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Abstract

Background and Purpose: All types of ionizing radiations generate ions
which can lead to the formation of free radicals and reactive oxygen species
(ROS). Excess production of free radicals or decrease in antioxidants level
leads to oxidative stress. It is a harmful process that induces damage to cell
structures, lipids, proteins, RNA and DNA which leads to a number of dis-
eases. The aim of this study is to examine the effect of plant extract (Allium
Cepa Extract (ACE)) on the kidney of wistar rats exposed to radiation using
and assaying some biochemical enzymes. Material and Method: 60 wistar
rats weighing 170 + 20 g were equally divided into six groups for the study.
Group 1 (control): neither received ACE nor irradiation. Group 2 (ACE): re-
ceived 1000 mg/Kg b.wt of ACE. Group 3 (4 Gy-Irradiated): were exposed to
4 Gy TBI on day 14. Group 4 (6 Gy-Irradiated): were exposed to 6 Gy TBI on
day 14. Group 5 (ACE + 4 Gy): were treated with 1000 mg/Kg b.wt of ACE
once daily for twenty-eight days but exposed to 4 Gy TBI on day 14. Group 6
(ACE + 6 Gy): were treated with 1000 mg/Kg b.wt of ACE once daily for
twenty-eight days but exposed to 6 Gy TBI on day 14. All the groups received
distilled water and feed ad /ibitum during the acclimatization and experi-
mental periods. Four animals in each group were sacrificed 24 h after irradia-
tion and the 4 remaining animals were sacrificed on day 29 for biochemical
assay and histopathological evaluation, the statistical analysis was done using
one-way analysis of variance (ANOVA) on the data editor SPSS version 28.
Results: From the biochemical enzymes, the level of Malondialdehyde
(MDA) in group 2 when compared to group 1 was almost the same, which
was not statically significant with (p > 0.05), but groups 3 and 4 show a sig-
nificant increase in the level of MDA with (p < 0.05) while group 5 and 6
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showed no significant increase in MAD with (p > 0.05). The other enzymes
like SOD, CAT, GST, and GSH followed suit. Conclusion: From the results it
is a clear indication that Allium Cepa Extract can ameliorate the effect of
radiation induced disease.
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1. Introduction

Allium cepa Linn (Onion) is a valuable vegetable/field crop cultivated for food,
medicine, spices and condiments worldwide since times [1]. As a vegetable crop,
it ranked the second most widely cultivated after tomato production [2]. Allium
cepa is a vegetable consumed worldwide; it is also a rich source of phytochemi-
cals and organo sulphur dietary compounds that are considered to possess anti-
oxidant properties and can also enhance systemic detoxification [3]. One of the
major interests in the field of radiation biology and chemistry studies is the
identification of the chemical agents that are highly potent in the protection of
humans from the hazardous effect of ionizing radiation. Hence, this has lead to
the study and use of plants and natural products that has the ability to offer pro-
tection against these radiation induced damage. These natural plants are less
toxic in most cases or even practically non toxic compared to synthetic com-
pounds. Some literature has been on the radio protection of Allium Cepa on an
exposed rat. A study was done on the Antioxidant and the ameliorating effect of
Allium cepa (Onion) fortified feed against potassium bromated-induced oxida-
tive damage in Wistar rats and concluded that, in rat kidney and liver cells, po-
tassium bromate caused oxidative damage, as evidenced by increased MDA le-
vels and other biochemical changes. The antioxidant and ameliorative effects of
the fortified feed were also demonstrated in the study, which could be attributed
to the antioxidant principles contained in A/lium cepa. [4]. While another study
was done on the Radiation protection and anti-oxidative effects of garlic, onion
and ginger extracts, x-ray exposed albino rats as model for biochemical studies
and concluded that The comparative effects of garlic, ginger and onions on some
biochemical parameters in organs of x-ray exposed rats. Changes in the body
weight and organ/body weight ratio as observed in the X-ray exposed rats are
indicative of X-ray toxicity. The study further showed that garlic, ginger and
onion contain bioactive substances, which are radioprotective further consoli-
dating garlic and onion with more radio-protective and anti-oxidative properties
than ginger. The results indicate these plants could exert these functions through
modulation in activity of several metabolizing enzymes that activate and detoxify
(SOD, ALT, AO and SO), carcinogens and inhibit DNA adduct formation. Most
of these enzymes have antioxidative and free radicals scavenging properties thus,

involved in regulation of cell proliferation, apoptosis and immune responses.
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[5]. Another study was done on the Antioxidant Effects of Allium cepa and
Cinnamon on Sex Hormones and Serum Antioxidant Capacity in Female Rats
Exposed to Power Frequency Electric and Magnetic Fields and concluded that
Power frequency electromagnetic field could adversely affect sex hormones and
total antioxidant capacity levels in exposed rats and Alium cepa and cinnamon
could manuscript as an effective pharmacological supplement to moderate ex-
posure degenerative effects [6]. Another study was done on Phytochemical
screening and evaluation of antioxidant capacities of Allium cepa, Allium sati-
vum, and Monodora myristica using in vitro and in vivo models and they con-
cluded that the antioxidant activity of A. sativum, M. myristica and A. cepa were
investigated in this study, and the outcomes showed that these food condiments
are rich in antioxidants as they were able to reduce the level of ROS as well as
increase the level of endogenous antioxidants. Interestingly, the in vitro antioxi-
dant activity of the three food condiments was higher than that of ascorbic ac-
id—a standard antioxidant agent. This suggests that the inclusion of these food
condiments in our diet during food preparation may ameliorate oxidative stress
and reduce the incidence of degenerative disease in animals. Although results
from animal studies cannot be extrapolated directly to humans, further studies
need to be done on the standard of dosage to minimize any adverse side effects.
(7]

This study is designed to evaluate the radioprotective potential of Allium cepa
(ACE) in renal tissues of winstar rats with ACE pre & post total body irradiation
(TBI) of graded doses. Before now other studies has not gone to the level of

studying the renal tissue of the rats rather the general kidney system is studied.

2. Materials and Method

2.1. Experimental Animal

The animals were housed in standard rat cages and left to acclimatize to labora-
tory condition for two weeks. The laboratory animals were kept at room tem-
perature with access to water in accordance with the international guide for the
care and use of laboratory animals (Committee for update of the guide for the
care and use of laboratory animals, 2011).

2.2. Animal Strain and Number

Winstar strain and they are 60 in number.

2.3. Ace Dose Selection

ACE were administer orally to the winstar rats in three varying doses (250, 500,
1000 mg/Kg) body weight. But for the sake of this study we concentrate only on
the 1000 mg/Kg b.wt.

2.4. Plant Material

Fresh onions (A/lium cepa) were sourced locally in the market.
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2.5. Preparation of Extract

Fresh bulbs of onions were carefully dressed and frozen at +4°C. About 100 ml
of chilled distilled water were added to 100 g of each of onion and crushed in a
homogenizer. The resultant slurry was squeezed and filtered through a fine cloth
and the filtrates of garlic, onion and ginger extracts were quickly frozen at —20°C

until used

2.6. Treatment of Animal

The animal were divided into 6 groups as earlier mentioned and each of the
groups from 1 to 6 were treated adequately with what is meant for the group ex-
cept the group 1 which is the control group that received only Feed and distilled
water. During this treatment, rats in test groups were exposed to X-ray. The
control group received nothing except food and water and they were not ex-
posed to X-ray. The initial and final weights of the rats in each group were also

recorded.

