
Journal of 
Pharmacology & Clinical Research
ISSN: 2473-5574

Research Article
Volume 4 Issue 3 - November 2017
DOI: 10.19080/JPCR.2017.04.555637

J of Pharmacol & Clin Res
Copyright © All rights are reserved by Mohamed Aboubakr

Ameliorative Effect of Thymus Oil on Paracetamol 
Induced Hepato-Renal Toxicity: A Biochemical, 
Antioxidant and Histopathological Studies

Ashraf Elkomy, Mohamed Aboubakr* and Lamis Ashraf
Department of pharmacology, Faculty of Veterinary Medicine, Benha University, 13736 Moshtohor,Toukh, Qaliobiya, Egypt

Submission: October 27, 2017; Published: November 27, 2017

*Corresponding author: Mohamed Aboubakr, Pharmacology Department, Faculty of Veterinary Medicine, Benha University, 13736 
Moshtohor,Toukh, Qaliobiya, Egypt, Email: 

Introduction
The use of plants in medicine is an age-long practice in 

various parts of the globe for both preventive and curative. Today, 
it is estimated that about 80% of the world population relies 
on botanical preparations as medicine to meet their health [1]. 
Liver diseases are considered as a major public health problem 
around the world due to their potentiality to cause morbidity 
and mortality [2]. About more than two million people in the 
world die annually from liver-related disorders [3]. Kidneys are 
important organs that play a role in all humans and animals. The 
general functions of the kidneys are to regulate blood pressure, 
acid-base balance, electrolyte balance and extracellular fluid 
volume. They also eliminate substances from the body including 
metabolic products, various toxins and other foreign substances 
such as drugs, pesticides and food additives [4]. 

Paracetamol (PRM); is a widely analgesic medication in 
many countries. An overdose of paracetamol is a frequent 
reason for liver and renal toxicity and possible death [5]. PRM 
is metabolized in the liver by cytochrome P450 to N-acetyl-p-
benzoquinone imine (NAPQI). NAPQI reacts with glutathione 
(GSH), therefore overdoses of paracetamol may result in a  

 
depletion of hepatocellular GSH [6]. GSH exhaustion will cause 
NAPQI to binds with cellular proteins leading to mitochondrial 
dysfunction, oxidative stress, lipid peroxidation, DNA 
fragmentation, massive hepatocyte necrosis, liver damage and 
death [7]. Paracetamol is a common analgesic and antipyretic 
drug which is safe in therapeutic doses but can produce life-
threatening hepatic and renal damages in man, rats and mice 
with toxic doses [8,9]. Protection against paracetamol induced 
hepato-renal toxicity has been used as a test for potential 
protective activity by several investigators [10].

 Thyme possesses various beneficial effects, e.g., antiseptic, 
antimicrobial, bactericidal, anthelmintic, antioxidant properties 
and it has recently suggested as a natural replacement for 
synthetic antioxidant [11]. Thyme is an excellent source of 
iron, manganese and vitamin K. It is also a very good source 
of calcium [12]. The stimulating action on the nervous system 
makes thymus a brilliant remedy for mental as well as physical 
fatigue, anxiety, alleviating tension and sleeplessness. The herb 
is also effective in treating depression or mood changes [13]. 
The therapeutic efficacy of thyme depends on its contents of 
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Abstract

