
International Journal of Radiation Research, October  2020 Volume 18, No 4 

Possible protective effect of naringin (a citrus 
bioflavonoid) against kidney injury induced by 
γ-irradiation and /or iron overload in male rats 

INTRODUCTION 

Most of the toxic effects of ionizing radiation 
are due to generation of reactive oxygen species 
(ROS) by radiolysis of water, which triggers the 
formation of several reactive intermediates and 
depletion of cellular antioxidants, including 
glutathione, and enzymatic antioxidants (1). The 
generation of ROS, resulting in an imbalance in 
pro-oxidant/antioxidant status in the cells,             
attacks various components in the cell inducing 

biochemical changes of diverse cellular                   
macromolecules such as DNA, lipids, and                  
proteins, eventually leading to cell death (2).                 
Efficient defense and repair mechanisms exist in 
living cells to protect against oxidant species. 
Superoxide dismutase (SOD) catalyzes the                 
reduction of O2•− to H2O2, the majority of which 
is broken down into oxygen and water by                  
catalase (CAT). In addition to CAT, glutathione 
peroxidase (GPx) in the presence of adequate 
amount of reduced glutathione (GSH) can also 
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ABSTRACT 

Background: the supplementation of natural antioxidants such plant 
flavonoids may counteract the deleterious actions of gamma-irradiation and 
iron overload. Material and Methods: the protective effect of naringin (NIN) 
against kidney injury induced by γ-irradiation (IRR) (6.5 Gy) and/or iron 
dextran (ID) (50 mg/kg. b. w) has been studied in rats given 80 mg/kg b.w of 
NIN for 14 days before, and for 7 days after the exposure to γ-irradiation and/
or iron dextran. Results: a significant elevation in serum urea, creatinine, 
glucose concentrations, and an increase in kidney lipid peroxidation (LPO), 
ROS and metallothionein (MTs) were observed in rats treated with γ-radiation 
and/or ID. In addition, a significant decrease in kidney GSH, SOD content, 
serum total protein, albumin and A/G ratio were also recorded. Tissue organ 
displayed some changes in trace element concentrations, which may be due 
to the radiation and/or ID ability to induce oxidative stress. Treatment with 
NIN revealed a significant modulation in the biochemical tested parameters 
and a profound improvement in the activity of antioxidant status; thereby 
appeared to be effective in minimizing the γ-irradiation and/or ID-induced 
increase in LPO and ROS as well as changes in essential trace elements in 
kidney tissue organs. The positive and negative correlation between trace 
elements and antioxidant markers illuminated antioxidant properties in 
addition to being an integral part of antioxidant enzymes. Conclusion: NIN has 
a role in protecting against oxidative stress and kidney injury produced by 
iron dextran and/or γ- irradiation.  
 
Keywords: γ-irradiation, iron overload, oxidative stress, kidney injury, Naringin. 

*Corresponding authors: 
Maha M. Ali, Ph.D.,  
E-mail: 

mahaphysiology@yahoo.com  

Revised: October 2019  

Accepted: December 2019  

Int. J. Radiat. Res., October 2020;         
18(4): 673-684 

►  Original article 

DOI: 10.18869/acadpub.ijrr.18.4.673 

 [
 D

O
I:

 1
0.

52
54

7/
ijr

r.
18

.4
.6

73
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.2
32

23
24

3.
20

20
.1

8.
4.

8.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rr

.c
om

 o
n 

20
25

-1
2-

25
 ]

 

                             1 / 12

http://dx.doi.org/10.52547/ijrr.18.4.673
https://dor.isc.ac/dor/20.1001.1.23223243.2020.18.4.8.8
https://ijrr.com/article-1-3279-en.html


break down H2O2 (3).  
Iron, a trace element, is an essential                    

micronutrient that plays a decisive role in                  
various metabolic processes, including nitrogen 
fixation, oxygen transport, electron transfer, 
DNA synthesis and drug metabolism (4). Its               
ability to donate and accept electron makes it an 
important molecule of the redox pathways. 
“Free” iron generates hydroxyl radicals from  
superoxide and hydrogen peroxide via the               
Fenton reaction inducing oxidative stress in the 
cells (5). The hydroxyl free radicals, produced 
due to participation of iron, are highly reactive. 
They interact with lipids, proteins and DNA, 
causing severe damage to these macromolecules 
and subsequently damage vital tissues and              
organs (6). 

