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The effects of zinc in the gastrointestinal system as a 
radioprotective agent 

INTRODUCTION 

 Radioiodine I131 therapy (RAI) is a                     
commonly used treatment method for                      
hyperthyroidism, differentiated thyroid                  
carcinoma remnants and their metastases.          
Absorption of I131 is almost exclusively through 
thyroid tissue, however the areas of highest        
radiation exposure between non-thyroidal              
tissues are the bladder followed by the stomach 
(1, 2). The intrinsic plasma membrane protein, 
known as sodium iodide symporter (NIS),                 
mediates the active transport of I131 into the 
thyroid gland and salivary glands, lactating 
breast and gastric mucosa (3). The exact             

mechanism of RAI-induced cell damage is 
thought to involve through NIS (4).  

The most common acute side effects of RAI 
are gastrointestinal tract symptoms such as           
gastralgia, nausea, vomiting, diarrhea, stomatitis 
and/or ulcers, which can be present in                   
30.4-67.5% of patients. After high-dose RAI, the 
side effects usually occur within 48 h but can 
start as early as 2 h, and last for up to 96 hours 
(5). In addition, RAI adverse effects in cancers 
such as secondary solid tumors including those 
of the stomach and colon have been reported (6, 7, 

8).  
To decrease the toxicity of RAI, several                

anti-oxidant agents are under evaluation to             
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ABSTRACT 

Background: Radioiodine I131 therapy (RAI) is an efficient method to decrease the 
functioning of very active thyroid tissues and to ablate the remnant thyroidal tissue 
after surgery and its metastases in differentiated thyroid carcinomas. Several 
cytoprotective, anti-oxidant or radioprotective mediators have been used in trials 
for RAI-induced damage in other organ systems. The hypothesis of this study was 
that zinc would ameliorate RAI-induced histopathological parameters in the rat 
gastrointestinal system. Materials and Methods: A total of 30 female Wistar 
albino rats were separated into 3 groups of 10. First group received only 0.003 mCi/
g of I131, second group received 0.003 mCi/g of I131 and 0.01 mg/g of zinc and the 
control group (Sham Group) were given neither I131 nor zinc. Zinc was started via 
gastric gavage two days before I131 administration and continued for five days 
after RAI. At 24 hours after the last dosage of zinc, all the animals were sacrificed 
and the gastrointestinal tissues, including stomach, duodenum, ileum and colon 
were removed for histopathological examination. Results: All the 
histopathological parameters were diminished in the I131-zinc group 
compared to the I131 group. The histopathological differences were 
statistically significant in respect of inflammation and fibrosis between the 
I131-zinc group and the I131 group in all the evaluated gastrointestinal organs 
(p< 0.05). Conclusion: The co-administration of zinc was observed to significantly 
prevent RAI-induced histopathological alterations in rats. 
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reduce these changes (9-11). In many studies,           
various cytoprotective, anti-oxidant or                      
radioprotective agents, such as vitamin E,              
vitamin C, glutathione, dexmedetomidine,            
melatonin, and beta-carotene, have been         
suggested as adjuvant treatments, as these are 
principally non-enzymatic antioxidants which 
may delay and prevent ionizing radiation           
damage (12-14).  

Zinc is an essential metal for many different 
physiological functions such as cell membrane 
integrity. It is crucial for hydrochloric acid             
production with beneficial effects on the              
gastrointestinal mucosa and it has                           
cytoprotective effects in gastric ulcer healing (15, 

16). In addition to cytoprotective effects, the            
anti-oxidant and anti-inflammatory effects of 
zinc (17), and powerful mitochondria-specific  
radioprotection effects have been demonstrated 
in a previous experimental animal cell culture 
study (18). 

Zinc action on gastrointestinal epithelial tight 
junctions and epithelial barrier function, have 
figured prominently in its potential therapeutic 
action in several gastrointestinal diseases (19) 
such as in acute and persistent diarrhea in            
children (20) and in lowering the grade of            
oropharyngeal mucositis in patients with head 
and neck cancer (21). 

