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Introduction
Ionized radiation (≥6Gy γ-rays)-induced cytotoxic effects and 

hazardous effects in kidney [1-3]. In a recent study, the authors 
concluded that gamma-rays (7.5 Gy) prompted a significant raise of 
renal biochemical indices: creatinine, oxidative-stress indicators, MDA 
concomitant with a reduction of GSH and SOD. Beside a raise in the 
level of the renal inflammatory mediators: TNF-α, and IL-1β [4]. In an 
endeavour to minimise these cytotoxic effects, antioxidant compounds 
have been identified to counteract radiation-associated toxicities [5,6].

The genus Eucalyptus L'Heritier comprises about 900 species, over 
300 of them contain volatile essential oil in their leaves. EO has amazing 
widespread biological activities including antimicrobial, antiseptic, 
antioxidant, chemotherapy agent, liver and gastrointestinal disorders 
treatment and wound healing [7]. Many study evaluate the beneficial 
effects of EO upon oxidative stress-induced kidney damages in rat [8,9] 
and in mice [10].

We have made an attempt to evaluate the biological role of EO, as 
a natural medicine for mitigation of radiation-induced tissue injury. 
Biochemical assess in serum and renal tissues were performed.

Material and methods
Animals

Male albino rats (250–270g) were obtained from the Egyptian 
organization for biological product and vaccines Giza, Egypt. Animal 
were acclimated weeks before experimentation and were received 

standard diet and water ad libitum and maintained under standard 
conditions of humidity, temperature (20-24°C), and 12-h light-dark 
cycle. Animals were deprived of food, but not water, overnight before 
experiments. All experiments were performed in accordance with 
ethics committee of NCRRT. 

Radiation processing 

It was performed by using gamma cell-40 (cesium-137) located at 
NCRRT, Cairo, Egypt. Animals were irradiated with a single dose level 
of 6 Gy γ-rays, delivered at a dose rate of 0.42Gy/ min at the time of 
experimentation. Animals were not anesthetized before irradiation.

Chemicals

Pure Eucalyptus oil (100%) was used, extracted by steam distilled 
from leaves and small branches, from (NOW Eucalyptus Essential Oil-
NOW Foods, Bloomingdale, USA). All other chemicals and solvents 
used were of the highest purity grade available.
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Experimental design 

Animal grouping: Rats were randomly distributed into four 
groups, each consisting of 8 rats. They were control group: animals 
received normal saline (N/S); 2 ml/ kg body weight as a vehicle for 7 
successive days, intra gastric (ig). EO group: animals received EO (100 
mg/ kg body weight, ig) for the same time, according to Mansour [11]. 
Irradiated group: animals received N/S with the same dose and time; 
then exposed to a single dose of (6 Gy γ-rays). EO + γ-rays group: EO 
with the same dose and time was given prior to irradiation. Examination 
was carried out 7 days after end of the experiment. The animals were 
anesthetized, sacrificed and their kidneys were dissected. 

Biochemical analysis: 24 hours after the last dose of the specific 
treatment, blood samples were obtained by heart puncture and 
serum was separated. Blood serum was prepared for measuring 
creatinine (CRT) using colorimetric kits (Abcam, UK) according to 
the manufacturer’s instructions. The absorbance was read at 570nm. 
Asymmetric dimethylarginines (ADMA) was estimated using a 
standard enzyme linked immunosorbent assay (ELISA) method 
according to the manufacturer's instructions (Immundiagnostik AG, 
Bensheim/Germany).

Kidneys were quickly removed, washed with saline, blotted with a 
piece of filter paper. Kidney homogenates were prepared for estimation 
of oxidative stress markers; malondialdehyde (MDA), reduced 
glutathione (GSH), superoxide dismutase (SOD) and glutathione 
peroxidase (GSHPx) levels and measured using commercial kits (Zellbio 
GmbH, Germany) according to the manufacturer's instructions. The 
absorbance was read at 420m, 412nm, 535nm and 412nm, respectively. 
Also, kidney homogenates were used for measuring total nitrate/nitrite 
(NO(x)) level using colorimetric kits (Abcam, UK) according to the 
manufacturer’s instructions. The absorbance was read at 540nm.

