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   The use of ionizing radiation exposure increases oxidative stress especially for cancer patients. 

Therefore, there is a critical need to develop antioxidants that prevent oxidative stress damage. 

Arabic gum is an antioxidant and anti-inflammatory mediator. The function of Arabic gum (Acacia 

arabica) in protecting against injury to the liver tissue caused by 5 Gy whole-body γ-irradiation was 

studied using histopathological and ultrastructure techniques. Forty-eight male albino Sprague–

Dawley rats were divided into four groups: control (C), irradiated (R): rats were exposed to 5 Gy 

gamma-radiation as a single dose for 10 min., Arabic gum (AG) : rats were treated orally with 25 

mg/kg/day AG  for 3 weeks and AG + R. Experimental rats were treated orally with 25 mg/kg/day 

AG for one week before, and three weeks after irradiation, and were sacrificed after 7 and 21 days 

of irradiation. Gamma radiation was observed to affect the histopathology and ultrastructure of liver 

tissues, such as distorting the central vein with a highly dilated and delaminated endothelial lining, 

lymphocytic infiltration, many vacuolated hepatocytes with increased signs of karyolysis 

(disintegrated and fragmented chromatin) and pyknosis in hepatocytes nuclei, faint electron outer 

and inner membranes of mitochondria and increases in collagen fibers. On the other hand, treatment 

with AG ameliorated all of the previous histological and ultrastructure changes. Arabic gum showed 

a radio-protective effect and improved liver structure indicating that pre-treatment with Arabic gum 

is effective in lowering the incidence of the hepatic histopathological changes induced by gamma-

radiation with remarkable restoration of normal hepatocytes structure. 
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1. Introduction 

     Ionizing radiation (IR) is considered as an important 

environmental risk factor for different cancers yet it is 

also a major therapeutic agent for the treatment of cancer. 

Current understanding of the effects of ionizing radiation 

on biological systems has mainly originated from 

experimental studies on animals and radiation accidents. 

These effects depend on many factors, including 

radiation type, radiation dose, the radio-sensitivity of 

tissue receiving radiation, and the volume of tissue 

exposed [1]. IR affects tissue either by causing cell death 

or by indirect action through water ionization producing 

reactive oxygen species (ROS). Reactive oxygen species 

help in promoting the oxidation of  DNA, proteins, and 

lipids [2]. Gamma rays are a form of IR and are thus 

biologically hazardous [3]. Exposure to IR, whether 

occupational or during radiotherapy, can lead to serious 

damage to various cellular and sub-cellular structures 

and can negatively affect the biological cell membrane 

[4].  

     Exposure to IR increases the generation of ROS, such 

as superoxide (O2–), the hydrogen peroxide (H2O2), and 

hydroxyl radical (OH·), causes lipid peroxidation in the 

cell membrane, and prevents cell development, leading 

to physiological disorders and dysfunction in cell and 

tissue [5]. Clear histopathological changes have been 

observed in the liver tissue of rats after whole-body 

gamma irradiation. The liver is an organ subject to 

frequent metabolic strains due to its central role in 

detoxification, the metabolism of drugs, xenobiotics, and 

exposure to insecticides, pesticides and other 

environmental pollutants [6]. Arabic gum is an edible, 

water-soluble dietary fibrous heteropolysaccharide, 

made from the dried gummy exudate obtained and 

cultivated as a cash crop in agroforestry systems from the 

stems and branches of Acacia senegal or Acacia seyal 

trees [7]. It is rich in Ca2+, Mg2+ and K+, and is therefore 

widely used as emulsifier and a stabilizer in the 

pharmaceutical, cosmetic and food industries [8]. 

Experimentally, AG has been used in Middle Eastern and 

North African countries in the traditional treatment of a 

variety of diseases, such as renal failure, hepatic and 

cardiac issues, anemia, and diabetes mellitus, in addition 

to its use as an oral hygienic substance, antidiarrheal, and 

anti-inflammatory for intestinal mucosa and inflamed 

skin. Arabic gum improves patients’ digestive systems 

and appetite and has numerous benefits for kidney 

disease patients [7, 9]. In mice and rats, AG has been 

reported to act as a protecting agent against hepatic and 

renal toxicity [10]. It is a widely known safe dietary fiber 

and affects bacterial mass and enzyme activity; the 

bacteria count of the cecum may increase due to a higher 

dietary fiber content without altering the bacteria types 

present. The relative quantities of acetate and butyrate 

produced depend on the amount of AG fed [11]. 

