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ARTICLE INFO ABSTRACT 

Keywords   The current study aimed to investigate the protectiveeffect of the thymol (20mg/kg BW) or 
carvacrol (15mg/kg BW) on gentamycin (100mg/kg) induced oxidative stress in rat. Thymol 

and carvacrol were administrated orally once daily for 12 consecutive days. After one week of 

acclimatization, 30 adult male albino rats weighting 150-200g were used for the experiment. 
They were allocated into 5 equal groups (n=6). group1 (control), group2 (tween), group3 

(gentamycin), group4 (thymol+gentamicin), and group5 (carvacrol+gentamcin). At the end of 

experiment, Rats were euthanized humanly, and blood samples were collected to study the 
nephro, hepatic and inflammation markers. The findings revealed that there were significant 

decrease in serum blood urea nitrogen, creatinine and MDA in thymol and carvacrol groups 

but there were significant elevation in renal SOD, CAT and GPXactivities. There were 
significant decreases in ALT, ALP, AST and GCT in thymol and carvacrol groups. 

Additionally, CRP, IL6and TNF–α were decreased in thymol and carvacrolgps. The result 

revealed that each of the thymol and carvacrol has antioxidant and protective effects against 
the hepatic toxicity and nephrotoxicity induced by gentamicin in rats. 
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1. INTRODUCTION 

 
Gentamicin, aminoglycoside bactericidal antibiotic, is 

effective against gram-negative bacterial infection (Lopez-

Novoa et al., 2011).However, the therapeutic doses of 

gentamicin could induce hepatic toxicity and nephrotoxicity 

(Noorani and Gupta, 2010). Gentamicin-induced 

nephrotoxicity is functionally characterized by an increase 

in serum creatinine and blood urea nitrogenalbuminuria and 

urinary losses of creatinine, decrease in glomerular filtration 

rate, and renal dysfunction (Soliman et al., 2007). 

Gentamicin can also increase the generation of reactive 

oxygen species (ROS) like superoxide anions, hydroxyl 

radicals and hydrogen peroxides, Additionally,it can induce 

the reactive nitrogen species (RNS) in the renal cortex that 

eventually lead to renal structural and functional 

deterioration (Walker et al., 1999). Kidneys ofrat are more 

susceptible for ROS damage due to the induceddeficiency in 

antioxidant defense enzymes like superoxide dismutase and 

catalase(Pedraza-Chaverrı́ et al., 2000). 

Oxidative stress is reported to play an important role in 

gentamycin toxicity (Dhanarajan et al., 2006). The oxidative 

stress is mediated by hydroxyl radicals from hydrogen 

peroxide (H2O2) and superoxide anion which is called 

reactive oxygen species spices (ROS). The ROS directly act 

on the cell components, including lipids, proteins and DNA, 

and destroys their structure. Inflammation and tumor 

necrosis factor-alpha (TNF-α) induced apoptosis also 

contribute in this toxicity (Basnakian et al.,2002). 

Antioxidants are substances that prevent formation of 

ROSor other oxidants. These antioxidants could delay or 

inhibit the cellular damage mainly through their free radical 

scavenging property (Halliwell 1995). Herbal remedies are 

used worldwide to alleviate symptoms, treat illness and 

promote over all wellness. It was estimated that 60% of the 

world’s population and 40% of Americans are use the herbal 

remedies (Astin ,1998).Among the most common natural 

bioactive compounds are plant secondary metabolites such 

as phenolic compounds. These include different kinds of 

substances, either volatile or nonvolatile (Alinezhadet al., 

2013).Among the volatile compounds, there are phenol 

derivatives of terpenes such as thymol and its isomer 

carvacrol(Nabavi et al., 2015). 

Thymol (2-isopropyl-5-methylphenol) is the main 

monoterpene phenol found in the essential oils extracted 

from plants belonging to the Lamiaceae family, such as 

those of the genera Thymus, Ocimum, Origanum, Satureja, 

Thymbra, and Monarda(Tuttolomondoet al. ,  2015). It has 

been demonstrated that thyme markedly inhibits the 

production of Tumor necrosis factor (TNF-α) and 

Interleukin 6 (IL-6) in lipopolysaccharide-stimulated 

inflammatory response in mouse mammary epithelial cells 

(Lietal. ,  2014). 

