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Fractionated whole body gamma irradiation 
potentiate high fat diet- induced intestinal 

inflammation in Wistar rats 

INTRODUCTION 

Human beings are exposed through our               
surrounded environment to an array of                  
environmental mediators, which may lead to 
various health consequences. Irradiation               
exposure is one of these mediators, which our 
body exposed through quotidian work,                 
man-made, therapeutic purposes and medical 
devices. Actually, exposure to ionizing radiation 
may lead to develop an acute radiation                  
syndrome (ARS). The intestine and bone               
morrow are from of the first the initial body             

organs that are involved in ARS (1). The intestinal 
tissue is well known as the most radiosensitive 
organs in our body (2, 3), mainly the small bowel 
due to its rapidly proliferating crypt (3, 4).                 
However, the colon is the most resistant to               
radiation injury (5). Independently of the way of a 
radiation exposure, the intestinal tissue recruits 
in response to radiation injury a series of              
signaling pathways involved in inflammation 
and tissue remodeling (6, 7). Radiation-induced 
inflammatory response could be characterized 
by the production of several inflammatory             
mediators such as pro-inflammatory cytokines 
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ABSTRACT 

Background: In this work, a low-dose rate (100mGy/min of whole body 
gamma irradiation fractionated (0.5, 1, and 2Gy) was used to study the effects 
of cumulative doses on the expression of target genes implicated in the 
intestinal inflammatory process in high fat diet (HFD) wistar rats. Material and 
Methods: Total RNA was extracted and the expression of target genes was 
measured in the four intestinal segments (duodenum, jejunum, ileum and 
colon) of HFD Wistar rats. Results: Our in-vivo results in the four intestinal 
segments (duodenum, jejunum, ileum, and colon) demonstrated that gamma 
irradiation exposure in HFD rats amplified the low-grade inflammatory state 
already induced by HFD. This phenomenon occurs through the induction of 
pro-inflammatory cytokines mainly the tumor necrosis factor-alpha (TNFα) 
and interleukin 6 (IL-6) or via overexpression/increasing of anti-inflammatory 
response involved interleukin 10 (IL-10) and the growth factor β (TGFβ) 
overall the bowel segments. Results suggested that whole body gamma 
irradiation might have dual roles, first, engraving the inflammatory state 
already initiated by HFD, and second, an over expressed anti-inflammatory 
response via anti-inflammatory cytokines mainly IL-10 and TGFβ. Conclusion: 
The current study clearly demonstrated the important role of the gut in HFD 
rats during fractionated whole body irradiation (FWBGI) and indicated that 
TGFβ and IL-10 may be the target in whole body radiotherapy as a mechanism 
to recompense for the imbalance between pro-inflammatory and anti-
inflammatory cytokines.  
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[TNFα, interleukin1 β (IL-1β), and IL-6],               
chemokines (IL-8), and growth factors (TGFβ) in 
the micro vascular and mucosal, the recruitment 
of immune cells, enterocytes and residing cells  
(8, 9).  

On the contrary, nutritional consumption is 
the main way for human survival and                     
developing, in this regard, a dietary contains 
high energy is the major nutritional habit for 
many modern nations. Subsequently, this                 
dietary can induce some metabolic disorders10 
(10) including obesity, type 2 diabetes mellitus, 
metabolic syndrome and cardiovascular             
diseases (11, 12). Obesity and related health                
diseases are resulting mainly from feeding on a 
high fat diet (HFD) and its duration (13). There is 
substantial evidence that inflammation and             
oxidative stress are parts of a major mechanism 
associated with obesity, which is considered as a 
low-grade of inflammatory state. Moreover,             
inflammation is recognized as the key link of the 
diabetes-obesity (14). Inflammation markers such 
as TNFα, C-reactive protein (CRP) and IL-6 are 
well known to be prominent in obesity (15).  

The intestine was selected, since is one of the 
first organs affected by two environmental             
factors (dietary that contains high fats and              
irradiation exposure) as well as due to its               
physiological role in our body. Therefore, the 
present study investigates the impact of a                 
fractionated whole body irradiation (in high fat 
diet Wistar rats) on mRNA expression of some 
inflammatory mediators in the four fragments of 
the intestine (duodenum, jejunum, ileum, and 
colon). Furthermore, the effects of a low-dose 
rate of different fractionated whole body                 
irradiation doses on the expression of some 
genes implicated in the inflammatory state              
deduced by HFD are determined.  

