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Background and Aims: Hepatotoxicity induced by Co-amoxiclav has been
indicated in multiple studies. Thymol is the main constituent of the Thymus
vulgaris essential oil that has antioxidant properties. Even though thymol can
exhibit antioxidant activity in vivo models, there is a lack of evidence about the
thymol’s effectiveness in drug-induced liver injury. Thus, the present study was
conducted to explore the thymol anti-hepatotoxic effects.
Materials and Methods: Thirty male rats were randomly divided into five
groups of six. The control group received corn oil (0.25 ml/100 g body weight).
CoA group was given only co-amoxiclav in doses of 10 mg/kg daily by gastric
tube. CoA+T50, CoA+T150, and CoA+T300 groups orally received
Co-amoxiclav at the same dose as the second group along with thymol at a daily
dose of 50, 150, and 300 mg/kg for 7 consecutive days. At the termination of
the treatment, all animals fasted overnight, and then blood samples were
collected to determine alanine transaminase, aspartate transaminase, alkaline
phosphatase, glutathione S-transferases, and bilirubin.
Results: Administration of thymol at the dose of 300 mg/kg with co-amoxiclav
resulted in a significant decrease in direct and total bilirubin levels. Findings
also revealed that the concomitant administration of thymol at the 150 mg/kg
dose caused a significant reduction in the total bilirubin level. Additionally, the
concomitant administration of thymol at the doses of 150 mg/kg and 300 mg/kg
resulted in a significant reduction of alanine transaminase, aspartate
transaminase, and alkaline phosphatase serum activities along with increased
plasma Glutathione S-transferase activity compared to co-amoxiclav group.
Conclusion: Administration of thymol can cause a significant ameliorative
effect against co-amoxiclav-induced hepatotoxicity in rats.
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Introduction
Hepatoxicity is defined as a liver injury caused

therapy recommendations of more severe

by exposure to a drug or another non-

infections or those caused by drug-resistant

infectious substance [1, 2]. Drug-induced liver

bacteria [4].

injury (DILI) is considered a rare but drug-

Despite the useful applications assigned to this

related severe adverse effect [3]. Several

drug, CoA-induced hepatotoxicity has been

studies have illustrated that oxidative stress

indicated

plays a significant role in DILI development

Conversely, CoA is considered as one of the

[4-6]. Oxidative stress is a broad term used to

leading causes of hospitalization for hepatic

define cells or tissues’ challenge to elevated

adverse drug reactions [18, 19]. The liver

levels of highly reactive molecules such as

injury associated with CoA is related mainly

reactive oxygen species [7, 8].

to the clavulanic acid component due to the

Antibiotics, also known as antibacterials,

low occurrence of hepatic reactions with

are a pharmacological group most often

amoxicillin alone [20, 21]. Studies have shown

associated with DILI [7, 9, 10]. Amoxicillin /

that CoA-induced liver injury is frequently

clavulanic acid (Augmentin®), also known as

associated with cholestasis features resulting

co-amoxiclav (CoA), is an antibacterial drug

from hypersensitivity drug allergy, which may

combination consisting of amoxicillin and

progress to hepatocellular damage [20, 22, 23].

clavulanate potassium [11]. Amoxicillin, a

Although the exact cause of CoA-induced

semisynthetic penicillin derivative, is a p-

hepatotoxicity remains unknown [24, 25],

hydroxy analog of ampicillin posing the same

oxidative stress has been suggested as one of

broad-spectrum

the possible mechanisms involved in the

of

bactericidal

activity

in

multiple

studies

[16,

17].

ampicillin against many gram-positive and

hepatotoxic effect of CoA [11, 26].

also some gram-negative bacteria [12]. The

On the other hand, natural products and their

clavulanic acid component, also known by

derivatives represent almost half of all the

its potassium salt form clavulanate, has a

agents used in liver therapy and [27, 28];

β-lactamase-inhibiting property that will

therefore, there have been a lot of efforts to

allow the β-lactam antibiotic work uninhibited

develop new herbal medicines in order to

[13, 14]. CoA has become one of the

reduce DILI [29]. Thymol, chemically known

most commonly prescribed antibiotics and is

as 2-isopropyl-5-methyl phenol, is the main

now widely used as first-line therapy

constituent of the thyme (Thymus vulgaris L.,

for community-acquired respiratory tract

Lamiaceae) essential oil [30]. Thymol, in

infections [15]. Throughout the years, different

addition to its antimicrobial property, implies

combinations of amoxicillin to clavulanate

potent

have been introduced worldwide to enhance

properties [31]. Despite the fact that thymol

the dosing convenience, prescribing needs, and

can exhibit antioxidant activity in both cellular
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and in vitro models [30, 32], there is a lack

control and received corn oil (0.25 ml/100 g of

of evidence about the effectiveness of the

body weight) once daily by gastric tube. Group

thymol in DILI. Thus, the present study was

II was given only CoA in doses of 10 mg/kg

conducted

anti-

daily by gastric tube. Group III, IV, and V

hepatotoxic effect against the CoA-induced

orally received CoA at the same dose as the

hepatotoxicity in rats.