Hepato-renal protective effects of thymus oil against paracetamol toxicity were investigated in rats. Thirty five male rats were divided into 
seven groups as following: Group I was administered saline solution (for 30 days). Group II was administered saline solution in addition to a 
single-dose of paracetamol at a dose of 2 g/kg BW, 1 h after last dose of saline. Groups III and IV were administered thymus oil (250 and 500 mg/
kg BW, respectively. Groups V, VI and VII received Thymus oil (250, 500 mg/kg) and silymarin (100 mg/kg), respectively, once for 30 consecutive 
days followed by a single oral dose of paracetamol (2 g/kg), 1 h after the last thymus oil and silymarin dose. Paracetamol induced disturbance 
in hepatic and renal functions and injured the hepatic and renal cells evident from depletion of catalase (CAT) and super oxide dismutase (SOD) 
activities along with increased level of malondialdehyde (MDA). Co-administration of thymus oil with paracetamol kept the studied biochemical 
parameters within normal ranges and prevented lipid peroxidation and oxidative stress induced by paracetamol. Our findings concluded that 
thymus oil possessed hepato-renal protective activity against paracetamol induced toxicity in rats and this protection may involve the reduction 
of oxidative stress.
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flavonoids, carvacrol, thymol, eugenol, aliphatic phenols as well 
as saponins, tetramethoxylated flavones and luteolin [14,15].

In this study we evaluated the level of protection of thymus oil 
against the hepato-renal toxicity of paracetamol in rats. Markers 
of damage measured in the serum of rats included AST (aspartate 
aminotransferase) and ALT (alanine aminotransferase) 
(markers of liver function) as well as blood urea nitrogen and 
creatinine (markers of renal function). Superoxide dismutase 
(SOD), catalase (CAT) and malondialdehyde (MDA) (markers 
of oxidative damage) were measured in liver and kidney tissue 
homogenates. Pathological examination of those organs was also 
performed.

Materials and Methods
Chemicals

Paracetamol was purchased from EIPICO Co., 10th of 
Ramadan City, Egypt. Thymus oil was purchased from Wadi 
Al Nahil Co. (Riyadh, Kingdom of Saudi Arabia). Silymarin was 
purchased from Medical Union Pharmaceuticals (MUP) Co., 
Egypt. All the diagnostic kits were obtained from Biodiagnostic 
Co., Giza, Egypt. 

Experimental Animals
Thirty five Male Wistar rats (170-195 g) were obtained 

from the Animal House, Faculty of Veterinary Medicine, Benha 
University, Egypt. They were fed on a standard pellet diet and tap 
water was provided ad libitum and were kept in stainless stell 
cages in a clean ventilated room at 40-60% relative humidity 
and at room temperature 22-25°C. Prior to experimental use, 
rats were acclimatized to the environment for two week. Animal 
facilities and management and the specific manipulations within 
the experimental protocol were conducted as stipulated in the 
Guide for Care and Use of Laboratory Animals Guidelines of the 
National Institutes of Health (NIH), and approved by the research 
ethical committee of the Faculty of Veterinary Medicine, Benha 
University, Egypt.

Experimental design
Following experimental acclimation, rats were weighed and 

randomly allocated into seven groups, each consisting of five 
rats. Treatments were carried out for 30 days. Group I (control) 
was administered saline solution orally each day for the duration 
of treatment. Group II was administered saline solution orally 
each day for the duration of treatment in addition to a single-
dose of paracetamol at a dose of 2 g/kg BW [16], 1 h after last 
dose of saline solution administration. Groups III and IV were 
administered thymus oil orally each day for the duration of 
treatment at a dose of 250 and 500 mg/kg BW [17], respectively. 
Groups V, VI and VII received Thymus oil (250, 500 mg/kg) 
and silymarin (100 mg/kg) [18], respectively, once daily for 
30 consecutive days followed by a single oral administration of 
paracetamol (2 g/kg), 1 h after the last thymus oil and silymarin 
dose administration.

Blood and Tissue Samples
After 48 h of paracetamol administration, rats were 

anesthetised by diethyl ether. Blood samples from each rat 
was collected by puncturing retro-orbital plexus in sterilized 
dry centrifuge tube and kept for 30 min at room temperature 
in a slanted position to coagulate before centrifugation at 1200 
x g for 20 min to obtain serum, which was preserved at -80oC 
until further use in biochemical investigations. After blood 
collection, the animals of all groups were sacrificed by cervical 
decapitation and liver and kidneys were excised from each rat 
and washed with physiological saline. A 0.5 g section of each 
tissue was homogenized in 5 ml phosphate buffer pH 7.4 using 
an electrical homogenizer and maintaining the sample on ice. 
Tissue homogenates were centrifuged at 1200 x g for 20 min 
at 4oC. The resulting supernatants were isolated and stored 
at -80oC until further use in assessment of oxidative-stress 
biomarkers in hepatic and renal tissues. Remaining liver and 
kidney tissue were immediately preserved in 10% formalin for 
histopathogical investigations.

