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Abstract: Introduction: Radiation therapy for tumor management is limited due to damage and functional 

failure of small intestine.  The purpose of this study is to evaluate the role of pomegranate fruit juice (PJ) in 

radiation-induced biochemical and structure disorders in the small intestine. 

Materials and methods: Male albino rats were exposed to gamma radiation at a dose of 2Gy/week up to 8Gy. 

PJ was administered to rats via gavages before and during the irradiation period and were sacrificed one day 

after the last radiation dose.  

Results: Biochemical analysis in the ileum of irradiated rats showed decreases of superoxide dismutase, 
catalase and glutathione peroxidase activities, and glutathione content, associated with an increases of 

thiobarbituric acid reactive substances, protein carbonyls and advanced oxidation protein products levels, and 

TNF-α level. Flow cytometry analysis showed significant alterations in ileum cell cycle and increase in 

apoptotic cell percentage. Ultrastructural studies showed marked intestinal injury in the ileum of irradiated rats 

and severe damage in Paneth cells at the sites of bacterial translocation in the crypt of lumens. 

Supplementations of rats with PJ significantly attenuated oxidative stress,  ameliorated antioxidant parameters 

and ultrastructural alterations in Paneth cells and protects it from bacterial invasion.  

Conclusion: These results imply that PJ showed potent antioxidant activity may protect small intestine from 

radiation-induced oxidative damage. 

Key words: Small intestine, Paneth cells, ionizing radiation, oxidative stress, cell cycle, TNF-α, ultrastructural 

studies. 

 

I. Introduction 
Radiation-related disorders are one of the challenging current health problems with far reaching 

medical, social and economic consequences. Radiation therapy is an essential therapeutic modality in the 

management of a wide variety of tumors, but its immediate and delayed side effects on normal tissues as 

gastrointestinal epithelium and bone marrow progenitor cells, both of which are critically important for survival, 

limit the effectiveness of the therapy. 

 Radiation damage is largely caused by the overproduction of reactive oxygen species (ROS), including 

superoxide anion (O2•−), hydroxyl radical (•OH), and hydrogen peroxide (H2O2), that overwhelm the levels of 

antioxidants, resulting in oxidative stress. The most important consequences of oxidative stress are lipid 

peroxidation, protein oxidation, and depletion of antioxidant elements. If these damages are irreparable, then 

injury, mutagenesis, carcinogenesis, accelerated senescence and cell death can occur (1). 

  Regarding the small intestine, acute morphological changes are associated with motor dysfunction (2). 
Exposure to ionizing radiation induces oxidative stress, induce sloughing villi, ulcers, and ruptured goblet cells, 

shrinkage of submucosa layers, more fibers and fibroblast (3,4&5). Death may occur as a direct consequence of 

the damage of epithelial crypt cells and followed denudation of villi leading to fluid and electrolyte imbalance, 

bacteremia and endotoxemia, endothelial dysfunctions (6).Accompanied by production and release pro-

inflammatory cytokines such as TNF-α and IL-1β (7). 

Paneth cells secrete granules containing a variety of peptides and proteins with known host defense 

functions as α-defensins (or cryptdins), cysteine-rich polypeptides which have a broad range of antimicrobial 

activity (8&9). Trillions of diverse microbes colonize the intestine that provides essential functions for host 

survival. In addition to digestion, the gut microbial regulate caloric storage, metabolize xenobiotics, modify the 

immune system, and regulate postnatal gut development including a network of capillaries in the mesenchyme 

of the small intestinal villi (10&11). In this line, (12) suggested that activation of Paneth cells can be a part of 
local regulatory mechanism and /or innate defense response in the irradiated intestine that can be essential 

during the post radiation exposure period. 

Pomegranate fruit possesses potent antioxidant activity and free radical scavenging capability. It is a 

rich source of two types of polyphenolic compounds: anthocyanins and hydrolysable tannins, responsible for 
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antioxidant activity (13,14&15). Pomegranate have antibacterial, anti-inflammatory (16&17) and antimutagenic 

activity (18). In view of these considerations, the main objective of the present study is to evaluate the efficacy 

of PJ in modulating post irradiation alterations in biochemical and ultrastructure damages of ileum.  

 

II. Materials and Methods 
All animal procedures were performed in accordance with the Ethics Committee of the National 

Research Center and in accordance with the recommendations for the proper care and use of laboratory animals 

(NIH publication No. 85–23, revised 1985). 

