75 and 150 mg/kg, no significant differences in
the levels of AST, ALT, and LDH were observed in com-
parison with Indo group. However, treatment with Thy-
mol 250 mg/kg significantly decreased these marker
enzymes. On the other hand, treatment with Thymol 500
mg/kg remarkably increased the levels of the enzymes
more than Indo treated group.

Effects of Thymol on tissue TNF-ααααα level

Compared to control, the levels of TNF-α showed
significant increase in Indo-treated group. On the other
hand, Thymol treatment at dose of 250 mg/kg also mark-
edly decreased the of TNF-α level (p < 0.0001). Moreo-
ver, Thymol at the dose of 75 mg/kg rats did not alter the
TNF-α evel when compared with Indo group. However,
Thymol at the dose of 150 mg/kg slightly decreased this

level. Also, the 500 mg/kg Thymol treatment did not affect
the level of TNF-α stimulated by Indo (Figure 1A).

Effect of Thymol
on Liver Caspase-3 activity

Administration of Indo significantly elevated the cas-
pase-3 activity in the liver homogenates. On the other
hand Thymol treatment at the tested doses except for 500
mg/kg significantly inhibited Indo-induced caspase-3 acti-
vation. Especially, this enzyme activity with 250 mg/kg
dose of Thymol treatment was found to be similar to the
control and Ranitidine treated groups (Figure 1B). On the
other hand, Thymol at the dose of 500 mg/kg remarkably
increased the caspase-3 activity more than Indo treated
group (p < 0.0001).

Evaluation of
PGE2 Level in Liver

Indo administration resulted in a significant decrease in
PGE2 level as compared with control animals (p <
0.0001). Controversially, Ranitidine treatment remarkably
increased PGE2 levels with respect to the Indo treated
group. Except for 500 mg/kg dose of Thymol, other tested
doses increased PGE2 level in a dose-dependent manner.
Indeed; 250 mg/kg dose of Thymol treatment led to a sig-
nificant increase in PGE2 level (p < 0.0001). This dose ex-
hibited more profound effect on PGE2 level than the
effect of Ranitidine treatment. On the contrary, Thymol at
the dose of 500 mg/kg significantly decreased PGE2 level
which similar to Indo treatment (Figure 1C).

Effect of
Thymol on Liver eNOS activity

A significant increased eNOS level was observed with
Indo administration. Treatment with Thymol at all doses
prevented the elevation of the eNOS level as compared to
the control group. A slight decreased eNOS level was ob-
served with Ranitidine treatment. Moreover, the 250 mg/kg
dose of Thymol treatment significantly prevented the eleva-
tion of the eNOS level with respect to the Ranitidine
group. However, this dose could not reverse this level to
the normal one. Oppositely, a significant increased levels of
eNOS by the 500 mg/kg dose of Thymol administration
was obtained which was similar to Indo group (Figure 1D).

Effect of Thymol on antioxidant/oxidant
capacity in liver tissue

The antioxidant/oxidant capacity of Thymol on Indo-
treated rats was determined by measuring TAC and TOS



983Hepatoprotective Role of Thymol in Drug-Induced Gastric Ulcer Model. ,     2018; 17 (6): 980-991

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Effects of Thymol administration on liver treated with Indo. A.A.A.A.A. Level of TNF-α in liver was determined using an ELISA kit specific for rat. B.B.B.B.B. Level
of caspase-3 in liver was determined using an ELISA kit specific for rat. C.C.C.C.C. Level of PGE2 in liver was determined using an ELISA kit specific for rat.
D.D.D.D.D. Level of eNOS in liver was determined using an ELISA kit specific for rat. Data are presented as mean ± SD (n = 5). a denotes significant differences
between other studied groups and control (a1: p < 0.05, a2: p < 0.01, a3: p < 0.001, a4: p < 0.0001), b denotes significant differences between other studied
groups and Indo group (b1: p < 0.05, b2: p < 0.01, b3: p < 0.001, b4: p < 0.0001) by Tukey’s multiple range tests.