Assessment of Serum Biochemical Parameters 
The preserved sera were utilized for the estimation of 

hepatic and renal injury biomarkers. Levels of serum aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT) 
were estimated using the technique described by [19], total 
bilirubin [20], total protein [21], albumin [22], glucose [23], 
creatinine [24] and urea [25].  Total cholesterol, HDL-cholesterol 
and triglycerides levels were estimated according to [26], while, 
LDL levels were calculated by the method of [27].

Assessment of Antioxidant Status
Catalase (CAT) and superoxide dismutase (SOD) 

were evaluated by the techniques of [28,29], respectively. 
Malondialdehyde (MDA) concentration was measured according 
to the method of [30]. 

Histopathological Study
The fixed tissues were processed routinely using a standard 

histological procedure: tissues were washed in 70% alcohol, 
dehydrated through a series of ascending ethanol percentage 
washes until 100% ethanol was reached, cleared in xylene, 
infiltrated with soft paraffin (melting point = 60oC), and finally 
embedded into molten paraffin wax. The resulting paraffin 
blocks were sectioned at 5-7 mm thickness using a rotatory 
microtome. The paraffin sections were dewaxed in xylene 
and then rehydrated through a series of descending ethanol 
percentage washes. The sections were initially treated with 
either Harris hematoxylin and eosin (H&E) stain, for assessment 
of histopathological changes [31].

Statistical Analysis
The data were expressed as mean ± SE of studied groups 

using the analysis of variance test (one way ANOVA) followed 
by Duncan’s multiple range test to determine the differences 
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between the averages at 0.05 significance value. All analysis were 
performed by Statistical Package for Social science Software 
(SPSS (16) software (SPSS Inc., Chicago, USA).

Results
Serum Biochemical Analysis

The activities of tranaminases and the level of total bilirubin 
and albumin are shown in Table 1. The level of AST, ALT and total 
bilirubin increased significantly in paracetamol treated rats 
(Group II), while the content of albumin decreased significantly 
when compared with control (Group I). Co-treatment with 
thymus oil and paracetamol (Groups V and VI) reduced the 

concentration of AST, ALT and total bilirubin while increasing 
albumin content significantly. Also, rats administered thyums oil 
alone (500 mg/kg) revealed significant changes in the mentioned 
parameters as compared to paracetamol treated group.

 Indices of kidney functions were displayed in Table 2. The 
levels of creatinine, urea and glucose were significantly increased 
in serum of rats received paracetamol, while the content of 
total protein decreased significantly as compared to control 
group. The co-treatment with thymus oil recorded significant 
decrement in creatinine, urea and glucose, while increasing total 
protein content significantly in comparison with paracetamol 
treated group. 

Table 1: The effect of thymus oil (250 and 500 mg/kg BW) and/or paracetamol (2 g/kg BW) treated groups on biomarkers of hepatic damage. 

Groups AST (U/L) ALT (U/L) T.bilirubin (mg/dl) Albumin(g/dl)

Control 78.52±2.77c 46.91±1.98d 0.60±0.04bc 1.91±0.02a

Paracetamol (2 g/kg) 153.33±6.48a 97.96±4.87a 0.91±0.05a 1.04±0.02c

Thyme oil (250 mg/kg) 72.19±2.34cd 42.61±1.55de 0.55±0.05cd 1.77±0.07a

Thyme oil (500 mg/kg) 64.71±2.14d 35.15±1.69e 0.45±0.02d 1.47±0.06b

Thyme oil (250 mg/
kg)+Paracetamol (2 g/kg) 119.19±6.72b 84.53±3.95b 0.85±0.02a 1.19±0.05c

Thyme oil (500 mg/
kg)+Paracetamol (2 g/kg) 78.52±2.77c 61.90±3.08c 0.70±0.04b 1.36±0.04b

Silymarin (100 mg/
kg)+Paracetamol (2 g/kg) 84.10±1.34c 51.31±1.06d 0.62±0.02bc 1.83±0.05a

Values are represented as Mean±SE (n = 5). Means within the same column carrying different superscripts are significant at (p<0.05).