     The present study was designed to investigate the role 

of AG against whole-body γ-radiation -induced 

histopathological and ultrastructure alterations in liver 

tissue of male albino rats. 

2. Materials and Methods 

1.1. Animals 
     In this study 48 male albino Sprague – Dawley rats 
weighing 160-180 g were used. Rats were purchased 
from the Egyptian Holding Company for Biological 
Products and Vaccines, Helwan, Cairo, Egypt and were 
kept in the laboratory for 2 weeks before experimental 
work for acclimatization, where they were housed in 
specially designed cages, 6 rats per cage, with controlled 
air, temperature, and relative humidity. The animals had 
been fed standard rodent pellets. Food and water were 
made available ad libitum throughout the whole 
experimental period. The investigation was performed in 
accordance with the Guide for the Care and Use of 
Laboratory Animals. 

1.2. Radiation processing 
     A Canadian gamma cell-40 Cesium-137 source 
biological irradiator (Atomic Energy of Canada Ltd, 
Ottawa, Ontario, Canada), located at the National Center 
for Radiation Research and Technology (NCRRT), 
Cairo, Egypt, was used to conduct whole-body γ-
irradiation of rats. The dose rate at the time of experiment 
was 0.6 Gy / min. Rats were exposed for 10 min in order 
to reach a single dose of 5 Gy (LD50 for an acute exposure 
to radiation).  

1.3. Arabic gum (AG) 
     AG is a soluble dietary fiber naturally obtained from 
the stems and branches of Acacia arabica trees (Family: 
Leguminosae). AG powder was purchased from El-
Gomhouria Company (Cairo, Egypt), freshly suspended 
in distilled water, and orally administered to rats at a 
dosage of 25 mg / kg / day using a gastric tube for 21 
consecutive days according to the method of Gamal El-
Din et al. [12].  

1.4. Experimental design 
     Forty-eight male albino rats were divided randomly 
into four groups (12 rats in each group) as follows: 
Group 1 (C): administrated with distilled water for 21 
days and served as the control rats. 
Group 2(R): subjected to 5Gy single-dose gamma 
radiation. 
Group 3(AG): received AG at 25 mg/kg body weight as 
a daily oral dose for 21 days. 
Group 4(AG+R): received AG at 25 mg/kg body weight 
as a daily oral dose for 7 days before and 21 days after 
irradiation. 

1.5. Histopathological findings 
     After seven and twenty-one days post-irradiation, 
animals in control and treated groups were sacrificed, 
after which the liver was immediately excised and fixed 
for 24 hours in 10% neutral formalin followed by 
dehydration in ascending grades of alcohol, whereupon it 
was cleared in xylene and embedded in paraffin wax. 
Sections were cut at 5 µm thickness and stained using 
hematoxylin and eosin stain according to the method of 
Bancroft and Gamble [13]. Collagen fibers were stained 
using Mallory's trichrome stain [14]. Olympus BX-53 
microscope was used for histopathological examinations 
with DP 80 Olympus (Japan) camera for imaging process.  

https://en.wikipedia.org/wiki/Median_lethal_dose


Kandeal et al.  20 

 

1.6. Tissue preparation for electron microscopy 
     The liver was processed for electron microscopic 
examination by fixing thin pieces with 5% 
glutaraldehyde in 0.05 mol/L sodium cacodylate buffer 
for 1 h, after which the pieces were removed, sliced to a 
thickness of 1 mm3 and placed in the same fixative 
overnight. Tissue slices were post-fixed in osmium 
tetraoxide for 2 h, dehydrated, and embedded in Epon 
[15]. One-micron thick sections were cut and stained 
with 0.5% toluidine blue and examined by light 
microscopy. Ultrathin sections were cut and stained with 
uranyl acetate and lead citrate for Transmission Electron 
Microscopic (TEM) examination using JEOL JEM- 
1010 TEM (Japan) at the Regional Center for Mycology 
and Biotechnology, Al-Azhar University (Cairo, Egypt). 
Digital Hamamatsu C4742-95 camera was used for 
imaging. 

