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Abstract

Background and Objective: Thymoquinone (TQ) is an active phenolic compound obtained from Nigella sativa L.t has anti-inflammatory
and antioxidant activity by inhibiting the overproduction of certain inflammatory molecules and lipid peroxidation. TQ also has a
hepatoprotective effect. This study, it was aimed to biochemically investigate the effect of TQ on diclofenac (DC)-induced liver damage
in rats. Materials and Methods: The animals were divided into healthy control (HG), only diclofenac (DG), only thymoquinone (TQG) and
diclofenac+thymoquinone (DTQG) groups. The DC was injected intraperitoneally ata dose of 25 mg kg~". The TQ was administered orally
to the stomach at a dose of 20 mg kg~". This procedure was repeated once a day for 7 days. Results: Biochemical test results showed that
TQsignificantly prevented theincrease in oxidant parameters and the decrease in antioxidants in liver tissue, which is formed by DC. Also,
DC and TQ inhibited the increase of proinflammatory cytokines in liver tissue. The TQ also prevented the decrease of COX-1 activity by
DC and increased the inhibition of COX-2. The TQ also significantly suppressed the elevation of liver function markers such as Alanine
Aminotransferase (ALT) and Aspartate Aminotransferase (AST) with DC. Conclusion: These findings indicated that the hepatotoxic effect
of DC was due to oxidative stress and inhibition of cytoprotective structural COX-1 enzyme. It suggested that TQ may be useful in the
treatment of DC-related liver injury.
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INTRODUCTION

Non-steroidal anti-inflammatory medicines (NSAIDs) are
the most extensively used pharmacotherapeutic drugs
globally due to the wide range of conditions for which they
are prescribed’. The NSAIDs are preferred in treating
inflammatory diseases since they effectively control pain,
fever, redness and oedema resulting from the release of
inflammatory mediators?. The NSAIDs exert their
anti-inflammatory, analgesic and antipyretic actions by
lowering the activity of the cyclooxygenase (COX) enzyme
and reducing prostaglandin synthesis, among other
mechanisms?3, The COX-2 inhibition is kept responsible for the
therapeutic effects of NSAIDs and inhibition of COX-1, which
is cytoprotective, is responsible for gastrointestinal and other
side effects. Two NSAIDs are shown as the leading cause of
drug-induced liver injury worldwide®. It has been reported
that NSAIDs are responsible for approximately 10% of
drug-induced hepatotoxicity>. Studies have shown that
diclofenac (DC), an NSAID, has a more severe toxic effect on
the liver than other NSAIDs®. Metabolism intermediates such
as acyl glucuronides and benzoquinone imines are held
responsible for this toxic effect of DC’. The increased
formation of intracellular reactive oxygen species (ROS) has
been demonstrated to be a contributing factor to the
breakdown of mitochondrial integrity, which is another cause
of DC-induced hepatotoxicity®. In an animal study, DC
increased the levels of oxidative stress markers such as
Malondialdehyde (MDA), myeloperoxidase (MPO) and
hydrogen peroxide (H,0,). At the same time, it reduced the
amounts of antioxidant enzymes such as superoxide
dismutase (SOD), catalase (CAT) and glutathione (GSH)°. It
has been also reported that DC increases alanine
aminotransferase (ALT), aspartate aminotransferase (AST) and
Tumour Necrosis Factor-Alpha (TNF-a), interleukin-1beta
(IL-1B) and interleukin 6 (IL-6) levels®'®. This information
obtained from the literature shows the importance of
oxidative stress and increased proinflammatory cytokine in the
pathogenesis of DC hepatotoxicity.

In this study, thymoquinone (TQ), the protectiveness of
which we will test against DC hepatotoxicity, is an active
phenolic compound obtained from the essential oil of nigella
(Nigella sativa L.) seed. It has been documented that TQ
exhibits anti-inflammatory and antioxidant activity by
inhibiting the overproduction of inflammatory molecules
(TNF-a, NF-«B, IL-1B, IL-6, COX) and lipid peroxidation (LPO)'.
It has been reported that TQ has a hepatoprotective
effect with its antioxidant, anti-inflammatory and
immune-modulatory properties'.In the literature, it has been
stated that TQ has a selective inhibitory effect on COX-2™.

All this information suggested that TQ may effectively
protect liver tissue against possible oxidative damage of DC.
According to the literature review, there was no information
about the effect of TQ on DC-induced liver injury in rats. To
determine the biochemical effects of TQ on DC-induced liver
damageinrats, the researchers plan to conduct a biochemical
investigation.

