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ABSTRACT

Radiation nephropathy has appeared as a substantial complication of radionuclide radiotherapy. Thus, the re-
quirement for a protective agent against radiation injury is evident. The present study explored the potential ef-
fects of beta-carotene (BC) as well as, wheat germ oil (WGO) on gamma-irradiation resulted in oxidative stress and
renal nephropathy in rats. Rats were divided into six groups: normal control group, BC group, WGO group, irradi-
ated (IRR) group, BC+IRR group, WGO +IRR group. Oral administration of BC (10 mg /kg) or WGO (80 mg/kg) for 7
days after y-irradiation (7.5 Gy) have significantly minimized the severity of biochemical changes, which was evi-
denced by a significant diminution in the level of malondaldhyde (MDA) in kidney, urea, creatinine as well as C -
reactive protein (CRP) along with an increase i n Glutathione (GSH) level, superoxide dismutase activity (SOD), urea
and creatinine clearance comparing to the corresponding values of irradiated rats (P < 0.05). Histopathological
examination of kidney tissues further confirms the biochemical records. Therefore, it is concluded that, BC as well

as, WGO may reduce radiation nephropathy and enhance recovery processes after radiation exposure.
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INTRODUCTION

Radiotherapy, one of the cancer therapies, depends on
the generation of reactive oxygen species (ROS) to de-
stroy malignant cells (Borek., 2004) and unfortunately,
normal tissues are also injured. Radiation nephropathy
defined as kidney damage and lessening of its function
by ionizing radiation (Cohen., 2002). Radiation
nephropathy is a complication of radionuclide, radio-
therapy as well as radiation accidents (Jaggi et al.,
2006). Irradiation of the kidney in the course of total
body irradiation (TBI) just before bone marrow trans-
plantation, or as a consequence of irradiation of near-
by organ, may lead to radiation nephritis. Radiation-
induced renal damage is a commonly documented ex-
perimental model (Hino et al ., 1993). Although radio-
therapy is an essential therapy in controlling the varia-
bility of cancers, its harm effects on the normal tissues
limits the success of the therapy. Therefore, a new task
for medical doctor is to guarantee the patient quality
of life by keeping the normal tissue from radiation
damage as well as improving anti-cancer efficiency.
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(koukourakis., 2012).

Wheat germ oil contains vitamin E and tocopherols
(Zhu et al., 2011), rich in unsaturated fatty acids, most-
ly oleic, linoleic and a-linoleicacids (Sjovall et al., 2000)
and in flavonoids, sterols, octacosanols and glutathione
(Zhu et al.,, 2006). WGO possesses anti-inflammatory
and antioxidant properties (Paranich et al., 2000).

Previous studies have confirmed that WGO can dimin-
ish oxidative stress (Alessandri et al., 2006), modulate
lipid metabolism (Singh et al., 2006), and decrease hy-
per cholesteremea and hyper glycemic. (lkmak and
Dunford., 2005), and reduces platelet aggregation,
thrombus formation (Lass and Sohal., 2000).

B-carotene being the richest source of vitamin A in the
human diet (Krinsky and Johnson., 2005). A single mol-
ecule of BC can be cleaved in the body to produce two
vitamin A molecules. Vitamin A is important in preserv-
ing healthy vision (Groff et al., 1995), possess antioxi-
dant biological properties (Riccioni., 2009). It has been
shown to reduce singlet oxygen and reduce peroxyl
radicals (Wang and Russell., 1999). Hence, the present
study was designed to examine whether § C and WGO
have any enhancement role in kidney recovery pro-
cesses after irradiation-induced renal dysfunction in
vivo. To address our assumption inflammatory marker
(CRP), oxidative stress markers and kidney function
test were examined
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MATERIALS AND METHODS

Chemicals
Beta-carotene was obtained  from (MEPACO-
MEDIFOOD), Enshas El Raml-Sharkeye-Egypt. It was

freshly prepared in sesame oil (El -Habit et al., 2000).
The selected dose of BC was 10mg/kg body weight ac-
cording to (Sarada et al., 2002).