Irradiation was performed through the use of a Canadian Gamma cell-40 (137 Cs) at the National Center 

for Radiation Research and Technology (NCRRT) (Cairo, Egypt). The dose rate was 0.5Gy/minute. 

Pomegranate juice (PJ) (Punica granatum L, Punicaceae) was purchased from Life Extension Company, USA. 

Rats received 1ml/Kg body wt/day, by gavages (19). 
Matured male Wistar albino rats (130-140grams) used for this experimental study were purchased from 

the Egyptian Holding Company for Biological Products and Vaccines (Cairo, Egypt). Animals were housed 

under standard conditions of light and temperature and allowed free access to standard pellet diet and tap water. 

Animals were randomly divided into four groups (n=8). Control group: animals neither exposed to radiation nor 

treated with PJ. PJ group: Animals received PJ (1ml/K g body wt), by gavages, daily for 28 days. Irradiation 

group: Animals whole body exposed to 2Gy/week up to 8 Gy. PJ+irradiation group: animals received PJ 

(1ml/Kg /daily) 5 days before irradiation and during the period of radiation exposure. 

Animals were anesthetized and sacrificed 24 hour post last dose of irradiation. The intestine was 

stripped of mesenteric and vascular connections and removed from the peritoneum. The lumen was flushed with 

ice-cold saline to clear intestinal contents. The segments of ileums were collected sequentially at equivalent sites 

of each rat, rapidly excised for histological, ultrastructure and flow cytometry investigations. A small portion of 
small intestine (ileum) was removed and frozen at -80  ̊C until biochemical assay. 

 

Biochemical analysis: 

Weighted segment of intestinal specimens (ileum) was homogenized in phosphate buffer saline (10% 

w/v) and used for various biochemical analyses. GPx, SOD and CAT activities were determined according to 

(20, 21&22) respectively. Reduced glutathione (GSH) was estimated (23). The extent of lipid peroxidation was 

assayed by the measurement of TBARS (24). Protein contents, was determined (25). Determination of AOPPs 

was based on spectrophotometric detection (26) and protein-bound carbonyls (CO) (27). Evaluation of tumor 

necrosis factor- alpha (TNF-α) in rat small intestine cells homogenate was measured (28), using the "Assay Max 

Rat TNF-alpha ELISA kit of murine monoclonal antibody". (ASSAYPRO, 41 Triad South Drive St. Charles, 

MO 63394, USA). Data was analyzed using 990win6 software for DV990BV4 microplate reader, GIO DE 

VITA, Roma, Italy. 

 

Evaluation of apoptosis and cell cycle analysis by flow cytometry:  
Flow cytometric analysis was performed for cell cycle analysis and evaluation of apoptosis. Small 

intestine ileums were cut into small pieces and fixed in 70% ethanol in phosphate buffer saline (PBS) for 1 h on 

ice, incubated with 50 µg/ml RNase A at 37ºC overnight, stained with 50 µg/ml propidium iodide and subjected 

to flow cytometric analysis using FACS Calibur. Cells were then analyzed for green (FITC, indicating DNA 

fragmentation detection) and (PI, allowing DNA quantification) red fluorescence by flow cytometry using a 

Becton Dickinson
® 

FAC Star Plus flow cytometer. Apoptotic cells were identified in a DNA histogram as a sub-
G1 hypodiploid population (29). 

 

Transmission electron microscope study: 

Intestinal ileums were dissected out carefully and very small pieces were fixed in 2.5% glutaraldehyde 

overnight, post fixed in 1% osmium tetraoxide, dehydrated in graduated series of ethanol and embedded in 

Spurr̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛̛ ̓s epoxy resin. Ultrathin sections (80-90nm) were stained with uranyl acetate and lead citrate (30). The 

sections were examined with a JEOL electron microscope (JEM-100 CX) at 80 KV in E.M unit,National Center 

For Radiation Research and Technology (NCRRT),Atomic Energy Authorty (AEA).  

 

Statistical analysis: 

Experimental data were analyzed using one way analysis of variance (ANOVA) using SPSS (statistical 
package for social sciences, 1999; ver.10.0), and the significance among the samples was compared at P≤0.05. 

