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Abstract

Plants have historically been used in treating many diseases. Eucalyptus globules, a rich source of bioactive compounds, and have been shown 

to possess antioxidative properties. Th e purpose of this study, carried out on male Wistar rats, was to evaluate the benefi cial eff ects of Eucalyp-

tus globulus extract upon acetaminophen-induced damages in kidney. Our study is realized in the Department of Biology, Faculty of Sciences 

of Sfax (Tunisia).  Wistar male rats; were divided into  batches: a control group (n=), a group of rats treated with acetaminophen (mg/

kg) by intraperitoneal injection during  days (n=), a group receiving Eucalyptus globulus extract ( mg of dry leaves /kg/day) in drinking 

water during  days after  hours of acetaminophen administration (during  days) (n=) and group received only Eucalyptus (n=) during  

days. After  weeks, animals from each group were rapidly sacrifi ced by decapitation. Blood serum was obtained by centrifugation. Under our 

experimental conditions, acetaminophen poisoning resulted in an oxidative stress evidenced by statistically signifi cant losses in the activities 

of catalase (CAT), superoxide-dismutase (SOD), glutathione-peroxidase (GPX) activities and an increase in lipids peroxidation level in renal 

tissue of acetaminophen-treated group compared with the control group. Acetaminophen also caused kidney damage as evident by statisti-

cally signifi cant (p<.) increase in levels of creatinine and urea and decreased levels of uric acid and proteins in blood. Histological analysis 

demonstrated alteration of proximal tubules, atrophy of the glomerule and dilatation of urinary space. Previous administration of plant extract 

is found to alleviate this acetaminophen-induced damage. ©  Association of Basic Medical Sciences of FB&H. All rights reserved
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INTRODUCTION

Acetaminophen, also known as paracetamol, is a widely used 

pharmaceutical drug []. The popularity of this drug was 

based on its reputation for low toxicity []. Since its introduc-

tion in the s, acetaminophen (N-acetyl p-aminophenol) 

has increased in use as an analgesic and antipyretic drug for 

the treatment of minor non infl ammatory conditions and 

to alleviate the symptoms of more severe conditions such as 

chronic infl ammatory arthritis and cancer [, ]. However, 

acute overdose is fairly common and can lead to potentially 

fatal renal damages in humans and experimental animals []. 

Current evidence suggests that oxidative stress with increased 

generation of reactive oxygen species, depletion of reduced 

glutathione (GSH) and lipid peroxidation play a crucial role 

in the development of acetaminophen-induced renal damage 

[]. Indeed, several antioxidants were proved effi  cient in pro-

tecting the kidney against the deleterious eff ect of acetamino-

phen overdose []. Eucalyptus globulus was proved successful 

in protecting diff erent organs against oxidative in various ex-

perimental models []. Eucalyptus, a native plant of Austra-

lia, includes more than  species. Some of them, including 

Eucalyptus globulus, were introduced in Europe and North 

Africa where they are well acclimated to the Mediterranean 

shores []. Eucalyptus is mainly cultivated for the paper and 

cosmetic industries, while some of them are used in tradition-

al medicine. Certain species of Eucalyptus are even used in 

modern medicine [, ]. Many researches were conducted 

on the medicinal properties of Eucalyptus globulus. Th e leaf 

extract or essential oil from the leaves of Eucalyptus globu-

lus were reported to possess antifungal, antibacterial, anti-

infl ammatory, antioxidant, and antihelmintic properties [].

In addition, the benefi cial eff ect of Eucalyptus was demon-

strated in rats given toxic doses of acetaminophen. However, 

the therapeutic effect of Eucalyptus globulus against acet-

aminophen-induced nephrotoxicity has not yet been studied. 

Th erefore, the present study was conducted to evaluate the 

preventive eff ects of Eucalyptus globulus in renal damage in-

duced by acute acetaminophen toxicity in rats. For this pur-
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pose, levels of urea, creatinine, uric acid and proteins in blood 

serum were measured. Th e oxidant–antioxidant status of re-

nal tissue was assessed by measuring TBARS (thiobarbituric 

acid reactive substances) level and activities of antioxidant en-

zymes SOD (superoxide dismutase), GPX (glutathione per-

oxidase), CAT (catalase). Pieces of kidney tissue were stained 

with hematoxylin and eosin for histological assessment.