This paper aims to evaluate the intestinal  
inflammatory response due to dietary that               
contains high fats and the irradiation exposure 
effect and also, the emergent idea of this work is 
to figure out and give some new data about the 
consequences of an irradiation exposure in             
people that are fed on a high fat diet during             
radiotherapy or radiotherapy health workers.  
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MATERIALS AND METHODS 
 
Animals  

Our study was done following all institutional 
and national guidelines for the care and use of 
laboratory animals were obeyed by the Local 
Scientific and Ethical Committee of the Atomic 
Energy Commission of Syria (AECS), Damascus, 
Syria (permit number 2-28/10/2018). All                  
procedures performed in these studies involving 
animals followed the ethical rules of the                   
Declaration of Helsinki and the internationally 
accepted principles for the care and use of            
experimental animals. 

Five groups (n=10 for each group) of adult 
male Wistar rats weighting ~ 193.5 g (from 
Charles Rivers Laboratories, France) were               
sustained under standard conditions with a 12h 
light/dark cycle having free access to food and 
water. Normal chow (n=10) and HFD (n=40)  
diet composition according to (16, 17) with some               
modifications: Normal chow diet (energy                   
content 12% fat, 26% protein and 62 %                       
carbohydrates), HFD diet (energy content 74% 
fat, 26% protein, <1 carbohydrates). Rats were 
kept in stainless steel cages (33×17×40 cm) in 
an atmosphere of ~ 50-60% relative humidity 
and a temperature of 22±2 °C.  

One HFD group and the group of normal 
chow diet (NC) served as a standard control for 
all other irradiated groups. 

 
Irradiation procedure 

During irradiation process, three groups of 
HFD animals were exposed to different low-dose 
rate (100 mGy/m) of fractionated whole-body 
gamma irradiation (0.5, 1, and 2 Gy) every three 
days for about two consecutive months using a 
gamma ray apparatus (Theratron 80 Canadian 
design machine, 60Co, focal distance of 100 cm) 
(18).  

At the end of irradiation treatment, (rats aged 
about 13 weeks), rats were immolated and the 
four fragments of bowel (duodenum, ileum,                
jejunum, and colon) were gathered and stored in 
-80 oC. 
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Total RNA extraction and real time PCR 
Total RNA was isolated from all gut parts            

using Roti-phenol reagent (Phenol\Chloroform, 
\Isomyl\alcohol: 25\24\1, ROTH®, Germany), 
and quantified by NanoDrop (NanoDrop                  
technologies, Qiagen, Germany).  

Mx3oo5P QPCR systems (Agilent                         
technologies, Germany) was used to quantify the 
expression of target genes according to the             
procedure described in our previous work (18). In 
briefly, the total RNA (1µg) was amplified                  
using the 2× PCR SyGreenone-step low Rox                  
kit according to the manufacturer’s                         
recommendations (ROTH®, Germany). PCR was 
performed with 0.5µM of each primer and with 
cycling conditions were as follows: 10 min             
denaturing at 95 °C, followed by 40 cycles of 30 s 
denaturing at 95 ͦC, 30 s primers annealing at         
60 °C and 30 s fragment elongation at 72 °C. The 
melting curve was analyzed with MxPro QPCR 
Software. Rat TNFα, IL1β, IL6, CRP, TGFβ and             
IL-10 expressions were normalized to β-actin 
expression and data quantified by the method of 
2−ΔΔCt. 

The primer’s efficiency was measured for 
each primer. Five serial dilutions were used to 
evaluate the efficiency of studied primers 
(0.0001, 0.001, 0.01, 0.1 and 1) started by 10 µl 
from each primer according the standard curve 
method. Primer sequence (Eurofins Genomics, 
Germany) and efficiencies are listed in table 1. 

 
Protein extractions and IL10 protein levels 
measurement 

Total proteins were isolated from the four 
intestine segments (duodenum, jejunum, ileum 
and colon) and IL10 protein levels were                   
determined via same protocols according to  
previous work (18, 19).  