Wheat germ oil was obtained from South Egypt Drug
Industries Co. (SEDICO), 6 October City, Egypt, and
freshly dissolved in sesame oil. The chosen dose of
wheat germ oil was 80mg/kg (Said and Azab., 2006).

Animals

This study was approved to be carried out by the
Committee of Scientific Ethics of Faculty of pharmacy,
Al-Azhar University, Egypt, following the guidelines of
animal usage. Forty eight male rats (150-180 g) were
used in this research. They were attained from the an-
imal house of the National Research Centre (Giza,
Egypt). Rats were kept under suitable circumstances of
controlled humidity, temperature and light. The ani-
mals were allowed free access to water and were nour-
ished an ordinary pellet rat diet

Irradiation

Rats exposed to whole body y-radiation (7.5 Gy) at the
National Centre for Radiation Research and Technology
(NCRRT), Atomic Energy Authority, Cairo, Egypt; using
gamma Cell-40 with a Caesium137. The radiation dose
level (7.5 Gy) was delivered at the rate of 0.46 Gy/ min.

Experimental design

Rats were allocated into six groups (each of 8 rats) allo-
cated as follows: Control group: normal non-irradiated
animals. Beta-carotene group: this group was adminis-
tered orally with BC (10 mg [kg) for 7 successive days.
Wheat germ oil group: Rats were administered orally
with WGO (80 mg/kg) for 7 days. Irradiated group: Rats
were subjected to a shot dose of the whole body y-
radiation (7.5Gy). IRR+ Beta-carotene group: this group
was subjected to a y-radiation (7.5 Gy), followed by
treatment with BC orally (10 mg/kg) for 7 days. IRR+
Wheat germ oil group: this group was subjected to a
single dose of the whole body y-radiation (7.5 Gy), fol-
lowed by treatment with WGO oral (80) mg/kg for 7
days. Treatment started 2h after irradiation.

Sample preparation
Urine

Rats were kept separately in metabolic cages at day 6;
urine samples were collected every 8 h for 24 h and
stored at 4°C. Urine samples from each rat were
pooled and assayed. (Stephen et al., 2007)

Blood

Animals weighted, anesthetized by (i.p) injection of
urethane at the dose of 1.5g/Kg (Maggi, 1986) and de-
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capitated 7 days after irradiation. Whole blood was
collected by heart puncture, centrifuged at 4000 rpm
for 10 minutes using a centrifuge (Heraeus Christ, Tai-
wan).

Kidney

kidney was rinsed with ice cold saline and dried using
filter papers, weighed and homogenized in ice cold
saline (10% w/v homogenate) using Glas-Col® homog-
enizer, Terre Haute Indiana, USA, centrifuged by cool-
ing centrifuge (Universal 16 R, Germany) (Becciolini et
al., (1972).

Biochemical assays

Weight ratio was determined according to Ferreira et
al., (2002) where: KW/BW = kidney weight (g) /body
weight (g) x100. Urea and creatinine were assayed by
the methods of Fawcett and Soctt (1960); (Jeffe 1886)
respectively using kits (Diamond Diagonstics, Egypt).
Clearance was calculated according to (Cockcroft and
Gault., 1976). CRP was assessed by a standard enzyme
linked immunosorbent assay (ELISA) method following
the manufacturer's information. Glutathione (GSH) and
malondialdehyde (MDA) quantities in renal homoge-
nates were analyzed following the procedure of Beut-
ler et al., (1963); Uchiyama and Mihara (1978), respec-
tively. The activity of SOD was determined following
the methods of Minami and Yoshikawa., (1979). Histo-
pathological examinations were done on kidney ac-
cordingly to the method of Drury and Wallington (Dru-
ry and Wallington., 1976).

Statistical analysis

Obtained results were carried as mean * SEM of eight
animals. The difference between groups was assessed
by one way analysis of variance (ANOVA) followed by
Tukey's Multiple comparison test using Graph pad
software prism (version 6). Statistical significance was
deliberated at p < 0.05.