Results were represented as mean ±SE (n =8). 
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III. Results 
In the present study, the fractionated -irradiation (8 Gy) induced a significant decrease in GSH level 

concomitant with a significant decrease  in GPx, SOD and CAT activities, compared to that of control group. As 

shown in Table (1), oral administration with PJ before and during irradiation reduced the enzymatic activities of 

(GPx, SOD and CAT) and GSH value compared to irradiated group (Table 1). 

 

Table I: The effect of pomegranate fruit juice on glutathione peroxidase, catalase and superoxide dismutase 

activities and glutathione content in the ileum of rats one day after exposure to 2Gy/week up to 8Gy -radiation. 
  

 

 

 

 

 

 
 

Values are expressed as means ± Standard Error (n=8) 
a Significant when compared with the control group. b Significant when compared with the PJ group. cSignificant 

when compared with the irradiated group.. 

  Whole body gamma irradiation of rats provoked oxidative stress demonstrated by a significant increase 

of TBARS, CO and AOPP levels, compared to their respective values of control group. Oral administration with 

PJ has significantly attenuated the severity of radiation-induced oxidative stress, revealed a significant decrease 

in the oxidative stress biomarkers level. 

 

Table II: The effect of pomegranate fruit juice on malondialdehyde, protein carbonyl and advanced oxidation 

protein products levels in the ileum of rats one day after exposure to 2Gy/week up to 8Gy -irradiation. 
 

 
 

. 

 

 

 

 

 *Legends as in table 1 

  

Whole body gamma irradiation of rats significantly elevated TNF- α value in the ileum. The oral 

administration of animals with PJ markedly reduced TNF-α level as compared with control group. The oral 

administration of animals with PJ before and during irradiation has significantly ameliorated TNF-α level in the 
irradiated group compared to control.  

Table III: The effect of pomegranate fruit juice (PJ) on TNF-α level in the ileum of rats one day after exposure 

to 2Gy/week up to 8Gy -irradiation 

TNF- α (fg/g protein)  Animal groups 

38±2.2 Control 

29±2.0abc PJ  

54±1.9ab Irradiation 

42±2.0bc PJ+Irradiation  

* Legends as in table 1 

  It is evident from Table (IV) that, irradiation of rats significantly increased apoptotic cell percentage 

and cell population at S phase and G2/M phase compare to control, which is equivalent to cell cycle arrest at  S 

and G2 phases. In addition, the oral administration of animals with PJ markedly reduced cell population at 

Go/G1 and increased cell population at S and G2 phases, while the oral administration of animals with PJ before 

and during irradiation has significantly ameliorated the apoptotic cell population percentage and significantly 

reduced cell population at Go/G1, S and G2/M phases. We might say that, PJ diminished cell cycle arrest at any 

phase in irradiated rats.  

 

 

 

GSH(µg/g 

protein) 

SOD(µg/g 

protein) 

CAT(µM/g 

protein ) 

GPx (µg of GSH 

consumed/ min/g 

protein) 

Animal groups 

25±1.8 33±2.1 18±1.2 48±2.6 Control 

39±1.6ac 35±1.2c 20±1.4 62±2.1ac PJ  

21±2.1ab 28±2.2b 13±0.6ab 40±2.3b Irradiation 

33±1.2abc 41±2.1ac 19±1.4c 45±3.8c PJ+Irradiation 

AOPP 

(µM/g protein) 

CO 

(µM/g protein) 

MDA 

(µM/g protein) 
Animal groups 

61±2.2 14±1.3 16 ±1.2 Control 

57±2.9 14±1.2 14±1.2  PJ  

71±2.4ab 20±1.6ab 23±1.2ab Irradiation 
65±2.9bc 16±1.1c 17±1.0c PJ+Irradiation 
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Table IV: The effect of pomegranate fruit juice (PJ) on apoptosis and cell cycle analysis in the ileum of rats one 

day after exposure to 2Gy/week up to 8Gy -irradiation. 
 
 

 

 

 

 

 

*Legends as in table 1  

  Ultra structural study by TEM (fig.1) showed that, Paneth cells are distinguished by the secretory 

granules that fill the upper third of the cell. The nucleus is irregular in outline and the nucleolus is a dense 

sponge-like reticulum and rod-shaped mitochondria are scattered below the nucleus of the cell (fig.1.a). Oral 

administration of PJ to rats for 28 days revealed that the Paneth’s cells are normally present, residing at the base 
of the crypts(fig.1.b). 