 

Statistical analysis 
Statistical analysis was achieved using the 

Mann-Whitney test for pair-wise comparisons 
(Graph Pad Software 5). One-way ANOVA                 
statistical test was used to determine                     
significance differences between groups 
(statistically significant: P≤ 0.05 means ±SD). 

 

Gene name Forward sequence (5′-3′) Reverse sequence (5′-3′) Efficiency % 

β-Actin 5′-AAGGCCAACCGTGAAAAGAT-3′ 5′-TGGTACGACCAGAGGCATAC-3′ 99 

TNF-α 5′-GGGACAGTGACCTGGACTGT-3′ 5'-TTCGGAAAGCCCATTTGAGT-3′ 97.7 

IL-1β 5'-TCGCTCAGGGTCACAAGAAA-3′ 5′-CATCAGAGGCAAGGAGGAAAA-3' 96.8 

IL-6 5′-TCTATACCACTTCACAAGTCGGA-3′ 5′-GAATTGCCATTGCACAACTCTTT-3′ 97.5 

CRP 5′-TTCCCAAGGAGTCAGATACTTCC-3′ 5′-TCAGAGCAGTGTAGAAATGGAGA-3′ 98 

TGF-β 5′-TGGAGCAACATGTGGAACTG-3′ 5'-GTCAGCAGCCGGTTACCA-3′ 98.6 

IL-10 5′-CACAAAGCAGCCTTGCAGAA-3' 5'-AGAGCAGGCAGGATAGCAGTG-3' 99 

Table 1. Primers used in the current work and their measured efficiency. 

RESULTS 
 

Results presented in figure 1 demonstrated 
that, the HFD induced an inflammatory state in 
all bowel segments of Wistar rats. This                  
inflammatory event is characterized by                 
increasing some pro-inflammatory cytokines 
mainly TNFα, which increased in all over the 
bowel by about 5.3-, 2.3-, 3.8-, 2.6- folds,                  
respectively in duodenum (figure 1A), jejunum 
(figure 1B), ileum (figure 1C), and colon (figure 
1D) due to HFD effect. IL-6 is another                         
pro-inflammatory cytokine, which was increased 
in the jejunum and colon by ~ 1.5-, and 3.4-folds, 

respectively (figures 1B and D). IL1β and CRP 
are other pro-inflammatory cytokines, which 
were analyzed in this study. In fact, these two 
cytokines were not detected in the entire bowel 
except in the duodenum, in which IL1β was not 
altered by the effect of HFD compared to the 
normal chow NC (figure 1A), whereas, CRP was 
not determined in the entire bowel segments. 
The anti-inflammatory response, mediated by 
TGFβ and IL-10, was also analyzed. Results 
demonstrated that IL-10 was not detected in the 
upper part of the bowel but the expression of 
this gene decreased in the lower part mainly in 
ileum and colon by about 0.3-fold (figure 1C and 
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D). Comparatively, with TGFβ, the expression of 
this anti-inflammatory growth factor was                
significantly decreased in duodenum and ileum 
by 0.5- and 0.4-folds (figure 1A and C). In                   
contrast, the expression of TGFβ increased              
significantly by 2.6-fold in jejunum (figure 1B) 
and 3.9-fold in the colon (figure 1D) segment 
due to HFD effects. 

Concerning, the food intake and body weight 
of HFD Wistar rats in comparison with normal 
chow, it is noteworthy to notice that no                  
significant data was found in our experiment. 

More Results were obtained, when the HFD 
rats were exposed to a fractionated whole body 
gamma irradiation (FWBGI), demonstrated that 
the dose of 12 Gy significantly amplified the              
expression of some pro-inflammatory cytokines 
such as IL-6 in duodenum (figure 2C), ileum 
(figure 4C) and colon (figure 5C) by about 3.4-, 
2.1-, and 4-folds. While, TNFα expression was 
significantly increased in the jejunum, ileum, 
and colon with 11.7-, 2.5, and 3.4-fold induction, 
respectively (figures 3A, 4A and 5A). The same 
effect of this dose rate was also remarked with 
CRP for all bowel segments and the expression 
of this gene was significantly induced by about 
6.8-, 12.6-, 3-, and 7-fold induction as demon-
strated, respectively  (figures 2D, 3D, 4D and 
5D). 