RESULTS

Assessment of relative Kidney weight and urine vol-
ume

Rats exposed to y-radiation indicated a significant in-
crease in kidney relative weight along with a decrease
in urinary volume as compared to control group (P <
0.05). Oral administration of BC, or WGO for 7 days
after irradiation significantly decline the kidney weight
ratio and increase urinary volume as compared to the
irradiated group (Tablel).

Renal function markers

Table (2) shows the effects of beta-carotene, wheat
germ oil and irradiation (IRR, 7.5Gy) on renal functions.
Gamma radiation exposure showed a significant in-
crease in creatinine (serum 140% and urine 130%),
urea (serum 140%, urine 130%), accompanied by a
significant decrease in creatinine clearance (48 %,) and
urea clearance (58%) as compared to control group
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Figure 1: effect of B-carotene, wheat germ oil and irradiation (IRR, 7.5Gy) on CRP.

Figure 2: Photomicrograph of hematoxylin and eosin-stained kidney tissue section. Section taken from

control group (A&B), control group with wheat germ (C&D), control group with beta carotene (E&F),

showing normal structures of kidney with no signs of inflammation.

(P < 0.05). Oral administration of BC or WGO for 7 days
after y-irradiation significantly decrease the serum and
urine creatinine, serum and urine urea but they signifi-
cantly increase creatinine and urea clearance as com-
pared to the irradiated group.

Inflammatory marker (CRP)

CRP was measured in the serum of different treated
groups (Fig:1). The level of CRP displayed a significant
rise in the irradiated group (160 %) as compared to
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control group. Administration of BC or WGO for 7 days
after y- irradiation exerts signi ficant amelioration in the
level of CRP as compared to y-irradiated group.

Oxidative Stress biomarkers

Irradiation-induced oxidative stress in rat kidney was
evaluated by assessing MDA, GSH, and SOD activity. As
displayed in Table (3) Exposure of rats to y-radiation
showed a significant increase in the level of MDA to-
gether with a significant decrease in SOD activity the
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Figure 3: Photomicrograph of hematoxylin and eosin-stained kidney tissue section of irradiated rats show-

ing: (A) the appearance of glomerular collapse (arrow), (B) visible inflammatory cell infiltration (arrows),

(C) notice the interstitial fibrosis (arrows) (D) cloudy appearance and lose of cellular architecture.

Table 1: Effect of B-carotene, wheat germ oil and y-irradiation on relative kidney weight and urinary vol-

ume / day.

Parameters Control BC WGO IRR IRR+BC IRR+WGO
Body weight (g) 131.8 £3.8 131.9+6.6 132.3 £5.9 108.0+3.8* | 131.3+43 128.3+ 3.5
Kidney weight(g) 0.56 £0.02 0.56 £0.02 0.35 +£0.02 0.66 £0.01° | 0.53 +0.01° | 0.52+ 0.02°

Weight ratio 0.42+0.009 | 0.42+0.016° | 0.39+0.007° | 0.61+0.02® | 0.4 +0.007° | 0.39+ .004°

Urinary volume (ml) 6.6+ 0.3 6.1+ 0.3° 6.1+0.18° 3.6+ 0.2° 4.3+0.1° 5.1+0.2%

Data expressed as as mean = SEM, n = 8. a and b specify significant changes from control and IRR respective-
ly at p <£0.05 using ANOVA followed by Tukey-Kramer as a post ANOVA test.

Table 2: Effect of B-carotene, wheat germ oil and y-irradiation on renal biomarkers

Parameters Control BC WGO IRR IRR+BC IRR+WGO
serumcreati- | e 0009 | 0.5£0.011° | 0.53£0.004° | 0.790.037° | 0.72£0.029° | 0.67+0.011%
nine (mg/dl)
Urinecreati- | o, 161005 | 52.09+1.66° | 52.19+41.32° | 69.45:2.5° | 58.88+1.16" | 59.43+1.66%
nine (mg/dl)
Se(r:";‘/:l;ea 25.0840.96 | 24.16+0.48° | 24.0240.45° | 35.78+1.4° | 30.06+0.51% | 27.3+ 0.87%
U;'”e /L(';I‘;a 91.66+1.44 | 93.82+41.74° | 92.75+1.76° | 122.241.96° | 103.2+1.36® | 104.9+2.09%
mg
Creatinine
clearance 0.43+0.02 | 0.41+0.01° | 041+003® | 0.21+0.007° | 0.25+0.01° | 0.31* 0.02%
(ml/min)
Urea clear- b b b
. 0.016+0.001 | 0.016+0.001° | 0.016+0.001° | 0.008+0.001* | 0.009+0.001° | 0.013+0.001
ance (ml/min)