A. A. A. A. A. TNF-α levels of liver tissues. B. B. B. B. B. Caspase-3 levels of liver tissues
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C. C. C. C. C. PGE2 levels of liver tissues. D. D. D. D. D. eNOS levels of liver tissues.
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levels in liver homogenate (Figure 2A-B). Indo adminis-
tration increased the TOS level while markedly decreased
TAC level compared with the control rats. Treatment
with Thymol at doses of 75, 150 or 250 mg/kg significantly
reduced the elevated TOS level. Especially, the 250 mg/kg

dose of Thymol significantly restored the TOS levels
which were similar to the control one. On the contrary,
TOS levels at the dose 500 mg/kg of Thymol were found
to be statistically higher than that of Indo group. Moreo-
ver, a significant reduction in the TAC level was observed
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Figure 2.Figure 2.Figure 2.Figure 2.Figure 2. Effects of Thymol on liver oxidative stress level after treated with Indo. A.A.A.A.A. Level of TAS. B.B.B.B.B. Level of TOS. Data are presented as mean ± SD (n =
5). a denotes significant differences between other studied groups and control (a1: p < 0.05, a2: p < 0.01, a4: p < 0.0001), b denotes significant differences be-
tween other studied groups and Indo group (b2: p < 0.01, b3: p < 0.001, b4: p < 0.0001) by Tukey’s multiple range tests.

in the 500 mg/kg dose of Thymol treated group when
compared with the control (p < 0.0001).

Effect of Thymol
on histopathological changes

Figure 3(A-T), 4(A-F) and 5(A and B) demonstrated
the histopathological analysis of control and experimental
rat liver by H & E, PAS and Amyloid staining, respective-
ly. The livers of the control rats showed normal hepatic ar-
chitecture. H&E staining revealed that hepatic
inflammatory cell infiltration, congestion, dilatation of si-
nusoids, haemorrhage, hepatocyte apoptosis and an in-
creased Kupffer cells in Indo-treated rats (Figure 3A-G).
While the administration of Thymol at dose of 75 mg/kg
showed no histopathological amelioration of these effects
(Figure 3H-K), at increased doses was observed reduction
of congestion and dilatation of sinusoids (Figure 3L-M).
Especially, treatment with the 250 mg/kg dose of Thymol
clearly improved these histological changes in the liver
(Figure 3N-O). In contrast, Thymol at the dose of 500 mg/
kg caused more serious damage than Indo in the rat liver
(Figure 3P-T). Compared with controls, PAS staining
showed a profound decreased in the amount of glycogen in
hepatocytes with Indo treatment (Figure 4A-B). The 150
mg/kg dose of Thymol treatment caused a mild increase
liver glycogen compared with Thymol at the dose of 75
mg/kg (Figure 4C-D). Moreover, the increased doses of

Thymol elevated the amount of glycogen fairly similar to
control. However, the highest dose of Thymol led to a sig-
nificant depletion of glycogen (Figure 4E and F). Further-
more, no significant changes in the amyloid storage of the
liver were observed in Indo treated group (data not
shown). Conversely, Thymol at the dose of 500 mg/kg
treatment caused to a significant accumulation of this pro-
tein in hepatocytes (Figure 5A-B).

DISCUSSION

Indo is one of the most commonly used NSAIDs to
treat pain, inflammation, fever and to create gastric ulcer
models in animals. Moreover, hepatotoxic effects of this
drug have been reported.14 At present, the prevention and
treatment of hepatic injury is of key importance and re-
mains a major challenge in modern hepatology. Up to
now, there is no efficient protective and preventive thera-
py for Indo-induced hepatotoxic effects. Therefore, the
present study investigated the hepatoprotective effects of
Thymol with a broad dosage range (75-500 mg/kg) on gas-
tric ulcer models caused by oral administration of Indo in
rats. To provide a better understanding of the possible
mechanisms underlying the therapeutic effects of Thy-
mol, the levels of proinflammatory cytokines was as-
sessed. Thymol was chosen since it has protective effects
on different organs including the stomach, heart and kid-
neys.15-17
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A. A. A. A. A. TAS status of liver tissues. B. B. B. B. B. TOS status of liver tissues.
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Figure 3. H-K.Figure 3. H-K.Figure 3. H-K.Figure 3. H-K.Figure 3. H-K. The liver sections stained with hematoxylin and eosin in 75 mg/kg Thymol + Indo treated rats. [C: congestion. I: Infilitration. Small black ar-
row: sinusoidal dilatation. White arrow: kupffer cells. Big black arrow: vacuolar changes in cytoplasm. Circle symbol. Double white arrow: hemorrhage]. Bars:
100 and 200 μm.