Concerning the anti-inflammatory responses 
to 12 Gy, figures 2E, 3E, and 4E indicate that the 
expression of TGFβ significantly increased in 
duodenum (23.3-fold), jejunum (3.22-fold), and 
ileum (9.9-fold). However, it was overexpressed 
in the colon by about 59-fold (figure 5E). On the 
other hand, the IL-10 was also significantly               
increased in the gut parts by 15.1-, 1.7-, and               
2-folds in duodenum, jejunum, ileum, and colon 
(1.6-fold) respectively (figures 2F, 3F, 4F and 
5F). 

Regarding the dose of 24Gy of WBGI, rat’s 
exposure to such dose rate amplified the                  
pro-inflammatory response mediated by IL6 in 
the duodenum and ileum parts by about 4.8-fold 
and 2.8-fold, respectively (figures 2C and 4C) 
while IL6 was decreased in jejunum (0.3-fold) 
by the effect of this dose (figure 3C). Concerning 
TNFα pathway, it was noticed that this cytokine 
was amplified in the jejunum part by about              

(11-fold) as shown in figure 3A. The analyzed 
expressions of TGFβ and IL10 affected by 24 Gy 
dose in the bowel showed that TGFβ was                 
significantly amplified by ~ 25-fold in the                  
duodenum (figure 2E) and IL10 was significantly 
increased all over the bowel segments (figures 
2F, 3F, 4F and 5F) with an overexpression in the 
duodenum part by ~ 28-fold (figure 2F). 

When rats were exposed to 48Gy dose, the 
pro-inflammatory response was mostly                     
mediated by IL-6 increase in the entire bowel 
except in the jejunum (figure 3C). Similarly, a 
significant induction by the dose of 48Gy dose 
was observed of pro-inflammatory TNFα gene 
expression in all bowel segment (figures 2A, 3A, 
and 4A), expect in the colon, the expression of 
this cytokine was not altered (figure 5A). The 
anti-inflammatory response was mediated by 
IL10 in duodenum (figure 2F) with an over               
expression 120-fold, jejunum 14.6-fold (figure 
3F), ileum 3.2-fold (figure 4F) and in the colon 
2.3-fold (figure 5F). The anti-inflammatory               
response mediated by the TGFβ pathway was 
not significantly induced in all bowel segments 
except in the duodenum; the expression of this 
growth factor was an over expressed of about 
23.4-fold (figure 2E). 

Remarkably, CRP was only induced with the 
12 Gy dose of WBGI in all bowel segments and 
was not seen with other dose rates (24 and 
48Gy). The same is true for IL-1β, which was not 
determined in all bowel segments except in              
duodenum where its expression was not               
significantly altered (figure 2D). 

Figure 6 demonstrates that the interleukin 10 
(IL10) protein levels in the four intestinal              
segments with the dose of 48Gy. IL-10 has an 
important role as the major anti-inflammatory 
cytokines produced by Th2 cells and prevents 
the production of pro-inflammatory cytokines 
induced by Th2 cells. However, figure 6               
presented an important piece of results and 
demonstrated the significant increase in the    
concentration of IL10 protein levels in all bowel 
segments by ~ 3.2-fold versus the control (HFD 
without irradiation) in duodenum (figure 6A) 
and 3.6-fold in the jejunum (figure 6B), 1.85-fold 
in the ileum (figure 6C) and 2.26-fold in the             
colon (figure 6D).  
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Figure 1. The effects of high-fat diet (HFD) versus normal chow diet mice (NC) on relative gene expression levels of TNFα, IL1β, IL6, 
CRP, TGFβ and IL-10 in the bowel of five-week-old male Wistar rats. A: duodenum, B: jejunum, C: ileum and D: colon. *p< 0.05,            

**p< 0.01, ***p< 0.001. ND is not determined. 

Figure 2. Effects of fractionated whole body gamma irradiation (12, 24 and 48 Gy) at a low-dose rate of 100mGy/min on relative 
gene expression levels in the bowel duodenum of high-fat diet (HFD) of 13-week-male Wistar rats compared with the control 

group. A: TNFα, B: IL1 β, C: IL6, D: CRP, E: TGF β and F: IL10.  *p< 0.05, **p< 0.01, ***p< 0.001. ND is not determined. 
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Figure 3. Effects of fractionated whole body gamma irradiation (12, 24 and 48 Gy) at a low-dose rate of 100mGy/min on relative 
gene expression levels in the bowel jejunum of high-fat diet (HFD) of 13-week-male Wistar rats compared with the control group. 