Ileums of irradiated rats showed sever damaged ileum with abnormal cell structure and high number of 

apoptotic cells. Damaged cell wall allowed the intrusion of bacterial cell from ileum into damaged Paneth cells 

(fig.1.c&d). Rats supplemented with PJ before and during irradiation showed crypts containing surviving 

clonogenic cells reform with a lumen, Paneth cells at the base and numerous dividing cells. The majority of the 

Paneth cells appeared having normal organelles with few vacuoles, normal nuclei, nearly normal mitochondria 

and electron-dense secretary granules. Pre-secretory granules within electron-dense structures Paneth cells in the 

intestinal crypts surrounded by an electron-lucent "halo"(fig.1.e). 

 

Fig.(1):Electron micrograph  of rats ileum showing: In control group (a) two Paneth cells distinguished by 

electron-dense secretory granules (SG), irregular nucleus (N), and darker cytoplasm. (b) In PJ treated group: no 
ultrastructural changes in the intestinal crypts,(P) Paneth cells, (L) lumen. (c) In irradiated group: abnormal 

Paneth cells morphology, degranulation and apoptotic cells. (d) In irradiated group: Bacterial intrusions 

(arrow)into the lysosomes (Ly)  of Paneth cells and Golgi apparatus (G). (e) In PJ+ irradiation group: 

amelioration in the intestinal crypts cells, Paneth cells healthy with electron-dense granules surrounded by an 

electron-lucent "halo". 

 

IV. Dicussion 
Exposure of mammals to ionizing radiations oxidative stress was postulated as one of the mechanisms 

of radiation toxicity leads to the development of a complex, dose-dependent series of changes including changes 
in the structure and function of cellular components and organs damage (31). Radiation produced marked 

intestinal mucosal injury, a decrease in the number of villi, villus height, crypts cells, and damage of epithelial 

and goblet cells (32), regulation of macroautophagy and the presence of extensive granularity in Paneth cell of 

irradiated ileum (33). Experimental evidence has considered the small intestine a radiosensitive organ is the 

organ with the fastest cell turnover in the body. In the murine small intestine, the epithelium renews every 5 

days (6&34). 

In the present study, whole body exposure of male albino rats to gamma radiation (8Gy fractionated) 

has provoked a decrease in the ileum 'antioxidant reserve' manifested by a significant decreases in (antioxidant 

G2/M (%) S (%) Go/G1 (%) subG1 (%) Animal groups 

3±0.1 4±0.2 32±1.3 25±1.6 Control 

4±0.1ac 9±0.1ab 19±0.6ac 27±1.8ac PJ  

2.5±0.2ab 6±0.2ab  25±1.5ab 59±1.8ab Irradiation 

1±0.1abc 3±0.2abc 13±0.7abc  32±1.6bc PJ+irradiation 
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enzymes) SOD, GPx and CAT activities and GSH content accompanied with an increase in the level of (oxidant 

stress markers) TBARS, CO and AOPP. The increase of TBARS level is probably due to the interaction of •OH 

resulting as a bi-product of water radiolysis, upon exposure to ionizing radiation, with the polyunsaturated fatty 
acids present in the phospholipids portion of cellular membranes (1).  

In the same way, increase of CO and AOPP levels might be attributed to the interaction of proteins 

with ROS (35). Under oxidative stress as gamma irradiation, ROS production is able to overwhelm the 

scavenging systems, increasing the levels of lipid peroxidation and functionally impaired proteins (36). The 

decrease of SOD and CAT activities and GSH content in the present study was also reported (37) as whole body 

gamma rays induced a decrease in SOD, GPx and CAT activities and GSH content. GSH is a defense 

mechanism against increased production of free radicals resulting in the formation of thiyl radicals that associate 

to produce oxidized glutathione. The biological systems have an effective and complicated network of defense 

mechanisms for regulation of ROS concentrations (38). It could be accomplished by several enzymatic and 

nonenzymatic mechanisms. The enzymes responsible for controlling the tissue levels of O2
.- and H2O2 involve 

antioxidant enzymes, such as SOD, which catalyzes the dismutation of O2·to H2O2 and O2, CAT and 
peroxidases, which remove hydrogen peroxide and hydroperoxides. These enzymes normally act as a team, and 

thus SOD protects CAT and peroxidases against inhibition by O2·, whereas CAT and peroxidase provide 

protection for SOD against inactivation by hydrogen peroxide (39). 

