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Abstract

Background: Liver inflammation or injury is a hallmark of ionizing radiation. Natural radio-protectors are found in
plant materials such as wheat germ oil, in addition to other dietary antioxidants, such as zinc.

Objectives: The present study was designed to evaluate the amelioration of mRNA levels of Bax, bcl-2, p53 and
caspase-3 in the liver of y-irradiated rats treated with wheat germ oil, zinc sulphate and/or bone marrow.

Methods: Animals were exposed to an acute single dose of 5Gy whole body irradiation of gamma radiation from
Gamma-cell 40 (cesium- 137) source. RNA was extracted from hepatic tissue homogenate and reverse transcribed into
cDNA using RT-PCR Kkit.

Results: A significant elevation was observed in hepatic level of mMRNA of Bax and caspase 3, while levels of bcl-2 and
p53 MRNA were decreased in irradiated rats as compared to control. A combination of bone marrow and wheat germ
oil caused a significant reductions in hepatic mMRNA levels of Bax and caspase 3 (3.1 and 1.5-fold, respectively),
associated with a significant comparable elevation in hepatic mMRNA level of p53 (2.7-fold), compared to the irradiated
group.

Conclusions: Results obtained from this study suggest that supplementation of wheat germ oil with either BM or zinc
to irradiated rats down regulates the proapoptotic genes.
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1. Introduction

The most common cancer treatment modality promising a cure appeared to be a combination of radiotherapy and
chemotherapy. Primary liver tumors or liver metastasis are treated by gamma-irradiation [1]. Following radiotherapy,
the risk of normal tissue complication constitutes a significant clinical concern and limits the radiation dose that can be
delivered to the patients [2].

Oxidative damage is considered to be one of the most popular and important effects of radiotherapy in the liver that
induces generation of reactive oxygen species (ROS), which are per se inducers of apoptosis, and radiotherapy seems to
be able to induce an apoptotic program through ROS generation [3].

Gene expression studies have revealed the existence of more than one pathway regulating growth inhibition and
apoptotic processes [4]. This antineoplastic effect can be mediated by activation of different target genes such as p21,
caspases, Bax and bcl-2 which act as cross-point regulators able to induce or inhibit apoptosis [5].

The development of safe and more effective radio-protectors is very important in view of their potential application
during unintended radiation exposure and radiotherapy. Over the past 50 years, the possible radio-protective effects of
many synthetic and natural agents have been investigated [6]. Natural radio-protectors are found in plant materials such
as oil seed and wheat germ oil [7], which acts as inhibitor of oxidation processes in body tissues and protects cells
against the effects of free radicals [8]. In addition, dietary antioxidants, such as zinc, play an important role in cellular
antioxidant defense mechanisms.
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Moreover, bone marrow (BM) or peripheral blood stem cell transplantation has gained widespread acceptance for the
treatment of certain malignancies. Patients with refractory leukemia's and lymphomas are often conditioned with total
body irradiation prior to bone marrow transplantation [9].

The principle objective of the present experiment was to elucidate the effects of a single dose of whole body -
irradiation on mRNA levels of Bax, bcl-2, p53 and caspase-3 in the liver of wheat germ oil, zinc sulphate and/or bone
marrow treated rats.

2. Animals and methods

Chemicals: All chemicals and solvents were of high analytical grade and were purchased from Sigma Chemical
Company.

2.1. Preparation and administration of chemical compounds

Exactly 100 mg of zinc sulphate was dissolved in 25 ml of distilled water to prepare a stock solution of 4 mg/ml. The
solution was prepared weekly and stored in a well stoppered bottle at 4°C. Zinc sulphate was daily administered to rats
by a stainless-steel gavage needle at a dose level of 10mg/Kg body weight for 14 successive days before irradiation
[10]. Wheat germ oil (WG) was administered to animals by oral gavage at a dose level of 54 mg/kg body weight [11],
[12].