AST, aspartate aminotransferase; ALT, alanine aminotransferase.
Table 2: The effect of thymus oil (250 and 500 mg/kg BW) and/or paracetamol (2 g/kg BW) treated groups on biomarkers of renal damage. 

Groups Creatinine (mg/dl) Urea (mg/dl) Glucose (mg/dl) T.protein (g/dl)

Control 0.97±0.01e 44.25±1.76de 141.71±3.18d 4.87±0.04a

Paracetamol (2 g/kg) 2.06±0.07a 83.54±2.70a 252.71±2.95a 3.48±0.11e

Thyme oil (250 mg/kg) 0.91±0.02e 41.84±2.36e 128.27±5.13d 4.49±0.19ab

Thyme oil (500 mg/kg) 0.75±0.03f 32.78±0.33f 113.4±3.29e 4.02±0.07cd

Thyme oil (250 mg/
kg)+Paracetamol (2 g/kg) 1.83±0.02b 73.91±4.73b 202.72±5.19b 3.63±0.21de

Thyme oil (500 mg/
kg)+Paracetamol (2 g/kg) 1.38±0.02c 64.81±2.19c 188.65±6.50c 4.15±0.09bc

Silymarin (100 mg/
kg)+Paracetamol (2 g/kg) 1.13±0.06d 50.45±3.20d 133.04±4.89d 4.43±0.13bc

Values are represented as Mean±SE (n = 5). Means within the same column carrying different superscripts are significant at (p<0.05).
Table 3: The effect of thymus oil (250 and 500 mg/kg BW) and/or paracetamol (2 g/kg BW) treated groups on lipid profile parameters. 

Groups Cholesterol (mg/dl) Triglycerides
(mg/dl)

HDL-cholesterol
(mg/dl)

LDL-cholesterol
(mg/dl)

Control 72.75±3.52c 61.75±2.75cd 38.75±2.46a 21.65±3.29c

Paracetamol (2 g/kg) 110.5±4.97a 103.25±7.19a 23.75±1.79e 66.1±7.39a

Thyme oil (250 mg/kg) 68.75±2.39cd 56.75±2.52cd 25.75±1.43de 31.65±2.18bc

Thyme oil (500 mg/kg) 61.5±3.32d 52.5±5.20d 32.25±1.37bc 18.75±1.60c

Thyme oil (250 mg/kg)+Paracetamol (2 g/kg) 101.25±3.3a 91.75±3.30a 28.5±2.78cd 54.4±4.91a

Thyme oil (500 mg/kg)+Paracetamol (2 g/kg) 85.25±2.71b 78.75±2.17b 30.75±1.25bc 38.75±3.33b

Silymarin (100 mg/kg)+Paracetamol (2 g/kg) 75.5±2.46c 66.25±2.56c 35.5±1.32ab 26.75±3.20bc

Values are represented as Mean±SE (n = 5). Means within the same column carrying different superscripts are significant at (p<0.05).
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The co-treatment of thymus oil and paracetamol produced a 
significant decrease in cholesterol, triglycerides, LDL-cholesterol 
and significant increase in HDL-cholesterol concentrations in 

serum of treated groups than recorded in paracetamol treated 
group (Table 3).

Hepatic and Renal Lipid Peroxidation and Antioxidant Status
Table 4: Hepatic and renal tissue antioxidant markers of thymus oil (250 and 500 mg/kg BW) and/or paracetamol (2 g/kg BW) treated groups.

