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ABSTRACT 
 

Aims: To investigate the histopathologic impact of low and high doses of CT ionizing radiation on 
the gastrointestinal tract of albino rats following whole-body irradiation. 
Study Design: Randomized controlled experiments. 
Place and Duration of Study: Department of veterinary surgery and radiology, University of 
Nigeria, Nsukka, Nigeria, between July 2023 and Jan 2024. 
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Methodology: Thirty healthy male Wistar albino rats aged 9-10 weeks, weighing 180-200g were 
randomly assigned -into five groups (A, B, C, D, and E) of six rats each. Rats in groups A and B 
were irradiated with low dose radiation of 74.74 mGy/cm and 352.38 mGy/cm dose length product 
(DLP) respectively. Group C and D rats were irradiated with high dose radiation of 628.6 mGy/cm 
and 1,388.42mGy/cm dose length product (DLP) respectively. Group E rats were not irradiated and 
served as control. 
Results: CT radiation at the dose length product (DLP) of 74.74 mGy/cm, 352.38 
mGy/cm,628.6mGy/cm and 1,388.46 mGy/cm induced histopathologic changes on the small 
intestine of the irradiated rats while these radiations did not induce any change in the stomach. 
Conclusion: Cell-level microscopic lesions in the gastrointestinal tract of the irradiated rats indicate 
that the small intestine is more radiosensitive than the stomach. From the cellular structural 
changes observed in the small intestine of the irradiated rats, it be concluded that CT radiation at a 
DLP of 628.6mGy/cm is inimical to the vital organs. These findings could suggest that there could 
be serious microscopic structural changes that go unnoticed during diagnostic and therapeutic CT 
irradiation in both animals and humans, and emphasizes the need to adhere strictly to as low as 
reasonably achievable (ALARA) principle in the dispensing of CT radiation. 
 

 
Keywords: CT radiation; radiobiology; gastrointestinal tract; intestine; stomach. 
 

1. INTRODUCTION 
 

Computed tomography (CT) imaging in recent 
times has revolutionized diagnostic medicine by 
providing succinct cross-sectional images of the 
body's internal structures. However, the high 
demand for CT scans in clinical practice with 
consequent ionizing radiation exposure brings up 
the serious concerns about the associated 
potential health risks [1]. Although CT scans are 
invaluable in making prompt diagnosis of 
different gastrointestinal (GI) disorders, they 
expose patients and health workers to radiation, 
which can trigger cellular damage and increase 
the risk of deleterious health hazard [2]. It is 
therefore imperative that proper understanding 
the histopathological effects of CT radiation on 
the gastrointestinal system is very important for 
reducing patient and health workers risk as well 
as optimize imaging protocols. 
 

When it comes to identifying and treating 
gastrointestinal conditions such as inflammatory 
bowel disease, gastrointestinal cancers, and 
gastrointestinal bleeding, computed tomography 
(CT) imaging is an indispensable tool. CT scans 
can identify anomalies including tumors, 
strictures, and inflammation by providing 
comprehensive anatomical information. 
Furthermore, improvements in GI imaging 
sensitivity and specificity, such as multi-detector 
CT (MDCT) and CT enterography, have led to 
more precise diagnosis and better patient 
outcomes [3,4]. 
 

CT imaging exposes patients to ionizing 
radiation, which carries some health hazards, 

including the possibility of tissue damage and 
cancer, despite its benefits for diagnosis [5]. The 
patient's age, underlying medical conditions,                   
the imaging technique, the radiation dose,                     
and other factors all affect the chance of 
radiation-induced side effects. Although attempts 
have been made to reduce radiation exposure 
through techniques for dose reduction and 
optimized imaging protocols, there is still worry 
about the possible biological consequences                      
of CT radiation on the gastrointestinal tract 
[6,7,8].  
 