 Carvacrol is a component of some medicinal plants, such as 

black cumin (Nigella sativa), oregano (Origanum-
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compactum), Monardadidyma, Origanumdictamnus, 

Origanummicrophyllum, Origanumonites, Savory 

(Saturejahortensis) (Aligianniset al., 2001).Some studies 

assured the efficiency of carvacrol in scavenging free 

radicals i.e. nitric oxide, superoxide radicals, peroxyl 

radicals and hydrogen peroxide (Kohen and Nyska ,2002  

andAristatile et al., 2015).Carvacrol protects liver during 

renal ischemia/reperfusion injury and hepatic injury through 

improving liver antioxidant defense and minimizing the 

products of lipid peroxidation (Aristatileet al.,  2009). 

 Thymol and carvacrol have been reported to cause inhibition 

of inflammatory edema and migration of leukocytes in an 

animal model. They also decrease the key mediators of 

inflammation, such as cyclooxygenase (COX)-2, and 

stimulation of the enzyme of nitric oxide synthase (iNOS) 

and inflammatory cytokines, such as TNFα, and C-reactive 

protein (CRP) (Gholijani et al., 2015). 

Abdel-Raheemet al. (2009) investigated that injection of 

gentamicin (100 mg/kg/day)intraperitoneally for seven 

successive days in rats could induce biochemical and 

histopathological alterations in the rat’s kidney. Clinically, 

the acute kidney injury manifests after 5-7 days of the 

therapy (Randjelovic et al. , 2017). Hence, it is used in our 

study for induction of nephrotoxicity in rats at the same dose. 

Acute kidney injury is diagnosed on the basis of BUN and 

serum creatinine levels. They are considered as the most 

reliable and feasible markers of renal function among other 

renal parameters (Malyszkoet al.,  2015). Therefore, BUN 

and serum creatinine were estimated for evaluation of 

kidney functions in the current study. Moreover, this study 

was aimed to investigate the possible effect of thymol and 

carvacrol against the side effects induced by gentamycin via 

amelioration the oxidative stress, inflammation and 

apoptosis. 

 

2. MATERIAL AND METHODS 

 
2.1. Drugs 

 Gentamicin (C21H43N5O7): the product was bought from 

El Nasr Pharmaceutical Chemicals Co., Egypt. Each 

ampule contains gentamicin (as sulphate) 80 mg/2 ml. 

 Thymol (C10H14O, (100%pure)was used as a standard 

antioxidant, obtained from Alpha Company, India.  

 Carvacrol (C10H14O,(100%pure) was used as a standard 

antioxidant, obtained from Alpha Company, India  

 
2.2. Animals 

Thirty adult male albino rats of 150-200g body weight were 

obtained from Faculty of Veterinary Medicine, Zagazig 

University. All animals were kept under observation for one 

week for acclimatization to the laboratory environment 

before starting the experiment. They were kept under 

hygienic condition in metal cages and were fed on barley and 

milk all over the experimental period and water was 

provided ad-libitum. 

 

2.3. Experimental design 

Rats were equally divided into 5 groups, 6 animals for each 

group, as follow: 

Group 1 (C):Control group,  rats in this group received 

normal saline orally  

 

 

 

Group 2 (Tw): Tween group. Rats in this group received 

tween (the solution in-which the thymol and carvacrol were 

dissolved) orally. 

Group 3 (G): Gentamycin treated group. Rats in this group 

intraperitoneal injected with 100 mg/kg B. wt. Gentamicin, 

once daily for 12 successive days. 

Group 4 (TG): Thymol+Gentamicin treated group.Rats 

administrated I/P with gentamicin (100 mg/kg B. wt.)with 

thymolorally (20 mg/kg B. wt.) once daily for 12 successive 

days. 

Group 5 (CG): carvacrol+Gentamicin treated group, the 

animals were I/P received gentamicin (100 mg/kg B. wt.) 

and orally received carvacrol(15 mg/kg B. wt.) once daily 

for 12 successive days. 

Mortality and general condition of animals were observed 

daily throughout the whole experimental period. 

 

2.4. Tissue and Blood samples 

At the end of experiment, rats were euthanized 

humanlythrough decapitation and then blood, and tissue 

samples were collected.Two blood samples were taken from 

each animal. The first sample was collected in a centrifuge 

tube without anticoagulant and placed in a slant position then 

centrifuged at 3000 rpm for 20 minutes to obtain the 

serum.The obtained serum was transferred to clean and dry 

Eppendorf tubes, and kept frozen at -20°C for further 

biochemical analysis (liver and kidney function parameters). 

