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Abstract: Paracetamol is a common analgesic and antipyretic drug which is safe in therapeutic doses
but can produce life-threatening hepatic and renal damages with toxic doses. The current study was
designed to investigate the protective effects of aqueous extract of thyme (Thymus Vulgaris) against
paracetamol-induced toxicity in male albino rats. A total of 24 rats were used for the study. The rats
were grouped into four with sex rats in each group. Group | was the control, group Il received thyme
extract at a dose of 500 mg / kg body weight for 14 days. group Il received paracetamol at a dose of
200 mg / kg body weight / ml without extract for 14 days, and group 1V received paracetamol plus
thyme extract for 14 days. Administration of paracetamol to rats induced marked disturbance of
hepatic and renal functions, characterized by a significant increase in the levels of aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP),total bilirubin ,
total protein , blood urea and serum creatinine (p < 0.01) and injured the hepatic and renal cells
evident from increased level of malondialdehyde (MDA) (p < 0.01) along with depletion of super
oxide dismutase (SOD), catalase (CAT), activities and reduced glutathione (GSH) levels (p < 0.01).
Histopathological changes showed that paracetamol caused significant structural damages to liver and
kidneys. Oral co-administration of thyme extract with paracetamol significantly decreased the level of
liver enzymes (ALT, AST and ALP), total bilirubin , total protein, blood urea and creatinine. The
increased levels of lipid peroxidation in tissues were reverted significantly. Thyme treatment also
resulted in a significant increased in CAT, SOD and GSH in both liver and kidneys. Moreover, thyme
extract also exhibited some improvement in the histological architecture of liver and kidney . These
results clearly show the antioxidant and protective property of thyme extract.
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INTRODUCTION

The liver plays a central role in transforming and clearing chemicals and is susceptible to the toxicity from
these agents. Certain medicinal agents, when taken in overdoses and sometimes even when introduced within
therapeutic ranges, may injure the organ. Drugs are an important cause of liver injury. More than 900 drugs,
toxins, and herbs have been reported to cause liver injury (Friedman et al., 2003) and it is the most common
reason for a drug to be withdrawn from the market. Drugs are also, a common source of acute renal injury and
cause approximately 20 percent of community- and hospital- acquired episodes of acute renal failure (Bellomo,
2006). Renal toxicity should not be confused with the fact that some medications have a predominantly renal
excretion and need their dose adjusted for the decreased renal function.

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 (Roberts et al., 2001;
Abraham, 2005). Protection against paracetamol — induced hepatoreno-toxicity has been used as a test for
potential protective activity by several investigators (Visen et al.,1993).

A number of drugs or chemicals such as melatonin, vitamin E and N-acetyl-cysteine have been used to
prevent paracetamol -induced hepatic and renal injury (Sener et al., 2003). Increased use of synthetic drug
therapy leads to many side effects and undesirable hazards. Therefore there is a worldwide trends to return to
natural resources, which are culturally acceptable and economically viable. Thyme (Thymus vulgaris L.) belongs
to the Lamiacea family and aromatic native herbs in the Mediterranean region. It is now widely cultivated as tea,
spice and herbal medicine (Ozguven and Tansi, 1998; Domaracky et al., 2007). The leafy parts of thyme and its
essential oil have been used in foods for the flavour, aroma and preservation so added to meat, fish and food
products. Thyme has changed from a traditional herb to a serious drug in rational phytotherapy. Thyme possess
various beneficial effects, e.g., antiseptic, antimicrobial, bactericidal, anthelmintic, antioxidant properties and it
has recently suggested as a natural replacement for synthetic antioxidant (Rasooli et al., 2006). Thyme is an
excellent source of iron, manganese and vitamin K. It is also a very good source of calcium (Sasaki et al., 2005).
Moreover, thyme, promotes blood circulation and functions as an exciting stimulant for the entire system. The
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stimulating action on the nervous system makes the herb a brilliant remedy for physical as well as mental
fatigue, alleviating tension, anxiety and sleeplessness. The herb is also effective in treating depression or mood
changes (Hoferl et al., 2006).