The accumulation of iron is considered               
detrimental to health as iron overload leads to 
oxidative stress and triggers several diseases (5). 
Thus, iron toxicity occurs when there is free iron 
in the cell, which generally occurs when iron  
levels exceed the capacity of transferrin to bind 
the iron (7). The human body does not have any 
mechanism to remove excess iron, which is 
stored as a complex with ferritin protein or             
hemosiderin, which is a degradation product of 
ferritin (8). This leads to iron-induced oxidative 
stress that subsequently damages several                
organs, including the kidneys (9).  

Natural antioxidants inhibit the adverse              
effects of the reactive oxygen species produced 
in living things and enable them to survive.               
Depending on this principle, humans started  
using some plant products to cure from various 
diseases (10). Naringin (NIN) (4,5,7-trihydroxy 
flavanone-7-rhamnoglucoside), a major                     
flavanone glycoside in grapefruits and other  
citrus species, is formed from the flavanone 
naringenin and the disaccharide neohesperidose 
(11). Herbal medicinal plants such as Citrus           
aurantium L., Citrus medica L. and Drynaria  
quercifolia (L.), are a few reported sources of NIN 
(12). NIN possesses pharmacological activities 
such as antioxidant, anti-inflammatory,                   
anti-hyperlipidemic, and antiapoptotic activities 
(13). NIN and other flavonoids scavenged free 
radicals due to the presences of phenolic             
hydroxyl groups (14). Therefore, naringin has 
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been receiving a considerable attention as a           
nutritional substance to act against oxidative 
stress and kidney injury induced by iron                 
overload and ionizing radiation. Increased iron 
content in tissues may increase the risk of               
cancer and of radiation induced tumor                      
formation. Iron can catalyze the production of 
oxygen radicals, thus, may render the cell more 
sensitive to the radicals produced by ionizing 
radiation. The present work is considered the 
study that evaluates the protective role of               
naringin against more than one stress factor 
(iron overload and ionizing radiation), through 
its antioxidant, metal chelating and free radical 
scavenging effect.  
 
 

MATERIALS AND METHODS 
 

Experimental animals  
Male Sprague-Dawley rats weighing 120–150 

g (age: 4 months) were obtained from Nile Co. 
for Pharmaceutical and Chemical Industries,  
Cairo, Egypt. Rats were housed in an                            
air-conditioned atmosphere, at a temperature of 
25 °C with alternatively 12-h light and dark             
cycles. Animals were acclimated for 7 days              
before experimentation. They were kept on a 
standard diet and water ad libitum. Animals 
were provided with standard diet pellets (El 
Nasr Chemical Co., Abou-Zaabal, Cairo, Egypt) 
contained not less than 20% protein, 5% fiber, 
3.5% fat, 6.5% ash, and a vitamin mixture. The 
research protocol and experimental procedures 
were approved by the experimental animal                
ethics committee of the faculty of science for 
care and use of animals, Beni Suef University, 
Egypt (Ethical approval number: BSU/FS/ 
2015/21). 

 

Irradiation processing  
Whole body gamma irradiation of animals 

was carried out at the National Center for               
Radiation Research and Technology (NCRRT) 
using the Gamma cell-40® biological irradiator 
with a Cs137 source (Atomic Energy of Canada 
Limited; Sheridan Science and Technology Park, 
Mississauga, Ontario, Canada). The animals were 
exposed to a single dose of 6.5 Gy gamma ray 
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with a dose rate of 0.64 Gy/min. 
 

Iron overload toxicity  
 Iron dextran was purchased from Sigma/

Aldrich, USA. It intraperitoneally was injected to 
certain groups of animals as 50 mg/ kg b. w.              
according to Zhao et al. (15). 

 
Treatment 

NIN was purchased from ACROS, New Jersey 
USA. It was dissolved in distilled water and             
supplied to certain groups of animals as a daily 
oral single dose of 80 mg/kg b. w. according to 
Pari and Amudha (16) by intra-gastric gavage. 

 
Chemicals 

Thiobarbituric acid (TBA), trichloroacetic  
acid (TCA), nitroblue tetrazolium, pyrogallol, 
and formic acid were purchased from Sigma 
Chemical Co. (St. Louis, MO, USA). All other 
chemicals and used solvents were of the highest 
purity and analytical grade. 