A: TNFα, B: IL1β, C: IL6, D: CRP, E: TGFβ and F: IL10. *p< 0.05, **p< 0.01, ***p< 0.001. ND is not determined 

Figure 4. Effects of fractionated whole body gamma irradiation (12, 24 and 48 Gy) at a low-dose rate of 100mGy/min on relative 
gene expression levels in the bowel ileum of high-fat diet (HFD) of 13-week-male Wistar rats compared with the control group.             

A: TNFα, B: ILβ, C: IL6, D: CRP, E: TGFβ and F: IL10. *p< 0.05, **p< 0.01, ***p< 0.001. ND is not determined 
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Figure 5. Effects of fractionated whole body gamma irradiation (12, 24 and 48 Gy) at a low-dose rate of 100mGy/min on relative 
gene expression levels in the bowel colon of high-fat diet (HFD) of 13-week-male Wistar rats compared with the control group. A: 

TNFα, B: IL1β, C: IL6, D: CRP, E: TGFβ and F: IL10. *p< 0.05, **p< 0.01, ***p< 0.001. ND is not determined 

Figure 6. Effects of fractionated whole body gamma irradiation (48 Gy) at a low-dose rate of 100mGy/min on protein levels of 
interleukin 10 (IL-10) in the bowel of high-fat diet (HFD) of 13-week-male Wistar rats compared with the control group.                             

A: duodenum, B: jejunum, D: ileum and C: colon. 
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DISCUSSION 
 

It is well established in the literature that 
HFD is able to induce an obesity state in both 
human and rats (13, 20-22). In fact, the obesity itself 
is a low-grade inflammatory state that could  
develop to related diseases as a result of                
amplification of many factors such as cytokines. 
Since the bowel has a primary contact with food, 
the expression of genes implicated in the            
inflammatory response in the four bowel                 
fragments (duodenum, jejunum, ileum, and             
colon) after fractionated whole body irradiation 
in HFD Wistar rats were investigated. 

In fact, our results (figure 1) are in consistent 
with previous works indicating that HFD is  
causing a state of inflammatory response in HFD 
mice by the amplification of similar cytokines 
(23). In general, HFD animal models induced an 
inflammatory state mediated by cytokines are 
well known in the related literature to increase 
some pro-inflammatory markers and to inhibit 
the anti-inflammatory ones (23-25).  

Overall, results indicate that FWBGI had a 
dual role in the inflammatory state already              
induced by HFD in Wistar rat's bowel (figures 2, 
3, 4 and 5). From one hand, pro-inflammatory 
cytokines such as TNFα, IL-6 and CRP were         

amplified by the irradiation exposure. It is 
known that, irradiation exposure rapidly                  
increase pro-inflammatory cytokines such as 
TNFα and IL-1β, which have been associated to 
both lung and brain damage (26-29). Additionally, 
IL-6 increased in rat serum after total and                
localized body irradiation (29). More recent             
studies have been shown that the over              
expression of TNFα, IL-1β after whole rat brain 
irradiation has been noticed (30). A single         
abdominal dose of gamma irradiation (10 Gy) 
induced an increase of TNFα, IL-6 and IL-1β 
mRNA levels in the rats’ ileal muscularis layer 
(31), and that observation is exactly consistent 
with our reported study. In fact, this                      
amplification of pro-inflammatory cytokines  
reported in our study can be supposed by              
radiation-induced NF-kB and AP-1 interactions, 
which is indeed leading to obtain inducible           
expression of such pro-inflammatory cytokines 
(32, 33). From the other hand, the effect of               
irradiation exposure was not limited to increase 
pro-inflammatory cytokines but interestingly 
induced an over expression of an anti-
inflammatory responses mediated mainly in our 
results by IL-10 in duodenum, and jejunum 
(figures 2F and 3F). Also, a significant increase 
in ileum and colon is observed in figures 4F and 