The therapeutic potential of thyme rests on its contents of flavonoids, thymol, carvacrol, eugenol, aliphatic
phenols as well as saponins, luteolin and tetramethoxylated flavones.(Dorman and Deans,2000 ; Amarowicz et
al., 2008). The present study was designed to assess whether the toxic effects caused by administration of
paracetamol could be prevented or ameliorated by treatment with thyme extract.

MATERIALS AND METHODS

Chemicals:

Reagent kits for assay of AST, ALT, ALP, total bilirubin, total protein, urea and creatinine, were purchased
from Quimica Clinica Aplicada S.A (Spain). Reagent kits for determination of malondialdehyde (MDA),
reduced glutathione (GSH) catalase (CAT) and superoxide dismutase (SOD) were purchased from
Biodiagnostics (Egypt). All other chemicals and solvents used in this study were of highest purity and analytical
grade, and purchased from Sigma-Aldrich chemic (Deisenhofen, Germany).

Plant Material and Extraction Procedure:

Dried leaves of thyme (Thymus vulgaris) were purchased from local market in Giza, Egypt. The leaves of
thyme were grounded into powder using a grinder. One hundred g of fine-powder were subjected to extraction
with 200 ml boiling distilled water in covered flask until complete exhaustion and left for 30 min. Thereafter,
the extract was cooled and filtered using Whatman No.1 filter paper to remove particulate matter (Kandil et al.,
1994). The filtrate was dried using freeze dried system ( Dum-Dry Freeze Dryer, Model PAC-TC -V4 , FTS
system, Inc., Stone Ridge ,NY,USA).The required doses were taken and reconstituted in 10 ml of distilled water
just before oral administration.

Animals:

Twenty four adult male Sprague-Dawley rats weighing about 120-150 g, were obtained from The Animal
House of National Research Centre. All animals were housed in plastic cages and kept under the same
laboratory conditions of temperature (25+2°C) and lighting (12:12hr light: dark cycle), for one week prior to
starting the experiments. The rats were provided ad libitum with tap water and fed with standard commercial rat
chow. Animal procedures were performed in accordance with Guidelines for Ethical Conduct in the Care and
Use of Animals.

Experimental Design:

The animals were divided randomly into four groups of sex rats each. Paracetamol was prepared in distilled
water and administered orally at the dose of 200 mg/kg body wt. (Vidhya Malar and Mary Mettilda Bai, 2009),
while the thyme extract was administered by oral gavage at a dose of 500 mg/kg body wt. (Shati and Elsaid,
2009).

Group I: Vehicle (distilled water) treated rats were received daily dose of distilled water for 14 days and served
as control.

Group Il: Rats received thyme extract (500 mg/kg b. wt /day, orally) for 14 days.

Group I11: Rats received paracetamol (200 mg/kg b. wt /day, orally) for 14 days.

Group 1V: Rats received paracetamol as in group Il and after 30 min thyme extract was administered as in
group Il for 14 days.

Biochemical Analysis:

At the end of the experimental period, the animals were fasted for 16-18 hrs. before sacrificing. The animals
of all groups were sacrificed and the blood sample of each animal was collected separately by carotid bleeding
into sterilized tubes for separation of serum for different biochemical analysis like AST, ALT (Reitman and
Frankel, 1957), ALP (Babson et al., 1966), total bilirubin (Schmidt and Eisenburg, 1975), total protein (Henery,
1964), creatinine (Schirmeister et al., 1964) and urea (Foster and Hocholzer, 1971). Portions of liver and
kidneys were immediately washed in ice cold physiological saline and homogenized in 50mM potassium
phosphate (pH 7.4) to render 10% homogenate. The homogenate was centrifuged at 4000 rpm for 15 min. at
4°C. The supernatant was used for MDA (Ohkawa, et al., 1979), GSH (Beutler et al., 1963), SOD (Nishikimi et
al., 1972), and CAT (Aebi, 1984) analysis.
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Histological Investigation:

Small portions of liver and kidneys were preserved in 10% neutral buffered formalin, embedded in paraffin
wax and sectioned at 5pum. The sections were stained with haematoxyline and eosin for histological examination
(Ross et al, 1989).