Data expressed as as mean + SEM, n = 8. a and b specify significant changes from control and IRR respective-
ly at p £0.05 using ANOVA followed by Tukey-Kramer as a post ANOVA test.
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Figure 4: Photomicrograph of hematoxylin and eosin-stained kidney tissue section of irradiated rats treat-
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ed with wheat germ oil.(A, B, & C), irradiated rats treated with beta carotene (D, E, & F) showing much

improvement of the inflammatory process with less glomerular collapse, less inflammatory cellular infil-

trate, and less interstitial fibrosis.

Table 3:Effect of B-carotene, wheat germ oil and irradiation (7.5Gy) on MDA, GSH and SOD in rat kidney

tissue.

Parameters Control BC. WGO IRR IRR+BC IRR+WGO

MDA level | o0 gy 78 | 178+ 4.1° | 182.5+35° | 3043+ 104° | 224.6+ 10.91% | 198.7+ 5.9°
(nmol/g tissue

GSH level 632+ 05 | 6.6240.3° | 6.71#0.17° | 3.29+ 0.2° 542+ 025" | 5.35+0.24b
(mg/g tissue)
SOD activit

VY 1 895+ 19 | 87.96+2.1° | 85.97+ 1.5° | 50.08+ 1.7° | 78.05+ 0.99% | 80.49+ 0.6°

(ug/g tissue)

GSH level as compared to control (P < 0.05). Rats treat-
ed with BC or WGO for 7 successive days after y-
irradiation significantly decline the level of MDA, along
with an increase in SOD activity and GSH level (P <
0.05) compared to the irradiated group.

Histopathological examination

Rats subjected to y-radiation showed inflammatory cell
infiltration, swelling of the glomeruli, interstitial fibro-
sis, and cloudy appearance as well as loss of cellular
architecture. Treatment of irradiated rats with WGO or

BC significantly improved the inflammatory process as
compared to irradiated group [Fig 2, 3, 4].

DISCUSSION

The prominent radiosensitivity of renal tissue restricts
the use of radiotherapy. The occurrence of nephropa-
thy has augmented with the usage of total -body irradi-
ation (TBI) during bone marrow transplantation and
radionuclide therapies (Cohen and Mike., 2003). In an
effort to find a way of reversing the irradiation dam-
age, two agents were studied in a rat model of radia-
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tion nephropathy BC and WGO. Rats are suitable ani-
mals for experimental models to estimate renal im-
pairment as they similar to human structure (Kaldir et
al., 2008).

The Results of the current study specify a significant
increase in weight ratio (kidney weight /body weight)
of the irradiated group as compared to the control
group. The increase in kidney weight possibly will be
due to the hypercellularity in kidneys, especially in in-
flammatory disorders accompanied with a rise in the
number of cells that correlated to cellular proliferation
of epithelium cells (Owoeye et al., 2008).

Concerning the radiation effect on urea and creatinine
levels, Rats exposed to y-radiation reveal an increase in
urea and creatinine levels as well as severe histopatho-
logical changes, including glomerular collapse, inflam-
matory cell infiltration, and loss of cellular architecture.
These data agree with that reported by Adaramoye
(2009). The rise in creatinine and urea levels could be
attributable to radiation-induced cell membrane de-
struction leading to the liberation of molecules inside
the cell to the blood stream in addition to, changes in
amino acid metabolism (Kaplan., 1986). The increase in
the level of kidney function biomarkers might indicate
the existence of kidney damage. Glomerular filtration
rate (GFR) is predictable to reveal the number of
healthy glomeruli in the kidney, Thus, GFR is essential
to evaluate renal function in medical and experimental
models of renal disorder and established as the best
indicator of kidney function (Breyer and Qi., 2010). GFR
used to evaluate the kidneys' excretory capacity, and
achieved clinically from creatinine clearance, by col-
lecting urine samples for 24 hours (El -Minshawy et al.,
2010). The results further indicate that rats exposed to
ionizing radiation showed a significant decrease in cre-
atinine and urea clearance as compared to normal con-
trol rats indicating low GFR and kidney injury. The re-
duction in GFR, detected in the irradiated rat kidney
confirms previous observations (Robbins et al., 1991).

