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ABSTRACT

The purpose of this study was to investigate the pro-
tective effect of low dose radiation on TCE induced
oxidative damage in rats. The oxidative damage of
both liver and kidney was assessed by serum alkaline
phosphatase (ALP), Gamma Glutamyl Trans-Pepti-
dase (GGTP), Alanine and Aspartate Amino Trans-
ferase (ALT & AST) activities in addition concentra-
tions of cholesterol, high density lipoprotein-choles-
terol (HDL-c), low density lipoprotein-cholesterol
(LDL-c), Triacyglycerols (TGs), urea and creatinine
were analyzed. Liver lipid peroxidation (MDA), Ni-
tric Oxide (NO), reduced glutathione (GSH) levels,
and activities of both Super-Oxide Dismutase (SOD)
and Glutathione Peroxidase (GSH-Px) were measur-
ed. Results: TCE administration increase serum ALP,
GGTP, ALT, AST activities, cholesterol, triacylglyc-
erols, LDL-c, urea and creatinine concentrations, be-
sides liver MDA and NO, whereas it decreased SOD,
GSH-Px activities, GSH level in liver, HDL-c in se-
rum. Low dose of gamma rays (0.5 Gy) exposure sig-
nificantly improved lipid peroxidation and oxidative
injury induced by TCE. Conclusion: The study indi-
cates that treatment with low dose of gamma rays
ameliorate harmful effects induced by TCE taking in
consideration the effect of gamma radiation as a
stimulant of radical detoxification.

Keywords: Radio Protective Response; Low Dose
Radiation; TCE; Oxidative Stress

1. INTRODUCTION

The concept of radiation hormesis is usually applied to
physiological benefits from low radiation dose ranging
from 1 - 50 cGy. It is widely believed that radiation bi-
ology in the future will be focused on bimolecular and

"Corresponding author.

OPEN ACCESS

genetic implications, problems such as radiation horme-
sis and radio-protective response [1]. In the low-dose re-
gion, radiation exerts protection against other challenges
involving radicals and thus causes a net beneficial effect
by temporarily shielding the hit cell against radicals
produced through endogenous processes. Low dose of
radiation has been observed to stimulate the radical de-
toxification system, enhancement of DNA repair rates
and induce immune competence that associate with an
increase in number of cytotoxic lymphocytes, even
causing a reduction of the incidence of metastatic cancer
[2] (Figure 1).

It can be concluded that low dose pre- irradiation pos-
sibly cancel the induction of thymic lymphoma by 2 Gy
challenge dose [3]. Moreover, Azzam, suggested that a
single low dose at background or occupational exposure
level may reduce cancer risk [4], while Yonezawa and his
colleagues indicated that pre-irradiated mice with 50 ¢cGy
of X rays increased the survival rats about 70% after
subsequent lethal high dose irradiation [5]. According to
Manno, Yamoaka, Kojima and their colleagues and
Feinendegen, pre-irradiated animals with low dose may
enhance the activities of SOD, GSH-Px [2,6-8], while
Nomura and Yomaoka, suggested that low dose radiation
reduced oxidative damage induced by CCl, in mouse
liver, this by increasing the endogenous antioxidant in
animal tissues [9]. Thus suppression in oxidative injury
by endogenous and exogenous antioxidant has proven
effective. Kojima and his colleagues found that liver
GSH level in male mice increased 2 hr after irradiation
with 60 ¢Gy of gamma rays, reduced a maximum at
around 4 hr and returned almost to the control level by
12 hr [10].

Trichloroethylene (TCE), which is an organic unsatu-
rated solvent used as solvent to remove grease from
metal parts, it is an ingredient in adhesive, paint and spot
removers [11]. Also TCE is known to be a rodent car-
cinogen and neuro-toxicant [12]. TCE undergoes me-
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Figure 1. Low-dose induced adaptive protection scheme of
duration of protection.

tabolism by two ways cytochrome P450 dependent oxi-
dation and conjugation with glutathione (GSH). The ini-
tial step in GSH conjugate pathway occurs primarily in
liver with subsequent metabolism by GGTP. Metabolites
are directed to kidney [13] (Figure 2). According to Bull,
Three metabolites of TCE; chloral hydrate (CH), di-
chloroacetate (DCA), and trichloroacetate (TCA) appear
capable of inducing liver tumors in mice, but DCA is
active in rats as well [14]. Moreover, TCE also increased
lipid peroxidation [15]. On the other hand, Chen and his
colleagues stated that in human lung cancer cells, GSH
plays a vital role in protection of TCE and PERC induced
oxidative stress and apoptosis, which may be mediated
through a P53 dependent pathway [16]. In study, we
tested whether exposure to low dose radiation (0.5 Gy)
after administration of TCE ameliorate oxidative damage
induced by environmental pollutant.