 
Study design  

Animals were divided equally into eight 
groups, each of 8 rats. Group 1 was control 
group. The rats of group 2 were exposed to 6.5 
Gy, a single dose whole body γ-irradiation and 
were sacrificed after 7 days post-irradiation. 
Group 3 received NIN (80 mg/kg b.w.) for 3 
weeks by intra-gastric gavage. Group 4 received 
80 mg NIN/kg b.w. orally for 2 weeks, then               
exposed to γ-irradiation 6.5 Gy  in the day 14, 
followed by treatment with NIN for another 
week. The rats of group 5 were injected with a 
dose of ID 50 mg/kg b.w. by intraperitoneal              
injection (i.p.) 3 times per week for 2 weeks,  
followed by a resting period of 7 days. Group 6 
received 80 mg NIN /kg b.w. daily for two weeks 
and ID 50 mg/Kg  b. w.  by i.p. 3 times per week 
for two weeks, followed by treatment with NIN 
for another week. The rats of group 7 were             
intraperitoneally administered with ID (3 times 
per week) for two weeks, and then exposed to           
γ-irradiation 6.5 Gy as a single dose and animals 
were sacrificed after 7 days. Group 8 received 
NIN daily for 2 weeks and ID (3 times per week) 
for two weeks, followed by γ-irradiation              

exposure then was administered by NIN for               
another week. 

 
Sampling 

At the end of the experiment, animals were 
subjected to diethyl ether anesthesia. Whole 
blood was collected via heart puncture and left 
for 1 hour at room temperature and then                
centrifuged at 3000 rpm for 15 minutes using 
Hettich Mikro 22R centrifuge (Germany) to               
separate serum for further analysis. While              
kidney tissues of each animal were quickly               
excised, washed with a normal sterile saline, 
blotted with filter paper, weighed and                    
homogenized in ice-cold istonic saline (0.9% 
NaCl) at a concentration  of 10% (w/v) which 
was prepared using Glas-Col homogenizer 
(USA). The homogenates were centrifuged at 
3000g rpm for 10 min at 4˚C using cooling             
centrifuge (UNIVERSAL -16 R, Germany) and the 
supernatant was prepared for analysis.  

 
Biochemical analysis  

Total protein, albumin and globulin were    
determined using the colorimetric assay kit 
(BioMed Diagnostic, Germany), Albumin/
globulin (A/G) was calculated. Serum glucose, 
urea and creatinine were determined using the 
colorimetric assay kit (BioMed Diagnostic,               
Germany), The kidney homogenate supernatant 
was used for determination of the antioxidant 
parameters such as lipid peroxidation (LPO), 
reactive oxygen species (ROS), metallothionein 
(MTs), glutathione (GSH),  and superoxide             
dismutase (SOD) according to Yoshioka et al. (17), 
Vrablic et al. (18), Onosaka and Cherian (19),             
Beutler et al. (20) and Minami and Yoshikawa (21) 
respectively. 

 
Evaluation of trace elements in kidney tissues 

Trace elements were determined in kidney 
tissue samples after digestion in concentrated 
pure nitric acid and hydrogen peroxide in 5:1 
ratio (22), sample digestion is carried out using 
Milestone MLS-1200 MEGA, High-Performance 
Microwave Digestor unit (Italy), the selected  
elements, Zn, Cu, Mg, Mn, Cu and Fe were           
estimated using thermo scientific iCE 3000       
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Series Atomic Absorption Spectrometry 
(England), equipped with deuterium                       
background correction. All solutions were               
prepared with ultra-pure water with a specific 
resistance 18Ω cm-1, obtained from ELGA,               
Ultra-Pure Water Station (England). The                   
biochemical assay was achieved using UNICAM 
5625, UV/ VIS Spectrophotometers (England). 

  

Statistical analysis 
Statistical analysis was performed using             

one-way analysis of variance (ANOVA) followed 
by post hoc Tukey’s HSD (Honestly Significant 
Difference) test by Graph Pad Prism 5 software 
packages. Data were presented as mean±SE 
(n=8 rats/group) with an acceptable level of  
significance of p≤0.05. Correlation studies were 
conducted using Pearson’s range coefficient. A p
-value <0.05 was considered significant in all 
analyses. The method used for the analysis of 
the results is that given by Milton et al. (23).  