3. Results 

3.1. Histological investigation 

     Histological examinations of sections of liver tissue 

from control animals revealed a normal liver tissue 

structure (Figure. 1A,1B) and a normal distribution of 

collagen fibers (Figure. 1C). Histological examination of 

liver tissue sections 7 days post-irradiation (5 Gy) 

showed many drastic changes in central and portal areas 

(Figure. 2A-2D). These changes included: lymphocytic 

infiltration around the corrugated wall of the central vein 

that contained hemolyzed blood cells; many vacuolated 

hepatocytes with increased signs of karyolysis and 

pyknosis in hepatocytes nuclei; highly distorted portal 

areas containing elongated, dilated, and fibrotic areas in 

and around portal areas; highly distorted bile duct walls; 

thickened arterial walls; and numerous degenerated areas 

containing debris from degenerated hepatocytes. A 

significant increase in collagen fibers was detected inside 

hepatic portal vein, in the detached endothelial linings, in 

the walls of the bile ducts, and in arterial walls (Figure. 

2E, 2F). In the second group (21 days post-irradiation), 

liver tissue exhibited ruptured endothelial lining of the 

central vein with hemolyzed blood cells within, 

increased proliferation (hyperplasia) in the walls of the 

bile ducts, hemorrhagic areas between hepatocytes 

surrounded by numerous lymphocytes, vacuolated 

hepatocytes containing pyknotic or karyolytic nuclei, 

and increased Kupffer cells (Figure. 3A-3D).  

     A significant increase in collagen fibers was observed 

throughout the liver tissue, especially in and around 

walls of the hepatic portal veins and central veins 

(Figure. 3E,3F). On the other hand, liver tissue of rats 

administered AG showed near to normal appearance 

after 7 (Figure. 4A) and 21 days (Figure. 4B,4C), with a 

normal distribution of collagen fibers around 

hepatocytes, central vein and in the portal area after 7 

(Figure. 4D) and 21 days (Figure. 4E) of treatment. Rats 

treated with AG after 7 days of irradiation (AG+R) also 

showed well-developed central areas with increased 

Kupffer cells and increased lymphocytic infiltration in 

and around the portal areas. Some hepatocytes showed 

vacuolation (Figure. 5A,5B). In the second group (after 

21 days of irradiation), liver sections showed a well-

developed architecture in the central and portal areas, 

however, the hepatic portal veins were still congested 

with lymphocytic infiltration in and around the portal 

areas (Figure. 5C, 5D) with a somewhat normal 

distribution of collagen fibers in these areas after 7 

(Figure. 6A,6B) and 21 days (Figure. 6C,6D) of 

irradiation. 

 
Figure 1. Photomicrographs of sections of liver tissue obtained 

from the control group. (1A&1B) the central vein (cv) and 

blood sinusoids (  ). Sinusoids are lined with endothelial cells 

(En) and Kupffer cells (). The portal area contains a branch 

of the hepatic portal vein (hpv), a branch of the hepatic artery, 

and bile ducts (bd) (H&E, A X400 & B X250); (1C) thin 

bundles of collagen fibers support the walls of the hepatocytes, 

blood sinusoids, and walls of the blood vessels (Mallory’s 

trichrome stain X250). 

 
Figure 2. Photomicrographs in sections of liver tissue of 

irradiated rats after 7 days. (2A&2B) corrugated wall of the 

central vein (cv), lymphocytic infiltration (), hemosiderin 

granules (), nuclei of hepatocytes showing pyknosis (p) and 

karyolysis (k) (H&E, A X200 & B X400); (2C&2D) corrugated 

walls of the hepatic portal veins (hpv), fibrotic areas (f), 

thickened arterial wall (), numerous pyknotic (p) or 

karyolytic (k) nuclei, increased proliferation (hyperplasia) in 

the walls of the bile duct (bd) and degenerated hepatocytes (d) 

(H&E X250); (2E&2F) significantly increased collagen fibers 

in the central and portal areas of the liver tissue (Mallory’s 

trichrome stain X250). 
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Figure 3. Photomicrographs in sections of liver tissue of 

irradiated rats after 21 days. (3A) delaminated endothelial 

lining () , dilated sinusoidal spaces(s), hemolyzed blood cells 

() and pyknotic nuclei (p). (H&E X200); (3B) hemorrhagic 

area (ha) and vacuolated hepatocytes (v) with pyknotic (p) or 

karyolytic (k) nuclei. (H&E X250); (3C&3D) congested 

hepatic portal veins (hpv), distorted bile ducts walls (bd), 

lymphocytic infiltration ( ), and vacuolated hepatocytes (V) 

with pyknotic (p) or karyolytic (k) nuclei (H&E, C X250 & D 

X400); (3E&3F) increased collagen bundles in and around the 

central and portal areas ( ) (Mallory’s trichrome stain X 250). 
 