Figure 3. A-G.Figure 3. A-G.Figure 3. A-G.Figure 3. A-G.Figure 3. A-G. Photomicrographs of liver sections stained with hematoxylin and eosin. AAAAA-B.B.B.B.B. Control rat liver. C-G.C-G.C-G.C-G.C-G. Indo treated [C: congestion. I: Infilitra-
tion. Small black arrow: sinusoidal dilatation. White arrow: kupffer cells. Big black arrow: vacuolar changes in cytoplasm. Circle symbol. Double white arrow:
hemorrhage]. Bars: 100 and 200 μm.

The results of the present study showed that the ad-
ministration of Indo (30 mg/kg) caused a significant ele-
vation of serum hepatic enzymes levels, an elevation of
TNF-α level, eNOS and caspase-3 activation, an induc-
tion of hepatic oxidative stress and histopathological

changes. These effects indicated a severe liver dysfunc-
tion in rats with Indo treatment. Similarly, previous
studies also indicated that the single application of Indo
dose (25-40 mg/kg) orally caused liver toxicity.18,19 ALT
is present prevalently in cytosol, whereas AST is present
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in both cytosol and mitochondria of hepatocytes.20 In the
present study, AST levels were found higher than ALT
level, implying the release of mitochondrial AST due to
increased mitochondrial oxidative stress.21 In contrast to
Indo administration, Thymol treatment markedly re-
duced the levels of AST, ALT and LDH (Table 1). In
agreement with our results, Thymol (150 mg/kg) admin-
istration has been reported to prevent the Paracetamol
(NSAIDs)-induced rises in serum enzymes in rats.6

Moreover, Indo significantly increased the levels of
TNF-α and eNOS, and caspase-3 activation in tissues. In
addition, Indo decreased the PGE2 level. Furthermore, it
induced oxidative stress as evidenced by elevated TOS
and decreased the TAC level. However, treatment with
Thymol exhibited a significant improvement in these pa-
rameters. This improvement was more pronounced in
the group treated with Thymol 250 mg/kg. Treatment
with Thymol 75 and 100 mg/kg did not succeed to re-
verse the parameters. On the other hand, treatment with

Figure 3. L-M.Figure 3. L-M.Figure 3. L-M.Figure 3. L-M.Figure 3. L-M. 150 μmg/kg Thymol + Indo treated rat liver [C: decreased congestion; small black arrow: decreased sinusoidal dilatation]. N-O.N-O.N-O.N-O.N-O. Normal liv-
er histology in 250 μmg/kg Thymol + Indo treated rats. P-T.P-T.P-T.P-T.P-T. 500 μmg/kg Thymol + Indo treated rat liver [The significant histopathological findings in hepatic
tissue].  [C: congestion. I: Infilitration; Small black arrow: sinusoidal dilatation. White arrow: kupffer cells. Big black arrow: vacuolar changes in cytoplasm;. Cir-
cle symbol. Double white arrow: hemorrhage]. Bars: 100 and 200 μm.

Thymol 500 mg/kg dramatically affected the parameters
much worse than Indo treated group.

TNF-α is one of the potent pro-inflammatory cy-
tokines secreted by activated numerous cell types in re-
sponse to an inflammatory stimuli and plays a causal role
in the development of liver injury.22 In the present study,
the increased TNF-α level indicated an inflammatory re-
actions induced by Indo treatment. However, Thymol ad-
ministration could prevent the enhancement of TNF-α
levels (Figure 1A). In agreement this result, it has been re-
ported that Thymol has strong ameliorative effects against
hydrocortisone-induced oxidative stress injury in hepatic
tissues by modulating and decreasing reverse levels of
TNF-α and TOS.23 In addition, Thymol has been shown
to protect HepG2 cells from Acetaminophen-induced ap-
optosis by down-regulating TNF-α level.24 This suggest-
ed that protective effects of Thymol on Indo-induced liver
injury are at least in part, associated with inhibition of
TNF-α production.
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Figure 4. A-F.Figure 4. A-F.Figure 4. A-F.Figure 4. A-F.Figure 4. A-F. The liver sections stained with PAS. (A)(A)(A)(A)(A) Control rat liver, (B)(B)(B)(B)(B) Pale and slightly stained hepatocytes in Indo treated, (C) 75 mg/kg Thymol +
Indo treated (D)(D)(D)(D)(D) increased glycogen content in 150 μmg/kg Thymol + Indo treated (E)(E)(E)(E)(E) PAS-positive glycogen stores in 250 μmg/kg Thymol + Indo treated
group, and (F)(F)(F)(F)(F) decreased glycogen content in liver of 500 μmg/kg Thymol + Indo treated rats. Bars: 100 μm.
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Figure 5. A-B.Figure 5. A-B.Figure 5. A-B.Figure 5. A-B.Figure 5. A-B. The liver sections stained with Congo red. (A)(A)(A)(A)(A) Control rat liver, (B)(B)(B)(B)(B) amyloid deposits in liver of 500 μmg/kg Thymol + Indo treated rats. [Ar-
row: amyloid accumulation]. Bars: 100 μm.