2.7. Unth Radiation and Clinnical Oncology Ethics Committee on
Postgraduate Research

Approved the use of ionization radiation on winstar rats in accordance to inter-

national protocol on use of animals for research.

2.8. Radiation Dosage

The experimental albino rats (winstar strain) except those in the control group
were exposed to the effect of ionization radiation from X-ray of 4 Gy and 6 Gy

doses.

2.9. No of Animal Repeatedly Tested

3 animals each were tested repeatedly pergroup.

2.10. Sample Collection

At the end of the treatment period each rat was anaesthetized in chloroform sa-
turated chamber, the rat, carefully dissected. The kidney and blood of each rat
were collected and stored at —20°C until required. The blood was collected di-
rectly from the heart using sterilized needle and syringe into well labeled hepari-

nized containers.

2.11. Preparation of Tissue Homogenate

Ten percent homogenate of the organ was prepared in pre-chilled pestle and
mortar using 4 ml, 1 — x ice-cold phosphate buffersaline (PBS) solution (137
mM NaCl, 10 mM phosphate, 2.7 mM KCI pH 7.4). The homogenate was cen-
trifuge at 5000 g for 10 minutes and the supernatant obtained were used for bi-
ochemical analysis. Also blood in the heparinized container was centrifuged at

3000 g for 10 minutes after which it was separated into plasma and red cells. The
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plasma at the top was pipetted carefully without the red portion into well labeled
clean containers for estimation of the creatinine level present and enzyme analy-
sis. 3 different samples where repeatedly tested per group in other to ascertain

the authenticity and reliability of the results

2.12. Enzymes Assays

Different enzymes including MDA, SOD, CAT, GST, and GSH, using [8] me-
thods, the enzymes activities, were assayed.

2.13. Stastical Analysis

The significance of the difference between ACE-treated and control group was
tested by one-way analysis of variance (ANOVA). All data were represented as
arithmetic mean * standard error. The level of significance for all the results was

accepted at p < 0.05.

3. Results

Table 1 presented the Variation in MDA and GSH levels as well as SOD, CAT
and GST activities in the renal tissues of wistar rats in the various groups, with
or without ACE treatment for 14 days before irradiation, while Table 2 Varia-
tion in creatinine, urea and cystatin C levels of wistar rats in the various groups,
with or without ACE treatment for 14 days before irradiation. Table 3 presented
the Variation in MDA and GSH levels as well as SOD, CAT and GST activities in
the renal tissues of wistar rats in the various groups, with or without ACE treat-
ment for 14 days after irradiation. While Table 4 Variation in creatinine, urea
and cystatin C levels of wistar rats in the various groups, with or without ACE
treatment for 14 days after irradiation. Table 5 presented the Variation in MDA
and GSH levels as well as SOD, CAT and GST activities in the renal tissues of
wistar rats in the various groups, with or without ACE treatment for 14 days be-
fore and after irradiation. While Table 6 Variation in creatinine, urea and cysta-
tin C levels of wistar rats in the various groups, with or without ACE treatment
for 14 days before and after irradiation. Results were reported as mean + stan-

dard deviation.

Table 1. Variation in MDA and GSH levels as well as SOD, CAT and GST activities in the renal tissues of wistar rats in the various
groups, with or without ACE treatment for 14 days before irradiation.

Groups Doses MDI.\ GSH SOP CAT. GST.
mg/Kgb.wt (nmol/gtissue) (umol/g tissue) (ng/g tissue) (mmol/g tissue)  (umol/g tissue)

Control - 181.58 £ 1.57 0.177 £ 0.006 104.63 + 2.01 82.11 £ 0.58 258.62 +3.17
ACE 1000 156.78 £ 1.27 0.190 = 0.006 107.79 £ 1.67 89.67 +0.59 267.08 £ 4.11
IRR (4 Gy) - 307.43 + 4.09 0.079 +0.003 48.16 + 0.23 44.51 +0.37 146.55 +2.18
IRR (6 Gy) - 362.83 +4.17 0.073 +0.005 35.86 = 0.19 37.49 £0.41 139.89 £ 1.98
ACE + IRR (4 Gy) 1000 211.56 +£1.93 0.111 +0.005 79.66 + 0.47 53.31 £0.47 184.48 £2.08
ACE + IRR (6 Gy) 1000 249.43 + 2.67 0.089 = 0.004 64.77 £ 0.47 50.47 £ 0.45 180.35 £ 2.11
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Table 2. Variation in creatinine, urea and cystatin C levels of wistar rats in the various groups, with or without ACE treatment for
14 days before irradiation.

Groups Doses (mg/Kg b.wt) Creatinine (mg/dL) Urea (mg/dL) CystatinC (ug/mL)
Control - 0.767 £ 0.021 31.37 +£0.18 0.818 £0.018
ACE 1000 0.751 £0.018 28.89 £0.13 0.796 £ 0.023
IRR (4 GY) - 4.217 £ 0.206 73.07 £0.23 2.963 £0.144
IRR (6 GY) - 4.636 £ 0.217 81.72 £ 0.42 3.437 £0.121
ACE + IRR (4 GY) 1000 1.331 £ 0.093 40.24 £ 0.19 1.207 £ 0.071
ACE + IRR (6 GY) 1000 1.519 £ 0.091 42.36 £0.21 1.315 £ 0.072

Table 3. Variation in MDA and GSH levels as well as SOD, CAT and GST activities in the renal tissues of wistar rats in the various
groups, with or without ACE treatment for 14 days after irradiation.

Groups Doses MDA GSH SOP CAT. GST
mg/Kgb.wt  (nmol/g tissue)  (umol/g tissue) (ug/g tissue) (mmol/g tissue)  (umol/g tissue)

Control - 181.58 + 1.57 0.177 £ 0.006 104.63 + 2.01 82.11 £0.58 258.62 £ 3.17
ACE 1000 156.78 + 1.27 0.190 £ 0.006 107.79 + 1.67 89.67 £ 0.59 267.08 +£4.11
IRR (4 Gy) - 307.43 + 4.09 0.079 £ 0.003 48.16 £ 0.23 44.51 +0.37 146.55 £ 2.18
IRR (6 Gy) - 362.83 +4.17 0.073 £ 0.005 35.86 £0.19 37.49 £0.41 139.89 + 1.98
ACE + IRR (4 Gy) 1000 211.56 +1.93 0.111 £ 0.005 79.66 £ 0.47 53.31 £0.47 184.48 + 2.08
ACE + IRR (6 Gy) 1000 249.43 + 2.67 0.089 + 0.004 64.77 £ 0.47 50.47 £ 0.45 180.35 + 2.11

Table 4. Variation in creatinine, urea and cysC levels of wistar rats in the various groups, with or without ACE treatment for 14

days after irradiation.