Int. J. Radiat. Res., Vol. 19  No. 3, July 2021 

Figure 7. A graphical abstract concludes the main finding in this study: Fractionated whole body gamma irradiation (FWBGI)             
potentiate the intestinal inflammation by amplification of pro/anti-inflammatory cytokines (mRNA and IL-10 protein levels) when 

HFD Wistar rats exposed to 24 fractions of WBGI at a low dose rat of 100mGy/min (0.5, 1 and 2 Gy) three times a week,                  
respectively.  
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5F. In addition, TGFβ in the duodenum of HFD 
rats was overexpressed by the effect of all 
FWBGI used doses (figure 2E) which is similar to 
a study that showed an increase in TGFβ levels 
after fractionated irradiation in mice (34). This 
result is of a great importance and gives a                 
portative role during FWBGI in the intestine of 
HFD Wistar rats. In fact, this latter role of                    
irradiation exposure agrees by other studies, 
which reported some anti-inflammatory                
cytokines induction such as mainly a significant 
increase of IL-10 in ovalbumin-immunized mice 
exposed to 0.5Gy dose (35). Similarly, the down 
regulation of pro-inflammatory cytokines (IL-6 
and IL-1β) was observed, after 4h of 2 Gy of total 
body irradiation in macrophages (36); which is 
also in good agreement with our findings: TNFα 
was not changed in jejunum, and colon by the 
dose of 24, and 48Gy of gamma exposure 
(figures 3A and 5A). Similarly, our results are 
also in good agreement with another study, 
which reported an increase in IL-10 in both            
naï ve, and activated splenocytes after                       
irradiation (37). Recent study from our laboratory 
demonstrated with that, same doses in Wistar 
rats that the FWBGI may has a protective role in 
the type 2 diabetes mellitus by the induction of 
anti-diabetic agent of Glucagon like peptide-1 
(GLP-1) and Glucagon like peptide-1 receptor 
(GLP-1R) (37, 38), and this latest result support 
our finding in this work that FWBGI induce               
anti-inflammatory mediators overall the bowel.  

Actually, radiation-induced inflammation of 
the gastrointestinal tract is one of the critical 
causes for systemic complications following             
irradiation exposure, which may lead to multiple 
organ failure (6, 39, 40). Our results demonstrated 
that intestinal inflammation during FWBGI in 
HFD rats might play an important role in                 
inflammatory reaction via the amplification of 
mRNA and protein level expressions of some 
cytokines, which characterized the inflammation 
response versus irradiation exposure (figure 6).   

Notably, in contrast to what we expected. The 
results of this work were surprised, especially 
on the protein levels of ant-inflammatory                
cytokine IL10, which supported the already           
obtained results on the mRNA levels. In fact, this 
results presented in Figure 6 definitely             

supported the protective role of FWBGI by this 
animal model under our conditions against             
inflammatory enlargement by the induction of 
anti-inflammatory gene, IL10. The important of 
this anti-inflammatory cytokine is due to its  
suppressing inflammatory responses (41, 42), 
down regulating the synthesis of TNFα and                
IL-1β and by the fact that IL-10 knockout mice 
develop gastrointestinal inflammation (43).  

Finally, the ionization ration including FWBGI 
is a complicated process that initiates several 
other molecules cascades related to                     
inflammatory process rather than studies in this 
work counting many other cytokines and               
cytokine receptors, which are important to               
furthermore study, especially those molecules 
who have radio therapeutic action. 

 
 

CONCLUSIONS  
 
The intestine, an immunologically active             

organ is likely to play an active role in the               
systemic radiation response. These findings may 
be important for future development of                  
strategies to moderate intestinal radiation,               
particularly in the modulating inflammatory  
reaction in the bowel, which have significant 
effects on the rest of the body, particularly via 
the of IL-10 and TGFβ overexpression as result 
of irradiation exposure in HFD rats.  

However, the main results in this study are 
summarized in figure 7, which demonstrate the 
important role of the intestine during FWBGI 
exposure in the inflammatory process in HFD 
Wistar rats. 
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