second group along with thymol at daily doses

to

explore

the

thymol

of 50, 150, and 300 mg/kg, respectively. Doses

Materials and Methods

used in the present study were selected based

Chemicals

on previous studies conducted on CoA induced

CoA was available in the form of 200 mg/ 28.5

liver injury and thymol effects on drug-

mg/ 5 ml oral suspension that contained 200

induced hepatoxicity [26, 33]. Thymol was

mg amoxicillin (as amoxicillin trihydrate) and

given

28.5 mg clavulanic acid (as potassium

administration. All groups were treated over 7

clavulanate) per 5 ml. It was obtained from

consecutive days. At the termination of the

Cosar

Iran.

treatment, the rats were anesthetized through a

Thymol was purchased from the Sigma

slight diethyl ether exposure. Blood samples

Chemical Corporation (St Louis, MO, USA).

were obtained by cardiac puncture procedure

Corn oil was obtained from the local market.

using sterile and disposable syringes and

Thymol solution was prepared separately by

needles. Blood samples were collected from

dissolving various amounts in 0.5 ml of corn

each rat into heparin and serum separator

oil. All other reagents were of analytical grade.

tubes

Animals and treatments

sacrificed, and serum separator tubes were

Thirty male albino rats (180-200 g) were

transported to the Danesh Medical Laboratory

obtained from the animal house of Shahid

(Yazd, Iran) immediately on ice to determine

Sadoughi University of Medical Sciences,

the activity of serum alanine transaminase,

Yazd, Iran. The rats were housed at a

aspartate

temperature of 20-22°C under artificial light

phosphatase (ALP), and measure serum total

for a 12-h light/dark cycle with access to water

bilirubin and conjugated bilirubin values.

and standard rodent chow ad libitum. All the

Heparinized

experiments reported here were carried out

centrifugation at 3000 rpm for 10 min and

under protocols approved by the local

stored, protected from light, at -80°C for later

Institutional Animal Ethics Committee of

analysis of Glutathione-S-transferase (GST)

Shahid Sadoughi University of Medical

activity.

Sciences. After one week of acclimatization,

Assay of serum biochemical parameters

the animals were divided into five groups of

The activity of liver function enzymes,

six rats each. Finally, the groups were

including serum AST, alanine transaminase

arranged as follows: Group I was used as a

(ALT), and ALP alongside total bilirubin and

46

Pharmaceutical

Co,

Tehran,

within

1

hour

simultaneously.

transaminase

plasma

following

Rats

were

(AST),

was

CoA

then

alkaline

prepared

by
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conjugated bilirubin values, were determined

of CoA group comparing the CoA+ thymol 50

using the photometric method provided by the

(CoA+T50) group (p>0.05).

diagnostic kits (Man company, Iran).

The serum AST activity

Measurement of GST activity

According to the results shown in Figure 2, there

GST activity was determined calorimetrically

was a statistically significant difference in the

(412 nm) using a ZellBio GmbH assay kit

serum AST activity between the control group

obtained from ZellBio, ULM, Germany. The

and CoA group (p<0.001). There was also a

assay was performed according to the instruction

significant difference in AST activity between

manuals supplied with the kit. The research was

animals in CoA+T150 group and CoA+T300

approved by the Research Deputy and Ethics

group compared to CoA group (p<0.05). At the

Committee of Shahid Sadoughi University of

same time, there was no significant difference

Medical

between the AST activity in the blood serum of

Science,

Yazd,

Iran.

(Approval

Number: IR.SSU.MEDICINE. REC.1398.128).

animals of CoA group and CoA+T50 group

Statistical analysis

(p>0.05).

The obtained data were analyzed with SPSS Ver.

The serum ALP activity

25.0 software. Data were expressed as mean

According to the results shown in Figure 3, a

values ± standard error of the mean (SEM). For

statically significant difference was noticed in

the comparison of the group mean values, one-

the activity of ALP in the blood serum of the

way analysis of variance (ANOVA), and for

control group comparing the CoA group

the determination of the intergroup differences,

(p<0.001). There

Tukey test was used. The value with P<0.05 was

difference in the activity of ALP among animals

considered significant.

in CoA+T150 group and CoA group (p<0.05).

