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Rescue potency of Eucalyptus oil against gamma-rays induced 
gastric ulceration 

INTRODUCTION 

Ionizing radiation induces acute damage to                 
epithelial cells of the gastric tract (1), mediating               
toxicities restricting the therapeutic efficacy of                
radiation in cancer and morbidity and mortality in 
nuclear disasters. No approved prophylaxis or               
therapy exists for these toxicities (2). Considering the 
high toxicity of the radiation treatment to the                
gastrointestinal tract, studies revealing natural radio 
protectors that regulate the gastrointestinal tract 
response to injury following irradiation are                
extremely beneficial (3-5). The genus Eucalyptus 
L'Heritier comprises about 300 species contains             
volatile essential oil in their leaves (6). Eucalyptus oil 
(EO) has amazing widespread biological                       
activities including antimicrobial, antiseptic,                
antioxidant, chemotherapeutic (7, 8), respiratory and                             
gastrointestinal effects (9,10) as well as wound healing 
(11). No research article has yet assessed the                    
radioprotective role of EO against gamma-rays             
induced gastric ulceration in rats. In the current              
research we attempted to evaluate the biological role 
of EO, as a natural medicine for mitigation of                  
radiation-induced tissue injury. Biochemical                  
assessment and histopathological examination of  
gastric tissues was performed. 

MATERIAL AND METHODS 

Animals 
Male albino rats (240–260g, 12± 1 weeks) were 

obtained from the Egyptian organization for                   
biological product and vaccines Giza, Egypt. Animals 
were acclimatized for a week before experimentation 
and received a standard diet and water ad libitum 
and were maintained under standard conditions of 
humidity, temperature (20-22°C), and 12-h light-dark 
cycle. Animals were deprived of food, but not water, 
overnight before samples collection. The study was 
approved by the National Centre for Radiation                
Research and Technology, Research Ethics                    
Committee, REC-NCRRT. The serial number of the 
protocol was: 16A /18, 16/7/2018. 

 

Radiation processing  
This procedure was performed using a gamma cell

-40 (cesium-137), Atomic Energy of Canada Limited, 
Ottawa, Canada, located at NCRRT, Cairo, Egypt.             
Animals were irradiated with a single dose level of 
7Gy of gamma-rays, delivered at a dose rate of 0.42 
Gy/ min at the time of experimentation. The selected 
dose of gamma-rays can induce necessitated stomach 
radiation damage (12, 13). 
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Eucalyptus oil ameliorates gamma-rays-induced gastric ulceration that could attribute 
to its antioxidant, anti-apoptotic and radioprotective activities.  
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Chemicals 
Pure Eucalyptus oil (100%), was extracted by 

steam distilled from leaves and small branches,             
purchased from (NOW Eucalyptus Essential Oil-NOW 
Foods, Bloomingdale, USA). The used dosage 
(100mg/ kg) was an effective and reasonably                
protective antioxidant had no side effects on rats (14). 
All other chemicals and solvents used were of the 
highest purity grade available. 

 
Animal groups 

Rats were randomly distributed into four groups, 
each consisting of 8 rats. They included a control 
group: animals received normal saline (N/S); 2 mL/ 
kg body weight as a vehicle for 7 successive days, 
given via intra gastric (ig) route. EO group: animals 
received EO (100 mg/ kg body weight, ig) for the 
same period of time. Gamma-rays group: animals  
received N/S for the same dose and period of time; 
then irradiation (7 Gy gamma-rays) was carried out. 
EO + gamma-rays group: EO for the same dose and 
period of time was given before irradiation. The              
examination was carried out 7 days after the end of 
the experiment. The animals were anaesthetized,  
sacrificed and their stomachs were dissected. 

 
Biochemical analysis 

Detection of inflammatory markers; tumour            
necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) 
in the stomach homogenate of the different groups 
were performed by ELISA technique (BioSource               
International, Camarillo, CA, USA), according to the 
manufacturer’s instructions. Each sample assay was 
repeated three times. Estimation of oxidative stress 
markers; malondialdehyde (MDA) and reduced               
glutathione (GSH) levels as well as superoxide                
dismutase (SOD) activity in the stomach homogenate 
were measured using commercial kits (Zellbio GmbH, 
Germany) according to the manufacturer's                     
instructions. The absorbance was read at 420 nm, 
412 nm and 535 nm, respectively. Biochemical kits 
(Abcam, UK) were used to measure myeloperoxidase 
activity in the gastric homogenates according to the 
manufacturer’s instructions. 