Groups Organ MDA (nmol/g.tissue) SOD (U/g.tissue) CAT (U/g.tissue)

Control Liver
Kidney

42.03±2.41d

123.75±2.73de
38.09±1.76a

76.66±2.69a
83.39±2.18a

55.07±2.26a

Paracetamol (2 g/kg) Liver
Kidney

85.46±2.82a

232.30±6.97a
18.84±1.11d

39.92±1.20d
57.45±2.01d

31.54±1.89c

Thyme oil (250 mg/kg) Liver
Kidney

39.73±1.73d

118.66±3.14e
36.04±1.41a

71.54±0.81a
81.08±2.73a

54.75±2.05a

Thyme oil (500 mg/kg) Liver
Kidney

39.26±1.94d

116.26±2.73e
35.62±1.57ab

69.72±2.52a
79.97±1.42a

53.48±1.02a

Thyme oil (250 mg/
kg)+Paracetamol (2 g/kg)

Liver
Kidney

67.53±1.87b

205.94±2.61b
22.72±1.34cd

45.50±1.16c
63.51±1.05c

38.75±1.47b

Thyme oil (500 mg/
kg)+Paracetamol (2 g/kg)

Liver
Kidney

56.49±1.40c
183.56±5.11c

26.61±1.20c

51.08±1.92b
70.21±1.87b

43.30±1.39b

Silymarin (100 mg/
kg)+Paracetamol (2 g/kg)

Liver
Kidney

45.03±2.11d

132.85±1.93d
31.61±0.99b

69.30±1.77a
79.25±1.90a

50.02±1.01a

Values are represented as Mean±SE (n = 5). Means within the same column carrying different superscripts are significant at (p<0.05).

MDA, malondialdehyde; SOD, superoxide dismutase; CAT, catalase.

Figure 1: Representative photomicrographs of livers from 
thymus oil and/or paracetamol-treated groups (sections stained 
with H&E). Group I: control (A), Group II: (B,C), Group III (D), 
Group IV (E), Group V (F), Group VI (G) and Group VII (H).

Figure 2: Representative photomicrographs of kidneys from 
thymus oil and/or paracetamol-treated groups (sections stained 
with H&E). Group I: control (A), Group II: (B,C), Group III (D), 
Group IV (E), Group V (F), Group VI (G) and Group VII (H). 
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The effects of the administration of thymus oil on the levels 
of liver and renal MDA and the activities of SOD and CAT in 
paracetamol-treated rats were recorded in Table 4. Paracetamol 
treatment brought about a significant depletion of SOD and 
CAT with increased MDA levels. Co-treatment with thymus oil 
significantly elevated the activity of both CAT and SOD content 
with marked decrease in the MDA level in hepatic and renal 
tissues when compared with paracetamol treated rat.

Histopathology of Hepatic and Renal Tissues
In the histopathological studies in hepatic and renal tissues, 

protective effects effect with slight degenerative changes were 
observed in rats administered thymus oil with paracetamol 
(Figures 1 & 2). The liver of control group, no histopathological 
alteration and normal histological appearance of central 
vein (CV) and hepatic cords (asterisk) were recorded (Figure 
1A). Group II, congestion and dilatation of portal vein (PV) 
(Figure 1B), area of hepatocytes necrosis characterized by 
loss of architecture and replaced by necrotic debris (D) and 
aggregates of mononuclear inflammatory cells (arrow head) 
(Figure 1C). In group III, a small aggregate of mononuclear 
inflammatory cells mainly lymphocytes (arrow head), plasma 
cells (arrow) and fewer macrophages (green arrow) in-between 
hepatocytes (Figure 1D). In group IV, aggregates of mononuclear 
inflammatory cells mainly lymphocytes (arrow) and 
macrophages (arrow head) in portal area (Figure 1E). In group 
V, periportal aggregates of mononuclear inflammatory cells 
with necrosis of the surrounding hepatocyes (N) (Figure 1F). In 
group VI, necrotic hepatocytes characterized by loss of cellular 
detail with hypereosinophilic cytoplasm and pyknotic nuclei 
(arrow head); and loss of architecture, replaced by edema (E) 
and small numbers of mononuclear inflammatory cells (arrow) 
(Figure 1G). In group VII, normal histological appearance with 
mild vacuolar and hydropic degeneration (arrow head) of few 
hepatocytes (Figure 1H).