Groups Doses (mg/Kg b.wt) Creatinine (mg/dL) Urea (mg/dL) Cystatin C (ug/mL)
Control - 0.786 £ 0.014 32.29+£0.24 0.823 £0.013
ACE 1000 0.753 £0.014 27.46 £ 0.21 0.794 £ 0.011
IRR (4 Gy) - 4.309 +£0.212 76.21 £ 0.33 2.963 £0.121
IRR (6 Gy) - 4.717 £ 0.189 87.15+0.41 3.437 £0.137
ACE + IRR (4 Gy) 1000 2.289 £ 0.156 48.71 £0.29 1.608 = 0.059
ACE + IRR (4 Gy) 1000 2.471 £0.149 53.11 £ 0.33 1.877 £ 0.088

Table 5. Variation in MDA and GSH levels as well as SOD, CAT and GST activities in the renal tissues of wistar rats in the various

groups, with or without ACE treatment for 14 days before irradiation and 14 days after irradiation.

Groups Doses MDI.\ GSH SOP CAT. GST.
mg/Kgb.wt (nmol/gtissue) (pumol/g tissue) (ug/g tissue) (mmol/g tissue)  (pumol/g tissue)

Control - 181.58 + 1.57 0.177 £ 0.006 104.63 £ 2.01 82.11 £ 0.58 258.62 £ 3.17
ACE 1000 156.78 + 1.27 0.190 £ 0.006 107.79 £ 1.67 89.67 £ 0.59 267.08 £ 4.11
IRR (4 Gy) - 307.43 £ 4.09 0.079 £ 0.003 48.16 £0.23 44.51 £ 0.37 146.55 + 2.18
IRR (6 Gy) - 362.83 +4.17 0.073 £ 0.005 35.86 £ 0.19 37.49 £0.41 139.89 £ 1.98
ACE + IRR (4 Gy) 1000 191.62 + 1.76 0.159 £0.014 95.53 +£0.51 69.51 £0.52 241.46 £ 3.16
ACE + IRR (6 Gy) 1000 197.46 + 1.77 0.151 £0.011 92.35 +£0.51 65.27 £0.44 236.47 £ 2.15
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Table 6. Variation in creatinine, urea and cysC levels of wistar rats in the various groups,
with or without ACE treatment for 14 days before irradiation and 14 days after irradia-

tion.
Groups Doses Creatinine Urea CystatinC
(mg/Kg b.wt) (mg/dL) (mg/dL) (ng/mL)
Control - 0.786 £ 0.014 32.29+0.24 0.823 £0.013
ACE 1000 0.753 £ 0.014 2746 £0.21  0.794 £0.011
IRR (4 Gy) - 4.309 £ 0.212 76.21 £0.33  2.963 £ 0.121
IRR (6 Gy) - 4.717 £ 0.189 87.15+0.41 3.437 +0.137
ACE + IRR (4 Gy) 1000 1.132 £ 0.073 32.78+0.29 1.118 £ 0.093
ACE + IRR (6 Gy) 1000 1.273 £ 0.077 33.56 £0.29  1.223 £0.091

From Figure 1, it is showed that the group that was irradiated with 4 Gy and 6
Gy showed high level of Malondialdehyde (MDA) in their renal tissue when
compared with the controlled group while the group that received ACE and ir-
radiation (Ze. ACE + RR (4 Gy) and ACE + IRR (6 GY)) has almost the same
level of MDA with the control group at p < 0.001.

A careful observation of the figure (Figure 2) shows that the level of GSH in
control and ACE group is high when compared to the irradiated groups (ie. IRR
6 Gy and IRR 4 Gy), while the group ACE + IRR (4 Gy) and ACE + IRR (6 Gy)
show significant increase from (IRR 6 Gy and IRR 4 Gy) at p < 0.001.

The figure (Figure 3) shows that the level of SOD in the ACE and control
group is very high when compare to the irradiated group (ie. IRR (4 Gy) and
IRR (6 Gy)) from the careful observation of the above figure. The other group
which is ACE + IRR for both 6 Gy and 4 Gy shows a significant increase from
IRR groups at p < 0.00001.

From the figure (Figure 4), there is a decrease in the level of CAT in IRR (4
Gy) and IRR (6 Gy) groups when compared to the ACE and the control group.
While ACE + IRR (4 Gy) and ACE + IRR (6 Gy) group shows a significant in-
crement from the irradiated group at p > 0.01.

The level of GST from the figure (Figure 5) in the irradiated group (Ze. IRR 4
Gy and IRR 6 Gy) decrease significantly when compared to the level in control
and ACE group, while ACE + IRR 4 Gy and ACE + IRR 6 Gy show an increment
in level from the irradiated group at p < 0.0001.

The level of serum creatinine is high in the irradiated group when compared
with control group. The other group which is ACE + IRR 6 Gy and ACE + IRR 4
Gy had an insignificant increment when compared with control at p < 0.0001.
Please see Figure 6.

The level of serum urea is high in the irradiated group when compared with
control group. The other group which is ACE + IRR 6 Gy and ACE + IRR 4 Gy
had an insignificant increment when compared with control at p < 0.001. Please

see Figure 7.
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Figure 1. Malondialdehyde (MDA) concentration in the kidney of the various groups
with or without administration of 1000 mg/Kg b.wt of ACE before, after or before and af-
ter exposure to graded doses of radiation of 4 Gy or 6 Gy (with significant level at p <

0.001).
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Figure 2. Glutathione (GSH) concentration in the kidney of the various groups with or
without administration of 1000 mg/Kg b.wt of ACE before, after or before and after ex-
posure to graded doses of radiation of 4 Gy or 6 Gy (at a significant level of p < 0.001).
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Figure 3. Activities of superoxide dismutase (SOD) in the kidney of the rats in the vari-
ous groups with or without administration of 1000 mg/Kg b.wt of ACE before, after or
before and after exposure to graded doses of radiation of 4 Gy or 6 Gy (at a significant
level of p < 0.0001).
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Figure 4. Activities of the catalase (CAT) concentration in the kidney of the various
groups with or without administration of 1000 mg/Kg b.wt of ACE before, after or before
and after exposure to graded doses of radiation (at a significant level of p > 0.01).
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Figure 5. Activities of glutathione-S-transferase (GST) in the kidney of the various
groups with or without administration of 1000 mg/Kg b.wt of ACE before, after, before
and after exposure to graded doses of radiation of 4 Gy or 6 Gy (at a significant level of p

<0.0001).
VARIATION IN CREATINE BEFORE AND AFTER AND BEFORE AND
AFTER FULL BODY IRRADIATION
6
5
= CONTROL
mACE 4
= IRR 4Gy
3
= IRR 6Gy
HACE+IRR (4GY) 5
® ACE + IRR (6GY)
. | | |
PRE pST PRE + PST

Figure 6. Serum creatinine concentration in the various groups with or without adminis-
tration of 1000 mg/Kg b.wt of ACE (at a significant level of p < 0.0001).
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VARIATION IN SERUM UREA BEFORE,
AFTER AND BEFORE AND AFTER FULL BODY IRRADIATION
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Figure 7. Serum urea concentration in the various groups with or without administration
of 1000 mg/b.wt of ACE before, after or before and after exposure to graded doses of rad-
iation of 4 Gy or 6 Gy (at a significant level of p < 0.001).

The level of serum Cystatin is high in the irradiated group when compared to
the control group. The other group which is ACE + IRR 6 Gy and ACE + IRR 4
Gy had an insignificant increment when compared with control at p < 0.05.
Please see Figure 8.

3.1. Malondialdehyde (MDA)

Malondialdehyde (MDA): MDA is widely used as a biomarker for assessing
oxidative stress in biomedical fields. Lipid peroxidation is a chain phenomenon
resulting in the formation of various active compounds that result in cellular
damage. Determination of MDA in blood plasma or tissue homogenates is one
of the useful methods to predict the oxidative stress levels [8]. They suggested
that increase in the level of MDA is an indication of oxidative stress.