MATERIALS AND METHODS

Preparation of the eucalyptus extract

Th e leaves of Eucalyptus globulus were collected from rural 

area around Zaghouan, Tunisia with the help of a botanist 

at the University of Gafsa. Th e plant material was powdered 

and macerated in  aqueous-ethanol for one week with oc-

casional shaking. Th e extract was fi ltered and concentrated 

to dark green residue under reduced pressure on a rotary 

evaporator, with an approximate yield of . Th e resulting 

solution was mixed with water to make  l and given to rat 

as drinking solution (thus containing the equivalent of  g 

dry leaves/l) given that the rats were drinking approximately 

ml /day. We may assume that each  g animal ingested 

about the equivalent of  mg dry Eucalyptus leaves /day.

Experimental design 

Three months-old Wistar male rats, (were obtained from 

Ecophsiology laboratory animal, Sfax, Tunisia) about  

g body weight, fed on  proteins food pellets (SICO, 

Sfax, Tunisia), were kept in a breeding farm, at °C, with a 

stable hygrometry, under constant photoperiod. Animals 

were treated according to the Tunisian code of practice 

for the Care and Use of Animals for Scientific Purposes.

 rats were divided into  batches: (C) was the control group 

(n=) ;A) was a group of rats treated with acetaminophen 

(mg/kg) by intraperitoneal injection for  days as proposed 

by Mladenovic et al. [] (n=); A+E) was a group pre-treated 

with Eucalyptus globulus extract ( mg dry leaves /kg) given 

in drinking water ( days) []; and injected with acetamin-

ophen as group A (n=), (E) was a group pre-treated with 

Eucalyptus globulus as sole beverage during  days (n=) .

After  weeks, animals from each group were rapidly 

sacrificed by decapitation in order to minimize the han-

dling stress. Blood serum was obtained by centrifuga-

tion ( x g,  min, °C) and the kidney were re-

moved, cleaned of fat and stored at -°C until use. 

Preparation of kidney extracts

 g of the organ, cut out in small pieces, was homogenized 

in  ml of Tris-buff ered-saline (pH .) using an Ultra-Tur-

rax grinder. Th e homogenate was then centrifuged during 

 min at °C. Supernatants were stored at -°C until use. 

Biochemical assays

Level of lipids peroxidation was measured as thiobar-

bituric acid reactive substances (TBARS), according to 

Yagi []. For the assay,  μl of supernatant (S) were 

mixed with  μl of  trichloroacetic acid contain-

ing  butyl-hydroxytoluene and centrifuged ( x g,  

min, °C). Then,  μl of supernatant (S) was mixed 

with  μl of HCl (. M) and  μl of thiobarbituric acid 

(. mM) and the mixture was heated at °C for  min. 

The absorbance was measured at  nm. The amount 

of TBARS was calculated using an extinction coefficient 

of  mM− cm− and expressed as nmoles/mg protein.

The total superoxide-dismutase (SOD) activity was deter-

mined by measuring its ability to inhibit the photoreduction 

of nitrobluetetrazolium (NBT) []. One unit of SOD repre-

sents the amount inhibiting the photoreduction of NBT by 

. Th e activity was expressed as units/mg protein, at °C.

Glutathione-peroxidase (GPX) activity was assayed according 

to the method of Flohe and Gunzler []. Th e activity at °C 

was expressed as μmoles of GSH oxidized/min/g protein.

Catalase (CAT) activity was measured according to Aebi []. 

Th e reaction mixture ( ml) contained  mM phosphate 

buff er (pH = ),  mM HO and  μl (about -. mg 

of protein) of kidney. HO decomposition was followed at 

°C by measuring the decrease in absorbance at  nm for 

 min. Enzyme activity was calculated using an extinction co-

effi  cient of . mM− cm− and expressed in international 

units (I.U.) i.e., in μmoles HO destroyed /min/mg protein.

Protein content in tissue extracts was determined accord-

ing to Lowry's method [] using bovine serum albumine as 

standard. Th e level of glucose, cholesterol, triglycerides and 

the activity of alkaline phosphatase, lactate dehydrogenase 

(LDH), aspartate amino transferase (AST), alanine amino 

transferase (ALT), creatinine, urea, uric acid and proteins in 

serum were determined by kit methods (Spinreact) (www.

spinreact.com).