Detection of tumor necrosis factor-α (TNF-α) and interleukin-
1β (IL-1β) in the renal’s homogenate in the different rat groups were 
executed by ELISA technique (BioSourcs International, Camarillo, 
USA), according to the company’s directions. Each sample assess was 
frequent three times.

Statistical analysis: Data were analysed using one-way analysis of 
variance (ANOVA) followed by LSD post hoc test. The results obtained 
were expressed by mean± standard deviation. Differences were 
considered significant at p≤ 0.05 [12].

Results
As presented in table 1-4, animal group treated with EO only 

showed non-significant changes in all estimated parameters compare 
to control group.

A significant increase in the levels of serum content of creatinine 
and ADMA in irradiated group as compared to control rat group (Table 
1). Administration of an ig EO (100 mg/ kg body weight) for 7 repeated 

days before 6 Gy γ-rays-exposure significantly decreased the levels of 
CRT and ADMA in serum (p≤ 0.05) compared to the EO + γ-rays 
group (Table 1).

Also, the effects of γ-rays on oxidative stress markers are shown 
in Table 2. The γ-rays induced a significant augmentation in MDA 
and NO(x) contents and significant diminution in the renal SOD and 
GSHPx activities and GSH content, compared with control group. 
Administration of EO prior to γ-rays-exposure resulted in a significant 
reduction in MDA and NO(x) levels and significant increases in the 
activity of renal SOD and GSHPx, and content of GSH compared to the 
EO + γ-rays group (Table 2).

As shown in Table 3, significant augmentation in some inflammatory 
markers represented in renal tissues; TNF-α and IL-1β levels were 
observed in γ-irradiated group compared with corresponding values 
of control group. The administration of EO before exposure to γ-rays 
significantly limited the elevation in those inflammatory markers levels 
compared to irradiated group (Table 3).

Discussion
The present study aimed to investigate the potential protective 

effect of EO against γ-rays-induced renal toxicity in rats. In addition, 
the possible mechanisms underlying the renal protective effect were 
explored including the antioxidant as well as the anti-inflammatory 
effects. Cellular exposure to ionising-radiation leads to oxidative stress 
events, which refer to raised intracellular levels of reactive oxygen 
species (ROS). The elevated levels of ROS significantly contributed to 
γ-radiation induced cytotoxicity [5]. In the present study, 6 Gy γ-rays 
caused a marked increase in serum levels of creatinine and ADMA. 
These data agree with that reported in previous studies, which reported 
that γ-irradiation caused a significant increase in creatinine and 
ADMA [11,13]. The pre-treatment with EO for 7 successive days prior 
to irradiation ameliorated the level of serum creatinine and ADMA. 
This effect might be related to the anti-oxidative properties of EO, 

Parameters
GrouPs

Control eo Irradiated EO + γ-rays
Crt 

(mg/ dl) 0.72± 0.042 0.74± 0.031 2.68± 0.105a 1.12± 0.054b

aDma
(umol/ l) 0.46± 0.032 0.47± 0.041 1.12± 1.114a 0.58± 0.072b

table 1.  The levels of the inflammatory markers in serum of different rat groups

All values are expressed as mean± S. E. 
aSignificant difference from control group.
bSignificant difference from γ-rays group.

Parameters
GrouPs

Control eo Irradiated EO + γ-rays
mDa

(nmol/ g tissue) 145.8± 2.34 146.2± 2.64 241.6± 6.44a 1.71± 9.23b

No(x)
(µmol/ g tissue) 27.5± 0.66 27.4± 0.73 56.6± 1.67 a 33.8± 1.45b

soD
(µg/ g tissue) 95.4± 1.35 94.7± 1.12 45.6± 0.86a 74.22± 1.01b

GsH
(µmol/ g tissue) 0.22±0.002 0.22±0.001 0.11± 0.001a 018± 0.001b

GsHPx
(mole/ g tissue) 0.43±0.003 0.43±0.002 0.35± 0.011 0.42± 0.002

table 2.  The levels of oxidative stress markers in renal tissues of different rat groups

All values are expressed as mean± S. E.
aSignificant difference from control group.
bSignificant difference from γ-rays group.