 
 

RESULTS 
 

 As shown in table 1, rats exposure to                    
γ-irradiation resulted in a significant decrease in 
total protein, albumin and A/G ratio by -17.1%,     
-29.25% and -22.14 % respectively compared to 
the control group. On the other hand, rats                 
injected with ID displayed a significant decrease 
in albumin and A/G ratio by -14.05% and              
-32.06% respectively compared to the normal 
control group. Moreover, the combined group of 
ID and γ-irradiation showed a significant               
decrease in albumin and A/G ratio compared to 
control and ID groups and a significant decrease 
in total protein and an increase in globulin                
compared to irradiated group. ID+ NIN group 
showed a significant increase in total protein 
and albumin compared to ID group and a               
significant increase in globulin and a decrease in 
A/G ratio compared to the normal control 
group. Supplementation of rats with NIN alone 
or with ID before and after whole body                         
γ-irradiation  induced a significant amelioration 
in the levels of total protein, albumin and                
globulin and decrease in A/G ratio disturbed by 
irradiation. 

Significant increases in urea and creatinine 
concentrations were observed, compared to the 
control, after γ-irradiation by 22.63% and 44.44 
% respectively (table 2). On the other hand, rats 
injected with ID displayed a significant increase 
in creatnine by 40% compared to the normal 
group. Moreover, group of ID and γ-irradiation 
resulted in a significant increase in creatinine by 
46.7% compared to the control group and a               
significant increase in urea 35.5% compared to 
the normal, IRR and ID groups. Nevertheless, 
NIN ameliorated the significant increase in            
creatinine induced by ID; it could improve the 
increase in creatinine concentration from 40% to 
17.77% compared to the ID group.                                 
Supplementation of rats with NIN pre and post                  
γ-irradiation ameliorated the observed                     
elevation in urea and creatinine disturbed by              
γ-irradiation to be 4.27% and 4.44%                            
respectively. Also, the treatment of rats with NIN 
along with ID pre and post γ-irradiation induced 
amelioration in both urea and creatinine level 
recording -9.45 % and 20.00% respectively as 
compared to the irradiated group.  

The results, presented in table 3, revealed 
that exposure to γ-irradiation alone or with iron 
dextran induced a significant decrease in kidney 
SOD concentration compared to the normal 
group. Injection of ID (50 mg/kg) alone or with γ
-irradiation resulted in a significant decrease in 
kidney glutathione, while a significant increase 
in kidney LPO, ROS and MTs was observed in 
rats intoxicated with ID alone or with                     
γ-irradiation when compared to the control 
group. On the other hand, supplementation of 
NIN with ID, γ-irradiation or both displayed            
significant amelioration in kidney GSH, SOD, 
MTs, LPO and ROS disturbed by γ-irradiation or 
iron dextran toxicity. 

The results, presented in figure 1, revealed 
that whole body γ- irradiation resulted in a             
highly significant increase in glucose level                 
recording percentage changes of 21.28%                  
compared to the control. Rats injected with ID 
and exposed to γ-irradiation revealed a                     
significant increase glucose level by 31.92% 
compared to the normal and ID groups                  
respectively. The supplementation of rats with 
NIN alone or along with ID before and after                  
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γ- irradiation induced a significant modulating 
effect through amelioration of the increase in 
glucose disturbed by radiation.  

Group of γ- irradiation induced a significant 
increase in Zn 19.95% and Ca by 43.76% and 
reduction in Cu with percentage change of                    
-23.51% respectively as compared to the control  
in figure 2. Iron dextran alone induced a                   
significant reduction in Cu by -25.32%, Mg by              
-5.53% and an increase in Fe by 65.16%                     
respectively. While, rats exposed to iron dextran 
and γ-irradiation showed a significant decrease 
in Cu by -30.74% compared to the control and 
an increase in Mg, Ca, Fe compared to                            
γ-irradiated group respectively. 

Supplementation of irradiated rats with NIN 
ameliorated the decrease in Cu, Mn and Mg 
caused by γ-irradiation recording -3.61%, 
31.61% and 8.15% and induced significant                
increases in Zn, Ca and Fe by 17.51%, 52.13% 

and 36.63%  respectively compared to the                 
normal control. NIN supplementation to rats in-
toxicated with ID displayed significant                  
amelioration in Mg and Fe concentrations               
recording 7.96 % and 90.48% of the controls. On 
the other hand, NIN and ID with γ-irradiation 
induced retention of Zn, Cu, Mn, Mg, Ca and Fe by 
14.48%, -1.03%, 44.56%, 6.72%, 60.26% and 
191.36% respectively. 