CRP is a sensitive indicator of inflammation and tissue
damage; play an important role in damages initiated by
radiation (Koc et al., 2003). CRP expression induced in
the liver by a numeral cytokine (Shields., 1993), as NF-
kB pro-inflammatory cytokines that activated by gam-
ma irradiation (Winyard et al., 1997).

The Data of the current work revealed significant in-
crease in the level of serum CRP following exposure of
rats to y- radiation (7.5 Gy). This might be due to oxida-
tive damage induced by radiation as well as increases
in inflammatory activity. Also, diminished filtration
(GFR) caused by y-irradiation could explain the de-
creased renal clearance of CRP.

In the present study; y-irradiation caused a noticeable
decrease in kidney GSH level and SOD activity along
with an increase in the level of MDA indicating oxida-
tive stress in kidney tissue. The obtained results were
in agreement with Eroglu (2008). The decrease in SOD
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activity and GSH level possibly, due to their depletion
by the higher creation of ROS (Kregel and Zhang.,
2007). Mechanistically, ionizing radiation induced rise
in ROS production is believed to be responsible for the
rise in the production of lipid peroxidation; MDA (El -
Ghazaly and Ramadan., 1996).

The records attained in the present study, verified that
administration of WGO for 7 days post y- irradiation
(7.5 Gy) has significantly lessened the alteration of
testing biochemical parameters. This is evident by en-
hancement of cellular antioxidant and GFR; decrease in
the level of creatinine and urea as well as a decrease in
the inflammatory marker CRP. Histopathological sec-
tion showed an improvement of the inflammatory pro-
cess with less glomerular collapse, less inflammatory
cellular infiltrate, and less interstitial fibrosis. The pos-
sible mechanism that may be responsible for the pro-
tection of radiation- induced kidney damage by WGO is
the radical scavenging activity intercepting those radi-
cals involved in water radiolysis (Paranich et al., 2000).
The scavenger radical activity of WGO may be due its
high content of tocopherols (Vitamin E) that increase
intracellular glutathione (GSH) stores (Attila et al.,
2001). Another possible mechanism of WGO may be
due to its contents of linoleic and linolenic acids , the
source of both omega-6 and omega-3 essential fatty
acids, respectively. These two fatty acids are essential
for human metabolism as they cannot be produced by
the organism. They are precursors of prostaglandins,
which helps in healing of inflammatory processes (Zac-
chi etal., 2006).

The records from the current study prove that BC; pro-
tect the rat kidney from hazardous induced by vy-
irradiation. Consistent with the previous study, BC;
minimizes free radical damage induced by y-irradiation
(El-Habit et al., 2000) and improve renal function by
decreasing plasma creatinine as well as GFR enhance-
ment (Hosseini et al.,, 2009). Beta-carotene effect
against oxidative stress appeared to be mediated
through decreasing the pro-oxidants and enhancement
of cellular antioxidant activities. Beta-carotene is capa-
ble to reduce oxygen radical and counteract lipid per-
oxyl radicals (Rodrigues et al., 2012). In conclusion:
Owing to the data attained in the current work, it could
be concluded that WGO and BC by enhancing anti oxi-
dant activities and declining lipid peroxidation, may
afford protection against radiation nephropathy by
reserving the integrity of tissue utilities and lessen
metabolic conditions caused by radiation exposure.
Hence wheat germ oil and beta carotene therapy fol-
lowing irradiation could be of value to prevail against
normal cell damage in cancer patients.
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