Statistical analysis

Two independent experiments, each carried out on  rats, 

were performed. Data were expressed as mean ± standard 

deviation (SD). Statistical signifi cance was assessed by Stu-

dent’s test, p < . being considered statistically signifi cant.

Microscopic examination

Kidneys were quickly excised and fi xed in  formalin neu-

tral buff er solution. Th e trimmed tissues were fi rst washed 

with tap water followed by dehydration through a graded 

alcohol series and then passed though xylol and paraffi  n se-

ries before being embedded in paraffi  n. Th e paraffi  n blocks 

were cut into – μm sections stained with hematoxylin 

and eosin and examined under a light microscope [].
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RESULTS 

Serum markers of kidney damage

Acetaminophen treatment induced severe kidney dam-

ages evidenced in serum by a significant increase of cre-

atinine and urea levels and a significant decrease of uric 

acid and proteins (Table ). When acetaminophen-

treated rats were also treated with Eucalyptus globulus, 

all these biomarkers were kept to almost normal values.

Oxidative damages

TBARS levels in renal tissues were increased in acetamino-

phen-treated rats as compared to controls by + (Figure 

). Administration of Eucalyptus globulus extract reduced 

these TBARS levels. 

Antioxidant activities

Activities of enzymes which protect against oxidative stress, 

i.e., SOD, CAT and GPX were found to be respectively re-

duced by -., -., -. in kidney of acetaminophen-

treated rats, as compared to controls (Figure ). Th ese chang-

es, revealing a failing defence against an oxidative stress, were 

largely corrected in animals treated by Eucalyptus globulus.

Histopathological study

Microscopic observation of the kidneys revealed in con-

trol group normal morphology of renal parenchyma with 

well-defined glomeruli and tubules. However, the acet-

aminophen administration in a single dose of  mg/

FIGURE 1.  Levels of lipids peroxidation (expressed as TBARS, nmol/mg protein) and activities (I.U./mg protein) of superoxide dismutase 

(SOD), glutathione peroxidase (GPX) and catalase (CAT) in kidney after 6 weeks of treatment in controls (C), (A) Acetaminophen-treated 

rats,(AE) Acetaminophen-treated rats previously supplemented with Eucalyptus globulus extract ,(E) rats supplemented with Eucalyptus 

globulus extract. Values are the mean of 6 measurements ± SD. ; ** p≤0.01, compared to control group (C) ; ++ p≤0.01, compared to 

treated group (A)

Group C A AE E

Creatinine 19.4 ± 1.21 30.33 ± 2.13** 17.7 ± 1.02+ 20.61 ± 1.09+

Urea 6.37 ± 0.38 9.02 ± 0.56** 7.73 ± 0.92++ 8.17 ± 0.63++

Protein 65. 7 ± 1.28 61.33± 1.25** 66.23 ± 1.23++ 64.32±1.06++

Uric acid 112.83 ± 9.76 85.17 ±10.95** 103.65 ± 7.21++ 86 ± 5.94++

TABLE 1.  Eff ects of Acetaminophen, Eucalyptus globulus on cre-

atinine (μmol/l), urea (mmol/l), uric acid (μmol/l) and protein (g/l) 

levels in blood.

Values are the mean of 6 measurements ± SD. ; ** p≤0.01, as compared 

to control group (C). ; ++ p≤0.01, as compared to treated group (A).
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kg caused alteration of proximal tubules, atrophy of the 

glomerulus and dilatation of urinary space. Eucalyptus 

globulus treatment resulted in marked attenuation of the 

tubular damage with a better morphology of glomeruli as 

compared with the acetaminophen-treated group (Figure ).

DISCUSSION

The aim of this study was to investigate the protective ef-

fect of Eucalyptus globulus on the acetaminophen-induced 

renal toxicity evidenced by biochemical measurements of 

oxidative damage and histopathological changes. In fact, 

our study clearly demonstrates that acute acetaminophen 

overdose ) increases lipid peroxidation level, ) weak-

ens the antioxidant defense mechanisms leading to bio-

chemical disturbances and ) deteriorates the renal ar-

chitecture as confirmed by histopathological observation.