Statistical Analysis:

The results were expressed as mean + SE of studied groups using the analysis of variance test (one way
ANOVA) followed by Bonferroni test. All analysis were performed by statistical package for the social science
software ( SPSS Inc., Chicago, IL). Values of P<0.05 were considered significant.

Results:

The extent of paracetamol induced hepatotoxic effect was assessed by the level of released cytoplasmic
enzymes such as ALT ,AST and ALP in circulation. The activities of tranaminases and ALP and the level of
total bilirubin and total protein are shown in Tablel. The level of ALT, AST, ALP and total bilirubin increased
significantly (P<0.01) in paracetamol —treated rats (Group Il1), while the content of total protein decreased
(P<0.01) significantly when compared with control (Group I). Co-treatment with thyme extract and paracetamol
(Group 1V) reduced the concentration of ALT, AST, ALP and total bilirubin while increasing total protein
content significantly (P<0.01).

Indices of kidney functions were displayed in Table 2. The levels of urea and creatinine significantly
(P<0.01) increased in serum of rats received paracetamol as compared to control group. On the other hand,
rats administered thyme extract alone(Group I1) revealed a non-significant change in the mentioned parameters
as compared to control group. The co-treatment with thyme extract recorded significant decrement in urea
(P<0.01) and creatinine (P<0.05) in comparison with paracetamol —treated group.

Table 3 shows the effects of the administration of thyme extract on the levels of liver MDA and GSH and
the activities of SOD and CAT in paracetamol-treated rats. Paracetamol treatment brought about a significant
(P<0.01) depletion of SOD,CAT and GSH with increased (P<0.01) MDA levels. Co-treatment with thyme
extract (Group 1V) significantly (P<0.05) elevated the activity of both CAT and SOD as well as GSH content
(P<0.01) with marked decrease in the MDA level in hepatic tissue when compared with paracetamol —treated
rat. Treatment with thyme extract alone significantly (P<0.05) increased hepatic GSH content as compared with
control group.

Administration of paracetamol caused a significant (P<0.01) elevation in MDA level in kidney homogenate
as compared with control group. Co-treatment with thyme extract induced significant (P<0.05) decrease in
MDA level when compared with paracetamol treated group (Table4). Also treatment with paracetamol led to a
significant decrement (P<0.01) in SOD and CAT activities and GSH content in renal tissue as compared to
control group. However, co-administration with thyme extract improved the reduction of CAT and SOD
activities and GSH content (P<0.05) that induced by paracetamol. The treatment with thyme extract alone
significantly(P<0.05) increased GSH content when compared with control rats.

Table 1: Effect of administration of paracetamol alone or with thyme extract on serum liver functions.

Group Treatment AST ALT ALP Total Total
(U/ml) (U/ml) (U/ml) Bilirubin Protein
(mg/dL) (g/dL)
Group | Control 37.96 21.71 89.23 0.61 8.40
+1.88 +0.62 +4.45 +0.02 +0.90
Group 1l Thyme Extract 39.80 23.61 90.34 0.63 7.9
+1.70 +0.57 +4.52 +0.03 +0.3
Group I Paracetamol 123.60*** 104.93*** 200.57**2 5.40%** 3.7%*
+1.94 +1.83 + 3.46 +0.31 +0.4
Group IV Paracetamol 50.11** 47.64** 112.41%*P 0.93** 6.9%*°
+Thyme Extract +1.07 +1.75 +0.55 +0.01 +0.7

Values are expressed as mean + SE (n=6) , a: Group 111 was compared to the Group |, b: Group IV was compared to Group Il1.* significant
at P<0.05, **significant at P<0.01.