2. MATERIALS AND METHODS
2.1. Chemicals

All chemicals were obtained from Sigma Chemical
(USA). Kits used in this experiments were purchased
from Bio-Diagnostics (UK).

2.2. Radiation Process

A single dose whole body irradiation (0.5 Gy) was per-
formed with rats, using gamma rays by Cesium 137 irra-
diation unit, National Center for Radiation Research and
Technology (NCRRT), with the dose rate 0.912 rad/sec.
The radiation process of animals has been carried out at
the central position of the sample chamber using a special
designed polyethylene plates with a polyethylene cover.
This place is actually calibrated using alanine dosimeter
relative to a primary standard.

2.3. Animals and Treatment

Male Wistar rats, each weighing 150 - 180 gm, were pur-
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Figure 2. Scheme for metabolism of TCE by GST pathway.
B-lyase: cysteine conjugate B-lyase, DCVG: S-(1,2-dichlo-
rovinyl) glutathione. DCVC: S-(1, 2-dichlorovinyl)-L-cysteine,
NAcDCVC: N-acetyl-S-(1,2-dichlorovinyl)-1-cysteine.

chased from the animal breeding unit of the National
research centre, Giza, Egypt. Rats were housed under
appropriate conditions of controlled humidity, tempera-
ture and light. The animals were allowed free access to
water and fed a standard pellet rat diet. The rats were
acclimatized in the animal facility of the National Centre
for Radiation Research and Technology (NCRRT)—
Atomic Energy Authority, Cairo, Egypt for at least one
week before subjecting them to experimentation. The
study was conducted accordance with the guidelines set
by the European Economic Community (EEC) regula-
tions (Revised Directive 86/609/EEC) and approved by
the Ethical Committee at NCRRT. Rats were segregated
into groups of six animals each. Each group was sub-
jected to one of the following treatments described in the
next sections.

Control animals.

Irradiated group: The animals in IRR group were ir-
radiated with a shot dose of 0.5 Gy.

Trichloroethylene administered group: Animals in
TCE group were administered interperitoneally with a
single dose of TCE (500 mg/Kg b.wt) [17].

Curative group: Animals in TCE + IRR group were
administered interperitoneally with a single dose of TCE
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(500 mg/Kg b.wt) after 30 min. the animals were exposed
to 0.5 Gy y-ray as a single shot dose. Animal groups were
sacrificed 1 & 3 days post TCE administration and/or
radiation exposure, blood and liver samples were col-
lected for biochemical analysis.

2.4. Biochemical Analysis

The blood samples were collected directly from the ani-
mals by heart puncturing. The blood samples were cen-
trifuged using universal 16R/ Germany centrifuge at 3000
rpm for 15 min. and the clear serum were collected and
stored in a refrigerator. The activities of ALP, GGTP,
ALT and AST as well as concentrations of cholesterol,
HDL-c, LDL-c, Triacylglycerols, urea and creatinine in
serum were analyzed. Liver was excised from the rats and
the homogenization was carried out using a homogenizer
(universal laboratory AID type MPW-309, Poland). One
portion used to analyze MDA, NO and GSH levels as well
as SOD and GSH-Px activities. ALP activity was assayed
according to Ellis and his colleagues [18]. The quantita-
tive determination of GGTP activity was done using kit
according the method of Szasz et al. [19]. ALT and AST
activities were determined by kits according to the me-
thod of Reitman and Frankel [20]. LDL-c concentration
was determined according to the method of Castelli [21],
while HDL-c level was estimated according to Lopes et
al. [22]. Cholesterol concentration was determined ac-
cording to the method of Meiattini et al. [23]. Triacyl-
glycerols concentration was determined according to the
method of Bucolo and David [24]. Urea content present
in the serum sample was determined according to the
method of Patton and Crouch [25]. Creatinine content
was determined according to the method of Folin [26].
MDA was assayed by the method of Yoshioka, ez al. [27].
NO concentration was measured by using Moshage, ef al.
[28]. Reduced GSH was determined using the method of
Ellman [29]. Superoxide dismutase activity was esti-
mated by the method of Marklund and Marklund [30].
The activity of GSH-Px was measured according to the
method of Gross et al. [31]. All biochemical assays were
performed with a Helios UV/VIS spectrophotometer
(Thermo Spectronic, UK).