The hepatic damages of Indo may be due to Indo-in-
duced apoptosis in hepatocytes. To evaluate this process-
es, the levels of Caspase-3 was measured since Caspase-3,
the effector in the apoptotic cascade, plays a key role to
trigger hepatocyte apoptosis.25 Caspase-3 is activated
through two alternative pathways: 1) death receptors such
as Fas/FasL and TNF-R1, and 2) intrinsic mitochondrial
pathways.26 In the present study, caspase-3 activity signifi-
cantly increased due to Indo treatment with respect to the
control group (Figure 1B), implying that apoptosis trig-
gered the development of liver damage. In contrast, treat-
ment with Thymol resulted in a remarkable inhibition of
Caspase-3 activities, suggesting that Thymol has a potential
antiapoptotic effect on hepatocyte and this may mainly
rely on the death receptor TNF-α pathway. Indo-in-
creased TNF-α level may be related to the inhibition of
PGE2 synthesis since Indo inhibited the synthesis of pros-
taglandin endoperoxide, that catalyze the first committed
step in prostaglandin synthesis.27 On the other hand, the
decreased TNF-α levels might be associated with a de-
creased release of TNF-a due to an elevated PGE2 synthe-
sis since PGE2 has been reported to inhibit TNF-α
release from macrophages.28 Therefore, Thymol-enhanced
PGE2 level may prevent TNF-α release and cause a reduc-
tion in its level. These results suggested that Thymol may
up-regulate PGE2 synthesis, thereby inhibiting TNF-α re-
lease, and thus may alleviate hepatic damage.

In addition to TNF-α, Caspase-3, and PGE2 levels, to
assess the hepatic injuries of Indo and hepatoprotective ac-
tivities of Thymol, e-NOS level was measured. NO plays
an important role in regulating various physiological proc-
esses such as platelet inhibition, neurotransmission, apop-

tosis, blood vessel relaxation, immunity, and inflammato-
ry.29 However, overproduction of NO is cytotoxic since it
triggers formation of oxidative free radicals. Therefore,
NO plays an important role in various kinds of liver inju-
ry.30 NO is generated by three isoforms of NOS: nNOS,
iNOS, and eNOS.31 In the liver, eNOS is present in the
hepatocytes, endothelium of hepatic arteries, terminal he-
patic venules, and sinusoids.32 eNOS-derived NO has
been known to be beneficial for liver function regulating,
while iNOS- derived NO may be both beneficial and det-
rimental effects for liver homeostasis.33 It has been previ-
ously reported that hepatic damage may be caused by
excessive NO production through iNOS; however, there
is little information about the effects of NO production
by increased eNOS on the liver and the role of high
eNOS in the development of liver injury remains un-
clear.34 In the current study, the increased eNOS activity
may be the reason of Indo-induced harmful effects on the
liver. Thymol treatment decreased eNOS level, indicating
that Thymol could attenuate Indo-induced liver injury
(Figure 1D). This was also confirmed by attenuation of
congestion in the hepatic histopathological examination.
Moreover, Thymol (250 mg/kg) was able to keeps blood
flowing properly. This is consistent with previous studies
that the regular consumption of the polyphenol rich food
may reduce incidence of vascular disorders and improve
flow-mediated dilation.35,36

Oxidative stress; another factor contributing to liver
damage, represents an imbalance between the production
of ROS and the activity of antioxidant defence systems.37