MATERIALS AND METHODS

Study area: This study was carried out at Erzincan Binali
Yildirim University, Faculty of Medicine, Erzincan, Turkey from
November, 2021 to March, 2022.

Animals: It was decided to experiment using a total of
24 albino Wistar male rats, with their body weight fluctuating
between the ranges of 280 and 290 g. It was collected from
the Experimental Animals Application and Research Center at
Erzincan Binali Yildirim University in Turkey. Immediately
before the experiment, the animals were maintained in groups
atroom temperature (22°C) and fed simultaneously. The local
ethics committee approved the study (Date: 11-11-2021,
number: E-85748827-050.01.04-122461).

Chemicals: Thymogquinone was acquired from Sigma-Aldrich
and utilized in the experiment (Germany), Diclofenac from
Deva Holding (Turkey), Thiopental sodium from L.E Ulagay
(Turkey).

Animal groups: The test animals were placed into four groups:
The healthy group (HG), the diclofenac group (DG), the
thymoquinone Group (TQG) and the diclofenac+
thymoquinone group (DTQG).

Experimental procedure: To experiment, thymoquinone was
administered to the TQG (n = 6) and DTQG (n = 6) groups ata
dose of 20 mg kg~ orally to the stomach with a catheter. The
same volume (1 mL) of 0.9% NaCl solution was administered
orally to HG (n = 6) and DG (n = 6) as solvent. One hour after
administration of thymoquinone and solvent, DCwas injected
intraperitoneally at a 25 mg kg™ dose to the DTQG and DG
groups. This treatment was performed once daily for a total of
seven days. After this period, all animals were slain under
thiopental sodium anaesthesia at a high dose (50 mg kg™)
and their liver tissues were removed. Biochemical analysis of
the removed liver tissues was performed. The enzymes ALT
and AST were measured in blood samples collected from the
tail veins of the animals just before they were slaughtered to
determine how active they were.
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Biochemical analyzes

Tissue MDA and tGSH determination: MDA
measurements were measured by the spectrophotometric
method of the absorbance of the pink colored complex
formed by thiobarbituric acid (TBA) and MDA™. tGSH
measurement was made according to the method used
before’®

Tissue total oxidant status (TOS), total antioxidant status
(TAS) and oxidative stress index (0SI) determination: The
total oxidant system (TOS, nmol H,0, mg/protein), total
antioxidant system (TAS, umol Trolox Equiv/mg protein) and
oxidative stress index (OSI, TOS/TASX0.1) an innovative
automated measurement approach and commercially
available kits were used to determine the levels of tissue
homogenates in the samples (Rel Assay Diagnostics, Turkey),
both developed by Erel'8,

Measurement of COX activity: \We measured the COX activity
in the rat’s liver in this series of experiments using a COX
activity assay kit (Item No. 760151, Cayman, Ann Arbor, MI,
USA). To ensure that no red blood cells or clots were present
in the liver tissue before beginning the investigations, it was
necessary to carefully remove the liver tissue from the
membranes and bathe it with ice-cold Tris buffer, pH 7.4,
including 0.16 mg mL~" of heparin before beginning the
studies. The sample was then refrigerated at -80°C until it was
analyzed.

A gram of stomach tissue was taken from each rat. The
solution containing 0.1 M Tris-HCl, pH 7.8, one mM EDTA was
prepared and stomach tissue was homogenized in 5 mL of this
solution and then centrifuged at 10000 g for 15 minat4°C.For
testing, the supernatant was separated and stored on ice. We
then measured the protein concentration in the supernatant
using the Bradford method'®.

Peroxidase activity of COX was measured with
Cyclooxygenase-1  (COX-1, U mg™" protein) and
cyclooxygenase (COX-2,U mg™ protein) activity assay kit. This
assay works colourimetrically by monitoring the appearance
of oxidized N, N, N’, N'-tetramethyl-p-phenylenediamine at
590 nm. The COX-2 activity was determined using a
COX-1- specific inhibitor?.

TNF-a, IL-1B and IL-6 analysis: The weight of samples was
determined and then chopped all tissues into small pieces,
immediately frozen by liquid nitrogen and homogenized by
using a pestle and mortar, after melting samples were stored
at 2-8°C. The PBS (pH 7.4) at a 1/10 (w/v) concentration was

added, vortexed for 10 sec, centrifuged for 20 min at 10000 g
and then carefully collected the supernatants. The levels of
TNF-a (pg mL™"), IL-1B (pg L") and IL-6 (ng L") were
determined using acommercial kit provided by Eastbiopharm
Co., Ltd., ELISA kit, which is located in China.