2.2. Animals and housing

A total of 120 adult male Swiss albino rats weighing 110-150 g were used throughout this study. Rats were obtained
from the animal house of the National Center for Radiation Research and Technology (NCRRT), Atomic Energy
Authority, Egypt. The animals were housed in steel mesh cages (5/cage) and maintained for a week-acclimatization
period on a commercial pellet diet.

2.3. Irradiation by gamma rays

Animals were exposed to an acute single dose of 5Gy whole body irradiation of gamma radiation from Gamma-cell 40
(cesium- 137) source belonging to NCRRT at a dose rate of 1.2 rad/sec [13].

2.4. Bone marrow transplantation

Donors and recipients were chosen of the same inbred strain, brother to brother (isologues or synergic or allogeneic
transplantation). Femur bones were dissected out and cleaned. The ends of the bones were chipped by a bone nibbling
forceps. Then BM was blown out of the femur into isotonic solution under sterilized conditions. Total viable cells of
about 75 x10°+ 0.05 were injected intravenously (i.v.) through the caudal vein one hour after irradiation [14].

2.5. Experimental design

Rats were allocated into 2 main groups. Group 1 (Non-irradiated group) which was subdivided into 4 subgroups (10 rats
each):

(Con): normal control rats left intact without any treatment. (WG): rats received 54mg/Kg body weight wheat germ oil
as a single oral dose for 14 successive days. (Zn): zinc sulphate (10mg/Kg body weight) was administered to rats as a
single oral dose for 14 successive days. (BM): rats injected with BM cells (75 x 10° cells) through the caudal vein.
Group 2 (Irradiated group) which was further subdivided into 8 subgroups (10 rats each): (R): rats exposed to 5Gy
whole body y-irradiation. (R+WG): rats treated with 54mg/Kg wheat germ oil as a single daily oral dose for 14
successive days before irradiation. (R+2n): rats treated with 10mg / Kg zinc sulphate as a single daily oral dose for 14
successive days before irradiation. (R+Zn+WG): rats treated with 10mg/Kg zinc sulphate and 54mg/Kg wheat germ oil
of body weight as a single daily oral dose for 14 successive days before irradiation. (R+BM): rats exposed to 5Gy
gamma rays and received BM (75x10° cells) one hour after irradiation. (R+BM+WG): rats treated with 54mg/Kg wheat
germ oil as a single daily oral dose for 14 successive days before irradiation and received BM cells one hour after
irradiation. (R+BM+Zn): rats treated with 10mg/Kg zinc sulphate as a single daily oral dose for 14 successive days
before irradiation and received BM cells one hour after irradiation. (R+BM+Zn+WG): rats treated with zinc sulphate
and wheat germ oil (10mg/Kg and 54mg/Kg, respectively) as a single daily oral dose for 14 successive days before
irradiation and received BM cells one hour after irradiation. All rats were free access to tap water and diet and sacrificed
after 14 days of irradiation.
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2.6. Liver sampling and processing

At the end of the experimental period, animals in all groups were fasted overnight, weighed and sacrificed by
decapitation. Livers were excised, rinsed with shield saline, weighed and rapidly frozen in liquid nitrogen then stored at
-70°c until assayed. RNA was extracted from hepatic tissue homogenate using RNeasy Purification Reagent (Qiagen,
Valencia, CA). The extracted RNA was reverse transcribed into cDNA using RT-PCR kit (Stratagene, USA). cDNA
was generated from 5pg of total RNA extracted with 1ul (20 pmol) antisense primer of each gene and 0.8ul superscript
AMV reverse transcriptase for 60 min at 37°c. For PCR, 4ul cDNA were incubated with 30.5ul water, 4pl 25mM
MgCl12, 1ul dNTPs (10mM), Sul 10x PCR buffer, 0.5ul (2.5U) Taq polymerase and 2.5ul of each primer containing
10pmol (primer sequences were shown in table 1). The reaction mixture was subjected to 40 cycles of PCR
amplification as follows: denaturation at 95°c for 1 min, annealing at 67°c for 1 min and extension at 72°c for 2 min. A
real time- PCR mixture was then prepared as follows: 25ul SYBR Green Mix (2x), 0.5ul cDNA, 2ul primer pair mix
(5pmol/ul each primer), 22.5ul H20. According to the amplification procedure, relative expression of each studied gene
was calculated according to the following the formula: densitometrical units of each studied gene/densitometrical units
of B-actin. Beta actin was amplified with the same run of tested genes as housekeeping gene to detect RNA integrity.