14 DAYS BEFORE IRRADIATION (PRE).

From Figure 1, It is observed that there is an insignificant decrease in the level
of MDA immediately the rats were administered ACE 14 days before irradiation
from its level in the control group which is not statistically significant with (p >
0.05) in order of 3% (184.51 * 3.37 Vs 178.53 £ 2.59). The level of MDA in-
creased significantly in group irradiated with 4 Gy with (p < 0.05) in order of
59% (184.51 + 3.37 Vs 293.72 + 4.86), likewise in the group that was irradiated
with 6 Gy a significant increase was also observed with (p < 0.05) in the order of
90% (184.51 + 2.11 Vs 351.83 + 5.03). This high increase in the level of MDA af-
ter irradiation is in accordance with the earlier study of [9]. When the rats are
administered with ACE and also irradiated it is observed that the level of MDA
is almost the same with the control with (p > 0.05) in both 4 Gy and 6 Gy groups
which further prove the effectiveness of ACE as a radioprotective agent. There
was a 5% increment in the level of MDA in ACE + 4 Gy group from the con-
trolled group and 26% increment in the level of MDA in ACE + 6 Gy from the
control group.
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VARAITION IN Cystatin C BEFORE,
AFTER AND BEFORE AND AFTER FULL BODY IRRADIATION
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Figure 8. Serum Cystatin C (cysc) concentration in the various groups with or without
administration of 1000 mg/Kg b.wt of ACE before, after or before and after exposure to
graded doses of radiation of 4 Gy or 6 Gy (at a significant level of p < 0.05).

14 DAYS AFTER IRRADIATION (POST).

The level of MDA in the renal tissue slightly reduced immediately the rats is
administered ACE 14 days after irradiation from its level in the control group
which is not a significant decrement with (p < 0.05) in order of 13% (181.58 *
1.89 Vs 156.78 + 1.27). This rate was increased significantly in group irradiated
with 4 Gy with (p < 0.05) in order of 70% (181.58 * 1.89 Vs 307.43 + 4.09), like-
wise in the group that was irradiated with 6 Gy a significant increase was also
observed with (p < 0.05) in the order of 100% (181.58 + 1.03 Vs 362.83 + 4.17).
When the rats are administered with ACE and also irradiated it is observed that
the level of MDA increased with respect to the controlled with (p > 0.05) in both
4 Gy and 6 Gy groups. There was a 17% increase in the level of MDA in ACE + 4
Gy group from the controlled group and 38% increase in the level of MDA in
ACE + 6 Gy from the control group.

14 DAYS BEFORE AND AFTER IRRADIATION

The administration of ACE 14 days before and after irradiation slightly de-
crease the level of MDA in the renal tissue of the rats from its level in the control
group which is not significant decrease with (p < 0.05) in order of 14% (181.58 £
1.89 Vs 156.78 + 1.27). This rate was increased significantly in group irradiated
with 4 Gy with (p > 0.05) in order of 69% (181.58 * 1.89 Vs 307.43 + 4.09), like-
wise in the group that was irradiated with 6 Gy a significant increase was also
observed with (p > 0.05) in the order of 100% (181.58 + 1.03 Vs 362.83 + 4.17).
When the rats are administered with ACE and also irradiated it is observed that
the level of MDA is almost the same with the controlled with (p > 0.05) in both 4
Gy and 6 Gy groups. There was a 6% increment in the level of MDA in ACE + 4
Gy group from the controlled group and 9% increment in the level of MDA in
ACE + 6 Gy from the control group.

3.2. Glutathione (GSH)

Glutathione (GSH): GSH is a carrier of an active thiol group in the form of a

cysteine residue, it acts as an antioxidant either directly by interacting with reac-

DOI: 10.4236/ijmpcero.2023.123007

69 Int.J. Medical Physics, Clinical Engineering and Radiation Oncology


https://doi.org/10.4236/ijmpcero.2023.123007

S. K. Kenneth et al.

tive oxygen/nitrogen species (ROS and RNS, resp.) and electrophiles or by oper-
ating as a cofactor for various enzymes [10].

14 DAYS BEFORE IRRADIATION.

From Figure 2, it is observed that after administering of ACE 14 day before
irradiation the level of GSH in this ACE group slightly increase in the renal tis-
sue of the rats with respect to the control group, the increment is not significant
with (p > 0.001) in the order of 4% (0.174 + 0.013 Vs 0.182 + 0.013). There is a
significant decrease in the level of GHS with (p < 0.001) in the order of 53%
(0.174 £ 0.013 Vs 0.081 * 0.006) when the rats is irradiated with 4 Gy. The group
irradiated with 6 Gy also shows a significant decrease in the level of GHS with (p
< 0.001) in the order of 57% (0.174 + 0.013 Vs 0.075 + 0.004). This result is in
accordance with [11] [12] [13] [14], this is as a result of increased ROS forma-
tion and GSH reacts with reactive oxygen species (ROS) and is converted to
GSSG that finally resulted glutathione depletion. When the rats are administered
with ACE and also irradiated it is observed that the level of GHS decreased in
comparison to the controlled with (p > 0.05) in both 4 Gy and 6 Gy groups but
the decrement was not significant enough which is as a result of the ameliorative
effect of Cepa. There was a 19% decrease in the level of GHS in ACE + 4 Gy
group from the controlled and 14% decrement in the level of GHS in ACE + 6
Gy from the control group.

14 DAYS AFTER IRRADIATION

it is observed that after administering of ACE 14 day after irradiation the level
of GSH in this ACE group slightly increase in the renal tissue of the rats with
respect to the control group, the increment is not significant with (p > 0.001) in
the order of 7% (0.177 + 0.006 Vs 0.190 *+ 0.006). There is a significant decrease
in the level of GHS when the rats are irradiated with both 4 Gy and 6 Gy. The
group irradiated with 4 Gy shows a significant decrease in the level of GHS with
(p < 0.001) in the order of 55% (0.177 + 0.006 Vs 0.079 £ 0.003) while the group
irradiated with 6 Gy also shows a significant decrease in the level of GHS with (p
< 0.001) in the order of 59% (0.177 £+ 0.006 Vs 0.073 + 0.005). When the rats are
administered with ACE and also irradiated it is observed that the level of GHS
decreased in comparison to the controlled with (p > 0.05) in both 4 Gy and 6 Gy
groups but the decrement is not significant. There was a 37% decrease in the lev-
el of GHS in ACE + 4 Gy group from the controlled and 48% decrement in the
level of GHS in ACE + 6 Gy from the control group.

14 DAYS BEFORE AND AFTER IRRADIATION

it is observed that after administering of ACE 14 day before and after irradia-
tion the level of GSH in this ACE group slightly increase in the renal tissue of the
rats with respect to the control group, the increment is not significant with (p >
0.001) in the order of 7% (0.177 £ 0.006 Vs 0.190 * 0.006). There is a significant
decrease in the level of GHS when the rats are irradiated with both 4 Gy and 6
Gy. The group irradiated with 4 Gy shows a significant decrease in the level of
GHS with (p < 0.001) in the order of 55% (0.177 £+ 0.006 Vs 0.079 + 0.003) while
the group irradiated with 6 Gy also shows a significant decrease in the level of
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GHS with (p < 0.001) in the order of 59% (0.177 + 0.008 Vs 0.073 + 0.005).
When the rats are administered with ACE and also irradiated it is observed that
the level of GHS decreased in comparison to the control with (p > 0.05) in both 4
Gy and 6 Gy groups but the decrement is not significant. There was a 10% de-
crease in the level of GHS in ACE + 4 Gy group from the controlled and 15%
decrement in the level of GHS in ACE + 6 Gy from the control group.