Figure 3, showed a positive correlation                
between GSH and each of Zn, Cu and Mn (p value 
<0.05). Also, MTs showed a positive correlation 
with each of Zn and Mn (p value < 0.05).                     
Additionally, a positive relation between SOD 
and Cu was observed.  

On the other hand, Figure 4 showed a                   
negative correlation between MDA and each of 
Zn, Cu, Mg, Mn, and Ca (P value < 0.05). In               
addition, a negative correlation was found              
between ROS with Cu (P value <0.05).  

Parameters 
Groups 

Total protein (g/dl) Albumin (g/dl) Globulin (g/dl) A/G ratio 

Control 7.78±0.06 4.41±0.097 3.39±0.11 1.31±0.01 

IRR  
% Ch. from Control 

6.45±0.28a 
-17.09 

3.12±0.054a 
-29.25 

3.32±0.3 
-17.09 

1.02±0.09 
-17.09 

NIN 
% Ch. from Control 

7.79±0.22 
0.13 

4.24±0.05 
-3.85 

3.55±0.24 
4.72 

1.24±0.09 
-5.34 

 NIN+IRR 
% Ch. from Control 

8.68±0.2ab 
11.56 

3.52±0.037ab 
-20.18 

5.19±0.22ab 
53.09 

0.68±0.03ab 
-48.09 

ID 
% Ch. From Control 

8.02±0.05 
3.08 

3.79±0.09a 
-14.05 

4.54±0.14 
33.92 

0.89±0.05a 
-32.06 

 NIN+ID 
% Ch. from Control 

9.08±0.16ac 
16.71 

4.44±0.067c 
0.68 

4.51±0.14a 
33.03 

0.96±0.05a 
-26.17 

ID 
+IRR % Ch. From Control 

7.668±0.22b 
-1.54 

2.89±0.04ac 
-34.24 

4.74±0.19 ab 
39.82 

0.62±0.02abc 
-52.67 

NIN+ID+IRR 
% Ch. from Control 

8.5±0.16 b 
9.25 

3.51±0.07abd 
-20.23 

4.85±0.11ab 
43.06 

0.71±0.04ab 
-45.80 

Table 1. Effect of NIN on protein profile in rats exposed to γ-irradiation and/or intoxicated with ID.  

Values are expressed as mean ± SE of 8 observations statistically differences were assessed by one way ANOVA 
followed by Turkey-Kramer multiple comparison test. a, b, c and d indicate significant changes from control, 
IRR, ID and ID+IRR respectively at p≤0.05. 
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Table 3. Effect of NIN on kidney GSH, SOD, MTs, LPO and ROS concentrations in rats exposed to γ-irradiation and /or intoxicated 
with ID. 

Figure 1. Effect of NIN on glucose concentrations in rats exposed 
to γ-irradiation and /or intoxicated with ID. 

Values are expressed as mean ± SE of 8 observations statistically                   
differences were assessed by one way ANOVA followed by Turkey-Kramer 
multiple comparison test. a, b, c and d indicate significant changes from 

control, IRR, ID and ID+IRR respectively at p≤0.05  

Parameters 
Groups 

Urea 
mg/dl 

Creatinine 
mg/dl 

Control 31.82 ± 0.55 0.45 ± 0.01 

IRR 
% Ch. from Control 

39.02 ± 0.46a 
22.63 

0.65 ± 0.041b 
44.44 

NIN 
% Ch. from Control 

30.38 ± 0.41 
-4.52 

0.39 ± 0.009 
-13.33 

NIN+IRR 
% Ch. from Control 

33.18 ± 1.085b 
4.27 

0.47 ± 0.017b 
4.44 

ID 
% Ch. from Control 

34.5 ± 0.76 
8.42 

0.63 ± 0.018a 
40 

NIN+ID 
% Ch. from Control 

30.52 ± 0.54 
-4.07 

0.53 ± 0.01c 
17.77 

ID+IRR 
% Ch. from Control 

43.11 ± 1.74abc 
35.48 

0.66 ± 0.012a 
46.66 

 NIN+ID+IRR 
% Ch. from Control 

28.81 ± 0.98bcd 
-9.45 

0.54 ± 0.01abd 
20 

Parameters 
Groups 

GSH 
(µg/g. tissue) 