Table 2: Effect of administration of paracetamol alone or with thyme extract on serum kidney functions.

Group Treatment Urea (mg/dL) Creatinine (mg/dL)
Group | Control 19.6+2.1 0.24 +0.04
Group Il Thyme Extract 213x14 0.22 £0.01
Group 11l Paracetamol 80.1 + 8.2*** 1.24 +0.43***

Group IV Paracetamol+ 38.1 £3.7%% 0.84 +0.07*°
Thyme xtract

Values are expressed as mean + SE (n=6) , a: Group 111 was compared to the Group |, b: Group IV was compared to Group Il1.* significant

at P<0.05, **significant at P< 0.01.
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Table 3: Effect of administration of paracetamol alone or with thyme extract on markers of oxidative stress in liver tissues.

Group Treatment MDA SOD CAT GSH
nmol/g tissue U/g tissue Ul/g tissue g /g tissue
Group | Control 28.71 441.74 1.64 1.20
+2.01 +26.42 +0.05 +0.10
Group Il Thyme Extract 26.96 434.11 1.73 1.98
+2.15 +30.90 +0.07 +0.20°
Group 11 Paracetamol 98.73 226.76 0.80 0.79
+3.86™° $23.39™ +0.07™ +0.08**
Group IV Paracetamol+ 51.23 296.23 1.09 1.13
Thyme Extract £5.07" $26.12" £0.07" £0.16**°

Values are expressed as mean = SE (n=6) , a: Group Il and Group Il were compared to the Group I, b: Group IV was compared to Group
111.* significant at P<0.05, **significant at p<0.01

Table 4: Effect of administration of paracetamol alone or with thyme extract on markers of oxidative stress in kidney tissues.

Group Treatment MDA SOD CAT GSH
nmol/g tissue Ul/g tissue Ul/g tissue g/g tissue
Group | Control 35.3 389.82 1.99 19
+59 +20.13 +0.11 +0.2
Group Il Thyme Extract 37.1 390.38 2.69 25
+36 +24.60 +0.27 £0.2"
Group 11 Paracetamol 79.4 231.16 0.79 0.96
+ 4.9% $20.717 +0.06™ +0.1%%
Group IV Paracetamol+ 41.8 310.26 1.16 1.7
Thyme Extract £4.9%° £29.71° £0.10" £05*°

Values are expressed as mean + SE (n=6) , a: Group Il and Group Il were compared to the Group |, b: Group IV was compared to Group
I11.* significant at P<0.05, **significant at p<0.01.

In the histopathological studies, the liver sections of rats treated with vehicle showed normal hepatic
architecture with polyhedral hepatocytes , rounded vesicular nuclei and eosinophilic cytoplasm (Fig.1-a). In rats
treated with thyme extrat alone, a normal hepatic architecture were observed (Fig. 1-b). The histoarchitecture of
paracetamol- treated rat liver showed cloudy swelling , degeneration of hepatocytes and lymphocytic
infiltration (Fig. 1-c). In the group of animals administered thyme extract with paracetamol showed protective
effects in the liver where slight degenerative changes were observed (Fig. 1-d).