Table 1: The Oligonucleotide Primers Sequence:

Gene Primer sequence

Bax Forward 5' GTTGCCCTCTTCTACTTTG 3’
(NM_017059.1)" Reverse 5" AGCCACCCTGGTCTTG 3’

bcl-2 Forward 5’ CGGGAGAACAGGGTATGA 3’
(NM_016993.1)" Reverse 5" CAGGCTGGAAGGAGAAGAT 3’
p53 Forward 5'-GTTCCGAGAGCTGAATGAGG-3’
[15] Reverse 5'-TTTTATGGCGGGACGTAGAC-3’
caspase 3 Forward 5'- ATGGACAACAACGAAACCTC-3’
(A062449)" Reverse 5-TTAGTGATAAAAGTACAGTTCTT-3’
B actin Forward 5' TGCTGGTGCTGAGTATGTCG 3’
(NM_017008)" Reverse 5’ TTGAGAGCAATGCCAGCC 3’

* Gene bank accession

3. Statistical analysis

All results were expressed as the mean+SE. Statistical analysis was performed with Statistical Package for the Social
Science for Windows (SPSS, version 11.0, Chicago, IL, USA). The data were analyzed by one-way Analysis of
Variance (ANOVA). To compare the difference among the groups, post hoc testing was performed by Bonferroni test.
The p-value less than 0.05 were considered statistically significant [16] (Dawson and Trapp, 2001).

4. Results

Table 2 shows that whole body irradiation with gamma rays caused a significant elevation in hepatic mMRNA of Bax and
caspase 3 (p<0.001), compared to the control group. On contrary, mRNA levels of bcl-2 and p53 were significantly
reduced (p<0.001) in irradiated rats, compared to normal non-irradiated animal.

In spite the pronounced up regulation of Bax and caspase 3 genes and down regulation of bcl-2 gene produced by wheat
germ oil supplementation in non-irradiated rats, compared to control rats, multiple comparison analysis showed that
wheat germ oil gave rise to a significant decrease in mRNA levels of Bax and caspase 3 (p<0.001), while expression of
bcl-2 was increased in irradiated treated rats, compared to radiated group. Non-irradiated rats supplemented with zinc
sulphate revealed a comparable reduction in mRNA levels of bcl-2 and p53 and significant elevation in caspase 3
mRNA, compared to normal control rats. Treatment of irradiated animals with zinc sulphate caused a notable increase
in mRNA levels of bcl-2 and p53, while caused significant reduction in caspase 3, compared to irradiated animals.
Hepatic mMRNA levels of Bax and caspase 3 were significantly elevated, while levels of bcl-2 and p53 were reduced in
non-irradiated rats treated with BM, compared to controls. Significant decreases were recorded in mRNA levels of Bax
and caspase 3 after treatment of irradiated rats with BM, whereas bcl-2 and p53 were increased, compared to irradiated
rats. None of the foregoing treatments significantly reached to the control levels.

Multiple comparison analysis showed that treatment of irradiated rats with a combination of zinc sulphate and wheat
germ oil caused a more pronounce reductions in hepatic mMRNA levels of Bax and caspase 3 (3 and 4.9-fold,
respectively), while more pronounced elevation was recorded in mRNA level of p53 which reached 2.8-fold, compared
to the irradiated group. Combination of zinc sulphate and wheat germ oil treatment caused a slight but significant up
regulation of bcl-2 (2.1-fold) (fig. 1). Figure 3 also demonstrates that treatment of irradiated rats with a combination of
BM and wheat germ oil caused a significant reductions in hepatic mRNA levels of Bax and caspase 3 (3.1 and 1.5-fold,
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respectively), associated with a significant comparable elevation in hepatic mMRNA level of p53 (2.7-fold), compared to
the irradiated group.