The second blood samples (1 ml)was received in a clean tube 

containing disodium salt of EDTA and used for 

hematological examination. Tissue samples including liver 

and kidneys were immediately removed, half of them was 

kept in deep freezer (-20°C) for measuring the tissue 

antioxidant enzymes. (SOD, GPx and determination of 

MDA concentration). The second half was kept in 10 % 

neutral formalin for histopathological examination. 

 

2.5.Histopathological examination: 

Samples from the kidney and liver obtained from all groups 

were collected and fixed in 10 % neutral formalin prior to 

routine processing in paraffin wax. Sections (5µm thickness) 

were cut and stained using Hematoxylin and Eosin (H&E) 

and then examined microscopically according to Bancroft 

and Gamble(2008). 

 

2.6. Statistical analysis 

Collected data were statistically analyzed through F-test one 

way (ANOVA) using the software statistical program 

(SPSS, ver. 16.00, USA). Data were expressed as the mean 

± SE , and results were statistically significant at P ≤ 0.05  

 

3. RESULTS 

 
3.1. Effect effects of thymol and carvacrol administration on 

serum BUN, creatinine and renal MDA level, CAT, GPX 

and SOD activities  

The obtained result revealed that rats orally administrated 

with each of thymol and carvacrol for 12 successive days 

compared to rats that were previously treated with 

gentamycin (i/p)showed a significant (p<0.05) decrease in 

blood urea nitrogen, serum creatinine and renal MDA 

compared with the rats that were treated with gentamycin 

only. While there was a significantly increase in the kidney 

SOD and GPX levels (Table 1-3). 
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Table 1 Effects of thymol (20 mg/kg/day orally) and carvacrol (15 mg/kg/day 

orally) administration for 12 successive days on BUN and creatinine levels in 

rats treated with gentamicin (100 mg/kg/day i.p). 
Groups Urea (mg/dl) Creatinine (mg/dl) 

Control 25.70 ±0.82c 0.74 ±0.03d 

Tween 25.13 ±1.03c 0.73 ±0.01d 

Gentamicin 50.37 ±3.79a 1.67 ±0.07a 

Thymol + Gentamicin 30.53 ±4.62c 0.94 ±0.03c 

Carvacrol + Gentamicin 39.47 ±1.51b 1.09 ±0.06 b 

Means (± S. E., n=6) within the same column carrying different superscripts are significant 

different at P≤ 0.05 based on Tukey’s Honestly significant Difference (Tukey’s HSD ) test 

 
Table 2 Effect of thymol (20 mg/kg/day orally) and carvacrol (15 mg/kg/day 

orally) administration for 12 successive days on MDA concentration and  

SOD activity in renal tissue homogenate of  rats  treated with gentamicin (100 

mg/kg/day i.p) 
Groups MDA (nmol/g tissue) SOD (U/g tissue) 

Control 11.88 ±  0.37c 5.170 ±  0.09a 

Tween 11.78±   0.46c 5.147 ±  0.07a 

Gentamicin 43.25 ±  3.39a 1.737 ±  0.04d 

Thymol + Gentamicin 33.34±  2.64b 3.397 ±  0.59b 

Carvacrol + Gentamicin 28.65 ±  1.02b 2.237 ±  0.22c 

Means (± S. E., n=6) within the same column carrying different superscripts are significant 

different at P≤ 0.05 based on Tukey’s Honestly significant Difference (Tukey’s HSD ) test 

. 

 
Table 3 Effect of thymol (20mg/kg/day orally) and carvacrol (15mg/kg/day 

orally) administration for 12 successive days on CAT and GPX activities in 

renal tissue homogenate of  rats  treated with gentamicin (100mg/kg/day i.p) 
Groups CAT (U/g tissue) GPX (U/g tissue) 

Control 1.23± 0.07a 82.49 ±1.21 a 

Tween 1.30±0.07a 84.67 ±0.85 a 

Gentamicin 0.70±0.02c 45.27 ±1.84d 

Thymol + Gentamicin 0.98±0.06b 71.10 ±1.35 b 

Carvacrol + Gentamicin 0.91±0.04 b 59.02 ±1.89c 

Means (± S. E., n=6) within the same column carrying different superscripts are significant 

different at P≤ 0.05 based on Tukey’s Honestly significant Difference (Tukey’s HSD ) test 
 

3.2. Effect on liver enzymes 

In the present study, the activities of serum ALT and ALP 

were significantly decrease (p<0.05) following 

administration of thymol and carvacrol(Table 4). 