2.5. Atomic Absorption Analysis

Liver tissues were digested with a mixture of conc.
HNOj; and H,0, (5:1). Digestion was done by using mi-
cro-wave sample preparation Labstation, MLS-1200
MEGA, Italy. Then digested samples were diluted with
deionized water to a fixed volume [32]. Selected ele-
ments (Fe, Cu, Zn, and Mn) were estimated quantita-
tively by atomic absorption solar system Unicam 939,
UK (Hallow cathode lamps in air acetylene flame) [33].
Concentration of elements in tissues was calculated by
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using calibration curve prepared from their stock solution
(1 mg). The concentration of elements per grams wet tis-
sues could be determined by the following equation [34]:

Conc. (ug/g) = [Conc.(ng/ml)/sample weight] x Dil.
Factor.

Con. (ug/g): Concentration of the element per grams
wet tissues.

Conc. (ng/ml): Concentration of the sample.

Dil. Factor: Dilution factor of the sample.

2.6. Statistical Analysis

To assess the significant level of influence caused by low
dose radiation in TCE administered rats, one way analy-
sis of variances (ANOVA) followed by Tukey’s multiple
comparison test was used. Data represents means values
and standard deviation of at least three independent ex-
periments. Statistical analysis was performed by using
Graph-Pad software, San Diago, CA, USA) Differences
were considered statistically significant when the P value
was less than 0.05.

3. RESULTS

This study was carried to evaluate the liver and kidney
function tests, lipid profile in serum and some enzymatic
and non-enzymatic antioxidant such as SOD, GSH-Px
activities as well as reduced GSH, MDA and NO con-
centration in liver homogenate, besides certain trace ele-
ments (Fe, Cu, Zn and Mn) in liver after radiation treat-
ment to improve the toxic effects of trichloroethylene in
male albino rats.

3.1. Liver Enzymes (Table 1)

TCE treated group showed a highly significant increase
(p < 0.001) in all tested serum liver enzymes (ALP,
GGTP, AST and ALT) comparing to control group after 1
and 3 days of treatment. Results of TCE and IRR group
showed a significant increase (p < 0.05) in serum GGTP
activity on the 1% exposure day by 16.63% with respect
to the control level (Table 1), accompanied with a highly
significant increase in serum ALT activity throughout the
test period, the percentage change of this increase re-
cording 11.82% and 14.15% on the 1* and 3" post expo-
sure days respectively (Table 1) as compared to the con-
trol group. In addition, all serum liver enzymes showed a
highly significant decreased with respect to the TCE
treated group (Table 1).

3.2. Lipid Profile

Results of TCE treated group showed a highly significant
elevation (P < 0.001) in concentrations of cholesterol,
TGs, and LDL-c (Table 2) while HDL-c showed a highly
significant decline after 1 and 3 days of TCE administra-
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Table 1. Effect of low dose of radiation treatment on serum ALP (TIU/L), GGTP, AST and ALT (UL) activities of rats received tri-
chloroethylene (TCE).

Treatment Control group TCE group IRR group TCE + IRR group
X +SD 1 day 3 days 1 day 3 days 1 day 3 days 1 day 3 days
ALP (IU/L) 22394532 2348+7.74 3032+438% 3324+2386® 2322+121 237.5+22.85 232.5+5.85 234.7+17.95®
GGTP (UL) 1473+£091 12.16+0.54 23.88+1.49® 2022+2.16® 15.05+0.81 12.25+0.76 17.18+1.86™ 12.19 + 0.44®
AST (U/L) 22724142 242212 3019 1.76® 49.16+2.459 2445+0.96 24.98+0.098 22.90+1.79® 42.1+ 13D
ALT (U/L) 1227+£0.66 13.99+1.67 17.23+1.3® 2025+1.66" 12.96+0.29 1527+0.69 13.72+0.61¢ 1597 +2.3®

Abbreviation: TCE group = group administered with TCE, IRR group: group exposed to whole body gamma rays with the dose of 0.5 Gy, TCE + IRR group:
group administered with TCE and then exposed to whole body gamma rays with the dose of 0.5 Gy. Data are represented as mean + SD from at least three
independent experiments. ®Significantly different from the control group (p < 0.05); ®Significantly different from the TCE group (p < 0.05).