Figure 2 reveals that supplementation of wheat germ oil with either BM or zinc to irradiated rats lowered significantly
Bax/bcl-2 ratio, compared to irradiated group.

Table 2: Hepatic Mrna Levels of Bax, Bcl-2, P53 and Caspase 3 in Different Studied Groups (MeanzSE).

Groups Bax bcl-2 p53 caspase 3
1-Con 0.11+0.015 1.53+0.27 1.59+0.52 0.0750.005
2-WG 0.57+0.09"% 0.4+0.04* 1.40+0.20" 0.30+0.14™*

Non-irradiated 3-Zn 0.14+0.05" 0.59+0.03" 0.69+0.01" 0.20+0.03™
4-BM 0.22+0.03" 0.88+0.04"* 1.10+0.20"* 0.23+0.02"
5-R 0.80+0.16" 0.19+0.07" 0.44+0.38" 0.54+0.14"
6-R+WG 0.40+0.02"* 0.39+0.07"* 0.56+0.07" 0.35+0.07"*
7-R+Zn 0.71+0.08" 0.82+0.14™ 0.78+0.14™ 0.26+0.07"*

\rradiated 8-R+Zn+WG 0.2710.07:# 0.3910.07:# 1.2510.05:# 0.11:0.02:#
9-R+ BM 0.58+0.03* 1.01+0.02"* 0.85+0.18™" 0.41+0.23
10-R+ BM +WG 0.260.14™ 0.83+0.11"% 1.19+0.20"* 0.36+0.13™
11-R+ BM +Zn 1.00+0.20™* 1.00+0.02™* 1.00+0.08™ 0.50+0.10"
12-R+BM+Zn+WG 0.46+0.18" 0.22+0.03" 0.98+0.04™* 0.35+0.08™

* Significant vs con, # significant vs rad.
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Fig. 1: Relative Fold Change in Hepatic Pro- and Anti-Apoptotic Gene Expression Profiles of Irradiated Rats Treated with the Different Modalities.
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Fig. 2: The Ratio of Bax To Bcl-2 in Irradiated Rats and Those Treated with the Different Modalities.

5. Discussion

Exposure to ionizing radiation results in a complex set of responses whose onset, nature, and severity is a function of
both total radiation dose and quality [17]. Three models of radiation-induced apoptotic pathways have been proposed.
Firstly, radiation-induced DNA damage may initiate apoptosis via p53 dependent mechanism. Secondly, the
biochemical changes such as an increase in the generation of reactive oxygen species (ROS). Thirdly, interaction of
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ionizing radiation with cellular membranes induces rapid sphingomyelin hydrolysis to ceramide [18]. Our previous
study [19] revealed a significant reduction in blood reduced glutathione (GSH) as well as marked elevation in serum
malondialdehyde (MDA) levels in irradiated rats, compared to control. One possible mechanism of cell and tissue
damage after irradiation is the production of reactive oxygen species (ROS) in irradiated cells and tissues.

In the present study, rats exposed to whole body y-irradiation resulted in over expression of Bax and caspase 3 genes,
while mRNA level of bcl-2 was decreased. Reactive oxygen species, which were originally characterized in terms of
their harmful effects on cells are increasingly implicated in various cell fate decisions and signal transduction pathways
[20]. Reactive oxygen intermediates induced by ionizing radiation can trigger mitochondrial pathway to release
caspase-activating-factors. Therefore, oxidative stress may play a direct role in radiation-induced apoptosis [21].

The main role of bcl-2 gene product in the process of apoptosis is based on its ability to inhibit ion conductive channels
formation in mitochondrial membrane, and in most cases to prevent mitochondrial disruption and the release of
cytochrome c. Therefore, a down regulation of anti-apoptotic bcl-2 may cooperate to accelerate the signaling of
postmitotic apoptosis in y-irradiated rats. The Bax/bcl-2 ratio indicates the relative amounts of pro- and anti-apoptotic
proteins of the BCL-2 family. The present results revealed significant elevation in the ratio of mMRNA levels of Bax to
bcl-2 in irradiated group, compared to non-radiated animals. This increased ratio may be considered an indicator of
enhanced cell death in response to reactive oxygen species as reported by Debatin, [22].