Parameters
GrouPs

Control eo Irradiated EO + γ-rays
TNF-α
(pg/ ml) 33.43± 0.97 34.01± 0.81 69.11± 2.03a 36.68± 1.51b

IL-1β
(pg/ ml) 15.97± 1.27 15.22± 1.24 44.12± 1.23a 18.56± 1.42b

table 3.  The levels of the inflammatory markers in renal tissues of different rat groups

All values are expressed as mean± S. E.
aSignificant difference from control group.
bSignificant difference from γ-rays group.
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induced oxidative stress by decreasing CRT, ADMA, MDA, NO(x) 
levels and ameliorating the antioxidant system and the inflammatory 
markers the in renal tissues. 

The current study is the first in the literature that EO had radio 
protective effects on kidneys, in terms of biochemistry and tissue 
inflammation when administered concomitant with radiation exposure.
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which protect against oxidative stress, wherever EO showed potential cyto-
protective and anti-oxidative property against oxidative stress in cells [14].

Consistent with some previous studies [15,16], the present study 
showed a significant depletion in the antioxidant system accompanied 
by enhancement of lipid peroxides; MDA and NO(x) levels in renal 
tissues after whole body γ-rays-irradiation.

Ionizing radiation is known to induce oxidative stress through 
generation of ROS in an imbalance in pro-oxidant, antioxidant status 
in the cells and lead to cellular damage (e.g. lipid peroxidation) and cell 
death [17]. The increase in MDA level in γ-irradiated rats might be due 
to the interaction of free radicals with polyunsaturated fatty acids in the 
phospholipids portion of cellular membranes [18].

The current results showed that whole body γ-irradiation of rats at 6 Gy 
enhanced the formation of renal NO(x). Similar results have been reported 
by Abu-Khudir et al. [19]. Gamma-irradiation may enhance endogenous 
NO-biosynthesis in animal tissues, presumably by facilitating the entry of 
Ca2+ ions into the membrane as well as the cytosol of NO-producing cells 
through irradiation-induced membrane lesions. The enhancement of NO-
production following exposure to γ-rays was attributed to high levels of 
expression of the inducible NO-synthase [20].

The decrease in the activities of SOD and GSHPx and the decreased 
level of GSH might be due to their utilization by the enhanced 
production of ROS, which interacts with the enzyme molecules causing 
their denaturation and partial inactivation [21].

GSH, a well-known antioxidant, provides major protection in 
oxidative injury by participating in the cellular system of defense against 
oxidative damage. Tissue GSH levels and the activities of glutathione 
reductase and GSHPx are critical constituents of GSH needed for 
antioxidant protection, were significantly reduced due to oxidative 
stress, permitting enhanced free radical-induced tissue damage [22].

The TNF-α and IL-1β show a protagonist in initiating the 
inflammatory responses [23]. It was concluded that the desperate 
exposure to γ-rays enhanced the excretion of inflammatory cytokine 
markers, which is in agreement with the findings of a previous study 
by Elkady and Tawfik [24]. In the present work, EO revealed anti-
inflammatory properties via inhibiting significantly the γ-rays-
induced improved level of pro inflammatory markers (TNF-α and IL-
1β). The decrease of IL-1β expression in EO + γ-rays group showed 
that EO could control inflammation. The EO reduced inflammatory 
(TNF-α and IL-1β) marker levels caused by sepsis and ameliorated 
lipopolysaccharide-induced endothelial cell injury in human umbilical-
cord vein endothelial-cells [25].

Pre-treatment with EO, at a dose of 100 mg/kg, significantly 
ameliorated γ-rays-induced oxidative stress, increased GSH, SOD 
and GSHPx till reached to normal values in parallel with a significant 
decrease in ADMA, MDA and NO(x) levels, which confirmed the 
strong antioxidant effect of EO [7-9]. Experimental evidence indicated 
that antioxidant compounds can be used to protect against radiation-
induced renal toxicity [26]. In addition, Chen et al. [27] found that EO 
exhibited great antioxidant activity in both chemical- and cellular-based 
antioxidant assays and suggested that it would be promising natural 
antioxidants in pharmaceutical and industries. Moreover, in human 
and animal health, EO has good antioxidant and anti-inflammatory 
activities on the liver and kidney [28] and greatly improved the 
antioxidant property in vitro [29].

The results from the present investigation indicate that EO pre-
treatment protects against radiation damage by inhibiting radiation-
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