SOD 
(U/ g. tissue) 

 MTs 
(µg/g. tissue) 

LPO 
(nmole/g. tissue) 

ROS 
(U/g.tissue*102) 

Control 82.12±1.32 8.31±0.05 5.74±0.29 57.47±2.52 19.83±0.82 

IRR 
% Ch. from Control 

74.05± 0.48 
-9.82 

6.73±0.07a 
-19.31 

6.53±0.20 
13.76 

60.03±1.59 
4.45 

21.07±0.89 
6.25 

NIN 
% Ch. from Control 

97.24±1.88a 
18.41 

8.05±0.06 
-3.13 

7.06±0.36 
22.99 

60.50±3.41 
5.27 

14.48±0.71a 
-26.97 

 NIN+IRR 
% Ch. from Control 

76.64± 0.45 
-6.67 

7.20 ±0.08ab 
-1.35 

7.09±0.35 
23.52 

40.37±2.62ab 
-29.75 

15.75±1.04ab 
-20.6 

ID 
% Ch. from Control 

54.43±1.7a 
-33.7 

7.99±0.05 
-3.85 

6.54±0.18 
13.94 

82.73±4.94a 
43.96 

28.06±0.89a 
41.5 

NIN+ID 
% Ch. from Control 

83.70±2.04c 
1.92 

8.01± 0.02 
-3.61 

7.47±0.24a 
30.14 

61.27±2.76c 
6.61 

17.47±0.69c 
-11.90 

ID+IRR 
% Ch. from Control 

71.33±1.74ac 
-13.14 

7.01±0.19ac 
-15.64 

8.45±0.33abc 
47.21 

69.67±4.25 
21.23 

28.21±0.96ab 
42.25 

 NIN+ID+IRR 
% Ch. from Control 

95.02±5.34abc 
15.71 

7.19±0.08abc 
-13.48 

8.97±0.47abc 
56.27 

44.80±2.05bcd 
-22.04 

12.95±0.55abcd 
-34.69 

Table 2. Effect of NIN on serum urea and creatinine 
concentrations in rats exposed to γ-irradiation and/or 

intoxicated with ID. 

Values are expressed as mean ± SE of 8 observations                
statistically differences were assessed by one way ANOVA 
followed by Turkey-Kramer multiple comparison test. a, b, c 
and d indicate significant changes from control, IRR, ID and 
ID+IRR respectively at p≤0.05. 

Values are expressed as mean ± SE of 8 observations, statistically differences were assessed by one way ANOVA followed by            
Turkey-Kramer multiple comparison test. a, b, c and d indicate significant changes from control, IRR, ID and ID+IRR respectively at 
p≤0.05. 
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Figure 2. Effect of NIN on renal Zn, Cu, Mg, Mn, Ca and Fe concentrations in in rats exposed to γ-irradiation and /or intoxicated 
with ID. 

(2) Values are expressed as mean ± SE of 8 observations statistically differences were assessed by one way ANOVA followed by Turkey-Kramer  
multiple comparison test. a, b, c and d indicate significant changes from control, IRR, ID and ID+IRR respectively at p≤0.05.  

Figure 3. Positive correlation between GSH with Zn (a), Cu (b), Mn (c) and MTs with Zn (d), Mn (e) and SOD with Cu (f) in kidney 
tissue. 

Values are expressed as Pearson (r) correlation coefficient, P value < 0.05 significant positive correlation. 
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DISCUSSION 

The decreases in total protein, albumin and 
A/G ratio level after irradiation were in                    
agreement with Kempner (24) and Kheirallaha 
and El-Samad (25) who explained that the                
decrease in protein level due to γ-irradiation can 
damage or inactivation of proteins by two               
different mechanisms. First, it can rupture the 
covalent bonds in target protein molecules as a 
direct result of a photon depositing energy into 
the molecule. Second, it can act indirectly, by 
linking with a water molecule, producing free 
radicals and other non-radical reactive oxygen 
species that are, in turn, responsible for most 
(99.9%) of the protein damage. Likewise, iron 
accumulation disrupts the cell redox balance 
and generates chronic oxidative stress, which 
damages DNA, lipids and protein in hepatocytes 
leading to both necrosis and apoptosis (26).             
Similarly, the cytotoxic and reactive aldehydic 
byproducts of LPO induced by iron as MDA, 
TBARS and 4- hydroxyl -2-non-enal (4-HNE)  

impair cellular function and protein synthesis 
(27). 