3.3. Superoxide Dismutase (SOD)

Many studies have revealed the importance of SOD in protection of normal tis-
sue from the harmful effects of ionizing radiation [15]. Superoxide is produced
as a by-product of oxygen metabolism and, if not regulated, causes many types
of cell damage. Thus, SOD is an important antioxidant defense in nearly all liv-
ing cells exposed to oxygen.

14 DAYS BEFORE IRRADIATION (PRE)

In Figure 3, after administration of ACE to the rats 14 days before irradiation,
there was a slight increase in the level of SOD in the renal tissue of the rats when
compared to the control group. The slight increment in the level of SOD in the
renal tissue of ACE group was not significant enough with (p < 0.05) in the or-
der of 3% (105.55 + 1.76 Vs 108.27 + 1.49). When the rats were irradiated with 4
Gy and 6 Gy there was a significant decrement in the level of SOD in the renal
tissue of the rats, with the group of 4 Gy the decrement was significant with (p <
0.0001) in the order of 54% (105.55 + 1.07 Vs 48.16 + 0.37). The group of 6 Gy
also show a significant decrease in the level of SOD in the renal tissue of the rats
with (p < 0.0001) in the order of 66% (105.55 + 1.07 Vs 35.86 + 0.28). This in
agreement with some pervious work like [16] [17] [18] [19], in which they sug-
gested that Evidence of reduction in the activities of SOD due exposure to radia-
tion which may induced organs injury via a mechanism of oxidative stress.
When the rats are administered with ACE and also irradiated it is observed that
the level of SOD decreased in comparison to the controlled with (p > 0.05) in
both 4 Gy and 6 Gy groups but the decreament is not significant. There was a
19% decrease in the level of SOD in ACE + 4 Gy group from the controlled and
22% decrement in the level of SOD in ACE + 6 Gy from the control group.

14 DAYS AFTER IRRADIATION

It is observed from Figure 3, that after the administration of ACE to the rats
14 days after irradiation, there was a slight increase in the level of SOD in the
renal tissue of the rats when compared to the control group. The slight incre-
ment in the level of SOD in the renal tissue of ACE group was not significant
enough with (p > 0.05) in the order of 3% (104.63 £ 2.01 Vs 107.79 + 1.67).
When the rats were irradiated with 4 Gy and 6 Gy there was a significant decre-
ment in the level of SOD in the renal tissue of the rats, with the group of 4 Gy
the decrement was significant with (p < 0.0001) in the order of 54% (104.63 +
2.01 Vs 48.16 * 0.23). The group of 6 Gy also show a significant decrease in the
level of SOD in the renal tissue of the rats with (p < 0.0001) in the order of 66%
(104.63 + 2.01 Vs 35.86 + 0.19). When the rats are administered with ACE and
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also irradiated it is observed that the level of SOD decreased in comparison to
the control with (p > 0.05) in both 4 Gy and 6 Gy groups but the decrement is a
bit significant. There was a 24% decrease in the level of SOD in ACE + 4 Gy
group from the controlled and 38% decrement in the level of SOD in ACE + 6
Gy from the control group.

14 DAYS BEFORE AND AFTER IRRRADIATION

It is observed from Figure 3 that after the administration of ACE to the rats
14 days before and after irradiation, there was a slight increase in the level of
SOD in the renal tissue of the rats when compared to the control group. The
slight increment in the level of SOD in the renal tissue of ACE group was not
significant enough with (p > 0.05) in the order of 3% (104.63 + 2.01 Vs 107.79 +
1.67). When the rats were irradiated with 4 Gy and 6 Gy there was a significant
decrement in the level of SOD in the renal tissue of the rats, with the group of 4
Gy the decrement was significant with (p < 0.0001) in the order of 54% (104.63 +
2.01 Vs 48.16 * 0.23). The group of 6 Gy also show a significant decrease in the
level of SOD in the renal tissue of the rats with (p < 0.0001) in the order of 68%
(104.63 + 2.01 Vs 35.86 + 0.19). When the rats are administered with ACE and
also irradiated it is observed that the level of SOD increased and also decreased
in comparison to the controlled with (p > 0.05) in both 4 Gy and 6 Gy groups
but the increment and decrement is not significant. There was a 9% increment in
the level of SOD in ACE + 4 Gy group from the controlled and 12% decrement
in the level of SOD in ACE + 6 Gy from the control group.

3.4. Catalase (CAT)

Catalase has one of the highest turnover rates of all enzymes; one molecule of
catalase can convert millions of molecules of hydrogen peroxide to water and
oxygen per second.

Catalase, are frequently used by cells to rapidly catalyze the decomposition of
hydrogen peroxide into less reactive oxygen species and water molecules [20].

14 DAYS BEFORE IRRADIATION

It can be observed from Figure 4 that administration of ACE 14 days before
irradiation slightly increases the level of CAT in the renal tissue of the rats when
compared to its level in the control group. This slight increment is not signifi-
cant enough with (p < 0.05) in the order of 6% (81.29 £ 0.59 Vs 86.48 + 0.61).
The level of CAT significantly decreases when the body was radiated with both 4
Gy and 6 Gy when compared with the control group. The increment in the 4 Gy
group was significantly enough with (p > 0.01) in the order of 39% (81.29 + 0.59
Vs 49.51 £ 0.39) while the increment in 6 Gy group is in the order of 47% (81.29
+ 0.45 Vs 43.49 + 0.31) with (p > 0.01). These results are in accordance with
those of [21] [22] [23] [24] who observed a significant decrease in CAT activity
after exposure to irradiation due to the excess production of hydroxyl radicals
(the most potent oxidant stimulate the lipid peroxidation process) and other
reactive oxygen species. When the rats are administered with ACE and also irra-

diated it is observed that the level of CAT also decreased in comparison to the
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controlled with (p > 0.05) in both 4 Gy and 6 Gy groups but the decrement in 6
Gy is a bit significant while that of 4 Gy is not all that significant. There was a
10% increment in the level of CAT in ACE + 4 Gy group from the controlled
and 19% decrement in the level of SOD in ACE + 6 Gy group from the control
group.

14 DAYS AFTER IRRADIATION

It can be observed that administration of ACE 14 days after irradiation slightly
increase the level of CAT in the renal tissue of the rats when compared to its lev-
el in the control group.

This slight increment is not significant enough with (p > 0.05) in the order of
9% (82.11 £ 0.58 Vs 89.67 + 0.59). The level of CAT significantly decreases when
the body was radiated with both 4 Gy and 6 Gy when compared with the control
group. The increment in the 4 Gy group was significantly enough with (p > 0.01)
in the order of 46% (82.11 + 0.58 Vs 44.51 + 0.37) while the increment in 6 Gy
group is in the order of 55% (82.11 £ 0.58 Vs 37.49 + 0.41) with (p > 0.01).
When the rats are administered with ACE and also irradiated it is observed that
the level of CAT also decreased in comparison to the controlled with (p > 0.05)
in both 4 Gy and 6 Gy groups but the decrement is a bit significant. There was a
35% increment in the level of CAT in ACE + 4 Gy group from the controlled
and 39% decrement in the level of SOD in ACE + 6 Gy group from the control
group.