Fig. 1: A photomicrographs of liver sections showing effect of various treatments: (a) Liver of control rat
showing normal architecture of hepatocytes (H and E, X100); (b) Liver of rat treated with thyme extract
alone showing almost normal histology of hepatic tissue (H and E, X40). (c) Liver section of
paracetamol —treatmed rats, demonstrating cloudy swelling ; hepatocytes degeneration and lymphocytic
infiltration (H and E, X40); (d) Liver section of rat treated with paracetamol and thyme extract showing
slight degenerative changes (H and E, X40).
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Histological study for the kidneys of the control rats revealed normal glomerulus surrounded by the
Bowman’s capsule, proximal and distal convoluted tubules without any inflammatory changes (Fig. 2-a). The
normal structure in most of proximal and distal tubules and renal corpuscle with slight changes in renal tissue
appeared in thyme extract-treated rats (Fig. 2-b).The treatment with paracetamol induced marked alterations in
renal tissues (Fig. 2-c) when compared to the control group. These changes were in the form of acute tubular
necrosis and the congestion of the glomerular epithelium with massive vacuolization in the cytoplasm.
Treatment with paracetamol and thyme extract showing marked improvement in most proximal and distal
tubules and glomeruli (Fig. 2-d).
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Fig. 2: A photomicrographs of kidney sections showing effect of various treatments: (a) control rats showing the
normal structure of proximal tubules and normal glomeruler capsule with urinary space, (b) thyme
extract-treated rats showing the normal structure in most of proximal and distal tubules and renal
corpuscle (H&E, X100), (c) paracetamol-treated rats showing acute tubular necrosis and the congestion
of the glomerular epithelium with massive vacuolization in the cytoplasm (H & E, X225) and (d) rats
co-treated with paracetamol and thyme extract showing marked improvement in most proximal and
distal tubules and glomeruli (H&E, X125).

Discussion:

Acute large doses or chronic use of paracetamol is commonly associated with hepatotoxicity and
nephrotoxicity in humans as well as animals (Schnellman, 2001). The present study confirmed that the
paracetamol, in over dosage, was found to cause liver injury which clinically manifested as jaundice, steatosis
and fibrosis (Lewis et al.,2006). Our results demonstrated increase in AST and ALT activities as released into
systemic circulation due to membrane damage of hepatocytes and necrosis. Paracetamol intoxication also
facilitates the release of ALP due to hepato-biliray damage. In the current study, the elevated serum level of
ALP might be due to increase synthesis in presence of increasing billiary pressure as described by Prakash et
al.(2001). In addition, our results reported increased level of serum bilirubin, thereby suggesting severe hepatic
injury and confirming the hepatotoxic nature of paracetamol. Serum bilirubin is considered as an index for the
assessment of hepatic function and any abnormal increase indicates hepatobiliary disease and severe disturbance
of hepatocellular architecture (Martin and Friedman, 1992). Moreover, hepatotoxin impairs the capacity of liver
to synthesize albumin (Dubey et al., 1994). In the current study, decreased total serum protein level in
paracetamol treated rats may be attributed to impaired protein synthesis by damaged liver tissue.

In the present study, the elevations in the levels of MDA - the end products of lipid peroxidation- in the
liver of rat treated with paracetamol suggests tissue damage and failure of antioxidant defense mechanisms as
evidenced by decreased activities of protective enzymes such as SOD and CAT activities and GSH content in
liver tissue after paracetamol administration. An explantion for the depletion of GSH content in hepatic tissue
has been described previously. Paracetamol in larger doses produces liver necrosis after undergoing bio-
activation to a toxic electrophile, N-acetyl-p-benzoquinoneimine (NAPQI) by cytochrome P-450 mono-
oxygenase. NAPQI, in turn, is detoxified by conjugating with GSH leading to its depletion (Lee et al.,1996).
Thus, GSH constitute the first line of defense against paracetamol -induced generation of free radicals (James. et
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al., 2003). NAPQI binds to macromolecules and cellular proteins, and also oxidizes lipids and alters
homeostasis of calcium after depletion of SOD, CAT and GSH .

The histological results reported in the current study confirmed the biochemical results and indicated that
paracetamol induced damages to hepatic tissues. Similar histological changes in the liver have been
demonstrated previously (Vidhya Malar and Mary Mettilda Bai , 2009; Al- Sowyan,2009).