Zinc pretreatment before irradiation has 
been shown to increase metallothionein levels in 
animal lymphocytes, which acts as a scavenger 
on radiation-induced peroxides, inducing               
defensive mechanisms for the induction of the 
cytogenetic adaptive response to ionizing             
radiation (22). Furthermore, the radioprotective 
effects of zinc on rat red blood cells (23), salivary 
glands (24) , spermatogonia and tetraploid cells 
(25), bone marrow cells (26), bone marrow               
recovery after irradiation (27) and                               
radioprotection against the lethal effects of             
radiation (28) in mice have been reported in           
previous research. Similarly, in a study group of 
patients undergoing pelvic radiotherapy, the  
results showed a lower incidence of diarrhea, 
with zinc and a combination of prebiotics,              
probiotics and vitamins, suggesting that this 
could be used for the prevention and reduction 
of radiation-related gastrointestinal disorders 

334 

(29).  
However, to the best of our knowledge, there 

has been no previous evaluation of the                    
radioprotective value of zinc in the rat                     
gastrointestinal system. On the basis of the 
promising results, of previous studies, the aim of 
this study was to assess the early                              
radioprotective effect of zinc after high-dose RAI 
in the rat gastrointestinal system. 

 
 

MATERIALS AND METHODS 
 

The study included a total of 30 Wistar              
female albino rats, aged 3-5 months old, each 
weighing 200-250g. The animals were housed 
under standard laboratory conditions, at 21°C ± 
2°C room temperature and 65%-70% relative 
humidity with a 12-hour light-dark cycle. The 
rats were fed with standard chow and water ad 
libitum and housed in polypropylene cages using 
disposable absorbent cloths under sterile paddy 
husks to avoid contamination from radioactive 
urine. The rats were randomly assigned into 3 
groups, each group containing ten animals. The 
first group was given only a single dose of 0.003 
mCi/g I131 (mon-Iyot 131 Eczacıbaşı-Monrol 
Kocaeli, Turkey) via gastric gavage. The I131 
dose was extrapolated from the human dose for 
differentiated thyroid carcinoma that could be 
used for RAI in clinical trials. The second group 
animals were given a single dose of 0.003 mci/g 
I131 plus zinc sulphate monohydrate 0.01 mg/
g/day (Zinco®, Berko, Istanbul, Turkey) via             
gastric gavage. The zinc administration was 
started two days before the administration of 
RAI and was continued for five days after RAI. 
The third group was the Sham-operated control 
group without any medication. At 24 hours after 
the final administration of zinc, the animals were 
sacrificed by anesthesia with 50 mg/kg                      
intraperitoneal propofol (Propofol®, Abbott  
Laboratory, Istanbul, Turkey). All animal                
experiments were conducted adhering to the 
Guide for the Care and Use of Laboratory                  
Animals of the National Institute of Health   
guidelines and were approved by the Animal 
Care and Use Committee of the University of 
Health Sciences, Ankara Training and Research 
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Hospital.  

 
Histopathological analysis  

The stomach, duodenum, ileum and colon 
were removed and were fixed in 10% neutral 
buffered formalin (pH 7.2-7.4) and prepared for 
4-μm-thick paraffin sections, stained with                
Haematoxylin-Eosin. The histolopathological 
examinations were applied using light                    
microscopy (Olympus BX-50, Tokyo, Japan) at 
40 to 400-fold magnification by an experienced 
veterinary pathologist, blinded to the rat groups. 
The histopathological sections were evaluated 
for oedema in the lamina propria, ulceration, 
mucosal erosion, mucosal degeneration,                
necrosis, inflammation and fibrosis and these 
evaluations were marked as present or absent. 

  
Data analysis 

Data analysis was performed using Statistical 
Package for Social Sciences for Windows                  
software (SPSS version 20.0, SPSS Inc. Chicago, 
USA). Differences between the I131 group and 
the I131-zinc group were analyzed using the Chi 
square test or Fisher’s exact test. A value of 
p<0.05 was accepted as statistically significant. 

RESULTS 
 

In the histopathological examination, no 
change was observed in the gastrointestinal              
system of the control group subjects. Taking this 
into account, the statistical analyses were               
performed between the I131 administered 
groups. 

In both I131 group and I131-zinc group,           
similar RAI dose-related histopathological 
changes were observed in the gastrointestinal 
tract tissues as marked lamina propria oedema, 
ulceration, mucosal erosion, mucosal                      
degeneration, necrosis, inflammation and             
fibrosis. A rat gastrointestinal system from I131 
group is presented in figure 1 and another rat 
from I131- zinc given group is shown in figure 2, 
showing the acute histopathological                         
abnormalities after RAI. 