The kidney of control group, no histopathological alteration 
and the normal histological structure of the glomeruli and tubules 
at the cortex were recorded (Figure 2A). Group II, congestion 
of the renal blood vessel (V) with perivascular aggregates of 
mononuclear inflammatory cells (M) (Figure 2B), areas of lytic 
necrosis characterized by loss of architecture and replaced by 
edema (asterisk), erythrocytes (arrow head) and small numbers 
of mononuclear inflammatory cells(arrow) (Figure 2C). In group 
III, shrinkage and necrosis of the glomerular tufts (asterisk) with 
hypertrophy of parietal epithelium of Bowman’s capsule (arrow 
head) (Figure 2D). In group IV, hypersegmentation of glomerular 
tufts (asterisk) with adhesions (synechiae) between Bowman’s 
capsule and glomerular tufts (arrow head) (Figure 2E). In 
group V, hyper segmentation of glomerular tufts (asterisk) 
with adhesions between glomerular tufts and Bowman’s 
capsule (arrow head), also periglomerular hemorrhages (H) 
were detected (Figure 2F). In group VI, hypersegmentation 
of glomerular tufts (asterisk) with adhesions (synechiae) 
between Bowman’s capsule and glomerular tufts (arrow head) 

(Figure 2G). In group VII, coagulative necrosis of mesangial/
endothelial cells characterized by retention of tuft architecture, 
hypereosinophilic cytoplasm, pyknosis (arrow head) and 
periglomerular infiltrates of mononuclear inflammatory cells 
(arrow) (Figure 1H).

Discussion
The results reflected the hepato-renal damage in the 

paracetamol induced hepato-renal toxicity. These observed 
elevations in paracetamol induced liver and kidney damage can 
be attributed to the release of enzymes from the cytoplasm into 
the blood circulation after the rupture of plasma membrane and 
cellular damage. The hepatoprotective effect of the two doses 
of thymus oil was shown by the decreases in the activities of 
ALT and AST. This is an indication of stabilization of plasma 
membrane as well as repair of hepatic tissue damage caused 
by paracetamol. The reversal of increased serum enzymes 
in paracetamol induced liver damage by thymus oil may be 
due to the prevention of the leakage of intracellular enzymes 
by its membrane stabilizing activity. Acting as a stabilizing 
agent, Thymus oil increased the stability of membrane and 
simultaneously attenuated the intracellular leakage of enzymes. 
This is in agreement with the commonly accepted view that 
serum levels of transaminases return to normal with the healing 
of hepatic parenchyma and the regeneration of hepatocytes [32].

Paracetamol is effective and safe in therapeutic doses, but 
acute or cumulative doses of the drug may induce renal tubular 
necrosis in both humans and laboratory animals [33]. Increases 
in serum urea and creatinine levels are an important marker 
of renal toxicity. Kidney disease and function disorders may 
occur as a result of serum urea accumulation exceeding its 
clearance rate. Similarly, increases in plasma creatinine levels 
are considered a nephron function disorder [34]. An overdose 
of paracetamol causes many metabolic disturbances including 
an increase in serum urea and creatinine [4]. In the present 
study, serum urea and creatinine levels in the groups treated 
with thymus oil and paracetamol were significantly reduced 
compared with the paracetamol treated group. 