The increased glucose level after irradiation 
might be related to endocrine glands function 
abnormalities induced by irradiation that                  
promote the secretion of biologically active               
peptide which has related to carbohydrate             
metabolism by increasing gluconeogenesis in 
liver  (28). In the same line, excess iron alters             
glucose homeostasis and causes a significant 
increase in glucose level (29) through increasing 
oxidative/ nitrative stress and reducing              
antioxidant capacity. Also, the increase in               
glucose level may be due to the alterations in the 
hepatic gluconeogenesis enzymes and lipid            
synthesis as a result of oxidative stress and              
mitochondrial dysfunction (30).  

Significant elevation in urea and creatinine 
levels was observed after exposure of the             
animals to γ-irradiation indicating renal              
impairment, this may be comparable with those 
of Talebpour Amiri et al. (31) who attributed 
these increments to the destruction and          

 

     
Figure 4. Negative correlation between MDA and each of Zn (a), Cu (b), Mg (c), Mn (d) and Ca (e) and between ROS with Cu (f) in 

kidney tissue. 
(4) Values are expressed as Pearson (r) correlation coefficient, p value < 0.05 significant negative correlation. 
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malfunction of kidney cells due to the action of 
ROS released post radiation exposure. The               
exposure to γ-irradiation induces oxidative              
deamination of the amino acids, protein 
catabolism, alterations of the membrane                
permeability, and damage of the tubular               
epithelium and other tubule-interstitial              
components, which deteriorate the kidney                
function (32). 

Likewise, iron dextran induced disturbances 
in renal functions are similar to those of a               
previous study (33). This increase could be             
attributed to the destruction and malfunction of 
kidney cells due to iron deposition. Under some 
conditions, the kidney iron deposition may not 
disturb the renal function (34), but iron overload 
potentially could enhance the formation of              
hydroxyl radical, which promotes organ               
damaging including tubular damage (35). 

The data of the current study demonstrated 
physiological disturbances in the antioxidant 
status by irradiation and iron overload. The             
elevated level of MDA in γ-irradiated rats might 
be due to the interaction of free radicals with 
polyunsaturated fatty acids in the phospholipids 
portion of cellular membranes (36) or due to               
utilization of the antioxidant system in an               
attempt to detoxify radiation generated free  
radicals (37). Also, γ radiation caused a depletion 
of kidney SOD activity and these results were in 
agreement with those of Ping et al. (38) who 
showed that irradiation markedly decreased the 
activity of SOD due to inactivation by ROS. 

Similarly, iron is a well-known inducer of ROS 
and its ability to accelerate lipid peroxidation is 
well-established; so, iron overload can destruct 
the balance between pro-oxidants and                    
antioxidants, leading to severe loss of total              
antioxidant status level (39). Also, Lu et al. (40)  
explained that cells could actively produce ROS 
through a family of tightly regulated                        
NADPH- oxidases (NOXs), homologues of            
phagocyte oxidase. Antioxidant enzymes such as 
CAT and GPx operate in performance with              
non-enzymatic molecules such as GSH to             
antagonize the ROS actions and to avoid                
oxidative damage (41). The SOD dismutates O2-  
which produced by fenton reaction of iron                
overload into less harmful product hydrogen 

peroxide and acts as a first line of defense 
against oxidative stress (42).  

Regarding the concentration levels of                  
different metals in kidney tissues, it was                
observed that γ-irradiation induced increases in 
Zn and Ca levels and a significant reduction of Cu 
in kidney tissues. The increase of Zn may be due 
to its accumulation from the damaged lymphoid 
organs, bone marrow and spermatogonia for 
stimulating the induction of metallothioneins 
(43). So, the antioxidant role of Zn could be                
related to its ability to induce metallothioneins 
(MTs),  this  can reduce the toxic effects of               
several types of free radical including                      
superoxide, hydroxyl and peroxyl radicals               
induced by ionizing radiation (44). 

In addition, during oxidative stress, the                
inadequate generation of ATP can cause           
malfunctioning of calcium ATPase pumps and an 
increase in intracellular calcium (45). Irradiation 
causes ischemic cell injury associated with 
rushed influx of calcium from extracellular into 
intracellular compartment and such ischemia 
results from the damaged small blood vessels 
(46). Contrariwise, the observed declines in Cu 
level could be attributed to the excess of its            
utilization via coperoenzymes, which are able to 
reduce oxygen to water or to hydrogen peroxide 
(47) or may be due to de novo synthesis of              
Cu-SODs and CAT which prevents the formation 
of O2 and hydroxyl radical associated with               
irradiation (48).  