Table 2. Effect of low dose of radiation treatment on serum cholesterol, TGs, LDL-c, HDL-c (mg/dl), urea (mg%) and creatinine
(mg%) concentrations of rats received trichloroethylene (TCE).

Control group TCE group IRR group TCE + IRR group

Treatment
X +SD

1 day 3 days 1 day 3 days 1 day 3 days 1 day 3 days

Cholesterol (mg/dl) 78.58 +5.61 76.49+299 1263+ 16.41® 1129+ 11.59% 78.56+4.09 75.07+1.52 87.13+12.05® 8229 +4.19®
TGs (mg/dl) 88.39+4.7 8847+1.00 132.5+22.76® 142.2£24.64 90.15+17.68 86.68+12.85 97.63+16.29® 100.8 +3.87®
LDL-c (mg/dl)  65.89+1.79 63.56+3.01 144.10+6.52® 159.5+6.74® 7333+505 64.10£1.79 125.0 = 14.08™Y 9481 + 12.86"
HDL-c (mg/dl) 4227+6.61 43.0+£3.82 17.78+0.32® 29.15+1.84® 394+274 41.94+796 32.76+436"Y 4324+ 145
Urea (mg%) 3435+590 30.14+049 46.87+3.72® 4837+145% 3477+830 2920+1.62 37.33+230% 350+4.210
Creatinine (mg%) 0.65+0.024 0.79+0.49  0.93+0.12% 1.14+0.024® 0.59+0.049 0.88+0.056 0.75+0.024® 0.81 +0.049®

Abbreviation: TCE group = group administered with TCE, IRR group: group exposed to whole body gamma rays with the dose of 0.5 Gy, TCE + IRR group:
group administered with TCE and then exposed to whole body gamma rays with the dose of 0.5 Gy. Data are represented as mean = SD from at least three

independent experiments. ®Significantly different from the control group (p < 0.05); ®Significantly different from the TCE group (p < 0.05).

tion, the percentage change of this decline recorded 58%
and 32% respectively as compared to the normal control
levels (Table 2). In response to the group of animals ex-
posed to 0.5 Gy y-rays, levels of TGs, cholesterol, HDL-
¢ and LDL-c showed non-significant change throughout
the experimentation period as compared to the normal
control group.

TCE irradiation group results in a highly significant
decrease (p < 0.001, —22.49%) in HDL-c after 1 day of
radiation exposure; accompanied with a highly signifi-
cant increase (p < 0.001) in LDL-c after 1 and 3 days of
treatment, recorded 90% and 49% respectively compar-
ing to control group (Table 2).

3.3. Kidney Function

Table 2 illustrated a highly significant increase in urea
and creatinine levels in TCE administered group after 1*
and 3" days of TCE administration compared with con-
trol group. In response to radiation exposure no signifi-
cant difference in urea and creatinine levels was notice
throughout the experimentation time comparing to con-
trol group. On the other hand, in group of animals treated
with low dose of y-ray (0.5 Gy) after TCE administra-
tion, the elevation in both urea and creatinine on the 1%
days and 3" days were ameliorated till became insignifi-
cant as compared with the control group except in urea

Copyright © 2012 SciRes.

level after 3 days, while at the same corresponding time,
urea level showed a significant increase (p < 0.05, 16%)
with respect to normal control level. Urea and creatinine
reflected a highly significant decrease (p < 0.001)
throughout the experimentation period with respect to
TCE administered group (Table 2).

3.4. Liver Homogenates

Data given in Table 3 showed that administration of TCE
solely revealed reduction (P < 0.001) in reduced GSH as
well as activities of antioxidant scavenger enzymes
GSH-Px and SOD. This reduction was accompanied with
significant elevation in concentration of liver MDA,
which reached 52% and 32% on the 1* and 3" days of
TCE administration, corresponding to 20% and 24% in
NO concentration respectively. However, exposing ani-
mals to 0.5 Gy gamma rays resulted in non-significant
changes comparing to control group after 1 and 3 days of
radiation exposure (Table 3).