An understanding of the consequences of 
radiation exposure at the cellular and tissue 
levels can be gained by histopathological 
investigation. Radiation-induced DNA damage 
and cellular stress can result in histological 
alterations such as inflammation, necrosis, 
fibrosis, and cellular proliferation. Researchers 
can determine the underlying mechanisms of 
radiation-induced injury and quantify the extent 
and severity of tissue damage by examining 
histopathological characteristics [9]. This adverse 
effect results from the direct ionization of cellular 
structures, especially DNA, or from the indirect 
effect through free radicals produced by 
radiolysis of water [10]. Additionally, 
histopathological evaluation is crucial for 
determining the efficacy and safety of medical 
interventions as well as for directing the creation 
of therapeutic and preventive measures [11,12]. 
It been assumed that the response to low doses 
of ionizing radiation may be loci-specific and 
have both beneficial and detrimental 
consequences [13,14]. 
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It is crucial to comprehend how different CT 
radiation dosages affect the gastrointestinal 
tract's histological integrity in order to evaluate 
the safety of CT imaging procedures and guide 
therapeutic decision-making. In order to gain 
important insight into the biological effects of 
radiation on gastrointestinal tissues, this study 
intends to evaluate the histopathological 
characteristics of the gastrointestinal system in 
albino rats subjected to various doses of CT 
radiation. 
 
By evaluating histopathological changes in 
response to CT radiation exposure, this study 
seeks to contribute to our understanding of the 
potential risks and benefits of CT imaging in 
gastrointestinal diagnostics, ultimately improving 
patient care and safety. 
 

2. MATERIALS AND METHODS  
 

2.1 Experimental Animal 
 
Thirty healthy male Wistar albino rats, weighing 
between 180 and 200 grams and aged 9-10 
weeks, were procured from the Department of 
Veterinary Medicine, University of Nigeria, 
Nsukka. Throughout the investigation, the rats 
were housed in a standard laboratory setting with 
12 hours of light and 12 hours of darkness, and a 
temperature of 24 ± 3°C. The rats were fed water 
and standard pellet diet as needed. The rats 
were randomly assigned into five groups (groups 
A, B, C, D, and E) of six rats each after a week of 
acclimatization. 
 

2.2 Equipment 
 
Irradiation was carried out using a GE 16 Slice 
(General Electric) Revolution ACTs CT scanner 
(GE Hangwei Medical Systems Co. Ltd, China) 
with adaptive statistical iterative reconstruction 
(ASiR) features that allow manual entry of 
diagnostic exposure parameters to achieve the 
desired radiation dose. 
 

2.3 Radiation Protocols 
 

There were four irradiated groups (A, B, C, and 
D) and one unirradiated control group (group E) 
of six rats each. The six rat per group were 
immobilized with a customized fixator in supine 
position with head first. Centering laser beam 
was at the mid sagittal plane and mid neck 
before axial beam total body irradiation was 
acquired from the tip of the nose to the tail. Two 
(2) scout images, anterior-posterior (AP) and 

lateral for each group of the irradiated groups 
were first acquired with the same kV(80) and 
mAs (20) so as to prevent x-ray beam wastage 
and to ensure centering accuracy. Tube current 
(mAs) and tube potential (kv) were manually 
selected. Radiation dose for each group were 
automatically estimated by scanner software and 
displayed in the CT scanner screen as volume 
weighted computed tomography dose index 
(CTDIvol) and dose-length product (DLP) values, 
which are standardized measures of radiation 
dose during CT examination [15]. A non-contrast 
helical scan was carried out for each of the 
irradiated groups once a week for two weeks. 
Rats in group A were irradiated with exposure 
factors of 80 kV and 100 mAs and dose length 
product (DLP) of 74.74 mGy/cm DLP. Rats in 
group B were irradiated with exposure factors of 
100 kV and 140 mAs and dose length product 
(DLP) of 352.38 mGy/cm. Group C rats were 
irradiated with exposure factors of 120 kV and 
150 mAs and DLP of 628.6 mGy/cm, while group 
D rats were irradiated with exposure factors of 
140 kV and 160 mAs and DLP of 
1388.42mGy/cm. Group E rats were not 
irradiated and served as control. 
 