ALT and AST analysis: Blood samples were drawn from the
veins and placed in tubes without anticoagulants. Following
clotting, the serum was centrifuged and stored at -80°C
until used in the experiment. For the liver function tests,
AST (U L7") and ALT (U L") activity were measured
spectrophotometrically using a Cobas 8000 autoanalyzer
(Roche Diagnostics, Mannheim, Germany) using commercially
available kits. (Roche Diagnostics).

Statistical analysis: The IBM SPSS 22 (IBM Corp. Released
2013. Armonk, NY) was employed for the statistical analysis.
The data were provided as the Mean=Standard Deviation
(SD). The one-way ANOVA was used to compare the two
groups. As a post hoc analysis after ANOVA, Tukey HSD was
utilized. The statistical level of significance for all tests was
considered to be p<0.05.

RESULTS

Biochemical results

MDA and tGSH analysis: Figure 1a shows MDA level was
found to be statistically significantly higher in DG group
(3.82+0.12) rats compared to HG (1.25£0.17), TQG
(1.14%0.08) and DTQG (1.57%0.44) groups (p<0.001). When
comparing the TQG and DTQG groups to the HG group, there
was no statistically significant difference in MDA levels
(p>0.05). It was seen that TQ reduces the MDA level that
increases with the administration of DC. The level of tGSH in
the DG group (2.26£0.12) was found to be significantly
lower than the HG (5.671+0.27), TQG (6.26+£0.52) and DTQG
(5.26+0.04) groups (p<0.001). There was no significant
difference in the level of tGSH in the DTQG groups compared
to the HG (p = 0.112). The tGSH levels in the TQG group were
higher than in the HG group (p = 0.015) (Fig. 1b). The TQ
increased the tGSH level that decreased with the
administration of DC.

TOS, TAS and OSI analysis: Figure 2a shows TOS level was
found to be higher in the DG group (6.10£0.45) compared to
the HG (2.21£0.19), TQG (1.80£0.38) and DTQG (3.27%0.20)
groups (p<0.001). The TOS values in the HG and TQG groups
were close to each other (p=0.157). The level of TAS in the DG
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TOS, TAS and OSl analysis of liver tissue in study groups

*p<0.001, according to HG, TQG and DTQG groups, **p>0.05, according to HG group, #p>0.05, according to TQG and DTQG groups,
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ANOVA was followed by Tukey’s post-test

group (2.08%0.28) was found lower compared to the HG (0.04%+0.01), TQG (0.03+0.01) and DTQG (0.08+0.01) groups
(5.60%0.20), TQG (6.08+0.56) and DTQG (4.35+0.24) groups (p<0.001).OSlvaluesin HG, TQG and DTQG groups were close
(p<0.001). The TAS values in the HG and TQG groups were  to each other (p>0.05) (Fig. 2¢). It is seen that the increase in
close to each other (p = 0.117) (Fig. 2b). OSI value was found TOS and OSI values and the decrease in TAS values were
to be higher in the DG group (0.30%£0.01) than in HG prevented by TQ with DC application.
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Fig. 4(a-c): TNF-a, IL-1B and IL-6 levels in the liver tissue

*p<0.001, according to HG, TQG and DTQG groups, TNF-a: Tumor necrosis factor-alpha, IL-1B: Interleukin-1beta, IL-6: Interleukin 6, HG: Healthy group,
DG: Diclofenac group, TQG: Thymogquinone group, DTQG: Diclofenac+thymogquinone group and One-way ANOVA was followed by Tukey's post-test

COX-1 and COX-2 analysis: The COX-1 activity was found to
be lower in the DG group (3.57%+0.10) according to HG
(6.56%£0.31), TQG (6.84%0.43) and DTQG (5.86%£0.08)
groups (p<0.001). The TQG and HG groups values were
not different in COX-1 activity (p = 0.321) (Fig. 3a).
The COX-1 activity was found to be lowerin DG (0.35%£0.04)

according to HG (0.69%+0.07), TQG (0.40+0.04) and
DTQG (0.17£0.04) groups (p<0.001). The TQG and HG
groups values were not different in COX-2 activity
(p = 0.366) (Fig. 3b). The addition of TQ to DC application
seems to prevent DC-induced reduction in COX-1 and
COX-2 levels.
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Fig. 5(a-b): ALT and AST levels in serum in blood
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Tukey's post-test