The histopathological parameters detected in 
each group of rats are shown in table 1. All the 
histopathological parameters were less                     
frequently observed at a lower rate in the                
I131- zinc group compared to the I131 group. 
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Figure 1. Representative photomicrographs of the gastrointestinal system showing the acute effects of RAI on gastrointestinal 
tissues in the I131 group are presented with (A) severe inflammation and massive necrosis (black stars) in the stomach; (B) severe 

inflammation (black stars), diffuse fibrosis (arrows) and necrotic glands (black arrowhead) in the duodenum; (C) severe                     
inflammation (black stars) and massive necrosis (red star) in the ileum; and (D) severe inflammation (black stars) and massive            

necrosis (arrow) in the colon (Haematoxylin and Eosin, A, B, C and D; x400). 
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Figure 2. The acute effects of RAI on gastrointestinal tissues in the I131-zinc group are presented with (A) inflammation (arrows) 
and fibrosis (arrowheads) in the stomach, (B) inflammation (arrows) and fibrosis (black arrowhead) in the duodenum, (C)                    

inflammation and fibrosis (arrowheads) in the ileum and  (D) inflammation and fibrosis (arrowheads) in the colon (Haematoxylin 
and Eosin, A, B, C and D; x400). 

Parameters         
examined in the 

groups 
  

Stomach Duodenum Ileum Colon 

 I131 
group 
(n=10) 

I131- zinc 
group (n=10) 

 I131 
group 
(n=10) 

I131- zinc 
group (n=10) 

 I131 
group 
n=10 

I131- zinc 
group (n=10) 

 I131 
group  
(n=10) 

I131-zinc 
group 
(n=10) 

Lamina propia 
oedema 

n 5 2 7 3 9 1 8 4 

 % 50 20 70 30 90 10 80 40 

  p 0.35 0.074 <0.001* 0.17 

Ulcer n 3 1 5 1 5 0 4 0 

 % 30 10 50 10 50 0 40 0 

  p 0,582 0.141 0.033** 0.087 

Mucosal erosion n 8 2 8 1 6 2 8 0 

 % 80 20 80 10 60 20 80 0 

  p 0.007** 0.005** 0.17 0.001** 

Mucosal               
degeneration 

n 9 2 6 3 8 1 9 4 

 % 90 20 60 30 80 10 90 40 

  p 0.005** 0.37 0.005** 0.057 

Necrosis n 8 0 9 4 10 0 10 4 

 % 80 0 90 40 100 0 100 40 

  p 0.001** 0.057 <0.001* 0.011** 

Inflammation n 10 3 9 3 10 4 10 3 

 % 100 30 90 30 100 40 100 30 

  p   0.003** 0.02** 0.011** 0.003** 

Fibrosis n 9 3 10 0 10 2 10 1 

 % 90 30 100 0 100 20 100 10 

  p 0.02** <0.001* <0.001* <0.001* 

Table 1. Histopathological parameters detected in the gastrointestinal tract of the rats. The statistical significance values                  
(p values) between the I131 group and the I131- zinc group are given and marked with * if p<0.001 and ** if p<0.05. 
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The histopathological parameters in stomach, 
duodenum, ileum and colon were compared             
between the I131 and I131-zinc groups. In the 
stomach samples, for the mucosal erosion,           
mucosal degeneration, necrosis, inflammation 
and fibrosis parameters, the p values were 
0.007, 0.005, 0.001, 0.003, and 0.02 respectively.  
In the duodenum samples, for the mucosal              
erosion, inflammation and fibrosis parameters, 
the p values were 0.005, 0.02, and <0.001,            
respectively.  In the ileum samples, for the             
lamina propria oedema, ulceration, mucosal            
degeneration, necrosis, inflammation and              
fibrosis parameters, the p values were <0.001, 
0.033, 0.005, <0.001, 0.011, and 0.001                  

respectively. In the colon samples, for the             
mucosal erosion, necrosis, inflammation and  
fibrosis parameters, the p values were 0.001, 
0.011, 0.003, and <0.001 respectively. The bar 
graphics showing the differences in the number 
of histopathological parameters in the                     
gastrointestinal system organs in both groups 
are presented in figure 3.  