Results

Besides, ALP activity in the blood serum of

The serum ALT activity

animals of the CoA+T300 group had a

According to the results shown in Figure 1, there

significant decrease comparing the CoA group

was a statistically significant difference between

(p<0.01). However, no significant decrease was

the activity of serum ALT enzyme in animals of

observed in the activity of ALP in the blood

CoA group and control group (p<0.001). Also,

serum of the CoA+50T group comparing the

the activity of the ALT in the animals’ blood

CoA group (p>0.05).

serum of CoA group was significantly different

The serum total bilirubin level

from the activity of this enzyme in animals’

According to the results shown in Figure 4, there

blood serum of CoA+ thymol 150 (CoA+T150)

was a significant difference in the amount of

and CoA+ thymol 300 (CoA+T300) groups

total bilirubin in the animals’ blood serum of the

(p<0.01 and p<0.05, respectively). On the other

control group compared to the CoA group

hand, no significant difference was observed in

(p<0.05). A significant reduction was also

the activity of ALT in the animals’ blood serum

noticed in the amount of total bilirubin of

was

also a

significant

CoA+T150 and CoA+T300 groups comparing
International Journal of Medical Laboratory 2021;8(1):44-54.
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CoA group (p<0.05). There was no significant

conjugated bilirubin in the animals’ blood serum

difference in the total serum bilirubin levels of

of the control group (p<0.01) and the CoA+T300

animals in the CoA+T50 group compared to the

group

CoA group (p>0.05).

Conversely, there was no significant difference

The serum conjugated bilirubin level

in this index’s level in the blood serum of

According to the results shown in Figure 5, there

animals of the CoA group comparing CoA+T50

was a significant difference in the amount of

and CoA+T150 groups (p>0.05).
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comparing

CoA

group

(p<0.05).

Fig. 1. Comparison of the activity of ALT in the blood serum of treated animals. Respectively:
groups 1- Corn oil (control group), 2- Co-amoxiclav, 3- Co-amoxiclav + Thymol 50, 4- Coamoxiclav + Thymol 150 and 5- Co-amoxiclav + Thymol 300 mg / kg. * denotes the result of
statistical analysis of the co-amoxiclav group, which was statistically significant with the corn oil
group (*p<0.001). # denotes the result of statistical analysis of different treatment groups, which
was statistically significant with the co-amoxiclav group (#p<0. 05, ##p<0. 01).

Fig. 2. Comparison of the activity of the AST in the blood serum of treated animals. Respectively:
groups 1- Corn oil (control group), 2- Co-amoxiclav, 3- Co-amoxiclav + Thymol 50, 4- Coamoxiclav + Thymol 150 and 5- Co-amoxiclav + Thymol 300 mg / kg. * denotes the result of
statistical analysis of the co-amoxiclav group, which was statistically significant with the corn oil
group (*p<0.001). # denotes the result of statistical analysis of different treatment groups, which
was statistically significant with the co-amoxiclav group (#p< 0.05).
48
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Fig. 3. Comparison of the activity of ALP in the blood serum of treated animals. Respectively:
groups 1- Corn oil (control group), 2- Co-amoxiclav, 3- Co-amoxiclav + Thymol 50, 4- Coamoxiclav + Thymol 150 and 5- Co-amoxiclav + Thymol 300 mg / kg. * denotes the result of
statistical analysis of the co-amoxiclav group, which was statistically significant with the corn oil
group (*p<0.001). # denotes the result of statistical analysis of different treatment groups that
were statistically significant with the co-amoxiclav group (#p <0.05 and ##p> 0. 01).

Fig. 4. Comparison of the activity of total bilirubin in the blood serum of treated animals.
Respectively: groups 1- Corn oil (control group), 2- Co-amoxiclav, 3- Co-amoxiclav + Thymol
50, 4- Co-amoxiclav + Thymol 150 and 5- Co-amoxiclav + Thymol 300 mg / kg. * denotes the
result of statistical analysis of the co-amoxiclav group, which was statistically significant with the
corn oil group (*p<0.05). # denotes the result of statistical analysis of different treatment groups
that were statistically significant with the co-amoxiclav group (#p <0.05).

The plasma GST activity
According to the results shown in Figure 6,

the blood plasma of the control group

there

in

comparing the CoA group (p<0.001). There

glutathione S-transferase enzyme activity in

was also a significant difference in the

was

a

significant

difference

International Journal of Medical Laboratory 2021;8(1):44-54.
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activity of glutathione S-transferase enzyme

CoA+T150 group (p<0.01) and CoA+T300

in

group comparing CoA group (p <0.001).
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the

blood

plasma

of

animals

of

Fig. 5. Comparison of the activity of conjugated bilirubin in the blood serum of treated animals.
Respectively: groups 1- Corn oil (control group), 2- Co-amoxiclav, 3- Co-amoxiclav + Thymol
50, 4- Co-amoxiclav + Thymol 150 and 5- Co-amoxiclav + Thymol 300 mg / kg. * denotes the
result of statistical analysis of the co-amoxiclav group, which was statistically significant with the
corn oil group (*p<0.01). # denotes the result of statistical analysis of different treatment groups,
which was statistically significant with the co-amoxiclav group (#p <0. 05).