14 DAYS BEFORE AND AFTER IRRADIATION

It can be observed that administration of ACE 14 days before and after irradi-
ation, there is a slightly increase the level of CAT in the renal tissue of the rats
when compared to its level in the control group. This slight increment is not sig-
nificant enough with (p > 0.05) in the order of 5% (82.11 *+ 0.58 Vs .89.67 +
0.59). The level of CAT significantly decreases when the body was radiated with
both 4 Gy and 6 Gy when compared with the control group. The increment in
the 4 Gy group was significantly enough with (p < 0.01) in the order of 46%
(82.11 £ 0.58 Vs 44.51 + 0.37) while the increment in 6 Gy group is in the order
of 55% (82.11 + 0.58 Vs 37.49 + 0.41) with (p < 0.01). When the rats were admi-
nistered with ACE and also irradiated it is observed that the level of CAT also
decreased in comparison to the control with (p > 0.05) in both 4 Gy and 6 Gy
groups but the decrement is not significant. There was a 16% decrement in the
level of CAT in ACE + 4 Gy group from the controlled and 21% decrement in
the level of CAT in ACE + 6 Gy group from the control group.

3.5. Glutathione S-Transferases (GST)

This represents a major group of detoxification enzymes. All eukaryotic species
possess multiple cytosolic and membrane-bound GST iso-enzymes, each of
which displays distinct catalytic as well as non catalytic binding properties. It al-
so appears probable that GST are regulated in vivo by reactive oxygen species
(ROS).
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14 DAYS BEFORE IRRADIATION

From Figure 5 it is observed that if ACE is administered 14 days before irrad-
iation, this will lead to a little increase in the level of GST in the renal tissue of
the rats when compared to its level in the control group. The increment is very
small with (p < 0.0001) in the order of 3% (258.62 + 3.17 Vs 267.08 + 4.11).
When the rats where irradiated with both 4 Gy and 6 Gy there is a significant
decrement in the level of GST in the renal tissue of the rats. There decrement in
4 Gy group is of the order of 43% (258.62 = 3.17 Vs 146.55 * 2.18) with (p <
0.0001) while that of 6 Gy has a significant decrease with (p = 0.0001) in the or-
der of 46% (258.62 = 3.17 Vs 139.89 £ 1.98), this was in agreement with the re-
sults of [25] [26]. When the rats are administered with ACE and also irradiated,
it is observed that the level of GST also decreased in comparison to the con-
trolled with (p > 0.05) in both 4 Gy and 6 Gy groups but the decrement is not
significant. There was a 7% decrement in the level of GST in ACE + 4 Gy group
from the controlled and 9% decrement in the level of GST in ACE + 6 Gy group
from the control group.

14 DAYS AFTER IRRADIATION.

It is observed that if ACE is administered 14 days after irradiation, this will
lead to a little increase in the level of GST in the renal tissue of the rats when
compared to its level in the control group. The increment is very small with (p <
0.0001) in the order of 3% (258.62 + 3.18 Vs 267.08 + 4.11). When the rats where
irradiated with both 4 Gy and 6 Gy there is a significant decrement in the level of
GST in the renal tissue of the rats. There decrement in 4 Gy group is of the order
of 43% (258.62 + 3.18 Vs 146.55 + 2.18) with (p < 0.0001) while that of 6 Gy has
a significant decrease with (p < 0.0001) in the order of 46% (258.62 £ 3.18 Vs
139.89 + 1.98). When the rats are administered with ACE and also irradiated, it
is observed that the level of GST also decreased in comparison to the controlled
with (p > 0.05) in both 4 Gy and 6 Gy groups but the decrement is a little signif-
icant. There was a 6% decrement in the level of GST in ACE + 4 Gy group from
the controlled and 9% decrement in the level of GST in ACE + 6 Gy group from
the control group.

14 DAYS BEFORE AND AFTER ARRADIATION.

It is observed that if ACE is administered 14 days before and after irradiation,
this will lead to a little increase in the level of GST in the renal tissue of the rats
when compared to its level in the control group. The increment is very small
with (p < 0.0001) in the order of 3% (258.62 + 3.17 Vs 267.75 + 3.41). When the
rats where irradiated with both 4 Gy and 6 Gy there is a significant decrement in
the level of GST in the renal tissue of the rats. There decrement in 4 Gy group is
of the order of 43% (258.62 + 3.17 Vs 146.55 + 2.18) with (p < 0.0001) while that
of 6 Gy has a significant decrease with (p < 0.0001) in the order of 46% (258.62 +
3.17 Vs 139.89 + 1.98). When the rats are administered with ACE and also irra-
diated, it is observed that the level of GST also decreased in comparison to the
controlled with (p > 0.05) in both 4 Gy and 6 Gy groups but the decrement is not
significant. There was a 7% decrement in the level of GST in ACE + 4 Gy group
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from the controlled and 9% decrement in the level of GST in ACE + 6 Gy group
from the control group.

3.6. Serum Creatinine

Serum creatinine (a blood measurement) is an important indicator of kidney
health because it is an easily measured byproduct of muscle metabolism that is
excreted unchanged by the kidneys. Creatinine itself is produced via a biological
system involving creatine, phosphocreatine (also known as creatine phosphate),
and adenosine triphosphate (ATP, the body’s immediate energy supply) [27].

14 DAYS BEFORE IRRADIATION.

From Figure 6 it is observed that after administering the rats with ACE 14
days before irradiation, the level creatinine in the renal tissue of the rats de-
creased slightly with (p < 0.05) in the order of 2% (0.767 + 0.021 Vs 0.751 +
0.018). When the rats where irradiated with both 4 Gy and 6 Gy, it is observed
that the level of creatinine in the renal tissue of the rats increase significantly.
The 4 Gy group show a significant increment with (p < 0.0001) in the order of
451% (0.767 £ 0.021 Vs 4.217 + 0.206) while the 6 Gy group increased with (p <
0.0001) in the order 504% (0.767 + 0.021 Vs 4.636 + 0.217). This result is in Ac-
cordance with [28], the elevation of creatinine post irradiation might be due to
the back leakage of the filtered creatinine, which may occur through the dam-
aged tubular epithelium due irradiation likewise, [28] also reported an elevation
in the level of Creatinine in response to full body irradiation. When the rats are
administered with ACE and also irradiated, it is observed that the level of creati-
nine also increased in comparison to the controlled with (p > 0.05) in both 4 Gy
and 6 Gy groups but the increment is significant. There was a 74% increment in
the level of creatinine in ACE + 4 Gy group from the controlled and 98% incre-
ment in the level of creatinine in ACE + 6 Gy group from the control group.