 
Histopathological analysis 

Stomach specimens from all experimental groups 
were fixed in 10% formalin saline solution for 24 
hours. Washing was done by tap water then serial 
dilutions of alcohol (methyl, ethyl and absolute ethyl) 
were used for dehydration. Specimens were cleared 
in xylene and embedded in paraffin at 56°C in a hot 
air oven for 24 hours. Sections were embedded in 
paraffin and sliced into 4-micron thick sections. The 
tissue sections fixed on glass slides. Then, the                   

sections were deparaffinized and stained with                
hematoxylin and eosin (H&E) dye (H&E Staining Kit, 
abcam245880, USA), then examined by Olympus 
BX43 light microscope, Tokyo, Japan (15). 
Statistical analysis  

Data were using one-way analysis of variance 
(ANOVA) followed by LSD post hoc test. The results 
obtained were expressed by mean± standard error (S. 
E.). Differences were considered significant at p≤ 0.05 
(16). 

 
 

RESULTS 

 
Results of inflammatory and oxidative stress  
markers 

As presented in figure 1-5, the animal group  
treated with EO only showed non-significant changes 
in all estimated parameters compared to the control 
group. 

As shown in figure 1, significant augmentation in 
some inflammatory markers were represented in the 
stomach tissues; TNF-α and IL-1β levels were well 
observed in the gamma-irradiated group compared 
to corresponding values of the control group. The 
administration of EO before exposure to gamma-rays 
significantly limited the elevation in those                       
inflammatory markers levels compared to the            
irradiated group.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
The gamma-rays induced a significant                      

augmentation in MDA content and myeloperoxidase 
activity (figure 2,5) and a significant diminution in 
the gastric GSH content and SOD activity (figure 3,4), 
compared to the control group.  
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Figure 1. The level of TNF-α and IL-1β in stomach tissues of 
different animal groups (mean± S. E., n=8). EO = Eucalyptus 
Oil.  γ-rays = Gamma-rays. Note: aSignificant difference from 

control group, bSignificant difference from gamma-rays group. 



 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Administration of EO prior to gamma-rays-
exposure resulted in a significant reduction in MDA 
and myeloperoxidase levels and significant increases 
in the activity of stomach SOD and myeloperoxidase 
and content of GSH, compared to the gamma-
irradiated group, (figure 2-5).  

 
Results of histopathological examination 

In stomach sections from control rats and EO 
groups, the surface of the stomach was covered by a 
single layer of the columnar epithelium; the loose 
irregular connective tissue of the lamina propria 
filled the narrow spaces between the tightly packed 
gastric glands and extended from the surface              
epithelium to the muscularis mucosa (figure 6). The 
gastric glands layer was simple or simple-branched 
tubular glands formed of different types of cells 
(figure 7). 

In the gamma-rays group, severe congestion of the 
mucosal blood vessels with mucous secretion inside 
some glands was observed (figure 8A). On the other 
hand, the stomach showed desquamation of mucosa 
glands assorted with mucous on the surface of                 
mucosa layer (figure 8B) and in few cases, the gastric 
mucosa showed necrotic debris and leukocytic               
infiltration revealing ulcerative gastritis. Some of 
these ulcers developed due to the necrosis of the             
mucosa glands or the hyperplastic changes in the  
lining epithelium of the mucosa glands which is               
engorged with secretions (figure 8C and D). On the 
other hand, stomach of EO + gamma-rays group, 
showed normal gastric mucosa (figure 9A) except in a 
few cases where apoptosis with necrosis of gastric 
glands may be were detected (figure 9B).  
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Figure 2. The level of MDA in stomach tissues of different 
animal groups (mean± S. E., n=8). EO = Eucalyptus Oil. γ-rays = 
Gamma-rays. Note: aSignificant difference from control group, 

bSignificant difference from gamma-rays group. 

Figure 3. The content of GSH in stomach tissues of different 
animal groups (mean± S. E., n=8). EO = Eucalyptus Oil. γ-rays = 
Gamma-rays. Note: aSignificant difference from control group, 

bSignificant difference from gamma-rays group. 

Figure 4. The activity of SOD in stomach tissues of different 
animal groups (mean± S. E., n=8).EO = Eucalyptus Oil. γ-rays = 
Gamma-rays. Note: aSignificant difference from control group, 

bSignificant difference from gamma-rays group. 