 

3.3. Effect on inflammatory markers 

Our study showed that the oral administration thymol or 

carvacrol with I/P injection of gentamicin reduced (p<0.05) 

the inflammatory markers (CRP, IL6 and TNF-α) when 

compared with rats injected only with gentamicin (Table5). 

 

3.4.Histopathological examination 

3.4.1. Liver and kidney of rats injected intra-peritoneally 

with gentamicin (Figure 1). 

Liver showed a moderate congestion of hepatic blood 

vessels with degenerative changes including hydropic 

degeneration and portal aggregation of round cells. 

Additionally, multifocal interstitial aggregation of round 

cells was observed. The bile ducts were mildly hyperplastic, 

sometime cystic and the kuffer cells were moderately 

hypertrophied. Mild periportal fibrosis was also seen. 

Apoptosis of some hepatocytes could be observed in some 

cases. Kidney showed moderate congestion of renal blood 

vessels, perivascular edema and focal interstitial round cell 

aggregations. Large number of renal tubules in both cortex 

and medulla were cystically dilated and others showed 

degenerative or necrotic changes, particularly in the renal 

cortex and around the renal pelvis. The renal pelvis showed 

congested blood vessels, focal hemorrhage, mucosal 

necrosis and infiltration of round cells. Moreover, the 

surrounding renal tubules showed degenerative, necrotic 

changes and focal coagulate necrosis. Also, some glomeruli 

were shrinked or lobulated.  

 
Table 4 The effects of thymol (20mg/kg/day orally) and carvacrol 

(15mg/kg/day orally) administration for 12 successive days on serum ALT, 

and ALP activities in rats treated with gentamicin (100mg/kg/day i.p) 
Group ALT  (U/L) ALP (U/L) 

Control 12.33±0.89d 143.33±0.88d 

Tween 13.33±0.88d 142.00±0.88d 

Gentamicin 45.33±3.53a 178.33±3.53a 

Thymol + Gentamicin 22.67±2.60c 158.00±2.60c 

Carvacrol + Gentamicin 30.33±2.73b 166.33±2.73b 

Means (± S. E., n=6) within the same column carrying different superscripts are significant 

different at P≤ 0.05 based on Tukey’s Honestly significant Difference (Tukey’s HSD ) test 

 
Table 5 The effects of thymol (20mg/kg/day orally) and carvacrol 

(15mg/kg/day orally) administration for 12 successive days on CRP,IL6and 

TNF-α concentration in rats treated with gentamicin (100mg/kg/day i.p). 

Groups CRP (ng/ml) IL6 (pg/ml) TNF-α (pg/ml) 

Control 1.40±0.23d 21.3±0.23d 14.90±0.32d 

Tween 1.43±0.24d 21.27±0.74d 14.90±0.62d 

Gentamicin 6.73±0.23a 50.60±1.22a 30.77±0.69a 

Thymol + Gentamicin 2.50±0.32c 28.60±0.95c 18.90±0.36c 

Carvacrol + Gentamicin 3.67±0.26b 38.43±1.05b 24.17±0.96b 

Means (± S. E., n=6) within the same column carrying different superscripts are significant 

different at P≤ 0.05 based on Tukey’s Honestly significant Difference (Tukey’s HSD ) test 

 

 

3.4.1. Liver and kidney of rats administered orally with 

thymol and gentamicin (Figure 2):  

Most of the hepatic parenchyma appeared normal. While, a 

few cases showed mild congestion, degenerative changes 

beside mild portal round cells infiltration and biliary 

proliferation.  

In case of kidney, there was mild to moderate congestion of 

renal blood vessels with perivascular edema and round cells 

infiltration. Moderate number of renal tubules showed cystic 

dilatation and others showed degenerative and necrotic 

changes. Furthermore, some tubules showed hyaline casts. 

Some glomeruli were normal while the others were 

lobulated. The renal pelvis and renal papillae were 

apparently normal.  