14 DAYS AFTER IRRADIATION

It is observed that after administering the rats with ACE 14 days after irradia-
tion, the level creatinine in the renal tissue of the rats decreased slightly but the
decrement was not significant enough with (p < 0.05) in the order of 4% (0.786
+0.014 Vs 0.753 £ 0.014). When the rats where irradiated with both 4 Gy and 6
Gy, it is observed that the level of creatinine in the renal tissue of the rats in-
crease significantly. The 4 Gy group show a significant increment with (p <
0.0001) in the order of 461% (0.786 + 0.014 Vs 4.309 + 0.212) while the 6 Gy
group increased with (p < 0.0001) in the order 514% (0.786 + 0.014 Vs 4.717 +
0.189). When the rats are administered with ACE and also irradiated, it is ob-
served that the level of creatinine also increased in comparison to the controlled
with (p > 0.05) in both 4 Gy and 6 Gy groups but the decrement is not signifi-
cant. There was a 191% increment in the level of creatinine in ACE + 4 Gy group
from the controlled and 214% increment in the level of creatinine in ACE + 6 Gy
group from the control group.

14 DAYS BEFORE AND AFTER IRRADIATION.

It is observed that after administering the rats with ACE 14 days after irradia-
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tion, the level creatinine in the renal tissue of the rats decreased slightly but the
decrement was not significant enough with (p > 0.001) in the order of 3% (0.767
+0.011 Vs 0.744 £ 0.014). When the rats where irradiated with both 4 Gy and 6
Gy, it is observed that the level of creatinine in the renal tissue of the rats in-
crease significantly. The 4 Gy group show a significant increment with (p <
0.0001) in the order of 461% (0.767 + 0.001 Vs 4.309 + 0.237) while the 6 Gy
group increased with (p < 0.0001) in the order 514% (0.767 + 0.001 Vs 4.717 £
0.242). When the rats are administered with ACE—and also irradiated, it is ob-
served that the level of creatinine also increased in comparison to the controlled
with (p > 0.05) in both 4 Gy and 6 Gy groups but the increment is not signifi-
cant. There was a 8% increment in the level of creatinine in ACE + 4 Gy group
from the controlled and 38% increment in the level of creatinine in ACEE + 6

Gy group from the control group, which is significant

3.7.Serum Urea

Measurement of serum urea has been used for many years as an indicator of
kidney function. Kidney toxicity is associated with reduced urea extraction and
consequence high concentration in the blood.

14 DAYS BEFORE IRRADIATION.

From Figure 7 it is observed that after administering the rats with ACE 14
days before irradiation, the level Urea in the renal tissue of the rats decreased
significantly with (p < 0.01) in the order of 9% (31.37 = 0.18 Vs 28.89 + 0.13).
When the rats where irradiated with both 4 Gy and 6 Gyj, it is observed that the
level of Urea in the renal tissue of the rats increase significantly. The 4 Gy group
show a significant increment with (p < 0.001) in the order of 132% (31.37 £ 0.18
Vs 73.07 = 0.23) while the 6 Gy group increased with (p < 0.01) in the order
160% (31.37 + 0.218 Vs 81.72 + 0.42), this is in accordance with the works of
(23) and (22). When the rats are administered with ACE and also irradiated, it is
observed that the level of Urea also increased in comparison to the controlled
with (p > 0.05) in both 4 Gy and 6 Gy groups but the increment is not statisti-
cally significant. There was a 29% increment in the level of Urea in ACE + 4 Gy
group from the controlled and 35% increment in the level of Urea in ACE + 6
Gy group from the control group.

14 DAYS AFTER IRRADIATION

It is observed that after administering the rats with ACE 14 days before irradi-
ation, the level Urea in the renal tissue of the rats decreased slightly but the
decrement which is significant with (p < 0.01) in the order of 15% (32.29 + 0.24
Vs 27.46 + 0.21). When the rats where irradiated with both 4 Gy and 6 Gy, it is
observed that the level of Urea in the renal tissue of the rats increase significant-
ly. The 4 Gy group show a significant increment with (p < 0.001) in the order of
137% (32.29 = 0.24 Vs 76.21 + 0.33) while the 6 Gy group increased with (p <
0.01) in the order 171% (32.29 + 0.24 Vs 87.15 + 0.41). When the rats are admi-
nistered with ACE and also irradiated, it is observed that the level of Urea also
increased in comparison to the controlled with (p > 0.05) in both 4 Gy and 6 Gy
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groups but the decrement is not significant. There was a 50% increment in the
level of Urea in ACE + 4 Gy group from the controlled and 65% increment in
the level of Urea in ACE + 6 Gy group from the control group.

14 DAYS BEFORE AND AFTER IRRADIATION.

It is observed that after administering the rats with ACE 14 days before irradi-
ation, the level Urea in the renal tissue of the rats decreased slightly but the
decrement was not significant enough with (p < 0.01) in the order of 4% (32.29
+ 0.24 Vs 27.46 = 0.21). When the rats where irradiated with both 4 Gy and 6
Gy, it is observed that the level of Urea in the renal tissue of the rats increase
significantly. The 4 Gy group show a significant increment with (p < 0.01) in the
order of 137% (32.29 + 0.24 Vs 76.21 + 0.33) while the 6 Gy group increased
with (p < 0.001) in the order 171% (32.29 + 0.24 Vs 87.15 + 0.41). When the rats
are administered with ACE and also irradiated, it is observed that the level of
Urea increased in comparison to the controlled with (p > 0.05) in both 4 Gy and
6 Gy groups. There was a 0% increment in the level of Urea in ACE + 4 Gy and
3% increment in the level of Urea in ACE + 6 Gy group.

3.8. Cystatin C

Concentrations of cystatin C are reliable markers for detecting and monitoring
the progression of kidney disease [23]. Cystatin C is a protein that is produce by
the cell, when the kidney is working very well it will keep the level of cystatin C
right. If the level of Cystatin C is high in the blood, it is a sign that the kidney is
malfunctioning.

14 DAYS BEFORE IRRADIATION.

From Figure 8 it is observed that after administering the rats with ACE 14
days before irradiation, the level Cystatin C in the renal tissue of the rats de-
creased slightly but the decrement was not significant enough with (p > 0.05) in
the order of 4% (0.818 = 0.015 Vs 0.788 + 0.021). When the rats where irradiated
with both 4 Gy and 6 Gy, it is observed that the level of Cystatin C in the renal
tissue of the rats increase significantly, this as in accordance with the work of
[24] The 4 Gy group show a significant increment with (p < 0.05) in the order of
262% (0.818 + 0.015 Vs 2.963 * 0.171) while the 6 Gy group increased with (p <
0.05) in the order 320% (0.818 + 0.015 Vs 3.437 + 0.213). When the rats are ad-
ministered with ACE and also irradiated, it is observed that the level of Cystatin
C also increased in comparison to the controlled with (p > 0.05) in both 4 Gy
and 6 Gy groups but the increment is significant. There was a 36% increment in
the level of Cystatin C in ACE + 4 Gy group from the controlled and 48% in-
crement in the level of Cystatin C in ACE + 6 Gy group from the control group.