It has been suggested that acetaminophen-induced re-

nal damage may be due to the metabolic formation of N-

acetyl-p-benzoquinone-imine (NAPQI) which reacts with 

glutathione. This molecule is highly toxic and reacts with 

glutathione to form sulfur derivatives of cysteine and mer-

capturic acid before elimination in the urine [, ]. Th e 

supra-therapeutic doses saturate the conjugation pathways 

and the largest fraction of acetaminophen drift towards the 

cytochrome P- pathway leading to increased formation 

of toxic NAPQI. Th is depletes intracellular GSH and leads to 

alkylation of cellular macromolecules []. Depletion of glu-

tathione may have two adverse consequences []. Previous 

studies, in agreement with the present one, have clearly dem-

onstrated that acute acetaminophen overdose increases lipid 

peroxidation level and suppresses the antioxidant defence 

mechanisms in renal tissue. Th ese results suggest that the in-

traperitoneal injection of acetaminophen caused disturbance 

in oxidant-antioxidant balance in order to disrupt redox ho-

meostasis and develop an oxidative stress in kidney. As the 

increase in lipid peroxidation was associated with increase 

in ROS level and decreases in enzymatic antioxidants. It is 

likely that the renal peroxidative damage was a consequence 

of the damaging eff ects of ROS as well as failure of antioxi-

dants to reestablish redox homeostasis [, ]. Th ere are 

numerous reports showing that acetaminophen administra-

tion is closely followed by increase in lipid peroxidation prod-

ucts, leading to disturbance of cell membrane integrity [].

FIGURE 2.  Photomicrographs of rat kidney (hematoxylin and eosin, 400×) from (A) control group showing normal renal architecture; B) 

acetaminophen-treated group showing alterations of proximal tubules (1), atrophy of the glomerule and dilatation of urinary space (2); 

C) Eucalyptus globulus plus acetaminophen group showing marked improvement in the histological picture with normal structure of the 

glomerule (3) and minimal tubules damage (4); D) The normal kidney structure of rats treated with Eucalyptus globulus extract.
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In the present study, we found also that acetaminophen-

induced renal damage by a reduction in glomerular filtra-

tion rate objective by an increased level of plasma, creati-

nine, urea concentration and total proteins []. Uric acid 

is decreased in blood of our rats treated. This compound, 

which is the final product of purine catabolism, also ex-

erts antioxidative properties and may participate to the 

defence against an oxidative stress by scavenging ROS 

[, ]. Histopathological observations also substanti-

ated the biochemical findings with improvements in re-

nal histology after administration of plant extract [].

Panatto et al [] reported that the decrease in 

uric acid is related to the toxic effects of acet-

aminophen upon the nephron, which there by re-

duces its reabsorption and promotes its excretion.

Other studies attribute the fall in the rate of plasma proteins 

caused by the administration of acetaminophen to the poor 

effi  ciency of damaged kidneys to fi lter and reabsorb the pro-

tein []. In our work, Eucalyptus treatment eff ectively pro-

tected against acetaminophen-induced nephrotoxicity by re-

storing almost normal activities of SOD, CAT and GPX .Th e 

attenuation of renal damage was confi rmed by microscopic 

examination. Th ese fi ndings are in agreement with those re-

ported earlier by others []. Previous studies showed that 

nutraceutical benefit of the extract of our plant have been 

attributed to the flavonoids, flavonols, and phenolics com-

pounds [, ]. Th e localization of flavonoids in the mem-

brane interiors and their resulting restrictions on the fluidity 

of membrane components could strictly hinder the diff usion 

of free radicals generated during acetaminophen oxidation, 

and there by decrease resulting damage eff ects [, ]. Th ere-

fore, Eucalyptus extract might play a key role in protection 

against acetaminophen intoxication by modulating the cellu-

lar GSH pool []. In this regard, we suggest that Eucalyptus 

globulus exerts an in vivo antioxidant activity against harm-

ful reactive oxygen species generated following acetamino-

phen oxidation, and could therefore prevent kidney damage.

CONCLUSION 

In conclusion, this report is the first study examining the eff ect 

of our extract on acetaminophen-induced impairment of an-

tioxidant status and lipid peroxidation. Our results shows that 

could exert an in vivo antioxidant activity by hindering the 

lipid peroxidation process,restoring GSH depletion and re-

versing redox imbalance induced the toxicity of paracetamol.
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