 
Figure 4. Photomicrographs of sections of liver tissue from the 

AG groups showing well-developed central and portal areas 

with increased lymphocytes in and around the portal areas after 

7 (4A) and 21 days (4B&4C) of treatment (H&E X250) and 

showing a nearly normal appearance of collagen fibers after 7 

(4D) and 21 days (4E) of treatment (Mallory’s trichrome stain, 

4D-4E X 250 & 4E X200). 

 
Figure 5. Photomicrographs of sections of liver tissue from the 

AG + R groups after 7 (5A&5B) and 21 days (5C&5D) of 

irradiation (5A&5B) somewhat normal architecture of the 

central and the portal area; (5C&5D) Well-developed 

architecture of the central and portal areas, however, the hepatic 

portal vein exhibits a thickened wall ( ) and numerous 

Kupffer cells were detected () (H&E X 250).  
 

 
Figure 6. Photomicrographs of sections of liver tissue from the 

AG + R groups after 7 (6A&6B) and 21 days (6C&6D) of 

irradiation showing slightly increased collagen fibers in the 

central and portal areas of the liver tissue of the AG + R groups 

after 7 (6A&6B) and 21 days (6C&6D) of irradiation 

(Mallory’s trichrome stain, 6A X200 & 6B-6D X250). 
 

3.2. Ultrastructural results  

     In the control group, the fine structure of the 

hepatocytes shows a polyhedral shape containing large, 

rounded euchromatic nuclei with prominent nucleoli. 

The hepatocyte cytoplasm contains abundant cell 

organelles, mainly mitochondria of rounded or oval 

form, which are slightly variable in size and distributed 

throughout the cytoplasm in association with the 

endoplasmic reticulum, secondary lysosomes, and 

glycogen that appears as electron-dense particles 

dispersed within individual minute granules (Figure. 7). 
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The irradiated groups after 7 days showed a significant 

increase in collagen fibers, disintegrated and highly 

decreased flakes, and granules of glycogen, together with 

faint electron mitochondria, and poorly detected outer 

and inner mitochondrial membranes. The nucleus 

appeared malformed and distorted with disintegrated and 

fragmented chromatin and has poorly detectable outer 

and inner nuclear membranes. The undetected cisternae 

of the rough endoplasmic reticulum decreased the 

visibility of the ribosome (Figure. 8A, 8B). 

 Significantly widened sinusoidal spaces contained 

aggregated collagen fibers and leukocytes with abnormal 

nuclei and faint electron-dense red blood cells (Figure. 

8C). An abnormal shape characterized red blood cells 

which contained disintegrated hemoglobin and 

hemosiderin granules are observed in figure 8D. The fine 

structure of hepatocytes from the irradiated group after 

21 days showed disintegrated chromatin, increased 

collagen fibers, malformed and distorted red blood cells, 

a relatively reduced number and size of mitochondria, 

numerous degenerated and necrotic areas containing 

debris from degenerated cytoplasmic organoids, and an 

absence of the rough endoplasmic reticulum (Figure. 

9A). The widened sinusoidal space contains distorted red 

and white blood cells (Figure. 9B). Lysosome appeared 

to be more distributed in the cytoplasm and the electron-

faint cisternae increased within the Golgi apparatus 

(Figure. 9C, 9D). On the other hand, electron microscopy 

examination of sections of liver tissue from the AG 

groups after 7 (Figure. 10A) and 21 days (Figure. 10B) 

of treatment showed a normal hepatocyte structure with 

well-developed mitochondria, rough endoplasmic 

reticulum, free ribosomes, and nucleus. Furthermore, 

electron micrographs of sections of liver tissue from the 

AG + R group after seven (Figure. 11A) and 21 days 

(Figure. 11B) showed near to normal nucleus and 

mitochondria in spite of the decreased amount of 

glycogen present. 
 