 

4. DISCUSSION 

 
Gentamicin is one of the common causes of drug-induced 

acute kidney injuryin hospitalized patients (Singh et al., 

2012). The present study clearly showed the beneficial effect 

of administration of thymol or carvacrol to countercurrent 

the negative effects produced by gentamicin in rats. 

The present results showed a marked decrease in nephron- 

hepatic and inflammation markers in groups treated with 

thymol and carvacrol in comparison to administration of 

gentamycin alone. Similar results were obtained by 

Hosseinimehr et al. (2015), who investigated the protective 

effect of thymol as a natural compound against cisplatin-

induced nephrotoxicity in mice. 

Potočnjak and Domitrović(2016)suggested that carvacrol 

could attenuate the induced acute renal injury by suppressing 

the oxidative stress, apoptosis, and inflammation. According 

to our and previous results, both drugs are considered as 

natural products that have several biological properties such 

as, free radical scavenging, antioxidant and anti-

inflammatory activities which are the main mechanisms for 
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protection against nephron- and hepatotoxicity (Shimada et 

al., 2005; Mohan et al., 2006). 

The activities of serum ALT and ALP were significantly 

increased following administration of gentamicin which 

may be due to oxidative stresses that lead to tissue damage.  

 

 
Figure 1 Photomicrograph of liver and kidney sections from gentamicin treated group. (A, B) Liver sections showing moderate congestion of hepatic blood vessels (stars),mild periportal 

fibrosis (closed arrow) with hyperplastic changes of bile duct (arrow head).(C,D, E) Photomicrograph of liver showing degenerative changes mainly hydropic degeneration (red arrow) and 

portal aggregation of round cells (curved arrow), cystic changesof bile ducts epithelium (red stars)and multifocal interstitial aggregation of round cells (yellow star). Beside apoptoticchange 

(open arrow) of some hepatocytes.(F,G,H) Kidney sections showing moderate congestion of renal blood vessels (red arrow), perivascular edema (stars) ,Large number of renal tubules in 

both cortex , medulla showing cystic dilatation (curved arrows,focal interstitial round cell aggregations (red star). and others with degenerative changes (arrowhead)and focal hemorrhage 

(arrow) with mucosal necrosis (circle) of renal pelvis epithelium. H&E X 100 (A,F,H), 400(B,C,D,G). 

 

 
Figure 2 Photomicrograph of liver and kidney  sections  from Thymol+Gentamicin. (A,B) liver sections showing normal hepatic parenchyma  with degenerative changes( (curved arrow) in 

some hepatocytes.(C,D,E,F ) Kidney sections showing moderate number of renal tubules showing cystic dilatation (arrow heads), hyaline casts (open arrow) within tubular lumen, perivascular 

edema (star),perivascular round cells infiltration (closed arrow), and other tubular epithelium showing necrotic changes (curved arrow). H&EX 100(A,C,E) ,400(B, D,F) 

According to our and previous studies, thymol and carvacrol 

with gentamicin showed a significant decline in activities of 

serum ALT and ALP when compared with gentamicin 

group. Thymol and carvacrol could enhance the antioxidant 

defense mechanism and increased self-antioxidant enzyme 

activities (Gholijani et al., 2015). Also, they inhibited 
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oxidative stress damage such as lipid peroxidation (Özkan 

and Erdoğan, 2011).  

Moreover, our histological examinations showed the 

appearance of normal renal and hepatic parenchyma treated 

with thymol or carvacrol with gentamycin once daily for 12 

successive days. Similarly, carvacrol could protect the 

histological structure in nephrotoxic rats induced by 

gentamycin (Gunes et al., 2016) Additionally, both herbal 

drugs caused a significant suppression in inflammation 

markers(CRP, TNF-αand  IL-6). However, the higher 

reduction of such markers was produced in thymolgroup in 

comparison to carvacrol group. The present data showed that 

thymol has more antioxidant and anti-inflammatory effects 

than carvacrol. Similar results were reported by (Alam et al., 

1999; Liang et al., 2014). To explain such superior effects of 

thymol, further investigations are required. 

 

5. CONCULOSION 

 

The present study clearly reported the degenerative 

changes in testes induced by gentamycin and 

importantly, the beneficial effects of the co-

administration of thymol and carvacrol on the kidney 

and liver functions by reduction of the oxidative stress. 

These results can suggest the consideration of thymol 

and carvacrolas protective and antioxidant agents 

during gentamycin administration. 
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