As shown in Table 3; treatment with 0.5 Gy gamma
rays after TCE administration markedly ameliorate the
changes in all parameters at all time intervals as com-
pared to normal control levels except MDA (3 days) and
NO (1 day) showed a highly significant increase. Com-
paring these results with those of TCE administered
group, revealed a highly significant increase in GSH-Px
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Table 3. Effect of low dose of radiation treatment on liver SOD (U/g tissue) and GSH-Px (mg/min./g tissue) activities as well as re-
duced GSH (mg/g tissue), MDA (umol/g tissue) and NO (ug/g tissue) of rats received trichloroethylene (TCE).

Treatment Control group TCE group IRR group TCE + IRR group
X £SD 1 day 3 days 1 day 3 days 1 day 3 days 1 day 3 days
(U/Z?ils)sue) 87.45+7.81 86.28+4.19 74.04+5.76" 52.04+6.59" 87.85+2.79 81.19+7.54 7893527 8573+1.13®
(mg /gilH/;t’i‘ssue) 0.45+0.024 0.41+0.049 0.31+0.049® 028+0.024® 0.50+0.049 0.47+0.049 0.49+0.007® 0.38+0.049®
(mggstgsue) 378+ 1.00 3576+1.52 2823+242® 2245+137% 3762+1.69 3855+12 37.88+1.76® 3583 +0.66®
(umx;t’?ssue) 141.6+7.08 144.6+7.42 2154+3.80® 191.0+12.39% 145.1+£534 123.5+24.54 1752+0.66 154.2+11.39®
NO 56.42+2.55 58.01+424 67.71+127® 723+3.01% 5636+3.38 56.08+2.84 64982879 5896+1.67"

(ng/g tissue)

Abbreviation: TCE group = group administered with TCE, IRR group: group exposed to whole body gamma rays with the dose of 0.5 Gy, TCE + IRR group:
group administered with TCE and then exposed to whole body gamma rays with the dose of 0.5 Gy. Data are represented as mean = SD from at least three
independent experiments. ®Significantly different from the control group (p < 0.05); ®Significantly different from the TCE group (p < 0.05).

activity and reduced GSH after 1 and 3 days of radiation
treatment and the percentage change of this increase re-
corded (58% and 35.7%) and (34% and 59.6%) respec-
tively with respect to TCE administered group (Table 3).
However, the same group of animals showed non-sig-
nificant change in SOD and NO levels on the 1* day that
accompanied with significant increase on the 3™ day
(Table 3). On the other hand MDA concentration showed
non- significant decrease on the 1% day that became sig-
nificant on the 3™ day of TCE and radiation exposure
group (p < 0.05) (Table 3).

3.5. Trace Element

The data presented in Figures 3 and 4 illustrated that
TCE injection progressively elevated the level in Fe and
Cu concentration reached its maximum on the 3" post
exposure day (p < 0.001, 45% and p < 0.01, 30% respec-
tively). Meanwhile, an initial decrease was shown in Zn
and Mn levels recorded a highly significant decrease (p <
0.001, —28%) in case of Mn and became significantly
increase for both elements (Zn = 29.5% and Mn = 22%)
after 3 days of TCE treatment compared with control
level (Figures 3 and 4).

As shown in Figures 3 and 4, exposure to 0.5 Gy y-
rays after TCE administration significantly ameliorated
the levels of Zn and Mn during the experimentation pe-
riod. Comparing Cu and Fe concentration to those of the
normal control group a highly significant increase was
recorded p < 0.001, 48% and p < 0.05, 23% respectively
on the 3™ post exposure day (Figures 3 and 4).

4. DISCUSSION

Liver injury initiated by hepato-toxicant such as TCE
progress even after the offending has been estimated
from the body [35]. Following exposure to a toxic dose
of TCE, injury was initiated via free radicals generation.

Copyright © 2012 SciRes.