In the present study, paracetamol -induced nephrotoxicity was characterized by marked elevations in blood
urea and serum creatinine. Our finding were in accordance with that reported by Abubaker Siddiq et al.(2012).
It has suggested that in nephrotoxicity and renal diseases, the serum urea and creatinine accumulates because the
rate of production exceeds the rate of clearance due to the defect in renal function (Mayne,1994). Paracetamol
nephrotoxicity occurs due to its highly reactive metabolite- NAPQI- which arylates proteins in the proximal
tubule, initiating cell death of renal tubular cells (Mugford and Tarloff,1997). Drug-induced nephrotoxicities are
often accompanied with marked elevations in blood urea and serum creatinine and acute tubular necrosis and
depletion of antioxidant enzyme (Verpooten et al.,1998). Furthermore, hepatically derived glutathione
conjugates are involved in paracetamol induced renal injury. The kidneys are involved in the excretion of
various xenobiotics, pollutants, toxins and hence they are prone to liberate high quantities of free radicals which
contribute to high oxidative stress. This is involved in the pathogenesis of kidney damage (Trumper et
al.,1996).

The present study demonstrated that paracetamol overdose resulted in an increase in the renal MDA level
paralleled with the decrease in the SOD and CAT activities as well as GSH level when compared with control
rats. Our results were in agreement with that reported by Cohen et al.(1998) who concluded that paracetamol -
induced oxidative stress results in lipid peroxidation, protein thiols oxidation, depletion of antioxidant enzyme
and mitochondrial endoplasmic reticulum injury. Linares et al.(2006) suggested that , during renal injury and
inflammation, superoxide and peroxide radicals are generated at the site of damage, resulting in the depletion of
SOD and CAT activities which are considered the most important enzymes involved in ameliorating the effects
of oxygen metabolism.

The biochemical results were also confirmed by the histological findings in the renal tissue which showed
acute tubular necrosis and congestion of the glomerular epithelium with massive vacuolization in the cytoplasm.
These changes are similar to that reported by Abraham (2005) who demonstrated renal histological alterations
following the administration of paracetamol in an overdose.

There have been great efforts to find safe and potent natural antioxidants from various plant sources.
Phenolic phytochemicals are thought to promote optimal health through their antioxidant and free radicals
scavenging effects (EI-Nekeety et al.,2011). Aqueous extract of thyme are rich in the total phenolic content and
have radical scavenging activity (Hamzawy et al.,2012)

Treatment of paracetamol intoxicated rats with thyme extract in the present study, markedly reduced the
elevated levels of transaminases, ALP and total bilirubin in serum towards normal indicating its
hepatoprotective efficacy and demonstrated membrane stabilizing activity of thyme extract. Also, thyme extract
prevented the decrease in the total serum protein level. This further signifies the curative nature of extract
against paracetamol toxicity. Moreover, co-administration of thyme alleviates the harmful effects induced by
paracetamol by improvement the kidney functions.

Additionally, the current study reported that the administration of thyme extract with paracetamol decreased
the levels of MDA and exhibited a marked increase in the activity of SOD and CAT as well as the level of GSH
in both hepatic and renal tissue as compared to paracetamol group. This observed increase suggests that the
thyme have an efficient protective mechanism in response to reactive oxygen species and may be associated
with decreased oxidative stress and free radical-mediated tissue damage because it scavenges the free radicals
and this scavenging is one of the major antioxidant mechanisms to inhibit the chain reaction of lipid
peroxidation (Seung et al.,2005). It is possible for the thyme extract to be mediated its antioxidant activities by
enhancing the antioxidant defense enzymes SOD, CAT and replenishing GSH storage. Our data reported
increase in the level of GSH in both hepatic and renal tissues of rats treated with thyme alone which may be an
evidence for enhancing the antioxidant defense system with thyme. However, the hepatorenoprotctive potenial
of thyme was previously described in alfatoxines- induced liver damage (Hamzawy et al.,2012).

The protective property of the extract is further confirmed by significant improvement of the liver and
kidney architecture .Thyme alone produced slight changes in renal tissue which may be disappeared by
decreasing the used dose of the extract.

In conclusions, the present study suggests that the aqueous thyme extract has a tremendous potential to
prevent or reverse the changes induced by paracetamol toxicity back to normal via its antioxidant activity .
Hence it is advised that, during treatment with paracetamol in overdose , it is preferable to consume thyme
leaves extract as a protective agent.
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