Figure 5. The activity of myeloperoxidase in stomach tissues 
of different animal groups (mean± S. E., n=8). EO = Eucalyptus 

Oil. γ-rays = Gamma-rays.Note: aSignificant difference from 
control group, bSignificant difference from gamma-rays group. 



 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

DISCUSSION 

 
The present study is the first one to provide            

evidence that EO has a potent gastro protective effect 
against gamma-rays-induced gastric ulcer, which was 
demonstrated by reduced gastric ulcerated area and 
adjusted antioxidant and anti-inflammatory markers. 
In addition, the possible mechanisms underlying the 
gastro protective effect were explored including the 
antioxidant as well as the anti-inflammatory effects 
that were further supported by histopathological  
observations of stomach tissues. 

A dose of 11 Gy total-body gamma-rays induced 
hematopoietic syndrome and gastrointestinal injury 
in mice (17). In the present study, gamma-rays-
exposure at a dose of 7 Gy-induced marked                       
histopathological alterations, where severe focal            
ulceration, haemorrhage, degeneration and necrosis 
were detected in the stomach mucosa. Also, severe 
submucosal oedema and inflammatory cells                   
infiltration were observed. Likewise, that rat group 
receiving abdominal 15 Gy gamma-rays revealed             
significant jejunal mucosal damages (18). Similarly, in 
the mice model, gamma rays-exposure induced                
intestinal damages (19), whole abdominal irradiation-
induced crypt-villus structural and small intestine 
damages (20), whole-body doses of 1, and 2 Gy MeV 
proton radiation caused gastrointestinal lesions (21), 
and the exposure to a toxic dose of gamma-rays-
induced injuries to intestinal-crypt cells (22).                    
Outstandingly, in the present study, the pre-treatment 
of rats with 100 mg/kg of EO conferred marked             
protection from gamma-rays induced gastric                
ulceration as evidenced by the intact mucosal layer, 
absence of haemorrhage and necrosis. The EO at the 
doses (50 and 100 mg/kg) for 14 days protected 
against Aflatoxin B1-induced injuries in stomach and 
intestinal tissues that could be used in the                     
management of gastrointestinal syndromes in rats (9). 

Plants and their constituents possess a wide             
spectrum of biological activities such as anti-
inflammatory, antioxidant and gastro-protection            
effects. The EO has been used to treat inflammation-
associated diseases, such as those causing                   
gastrointestinal dysfunction, arthritis or respiratory 
system affection (23). Its antioxidant capacity is due to 
the occurrence of polyphenols, gallic and ellagic acids, 
oenothein B, and hydrolysable tannins, specially            
ellagitannin in its essential oil (24). Furthermore, the 
radical scavenging capacity of the EO is enhanced by 
increasing the concentration (25). 

Generation of reactive oxygen species (ROS) and 
oxidative stress is critically involved in the                   
pathogenesis of gamma-rays-induced gastric damage 
(20). The results of the present study were in line with 
a previous study that showed that gamma-rays-
induced marked oxidative stress, as evidenced by  
increased lipid peroxidation; MDA in the gastric       
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Figure 6. Stomach of the control rat group showing normal 
structure (H&E x400). 

Figure 7. Stomach of the EO group showing normal gastric 
glands (H&E x400). 

Figure 8. A) Stomach of the gamma-rays group showing           
congested mucosal blood vessels (↑) with mucous secretion 
inside some glands. B) Desquamation of the lining epithelium 
mixed with mucous on the surface of mucosa (←). C) Necrosis 

of gastric glands (↑). D) Hyperplastic mucosal glands            
containing retained and concentrated secretion (↑)                

(H & E ×400). 

Figure 9. A) Stomach of the EO + gamma-rays group showing 
normal gastric mucosa. B)-Apoptosis (→) with necrosis of  

gastric gland (↔) (H&E ×400). 



tissue (26). Likewise, the GSH content and the activity 
of SOD in the gamma-rays group were decreased  
significantly and those results were parallel to a            
related study (27). Furthermore, the antioxidant             
capacity was markedly reduced, where the GSH          
content and the SOD activity were significantly              
depleted and lipid peroxidation was significantly  
augmented and this was the case in a similar study 
(28).  