Thymus oil produced a significant decrease in cholesterol, 
triglycerides, LDL-cholesterol and significant increase in HDL-
cholesterol concentrations in serum of thymus oil treated 
groups than recorded in control group. Also, improve the lipid 
profile after paracetamol toxicity. These results were consistent 
with those obtained by [35] who recorded that paracetamol 
overdose caused significant increase in total cholesterol, serum 
triglycerides, low density lipoprotein, total bilirubin with a 
reduction of albumin and high density lipoprotein cholesterol. 
The reduction in albumin and protein concentrations and 
increase in triglyceride concentration is attributed to the initial 
damage produced and localized in the endoplasmic reticulum 
which results in the loss of P450 leading to its functional failure 
with a decrease in protein synthesis and accumulation of 
triglycerides leading to fatty liver. The rise in protein and albumin 
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concentrations and decrease in triglyceride concentration 
suggests the stabilization of endoplasmic reticulum leading to 
protein synthesis and the anti-hyperlipidemic effect of thymus 
oil. The mechanism of hypolipedemic effct of medicinal plant 
may be due to the inhibition of dietary lipid absorption in the 
intestine or its production by liver or stimulation of the biliary 
secretion of cholesterol and cholesterol excretion in the faeces 
[36]. Also, hypolipedemic effect of medicinal plant may be due 
to the inhibition of glycation lipoproteins, enzymes and proteins 
that involve lipid and lipoprotein metabolism [37].

There is a growing interest in the antioxidant properties 
of many herbs and spices that were reported to be effective 
in retarding the process of lipid peroxidation in oils and fatty 
acids [38-40]. MDA is known as a secondary product of lipid 
peroxidation and is used as a marker of tissue damage resulting 
from many chain reactions [41,42]. Hepatic and renal oxidative 
stress is induced by increases in lipid peroxidation products 
(e.g., MDA) and decreases in antioxidant defensive enzyme 
activities [43]. The previous study shows that paracetamol 
induced rats had significant lipid hydroperoxides in hepatic and 
kidney tissues [44]. Increased MDA levels in liver and kidney 
tissues have long been known to cause functional degradation; 
therefore, the degradation of vital tissue leading to complications 
may be indirectly due to increased oxidative stress [45]. 

In our study, the administration of paracetamol (2 g/kg) 
caused significant elevations in hepatic and renal MDA levels 
compared to the control group. Alternatively, the MDA levels in 
the thymus oil 250 mg/kg+paracetamol and thymus oil 500 mg/
kg+paracetamol groups were significantly lower compared to the 
paracetamoltreated group. Our results showed that thymus oil 
reduced MDA levels in the hepatic and renal tissues. Thymus oil 
provides a satisfactory protection against paracetamol induced 
lipid peroxidation. Enzymatic antioxidants play an important 
role by protecting the cells exposed to oxidative damage. SOD 
is an important enzyme that converts the superoxide radical to 
molecular oxygen (O2) and hydrogen peroxide (H2O2) [46]. CAT 
is an enzyme that converts H2O2 to O2 and water, and is generally 
located in the intracellular peroxisomes [47]. The activities of 
the SOD and CAT enzymes were significantly reduced in the 
paracetamol induced hepato-renal toxicity group. In this study, 
paracetamol significantly reduced the antioxidant activities of 
SOD and CAT, in the hepatic and renal tissues in comparison with 
the control group. Pre-treatment with thymus oil (250 or 500 mg/
kg) significantly attenuated the paracetamol induced decrease 
in antioxidant enzyme activities observed in rat hepatic and 
renal tissues. Thymus oil treatment also significantly reduced 
paracetamol induced oxidative stress levels. The mechanism 
of this effect is considered to be due to the capability of the 
hydroxyl groups located on the fifth and eighth positions in the 
paracetamol molecule to directly eliminate free radicals [48].

Additionally, it has been determined that thymus oil 
indirectly suppresses oxidative stress by regulating antioxidant 

enzyme activities [49]. Similarly, many studies have reported 
that thymus oil treatment protects tissues against oxidative 
stress and induces an increase in antioxidant enzyme activities 
[45,50].

Conclusion
The protective property of thymus oil is further confirmed 

by significant improvement of the liver and kidney architecture. 
The present study suggests that the thymus oil has a tremendous 
potential to reverse the hepato-renal changes induced by 
paracetamol back to normal via its antioxidant activity. 
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