ROS has been reported to be an important cytotoxic and
signalling mediator in the initiation and progression of in-
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flammatory liver diseases processes.38 Indo has been
shown to increase the production of ROS in the hepatic
tissue. Besides, the enhanced ROS level, Indo decreased
the activity of antioxidant enzymes.39 In this study, the
TOS has markedly increased in the liver treated with Indo
in comparison with the control group (Figure 2B). This
situation could be related to Indo-induced production of
ROS. However, treatment with Thymol effectively re-
stored the antioxidant/oxidant balance by preventing the
increased TOS and rising TAS. These effects might be due
to antioxidant and free radical scavenging properties of
Thymol. It is well known that natural antioxidants play an
important role in preventing the deleterious effects of tox-
ic agents in hepatic tissue by scavenging for free radicals
and/or by inhibiting free radical generation or by modula-
tion of the inflammatory response.40,41 Thymol has been
shown to act as scavengers of reactive oxygen species such
as superoxide anion radical, hydroxyl radical and singlet
oxygen.42 Moreover, the antioxidant effects of Thymol
have been reported.43,44 This effect was related to an en-
hanced antioxidant enzyme activities such as superoxide
dismutase, glutathione peroxidase and an increased levels
non-enzymatic antioxidants such as vitamin C, vitamin E
and reduced glutathione (GSH).16 Related to this, a high
antioxidant enzyme activities and total antioxidant status
were demonstrated in thymol-fed rats.45 In addition, the
anti-inflammatory activity of Thymol may rely on its abili-
ty to prevent the inhibition of PGE2 or to reduce the pro-
duction of several inflammatory factors in the hepatocytes,
including TNF-α. Thymol has been also reported to in-
hibit evaluation of some proinflammatory mediators and
prevent hepatocyte apoptosis.17,46

In addition to biochemical parameters, to assess Indo-in-
duced structural damages on liver, histopathological chang-
es were detected. A hepatic inflammatory cell infiltration,
congestion, dilatation of sinusoids, haemorrhage, hepato-
cyte apoptosis and an increase in number of Kupffer cells
were observed in Indo-treated group (Figures 3, 4, and 5).
Conversely, Thymol treatment markedly ameliorated the
hepatic damage induced by Indo. The liver of rats treated
with Thymol at dose of 250 mg/kg showed a normal struc-
ture. It has been know that Kupffer cell function plays an
important role in the pathogenesis induced by hepatotoxic
compounds. Moreover, Kupffer cells has been demonstrat-
ed to increase drug-induced liver injury through the genera-
tion of superoxide anion by macrophage and cytokines.47

Therefore, a blocking of Kupffer cells function by Thymol
administration could significantly reduce the hepatotoxici-
ty. However, the treatment with the highest dose of Thy-
mol led to significant pathological changes and the protein
aggregations in liver. An amyloid deposition in hepatocytes
was clearly observed in the Thymol group at the dose of 500
mg/kg. The main reasons of this amyloid plaque formations

may elevated oxidative stress due to the highest dose of
Thymol treatment since a higher TOS levels at the dose 500
mg/kg of Thymol was found as compared to the Indo-treat-
ed group.48 In addition to amyloid storage, the results ob-
tained from PAS staining clearly demonstrated that
treatment with Thymol (except for the overdose) signifi-
cantly increased the glycogen accumulation, which reduced
by Indo treatment. This suggests that mechanism of its
hepatoprotective effect may be related to the increased pro-
duction of glycogen. Thus our findings are an important
pharmacological basis for the therapeutic potentials of Thy-
mol in Indo-induced hepatic damages when compared with
standard reference drug.

Consequently, the hepatoprotective mechanisms of
Thymol may rely on its anti-inflammatory activity by in-
hibiting the release of proinflammatory mediators includ-
ing TNF-α and eNOS, on its anti-oxidative activity by
reducing the level of TOS and on its antiapoptotic activity,
which probably depends on down-regulation of activated
caspase-3. Therefore, Thymol can be an impressive hepat-
oprotective in drug toxicity; however, the high dose of
this molecule should be taken into account for further ex-
amination.

ABBREVIATION

• ALT: alanine aminotransferase.
• AST: aspartate aminotransferase.
• ELISA: enzyme-linked immunosorbent assay.
• eNOS: endothelial nitric oxide synthase.
• FasL: fas ligand.
• H&E: hematoxylin and eosin.
• HepG2: human hepatocellular carcinoma.
• Indo: indomethacin.
• iNOS: inducible NOS.
• LDH: lactate dehydrogenase.
• nNOS: neuronal NOS.
• NO: nitric oxide.
• NOS: nitric oxide synthase.
• NSAIDs: non-steroidal anti-inflammatory drugs.
• PAS: periodic acid–Schiff.
• PBS: phosphate buffered saline.
• PGE2: prostaglandin E2.
• ROS: reactive oxygen species.
• TAC: total antioxidant capacity.
• TNF-R1: tumor necrosis factor-receptor 1.
• TNF-ααααα: tumor necrosis factor-alpha.
• TOS: total oxidant status.
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