It is well documented, that antioxidants play an important role in ameliorating the damaging effects of 

oxidative stress on cells. According to the results obtained in the current study, oral administration of PJ before 

and during irradiation normalized antioxidant enzymes of GPx, CAT and SOD activities and GSH level and also 

normalized stress markers of MDA, CO and AOPP levels of the ileum tissues. This could be attributed to potent 

antioxidant activity and free radical scavenging capability of PJ due to its high content of polyphenols and 

flavonoids (40), also antinflammatory effect reducing TNF-α level (41). The results support the role of PJ in 

scavenging free radicals and antioxidant properties (42).  

Intestinal Paneth-cells produce anti-microbial molecules and pro-inflammatory TNF-α which thought 

to generate ROS and activate the apoptosis signal TNF-α/ROS-induced intestinal epithelial cell injury, TNF-α 
induces mitochondrial autophagy via increased production of mtROS (43). In the present study a significant 

increase in  TNF-α level in irradiated rats may play a role in increasing the effect of irradiation, since TNF-α 

deficient mice were partially protected from the apoptotic effects of irradiation. TNF-α may serve as the innate 

defense mechanism against radiation by restricting oxidative damage (44&45).  

In the present study, it is evident that irradiation of male rats by a fractionated dose of 8 Gy revealed 

arresting of ileum cell population at S and G2 phase and increase apoptotic cells at (subG1) compared to control 

rats. As a result of gamma irradiation, the proliferative activity in the crypts of the small intestine changes with 

fall in the mitotic index which soon start recovery and regeneration in the lower regions of the crypt with cyclic 

fluctuations to reach control level within 50 hrs (46). A significant increase in AOPP is not only a marker of 

oxidative stress but also act as inflammatory mediators, since AOPPs trigger the inflammatory response by 

causing activation of nuclear factor NF-κB to induce apoptosis. PJ suppressed the powerful induction of NF-κB 
promoter which reduces apoptosis (47). Apoptotic cells are normally observed at the tips of villi as well as in 

crypts, in some inflammatory conditions, the number of apoptotic nuclei is reported to be enhanced in villus 

epithelial cells, indicating that apoptosis plays important roles not only in physiological replacement of villus 

epithelial cells but also in pathological conditions (48).  

Ultrastructural study by TEM was important to study abnormal dissolution of post-secretory 

antimicrobial peptide granules which compromises innate host defense against enteric colonization with 

pathogenic bacteria (49). The intestinal microflora is involved in the pathogenesis both directly and indirectly. . 

Indirectly, the intestinal microflora is associated by stimulating mitotic activity in crypts, therefore more cells 

are in the radiosensitive phase. In germ-free animals there is a significant decrease in mitotic activity of crypts, 

and the migration time of epithelial cells from crypts to the apex villi is twice more prolongated, what induces 

possible restoration of active center after the irradiation. In the absence of microflora, the survival is greater in 

duration (50).  
  In the present study, the ultrastrucutal observations indicate that whole body irradiation with 

fractionated -radiation (8 Gy) caused severe injury in Paneth cells, induced apoptosis and autophagy, bacteria 
invasion in the crypt of lumens. Apoptosis can be expected to occur flowing irradiation injury and play a role in 

inducing autophagy. Paneth cell secretory activity was observed at the sites of bacterial translocation in the crypt 

lumens. These data suggest that Paneth cells can contribute to small intestine inflammatory remodeling during 

the post-irradiation period (12&51). 

In the current study TEM photos showed that, oral administration of PJ before and during irradiation 

had ameliorative effects against radiation injury in Paneth cell and the absence of bacterial invasion in the ileum. 

It has been shown that PJ has great efficiency as antimicrobial, anti-inflammatory and inhibiting microbial 

adherence (17).  The ameliorative effects of PJ upon the ultrastructural alterations could be explained by the role 
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of PJ in regulating vital cellular functions, including cell proliferation and differentiation and its potent 

antioxidant activity and free radical scavenging capability. Antimicrobial activity of pomegranate extracts, 

where the growth of Staphylococcus aureus, Streptococcus pyogenes, Diplococcus pneumoniae, Escherichia 
coli O157:H7, and Candida albicans was inhibited via direct bactericidal or fungicidal activity (52). 

Based on the results obtained, it appears that, PJ  attenuate the severity of ultrastructural alterations and preserve 

the integrity and function  of Paneth cells and ameliorated biochemical disorders in ileum tissues mainly 

attributed to its high free radical scavenging and antioxidant properties.  
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