Vaseva and Moll [23] revealed that in normal mice exposed to whole body y-irradiation (5 or 10 Gy) mitochondrial p53
accumulation occurs in radiosensitive organs like thymus, spleen and testis, but not in radio-resistant organs like liver
and kidney. These results are in line with our results which show decrease in mMRNA level of p53 in irradiated rats.

In fact, the choice of response to p53 is strongly influenced by the cell type, the cellular environment, and the type of
signal. Komarova et al., [24] demonstrated that the upstream signals that direct induction of p53 are controlled in a
tissue-specific manner. Marchenko et al., [25], demonstrate that during p53-dependent apoptosis, a fraction of stress-
stabilized wild-type p53 rapidly translocates to the mitochondrial outer membrane. Alternatively, p53 up regulates the
expression of Bax, a regulator of mitochondrial membrane permeabilization, and induce apoptosis by the release of
cytochrome ¢ from the mitochondria [26]. This translocation occurs during p53-dependent apoptosis, however there are
still many experiments show that radiation-induced apoptosis occur independently of the function and presence of p53
[27], [28].

Since oxidative damage is considered one of the most popular and important effects of radiotherapy in the liver. The
involvement of free radical scavengers in protecting against radiation damage was highlighted when scientists found
that whole body radiation decreased the total antioxidant capacity of organisms [29].

Surprisingly treatment of irradiated rats with single or combined doses of the tested modalities (wheat germ oil, zinc
and bone marrow) decreased the harmful effects of radiation.

Multiple comparison analysis revealed that treatment of irradiated rats with a combination of zinc sulphate and wheat
germ oil was the most effective model, while combination of bone marrow and wheat germ oil was the second effective
model. In addition to improving the expression of the studied genes to near the control levels, these models directed
hepatic cells toward cell survival as noticed by the decreased Bax/bcl-2 ratio.

Wheat germ is a rich source of B complex vitamins, with wheat germ oil being the richest source of tocopherols [30],
[31]. This oil is a source of easily assailable vitamin E which acts as inhibitor of oxidation processes in body tissues. It
protects cells against the effects of free radicals, which are potentially damaging by products of the body's metabolism
[8].

Zn is critical for the functional and structural integrity of eukaryotic cells and tissues and is required for events as
diverse as gene expression, DNA synthesis and enzymatic catalysis [32]. Zn has properties advantageous for a role in
cytoprotection as it can protect proteins and nucleic acids from oxidation and degradation. These antioxidant properties
of Zn were probably important in the context of regulation of apoptosis because cells were becoming damaged by
oxidative stress. Zn did not block the activity of caspase-3 to cleave its cellular substrates, but rather blocked the
mechanism by which caspase-3 is activated from the inactive zymogen precursor [33]. In addition, zinc has been shown
to increase the ratio of bcl-2 to bax in U-937 cells pretreated with hydrogen peroxide. This increased ratio is an
indicator of enhanced cell survival [34].

Bone marrow is the major reservoir for adult organ-specific stem cells, including endothelial progenitor cells,
hematopoietic stem cells, and mesenchymal stem cells [35]. Consequently, it is reasonable to propose that BM
mesenchymal stem cells may be locally activated in livers of the irradiated rats and compensated the damaged cells.
However, this possibility still needs to be confirmed by subsequent studies.

In conclusion, we demonstrated that total body irradiation with y-ray induced disturbances in pro- and anti-apoptotic
genes. We speculate that the observed improvement in the studied parameters in groups treated with Zn and WG oil,
either individually or combined may be due to their antioxidant effects. Taking into account that BM-derived cells are
responsible of maintaining, generating, and replacing differentiated cells as a consequence of physiological cell
turnover or tissue damage due to injury, the data obtained by this study suggested that this is the main cause of the good
results in combination between BM and antioxidants.

There is no conflict of interest including any financial, personal or other relationships with other people or organizations
within 3 years of beginning the submitted paper.
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