TNF-a and IL-6 analysis: The levels of TNF- o were found to
be lower in DG (1.97%0.22), TQG (2.33£0.24) and DTQG
(1.11%0.06) groups according to HG (3.87%0.09) (p<0.001).
The group with the lowest TNF-a levels was the DTQG group
(Fig. 4a). IL-1B levels were found to be lower in DG
(1.5910.13), TQG (1.75%0.06) and DTQG (1.12%0.07) groups
when compared with the HG group (3.09£0.62) (p<0.001).In
terms of IL-1B, the data in the HG, TQG and DTQG groups were
close to each other (p>0.05). The group with the lowest IL-6
levels was the DTQG group (Fig. 4b). The IL-6 levels were
found to be lower in DG (2.07%0.18), TQG (2.33%0.12) and
DTQG (1.20£0.11) groups according to HG (3.40%+0.11)
(p<0.001). The group with the lowest IL-6 levels was DTQG
(Fig. 4¢).

ALT and AST analysis: Figure 5a shows ALT level was found
to be higher in DG (195.17£5.19) compared to the HG
(45.00£4.94), TQG (39.33%£2.73) and DTQG (70.17£5.50)
groups (p<0.001). The TQG and HG groups values were not
differentin terms of AST level (p =0.193). The level of ALT was
higher in DG (385.50%+10.60) compared to HG (43.171+3.82),
TQG (38.50£4.37) and DTQG (74.50%5.79) groups (p<0.001).
TQG and HG groups were similar in terms of AST level
(p =0.630) (Fig. 5b). It is seen that TQ reduces the increase in
ALT and AST levels caused by DC administration.

DISCUSSION

The biochemical investigation of the preventive effect of
TQ against DC-induced oxidative liver damage in rats was
carried out in this work. The findings of biochemical tests
revealed that MDA and TOS levels were higher in the DC
group but that tGSH and TAS levels were lower in the DC

group when compared to the healthy and TQ treated groups
in ratliver tissue. As can be understood from previous studies,
oxidant/antioxidant status is used to reveal oxidative damage
and determine drug-induced toxicity'”'®. In previous
preclinical and clinical studies, it has been reported that DCis
hepatotoxic?'?2. In the literature, there is information that DC
inhibits mitochondrial oxidative phosphorylation and ATP
synthesis, increasing ROS production and causing damage to
hepatocytes?*?4, In studies conducted in recent years, it has
been documented that the level of MDA in the liver tissues of
rats administered DC increased®?. The deadly oxidant
molecule MDA, which is generated in cells due to the
peroxidation of polyunsaturated fatty acids, has long been
recognized as a biomarker for the presence of oxidative
stress?’. The MDA plays a role in exacerbating LPO damage
and makes this toxic effect by causing cross-linking and
polymerization of cellmembrane components?,. In this study,
TOS levels, which showed the total effect of all oxidants in the
body, were measured to confirm that DC causes oxidative
stress. In the DC group where MDA was measured high, the
TOS level was also increased.

The current study also found that DC decreased the level
of tGSH in the liver tissue. The GSH is an endogenous
antioxidant molecule in a tripeptide structure that protects
cells from the toxic effects of ROS. The GSH plays a significant
role in cellular defense against damage caused by oxidative
stress and detoxification reactions (such as hypochlorous acid
hydroxyl radicals)?*-°. This study overlaps with the literature,
the amount of MDA increased significantly, while the amount
of tGSH decreased in the measured liver tissue?*?,
Experimental results showed that TAS decreased in
correlation with the decrease in tGSH, consistent with the
literatiire'026,
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In this study, the effect of DC on COX-1 and COX-2 levels
in liver tissue was investigated. As is known, DG, like all other
NSAIDs, inhibits both isoforms of COX. Jung et a/8 reported
thatalthough DC showed selectivity to COX-2,italsoinhibited
COX-1 by 70%. It is known that inhibition of COX-1, which is
responsible for synthesizing cytoprotective prostaglandins,
triggers tissue damage®'32. The COX-2 is activated by
proinflammatory cytokines and causes inflammation™?3. The
fact that DC suppressed COX-1 production in liver tissue
suggested that it may have increased the sensitivity of liver
tissue to oxidative stress. In a study supporting this theory, it
was shown that there is a positive correlation between COX-1
and antioxidants34.