2.4 Histopathological Studies 
 
Five animals of each group were sacrificed a day 
after the last irradiation. The stomach and 
intestine were immediately and carefully 
dissected and fixed in 10% buffered formalin 
solution for 24 hours followed by dehydration in 
ascending series of ethyl alcohol, clearing in 
xylene, and embedding in paraffin wax and then 
sectioned at 4 microns thickness by sledge 
microtome. The sections were mounted on glass 
slides and stained with hematoxylin and eosin (H 
& E) according to the method described by 
Bancroft and Stevens [16]. The stained sections 
were examined by oil immersion light microscopy 
and several digital images were taken using 
Kodak digital camera. 
 

3. RESULTS  
 

The intestines sections of rats in the irradiated 
groups A, B, C and D exposed to CT radiation 
dose length product (DLP) of 74.74 mGy/cm, 
352.38 mGy/cm, 628.6 mGy/cm and 1,388.46 
mGy/cm respectively showed loss of villi and 
distortion of intestinal crypts (Fig. 1A, 1B,1C and 
1D). However, the intestinal section of the rats in 
the non irradiated E showed apparently normal 
histological features of mucosa with intact and 
tall villi (Fig. 1E). 
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Microscopic examination of the stomach sections 
of rats in the irradiated groups A, B, C, and D 
showed apparently normal features of the 
mucosa with no histological variation compared 
to the sham-irradiated control group E                 
(Fig. 2A-2E).  
 

4. DISCUSSION 
 
Our study's histological results highlight                       
the intricate interactions that occur in the GI 
system between radiation dose, tissue              

sensitivity and biological response. Radiation-
induced gastrointestinal toxicity is complex, 
involving direct cellular effects, inflammatory 
cascades and vascular perturbations. This is 
reflected in the reported mucosal damage, 
inflammatory changes, and vascular 
abnormalities. 
 
Because histopathological alterations are dose-
dependent, it is imperative to minimize radiation 
doses while preserving diagnostic efficacy in 
order to minimize potential GI tract injury [17,18]. 

 

 
 

Fig. 1. Photomicrograph of the intestine of rats from the experimental groups.  (A) intestine of 
rats exposed to radiation dose of 74.74mGy/cm, (B) intestine of rats exposed to radiation dose 
of 352.38mGy/cm, (C) intestine of rats exposed to radiation dose of 628.6mGy/cm and intestine 
of rats exposed to radiation dose of 1,388.46 mGy/cm (D) showing loss of villi and distortion of 

intestinal crypts (arrows) while the intestine of non-irradiated control rats (E) shows 
apparently normal histological features of mucosa with intact and tall villi (asteriks). H and E 

stain × 100 
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Fig. 2. Photomicrograph of the stomach from the experimental groups.  (A) stomach of rats 
exposed to radiation dose of 74.74mGy/cm, (B) stomach of rats exposed to radiation dose of 

352.38 mGy/cm), (C) stomach of rats exposed to radiation dose of 628.6 mGy/cm, (D) stomach 
of rats exposed to radiation dose of 1,388.46 mGy/cm and (E) stomach of non-irradiated 

control rats showing normal histological features. H and E stain × 100 
 
Dose optimization solutions, including 
customized imaging protocols, patient-specific 
dose modulation and sophisticated radiation 
dose-reduction techniques must be put into 
practice as a result. Clinicians can limit the risk of 
radiation-induced gastrointestinal damage 
without sacrificing diagnostic accuracy by 
minimizing needless radiation exposure and 
implementing evidence-based dosage 
guidelines. 

Furthermore, our results emphasize how crucial 
it is to be watchful. 
 