Within the 2 groups, there was no                   
statistically significant difference between the 
stomach, duodenum, ileum and colon                     
histopathological parameter differences as most 
of the observed values were less than 5 due to 
the limited number of rats.  

Akbulut et al. / Radioprotection of gastrointestinal system by zinc  

Figure 3. The incidence of histopathological parameters is presented in bar graphics for A. stomach, B. duodenum, C. ileum and 
D. colon in the number of rats; the blue bar represents the I131 group and the red bar represents the I131-zinc group. The                    

significant differences between the groups are marked with * on the top of highest bar if p<0.001 or ** if p<0.05. 

DISCUSSION 

This study was designed to elucidate the               
possible radioprotective role of zinc on the                 
histopathological differences following acute 
RAI exposure. High-dose RAI was observed to 
cause similar histopathological changes in the 
RAI administered groups, although all the                          
histopathological changes were less frequently 
observed in the I131-zinc group compared to 
the I131 group. In all the evaluated                            
gastrointestinal organs, RAI-induced fibrosis 

and inflammation were statistically less                   
frequent in the I131-zinc group compared to the 
I131 group (p<0.05).  

As further evaluation was made for each                
histopathological parameter, for fibrosis, the p  
values in the stomach, duodenum, ileum and  
colon were 0.02, <0.001, 0.001, <0.001                 
respectively and inflammation in the stomach, 
duodenum, ileum and colon, the p values were 
0.003, 0.02, 0.011, and 0.003 respectively. For 
necrosis in the stomach, ileum and colon, the p 
values were 0.001, < 0.001, and 0.011                    
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respectively. For mucosal degeneration in the 
stomach and ileum, the p values were 0.005 and 
0.005 respectively. For mucosal erosion in the 
stomach, duodenum and colon, the p values 
were 0.007, 0.005, and 0.001 respectively.              
Ulceration in the ileum (p=0.033), and lamina 
propria oedema in the ileum were less                
frequently observed in the I131-zinc given 
group and the difference was significantly               
different between the I131 and the I131- zinc 
groups (p<0.001).  

In cell cultures, necrosis is detected instantly 
after RAI (30). The cell death, occurring after toxic 
levels of RAI, causes inflammation, which causes 
additional tissue damage. RAI-induced damage 
leading to apoptosis and necrosis of thyroid                 
follicular cells, glandular atrophy, and loss of             
capacity to function, generates partially reduced 
oxygen species (ROS), which are then included 
in the metabolic processes in the cell depending 
on the cellular antioxidant status. Oxidative 
stress occurs when the cellular level of ROS            
exceeds the antioxidant capacity of the cell 
equipped with protective enzymes such as              
superoxide dismutase (SOD) and catalase (CAT) 
or glutathione peroxidase (GSH- Px) and the  
factors influencing the cellular levels of ROS             
determine the extent of radiation damage.  Zinc 
is fundamentally essential for sustaining                    
resistance to ionizing radiation as it is a cofactor 
for the functioning of SOD, CAT, and GSH- Px. 
Zinc delays and reduces oxidative damage,             
suggesting that it may have a role in modulating 
reactive oxygen species and have protective            
effects on oxidative stress-dependent                      
cytotoxicity (31). 

As far as we know, this is the first study to 
have evaluated with histopathological                       
parameters the effect of zinc on the                               
gastrointestinal system after high-dose RAI. 
Through histopathological examination, the            
results of the current study showed that zinc 
had radioprotective effects on the rat                   
gastrointestinal tract organs against RAI-
induced damage after a high dose of I131.  

The main limitation of this study was the             
limited number of rats in compliance with the 
‘‘principle of reduction’’ in animal experiments. 
In addition the present study discussed the 

acute radioprotective effects of zinc, but zinc                          
co-administration may have outcomes on                    
long-term side effects of RAI, which might have 
been more critical regarding the adverse effects 
RAI on secondary solid tumors including those 
of the stomach and colon. From a clinical                 
perspective, for the prevention of impairment of 
normal tissues, the co-administration of zinc 
with RAI may be a promising approach.                  
Nevertheless, further studies are needed to               
elucidate the mechanism underlying the                    
beneficial effect of zinc on RAI-induced damage. 
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