Current experimental results showed that DCsignificantly
decreased TNF-a, IL-1B and IL-6 levels in liver tissue. However,
some researchers argue that DC activates monocytes and
macrophages andinduces the synthesis and release of various
proinflammatory cytokines such as TNF-a and IL-1B, which
may cause liver damage?*. However, studies supported
currentfindings showing that DC exerts aninhibitory effect on
proinflammatory cytokine production. Arecent study reported
that DCinhibited the increase in TNF-a, IL-1B and IL-6 levels in
the liver®®. In another study, it has been claimed that DC
inhibited nuclear factor-kB activation induced by TNF-a¥. It
has been advocated that DC also reduces the severity of
epileptic seizures by suppressing the increase in TNF-a
and IL-6 levels in the brain tissue (hippocampus)3,

In many studies, ALT and AST parameters are widely used
to evaluate the hepatotoxicity of DC in test animals and
humans??73°, |n this investigation, ALT and AST levels were
more significant in the DC group than in the healthy group,
which was consistent with the literature. These findings
revealed that DC causes damage to hepatocytes
Akagunduz et a/* showed that degeneration and necrosis
developed in the hepatocytes of animals with high ALT and
AST levels. Yilmaz et a/*, in their studies, documented that
liverfunction markers such as ALT and AST are associated with
oxidative stress*.

Asisknown, excessively produced ROS are neutralized by
endogenous antioxidant defense systems to maintain tissue
integrity and functions at normal levels*2. These antioxidants
prevent the destructive effects of the LPO reaction with
scavenging reactions'®. As can be seen from our test results,
TQ prevented the increase of MDA amount with DC and the
decrease of tGSH. In addition, there was a significant decrease
in TOS level and a significant increase in TAS level in the DC
and TQ combined group compared to the DC group. It is

thought that this antioxidant effect of TQ may have occurred
due to its scavenging activity against many ROS, including
hydroxyl radical, singlet oxygen and superoxide anion™3"32,
In the literature, there is information that TQ has many
beneficial biological activities such as anti-inflammatory
and hepatoprotective, apart from its antioxidant effect.
As current experimental results showed, TQ significantly
decreased pro-inflammatory TNF-, IL-1B and IL-6 levels. The
group in which these cytokines were best suppressed was
obtained in the TQ and DC combined group. The reason for
this can be shown as the inhibitory effect of both TQ and DC
on these cytokines. The TQ's decrease in TNF-a, IL-1B and IL-6
levels suggest that it may be one of the mechanisms
underlying its anti-inflammatory effect mentioned in the
literatlire®. In the anti-inflammatory mechanism of action of
TQ, besides the inhibition of cytokines, COX-2 inhibition also
has arole®. Also, itis stated in the literature that TQ has COX-2
selective inhibitory properties™. In this study, it was
understood that the inhibitory effect of TQ on COX-2 was
selective. The fact that TQ increases the level of COX-1
indicated thatitis hepatoprotective. There was no information
in the literature showing that TQ increased COX-1 activity in
liver tissue. However, Demiryilmaz et a/*® showed that
nimesulide had a hepatoprotective effect by preventing the
decrease of COX-1 activity with ischemia-reperfusion. Itis also
understood that TQ has a hepatoprotective effect by reducing
the ALT and AST activities that rise with DC. The TQ, which
suppresses oxidant levels significantly and significantly
prevents the increase in ALT and AST activity, was in line with
the literature*.

CONCLUSION

Asaresult,increased oxidative parameters and decreased
antioxidants in liver tissue were considerably reduced when
TQ was administered. In addition, DC and TQ were found to
decrease the production of proinflammatory cytokines in the
liver. While DC decreased COX-1 and COX-2 activities in liver
tissue, TQ did not change COX-1 activity but inhibited COX-2
activity. The TQalso prevented the inhibition of COX-1 activity
by DC while increasing the inhibition of COX-2. The TQ also
significantly suppressed the elevation of liver function
markers such as ALT and AST with DC. These findings
indicate that the hepatotoxic effect of DC was due to
oxidative stress and inhibition of cytoprotective structural
COX-1enzyme.lt suggested that TQ may help treat DC-related
liver injury.
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SIGNIFICANCE STATEMENT

This study discovers that TQ protects the liver from

DC-induced damage by decreasing oxidative parameters
and increasing antioxidants in rats. It contributes to DC by
reducing the production of proinflammatory cytokines. It also
reduces the production of ALT and AST. Thus a new theory on
TQ may be effective in preventing the toxic effects of DC on
the liver. However, to further elucidate the mechanism of
action of thymoquinone in diclofenac-induced liver toxicity, it
should be investigated histopathologically.
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