Fig. 6. Comparison of the activity of glutathione S-transferase enzyme in the blood plasma of
treated animals. Respectively: groups 1- Corn oil (control group), 2- Co-amoxiclav, 3- Coamoxiclav + Thymol 50, 4- Co-amoxiclav + Thymol 150 and 5- Co-amoxiclav + Thymol 300 mg/
kg. * denotes the result of statistical analysis of the co-amoxiclav group, which was statistically
significant with the corn oil group (*p<0.001). # denotes the result of statistical analysis of
different treatment groups, which was statistically significant with the co-amoxiclav group
(#p<0.01, ##p <0.001).
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Discussion
The results’ assessment shows a significant

consistent with previous studies on the

difference in ALT, AST, and ALP activity in

protective effect of thymol on liver damage

the blood serum of animals treated with CoA

[16, 34]. We also observed a significant

alone (CoA group) compared with the control

increase in total bilirubin levels and direct

group. This event is in line with previous

bilirubin levels in the blood serum of animals

studies’ results, which have indicated an

treated with CoA alone compared to the

increase in liver function enzymes’ values in

control group. This event could be due to

liver damage caused by CoA [9, 11]. The

the liver damage caused by CoA. Several

concomitant administration of thymol at the

studies have demonstrated an increase in

dose level of 50, 150, and 300 mg/kg of body

bilirubin levels due to CoA administration

weight with CoA resulted in decreased ALT

in rats [9, 11]. In the present study, the

activity, AST, and ALP in the blood serum of

administration of thymol at a dose level of

the studied animals. Notably, there was a

50 mg/kg reduced the amount of total bilirubin

significant reduction in the activity of ALT,

and conjugated in the blood serum of animals

AST, and ALP in the treated animals with

compared to the treated group CoA alone;

thymol at the dose level of 150 and 300 mg/kg

however, the difference was not statistically

(CoA+T150 and CoA+T300 groups) compared

significant (p>0.5). It is important to note

to the animals in the treated group with CoA

that

alone (CoA group). The treatment of rats with

increasing doses of thymol (CoA+T150 and

thymol at the dose level of 50 mg/kg

CoA+T300 groups), a significant decrease in

(CoA+T50 group) has partially reduced the

total bilirubin levels was observed in the blood

activity of the transaminases and ALP in the

serum of animals compared to animals treated

blood serum of animals; however, these

with CoA alone. On the other hand, the level

reductions were not significantly different

of conjugated bilirubin in the blood serum of

compared to the activity level of these

animals treated with CoA alone was only

enzymes in the blood serum of animals that

significantly different from those treated with

were treated with CoA alone. In general, by

the thymol at the dose level of 300 mg/kg.

comparing the results, it can be noticed that

These results once again demonstrate the dose-

the most significant decrease in the activity of

dependent hepato-protective effect of thymol

ALP has been observed in the blood serum of

against CoA induced hepatotoxicity. Although

animals treated with thymol at a dose of 300

little research has been conducted on the effect

mg/kg. Subsequently, the gradual increase in

of thymol on bilirubin indicators in liver

thymol has significantly reduced ALT, AST,

damage, studies on carvacrol (another

and ALP activity compared to the group

important component of thyme essential oil

administered CoA alone. The results are

phenol which, like thymol, have antioxidant

International Journal of Medical Laboratory 2021;8(1):44-54.
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administration

of

51

Downloaded from ijml.ssu.ac.ir at 2:53 IRDT on Monday June 21st 2021

[ DOI: 10.18502/ijml.v8i1.5672 ]

EFFECTS OF THYMOL ON CO-AMOXICLAV-INDUCED HEPATOTOXICITY IN RATS

effects) [35, 36]; has demonstrated the

administration of thymol at daily doses of 150,

effect of the carvacrol on a significant

and

reduction in the rate of bilirubin indicators in

significant elevation of GST activity.

liver damage [37]. In the present study, the
assessment of animal blood serum indicators

300mg/kg

resulted

in

a

statically

Conclusion

revealed ALT/ALP ratio less than 2 that a

In the present study, the administration of

hyperbilirubinemia

CoA developed hepatotoxicity in rats. We

has

accompanied

in

animals treated with CoA alone, which can be

propose

signs of cholestatic liver damage [26]. This

administration

result is consistent with the findings of

hepatoprotective effect attributed to the

previous studies on the type of liver damage

thymol’s antioxidant activity. The assessment

caused by CoA [17, 38]. Additionally,

of

prescribing

reduced

hepatoprotective activity of thymol was

glutathione S-transferase activity in the blood

dose-dependent, suggesting that it can be more

plasma of animals in the treated group with

effective at higher doses.

CoA alone compared to the control group.
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