The present study revealed that the injection of TCE (500
mg/kg b.w) resulted in elevation in levels of ALT, AST,
GGTP, and ALP on the 1% and 3™ days post TCE injec-
tion. According to Anand and his colleagues, Pratt and
Kaplan and Lawrence and his colleagues, this elevation
may be due to the generation of free radical induced
damage in liver function [36-38]. Moffalt and Denizeau,
found that higher dose of Zn accompanied with higher
serum activities of transaminease and alkaline phos-
phatase, which is in agreement with the present study
[39]. Moreover, the defect in LDL receptor or oxidized
cholesterol toxicity caused by free radical exposure [40]
could be affected the level of lipid profile parameters that
recorded in the present study. High triacylglycerols level
in the blood may be a result of oxidative stress that oc-
curred mainly due to TCE administration. The major
metabolic consequence of oxidative stress in insulin re-
sistance may be strongly associated with the deposition
of triacylglycerols in the liver [41]. The increase in nitric
oxide concentration after one and three days of TCE ad-
ministration due to rapid reaction of NO with superoxide
anion to form peroxinitrite, that may be cytotoxic by
itself or easily decompose to the highly reactive, toxic
hydroxyl radical and nitrogen dioxide [42]. In addition,
the present study confirms the findings of Goel., Khan
and their colleagues and Gharib that TCE significantly
increased urea and creatinine in rats [15,43,44]. This
increase could be attributed to the depletion of GSH that
enhance utilization of protein thereby increasing the urea
level that is accompanied by an increase in creatinine
level suggested by Mostafa [45]. On the other hand,
Fletcher and his colleagues concluded that the deposition
of iron in liver cells may lead to increase in lipid concen-
tration associated with a decrease in both SOD activity
and reduced GSH, which is in agreement with the pre-
sent study [46], these results also could be attributed to
the decreasing of the antioxidant defence system and

OPEN ACCESS



994 O. A. Gharib et al. / Advances in Bioscience and Biotechnology 3 (2012) 989-996

400+ Fe Content (ug/g tissue)  (a)

350+ (a)

300+ T T

250+ T

200

150+

100
50+

Fe Content

1 Day 3 Days

Control Group®TCE GroupBIRR Group " TCE + IRR Group

2.57 Mn Content (ug/g tissue) (a)

Mn Content

1 Day 3 Days

Control Group® TCE GroupBIRR Group = TCE + IRR Group

Figure 3. Effect of low dose of gamma radiation treatment on liver Fe and Mn content (ug/g tissue) in rats received trichloroethylene
(TCE). Abbreviation: TCE group = group administered with TCE, IRR group: group exposed to whole body gamma rays with the
dose of 0.5 Gy, TCE + IRR group: group administered with TCE and then exposed to whole body gamma rays with the dose of 0.5
Gy. Data are represented as mean + SD from at least three independent experiments. ®Significantly different from the control group
(p < 0.05); ®Significantly different from the TCE group (p < 0.05).
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Figure 4. Effect of low dose of gamma radiation treatment on liver Zn and Cu contents (pg/g tissue) in rats received trichloroethyl-
ene (TCE). Abbreviation: TCE group = group administered with TCE, IRR group: group exposed to whole body gamma rays with
the dose of 0.5 Gy, TCE + IRR group: group administered with TCE and then exposed to whole body gamma rays with the dose of
0.5 Gy. Data are represented as mean + SD from at least three independent experiments. ®Significantly different from the control

group (p < 0.05); ®Significantly different from the TCE group (p < 0.05).

elevation of free radical [9,16,47,48]. Moreover, the de-
crease in liver GSH induced by TCE administration is
accompanied by a remarkable increase of GGTP activity
could be explained through the fact that GGTP acts in
transferring the y-glutamyl group of GSH to amino acids
through y-glutamyl cycle [49]. The present study showed
a highly significant increase of Cu and Zn 3 days post
TCE injection, while Mn showed a highly significant
decrease on the first day accompanied by an increase on
the 3" day post TCE treatment. These results can be ex-
plained by Dashti and his colleagues who mentioned that
the increase in Zn and Cu content could be due to the
severity of cellular damage observed microscopically in
the liver [50]. Moreover, Keen and his colleagues stated
that Mn is eliminated from the body mainly in the bile.

Copyright © 2012 SciRes.

Thus, the impaired liver function may lead to decrease
Mn secretion [51]. Low dose gamma radiation improved
the toxicity of TCE in the present study. According to
Kojima and his colleagues, the elevation in GSH content
in liver by low dose gamma rays might be the complex
response of the cells to protect themselves against the
additional oxidative injury [8]. Also, Pathak and his col-
leagues mentioned that exposure to low dose of gamma
radiation stimulate the enzymatic SOD, GR and GSH-Px
and non enzymatic defense GSH which enhancement the
endogenous antioxidant machinery and protecting the
organs from the damage caused by oxidative stress [52].
Based on the results of the present study the effect of
low dose of radiation improves the toxicity induced by
TCE administration since it acts as antioxidant through
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the induction of antioxidant enzymes of the liver and
kidney.
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