In spite of the known medical benefits of 
radiation, high doses of ionizing radiation have 
been shown to have detrimental biological effects 
on various body organs [1,5,19,20]. The 
objective of the current study is to assess the 
histopathologic changes of different CT ionizing 
radiation dosages on the gastrointestinal system 
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of albino rats exposed to weekly total-body 
irradiation for two weeks.  
 

There are several studies that indicate 
radiosensitivity of the gastrointestinal tract 
[21,22]. A study done by Li et al. [23] on effect of 
age on radiation induced GI damage showed 
histologic changes in the crypts base columnar 
cells of small intestine being more pronounced in 
the older mice(28months) compared to younger 
mice (3 month) which falls into the age group of 
this study.  
 

Janru et al. and Hua et al. [24,25] also 
corroborates early histologic changes in the 
intestines of rat exposed to radiation as changes 
included loss of mucosal surface area, 
inflammation, intestinal wall thickening even 
though sensory nerve ablation exacerbated the 
rate of progression of these changes. 
 

Our study however, disagrees with that done by 
Breiter et al. [26] in which rat irradiated with 28Gy 
showed inflammatory changes in the stomach 
mucosa but our index study showed no histologic 
change. This may be due to the age of the 
experimental rodent as older mice are more 
radiosensitive. Similarly, Francois et al. [27] 
observed radiation-induced damage to the rectal 
wall following localized exposure to 27 Gy single 
dose in the rat with their findings after two weeks 
of exposure being mucosal / submucosal 
inflammation, mucosal ulceration evidenced by 
oedema, reduction in number and distortion in 
the crypts arrangement. Our own study was 
however on the stomach and small intestine with 
similar histopathologic findings in the small 
intestine which from our study is more 
radiosentitive to the stomach. This opinion is 
divergent to the views of other researchers [28-
33] which showed the stomach to be more 
radiosensitive than the intestine due to higher 
turnover and effective repair mechanisms in the 
intestines compared to the stomach. However, 
this discrepancy may be due to the fact that our 
experimental animals were sacrificed 24hours 
after the last radiation which may not have given 
enough time for the manifestation of some of the 
radiation cellular damage as well as time for 
repair mechanism differences to be observed.   
 

Additionally, a combined in vivo and invitro 
effects of irradiation on intestinal epithelial cells 
by Wróblewski et al. [34] showed reduction in the 
proliferation of cells of the crypt with increased 
dose from 1-16Gy. However, at 16 Gy there was 
complete inhibition of proliferation. This is similar 
to our study in which there were histological 

mucosal changes in the small intestine following 
exposure to various doses of the radiation.  Buell 
et al. [35] also established that acute 
inflammatory changes in the mucosa of the small 
intestine starts as early as within the first 24 
hours after exposure although our evaluation 
was done after 1week after first dose and a day 
after second dose.  
 

5. CONCLUSION 
 

In this study, we investigated the 
histopathological alterations in the 
gastrointestinal system of albino rats subjected to 
varying doses of computed tomography (CT) 
radiation. Our findings reveal tissue damage to 
the intestine even at low doses of radiation 
characterized by loss of villi and distortion of 
intestinal crypts. However, the stomach showed 
no histopathological changes with both high and 
low doses of CT radiation. This therefore infers 
that the intestines are more radiosensitive 
compared to the stomach in this study. 
 

These results highlight the need for careful 
consideration of radiation doses in medical 
imaging to minimize potential harm. The 
observed histopathological alterations in the GI 
tract suggest that even low doses of CT radiation 
can have measurable impacts, raising important 
questions about long-term health implications. 
Future research should focus on elucidating the 
mechanisms underlying radiation-induced GI 
damage and exploring strategies to mitigate 
these effects, such as optimizing imaging 
protocols and enhancing radioprotective 
measures. 
 

Overall, this study contributes to the growing 
body of evidence on the biological consequences 
of CT radiation, emphasizing the importance of 
balancing diagnostic benefits with potential risks 
to ensure patient safety. 
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