In contrast, pre-treatment with EO, at a dose of 
100 mg/kg, significantly ameliorated gamma-rays-
induced oxidative stress, increased GSH and SOD till 
they reached to normal values, which confirmed the 
strong antioxidant capacity of EO. Experimental             
evidence has indicated that antioxidant compounds 
can be used as gastro-protective agent (29) in order to 
protect against radiation-induced stomach ulcer (30). 
Thus, the remarkable gastro protective effect of EO 
could be partially mediated by attenuating                     
gamma-rays-induced oxidative stress (31). Moreover, 
rats treated with gamma-irradiation showed a              
significant increase in the rate of ulceration and MDA 
levels, which were accompanied by a significant               
decrease in the stomach GSH content and SOD              
activity (32). In addition, El-Batal and Ahmed (33) found 
that EO exhibited marked antioxidant activity in both 
chemical- and cellular-based antioxidant assays and 
suggested that it would be promising natural                
antioxidants in pharmaceutical and industries. 

Myeloperoxidase activity is an indicator of                
quantitative inflammation and the infiltration of the 
mucosa of the gastro intestinal tract with leukocytes 
(34). In a recent study, the gastric injury was              
assessed by an increase in myeloperoxidase                    
activity in gastric homogenate indicating the                  
gastrointestinal tract damage in rat irradiated group 
(35). Besides, the anti-inflammatory nonsteroidal 
drugs (NSAIDs) caused gastric mucosal ulcers in rats 
and the exposed animals showed significant lesions 
in the gastric mucosa-associated with a significant 
augmentation in the levels of myeloperoxidase             
activity in stomach tissue (36). The EO pre-treatment 
significantly ameliorated enteritis-radiation injury, 
made evident by a decrease in myeloperoxidase              
activity. Eucalyptol (1,8-cineol), the major ingredient 
in the EO treated pulmonary inflammation,                    
diminished leukocyte infiltration, production of             
inflammatory markers and myeloperoxidase activity 
in mice (37). Moreover, EO has established a protective 
activity against Aflatoxin B1-induced injury in                 
gastrointestinal tissues and can thus be used for the 
treatment of gastrointestinal disorders (9). 

Inflammation plays a noticeable causative role in 
the pathogenesis of gamma-rays-induced ulceration 
and the use of anti-inflammatory agents to                      
ameliorate the gastric mucosal damage are showed to 
be encouraging (38). In the present study, the              
gamma-rays group showed a marked increase in  
inflammatory markers evidenced by a significant  
increase in stomach tissue levels of TNF-α and IL-1β. 

The acute single dose of 5 Gy gamma-rays-induced 
intestinal injury in rats, deteriorated the intestinal 
oxidative stress indices, and augmented the contents 
of inflammatory cytokines; TNF-α and IL-1β                     
compared to the control group and these results 
were comparable to a similar previous study (39).  
Besides, an acute dose of gamma-irradiation raised 
inflammation and the magnification of colitis                    
histopathological findings and increased the               
inflammatory mediators; TNF-α and IL-1β compared 
to the control group as in a previous work (40).  

On the other hand, the pre-treatment of rats with 
EO exhibited marked anti-inflammatory effects, 
which was evident from the reduction of the stomach 
tissue contents of the tested inflammatory markers, 
in the present study. An ellagitannin fraction attained 
from EO has been examined against an                        
ethanol-induced acute gastric ulcers in rats. Its               
gastric protective influence could be intermediated 
by ameliorating ethanol-induced gastric oxidative 
stress (41). Ellagitannin-pre-treatment protected 
against gastric ulcers, significantly augmented the 
exhausted GSH and SOD levels and reduced the raise 
in MDA in gastric tissue. The results confirmed a            
preceding study which stated that ellagitannin              
exerted a prevailing anti-inflammatory power as 
showed by a decline in the inflammatory cytokines; 
TNF-α and IL-1β (41).  

 
 

CONCLUSION 
 

EO enhanced the cellular antioxidant defense  
status and reduced the elevated MDA tissue levels 
induced by gamma-rays-exposure. Moreover, EO  
exerted a powerful anti-inflammatory activity as 
demonstrated by the reduction in pro-inflammatory 
markers; TNF-α and IL-1β. Additionally, EO conferred 
marked protection from gamma-rays-induced ulcers 
as evidenced by intact gastric mucosal layer, absence 
of haemorrhage and necrosis. 
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