14 DAYS AFTER IRRADIATION

It is observed that after administering the rats with ACE 14 days before irradi-
ation, the level Cystatin C in the renal tissue of the rats decreased slightly but the
decrement was not significant enough with (p > 0.05) in the order of 4% (0.818
+0.015 Vs 0.788 £ 0.021). When the rats where irradiated with both 4 Gy and 6
Gy, it is observed that the level of Cystatin C in the renal tissue of the rats in-
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crease significantly. The 4 Gy group show a significant increment with (p < 0.05)
in the order of 262% (0.818 + 0.015 Vs 2.963 * 0.171) while the 6 Gy group in-
creased with (p < 0.05) in the order 320% (0.818 + 0.015 Vs 3.437 * 0.213).
When the rats are administered with ACE and also irradiated, it is observed that
the level of Cystatin C also increased in comparison to the controlled with (p >
0.05) in both 4 Gy and 6 Gy groups but the decrement is not significant. There
was a 49% increment in the level of creatinine in ACE + 4 Gy group from the
controlled and 82% increment in the level of creatinine in ACE + 6 Gy group
from the control group.

14 DAYS BEFORE AND AFTER IRRADIATION.

It is observed that after administering the rats with ACE 14 days before irradi-
ation, the level Cystatin C in the renal tissue of the rats decreased slightly but the
decrement was not significant enough with (p > 0.05) in the order of 4% (0.818
+0.015 Vs 0.788 £ 0.021). When the rats where irradiated with both 4 Gy and 6
Gy, it is observed that the level of Cystatin C in the renal tissue of the rats in-
crease significantly. The 4 Gy group show a significant increment with (p < 0.05)
in the order of 262% (0.818 + 0.015 Vs 2.963 + 0.171) while the 6 Gy group in-
creased with (p < 0.05) in the order 320% (0.818 + 0.015 Vs 3.437 * 0.213).
When the rats are administered with ACE and also irradiated, it is observed that
the level of Cystatin C decreased insignificantly in comparison to the controlled
with (p > 0.05) in both 4 Gy groups but. There was a 1% decrement in the level
of Cystatin C in ACE + 4 Gy group from the controlled and 11% increment in
the level of Cystatine C in ACE + 6 Gy group from the control group.

4. Discussion

The ameliorating effect of the Al/ium cepa against oxidative damage induced by
radiation was due to the antioxidant bioactive constituent of Allium cepa [29].
The ameliorating effect reported in the study could be due to the antioxidant
phytochemical compound such as flavonoids and phenolics contained in the
onions as was shown in this study. Previous studies reported that A//fum cepa is
rich in phenols and sulphur-containing compounds which were implicated in
many health and beneficial effect [30] [31]. Malondialdehyde (MDA), is one of
the most abundant carbonyl products of lipid peroxidation and biomarker of
oxidative stress [32]. The free radical scavenging activity of the Allium Cepa was
responsible for the reduced MDA level in all the tissues of rats; this aligns with
the study of [33] which reported on high scavenging activities of onions. In-
creased levels of MDA and decreased levels of GSH, SOD and CAT were ob-
served in renal tissue in the irradiated animals. Allium cepa leaves extract effi-
ciently counteracted the radiation induced renal tissue damage by significantly
decreasing the MDA levels and increasing the GSH, SOD and CAT activities.
The antioxidant enzymes such as SOD and CAT constitute the major supportive
team of defense against free radicals. The equilibrium between these enzymes is

an important process for the effective removal of ROS in intracellular organelles
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[34]. In present study, a significant decrease in levels of SOD and CAT enzymes
in irradiated group was observed. Allium cepa leaves extract treatment signifi-
cantly reversed the changes in antioxidant levels induced by radiation. A de-
crease in the activity of SOD can result in the decreased removal of superoxide
ion, which can be harmful to the organs. Moreover, the enhanced SOD activity
in the Allium cepa leaves extract treated group might be involved in the sca-
venging of O generated from radiation.

Similarly, the increased oxidative damage by radiation was responsible for the
increased SOD activity in irradiated rats, however, Allium cepa proffers antioxi-
dant first line of defense against ROS in the groups administered with CEPA.
The interplay between SOD, catalase and glutathione have been reported in
some studies to have a protective role on SOD against the overwhelming effect
of high concentration of ROS in the cell, which inhibits the activity of SOD. The
decreased level of glutathione reductase in the irradiated group in this study
could be due to antioxidant activity on SOD and its direct mopping of ROS in
the cell [34] [35]. Radiation significantly decreased the level of tissue GSH in ac-
cordance with the previous studies [33]. Decrease in the levels of GSH represents
its increased utilization by myocardial cells due to oxidative stress. Treatment
with Allium cepa has significantly restored the GSH levels, this effect could be
attributed either to increased biogenesis of GSH or the reduction in oxidative
stress levels leading to decreased generation of toxic free-radical specie. Fur-
thermore, increased level of glutathione reductase, in the animals administered
with Allium Cepa, gave credence to the antioxidant property of Allium cepa. It
has been known that glutathione S-transferases (GSTs) can reduce lipid hydro-
peroxides (LPO) through their Se-independent glutathione-peroxidase activity
and that these enzymes can also detoxify LPO end-products such as 4HNE [36].

This study also showed that there was a significant reduction in the urine vo-
lume of irradiated rats. This is in consonance with previous studies and confirms
that cadmium administration or exposure causes renal tubular damage, declined
renal function, decrease glomerular rate (GFR) and impaired renal blood flow
(RBE) [37]. Administration of ACE alleviated radiation urine volume alteration.
This could suggest that ACE improves renal function by preventing renal tubu-
lar damage and enhancement of RBF and GFR.

This study also documents the effect of radiation and ACE on renal clearance.
A significant decrease in urea and creatinine clearance was seen in the irradiated
group of rats only when compared to all other groups. This is similar to previous
studies [37]. This study suggests that the impaired renal clearance seen in the ir-
radiated group is due to the reduced urine volume. A significant decrease in urea
and creatinine clearance was also seen in ACsE-pre-treated and post-treated rats.
However, this was only significant when compared to the control group, but not
the other groups. Co-treatment of radiation with ACE showed no significant
impairment of renal clearance. This suggests that co-treatment of radiation with

ACE is most potent in preventing radiation-induced renal dysfunction by im-
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proving renal clearance and urine volume than pre-treatment and post-treat-
ment of radiation with ACE. Creatinine, a metabolic intermediate of muscle
metabolism that is cleared through glomeruli of the nephron [38]. The increased
serum creatinine levels in the group fed fortified feed in this study might be as a
result of a transient increase induced by Allium cepa [39]. Furthermore, the
normal architectural cells of the kidney gave credence to the protective potency
of Allium cepa in the group treated with ACE and also irradiated as earlier
stated. This may be due to the ameliorating activity of the Allium cepa against

oxidative stress.

5. Conclusion

In rat kidney, radiation caused oxidative damage, as evidenced by increased
MDA levels and other biochemical changes. The antioxidant and ameliorative
effects of the Allium cepa were also demonstrated in the study, which could be
attributed to the antioxidant principles contained in A/lium cepa. Antioxidant
effects of Allium cepa and its constituents were mediated through stabilization
of cellular membranes, ROS scavenging, and decrement of unsaturated mem-
brane lipids peroxidation. Therefore, Allium cepa and its constituents could be
of therapeutic value in disorders such as aging induced by radiation, and wound
healing processes where radical scavenging activity can be of therapeutic value.
Although the exact molecular mechanisms underlying such effects are not fully
understood yet, most of pharmacological activities of Allium cepa are related to
the presence of bioactive compounds such as quercetin. Further clinical studies
are needed to evaluate the effect of the plant and its constituents on conditions
induced by oxidative stress which leads to immune-dysregulation. In addition,
scientific information on toxicity or safety of onion has not been fully explored

and requires further studies.
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