 In the present study, iron dextran showed a 
significant increase in Fe level and decrease in 
Cu and Ca in kidney tissues. Increased iron level 
may be due to oxidative stress inducing                 
proteolytic modification of ferritin (49) and  
transferrin. Free iron facilitates the                         
decomposition of lipid hydroperoxides resulting 
in a lipid peroxidation and induces the                  
generation of ·OH radicals and also accelerates 
the non-enzymatic oxidation of glutathione to 
form O2- radicals (50). The reduction in Cu                  
concentration could be attributed to that excess 
iron can antagonize copper metabolism (51). The 
mechanism by which iron overload perturbs 
copper homeostasis occurs is unknown. One 
seeming likely possibility is that high iron levels 
in the intestinal lumen impair copper absorption 
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(52). 
Positive and negative correlations were               

observed in kidney tissue between trace                    
elements and antioxidants status markers. 
These results were possible to explain that these 
elements (Se, Zn, Cu, Mn, Ca and Mg) possess 
antioxidant properties in addition to being an 
integral part of antioxidant enzymes such as 
GPx, SOD and MTs.  Thus, the increased                    
generation of ROS led to increased lipid                 
peroxidation and MDA level; therefore                
decreased levels of these elements are a result of 
their use in protecting cells against the harmful 
effects caused by ROS (53). 

The negative correlation between MDA and 
Zn in the present study was in agreement with 
Salem et al. (54); this correlation was supported 
by the presence of Zn in many antioxidant              
enzymes such as CAT, GPx, and SOD. Hence, Zn 
deficiency might lead to oxidative stress.                   
Furthermore, a negative correlation with Cu was 
attributed to the accumulation of lipid                 
peroxidation, which decreased hepatic synthesis 
of ceruloplasmin (the major Cu carrying protein 
in blood) and resulted in a low concentration of 
Cu in liver (55). 

The results demonstrated that NIN                   
administration ameliorates the observed                  
elevation in urea, creatinine and glucose levels 
and the decrease in T. protein, albumin, A/G  
ratio induced by γ-irradiation and iron dextran. 
NIN stabilizes the hepatic cellular membrane 
and protects the hepatocytes, which may               
decrease the leakage of the enzymes into the 
blood stream. This can be attributed to the               
antioxidant property of NIN (56), the ability to 
scavenge free radicals and the ability to inhibit 
lipid peroxidation (57). Also, the protective effect 
of NIN in hyperglycaemic conditions may be  
associated with an intensification of glucose  
uptake by peripheral tissues, a reduction in  
plasma glucose concentration with stimulation 
of insulin secretion (58). 

NIN boosted the antioxidant system in the 
present study. The antioxidant effects of NIN 
have been shown to be similar to those of GSH. 
Furthermore, it is reported to inhibit the              
hydrogen peroxide-induced lipid peroxidation 

(59). NIN has been demonstrated to play an       
important role in regulating anti-oxidative               
capacity by increasing SOD and catalase                
activities and by up-regulating the gene                   
expression of SOD, catalase, and glutathione             
peroxidase (56).  

The present study showed that NIN induced 
more retention of iron, copper and zinc levels. 
The higher availability of the essential elements 
can be explained according to the fact that             
absorption and membrane transport of some 
metal ions were enhanced when they form             
complexes and chelates with organic ligands. 
Similarly, many data were reported on metal 
binding to proteins in the cells (60), and the             
higher availability of chelated elements may be 
linked to the shielding of the minerals positive 
charge during chelation. 

Polyphenolic compounds had higher affinities 
with trace elements to form complexation ligand 
in vivo; this may explain the restoration of some 
trace elements in some organs after treatment 
with NIN, which may enhance the endogenous 
enzyme activities and minimize trace elements 
alterations induced by γ-radiation and /or iron 
dextran. 

 
 

CONCLUSION 
 

 NIN can be effective in reducing the severity 
of biochemical disorders and oxidative damage 
induced by γ-radiation as well as ID toxicity              
induced in rat kidney. This proves the                        
importance of NIN as antioxidant, metal                
chelating and free radical scavenger. 
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