 
Figure 7. Electron micrographs in sections of liver tissue from 

the control group. (A) mitochondria (M), flakes and granules 

of glycogen (), rough endoplasmic reticulum (R) with 

numerous ribosome, lysosome (LY) and nucleus (N) (7AX 

5000); (B) magnified portion of hepatocyte, Disse space ( ), 

basement membrane, and mitochondria with cristae (7BX 

10000). 

 
Figure 8. Electron micrographs in sections of liver tissue from 

the irradiated group after 7 days. (8A,8B) increased collagen 

fibers ( ), disintegrated flakes and granules of glycogen () 

and faint electron mitochondria (M). Some mitochondria are 

malformed (), and distorted nuclear membranes are present 

( ) (8AX 15000 & 8BX 30000) ; (8C,8D)  aggregated 

collagen fibers ( ), leukocytes (WBCs) with abnormal nuclei, 

and faint electron red blood cells (RBCs) containing 

hemosiderin granules (h) (8C,8DX 6000). 

 
Figure 9. Electron micrographs in sections of the liver tissue 

from the irradiated group after 21 days. (9A) increased collagen 

fibers (), malformed red blood cells (RBCs), and numerous 

degenerated (d) and necrotic areas; (9B) widened sinusoidal 

space containing distorted red  () and white blood cells ( ) 

(9A,9B X 6000); (9C,9D) increased number of lysosomes (LY) 

and electron-faint cisternae within the Golgi apparatus (G) (9C 

X 6000 & 9D X 10000) . 
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Figure 10. Electron micrographs in sections of liver tissue from 

the AG groups showing well-developed mitochondria (M), the 

rough endoplasmic reticulum (R), free ribosomes, and the 

nucleus (N) after 7 (10A) and twenty-one days (10B) of 

treatment (10A X 15000& 10B X 5000). 

 
Figure 11. Electron micrographs of sections of liver tissue 

from the AG + R group after 7 (11A) and 21 days (11B) 

showing the normal appearance of nucleus (N), mitochondria 

(M), flakes, and granules of glycogen (g) and rough 

endoplasmic reticulum (R) (11A X 5000 & 11B X 10000).  

 

4. Discussion  

     Ionizing radiation is known to cause oxidative stress 

through the generation of ROS leading to cell unbalance 

in prooxidant and antioxidant states [16]. When a living 

cell absorbs radiation, damage is primarily caused by 

ionization and excitation of that cell's atoms and 

molecules, resulting in changes in cell structure, damage 

to essential components and observable biological injury 

[17]. In the present study, light and electron microscopic 

investigation of sections of liver tissue from irradiated rats 

showed many drastic changes in the central and portal 

areas. These changes included lymphocytic infiltration, 

numerous vacuolated hepatocytes with increased signs of 

karyolysis and pyknosis in hepatocytes nuclei, highly 

distorted portal areas containing congested and 

corrugated walls of the hepatic portal veins, increased 

proliferation of bile ducts in the portal areas, and a  

relatively increased collagen fibers in the wall of  hepatic 

portal veins ,the arterial walls and bile ducts, with many 

scattered collagen fibers in between hepatocytes of the 

exposed groups.  

     These results are in agreement with those of Hodhod 

et al. [18] who revealed partial loss of hepatic architecture 

in areas of liver from rats exposed to gamma radiation at 

dose level 5 Gy, with moderate hydropic degeneration of 

hepatocytes, congested central veins, and sinusoids. 

Mahgoup et al. [19] detected severe histological changes 

in hepatic and renal tissues post-irradiation. It was 

observed that radiation-induced extended necrosis, 

dilatation and congestion of the central veins, and 

sinusoids. Increased collagen following exposure to 

radiation has been detected in different tissues by several 

authors [20, 21, 22]. The presence of collagen in the 

sinusoidal spaces could affect blood supply to liver cells 

and thus reduce metabolite exchange, thus it might induce 

hepatocellular dysfunctions and necrosis [23]. George et 

al. [24] indicated that diminished collagenolytic enzyme 

synthesis by impaired hepatocytes could lead to further 

collagen accumulation. Epidermal growth factor (EDF) is 

one of the key hepatocyte cell proliferation factors and 

promotes DNA synthesis [25]. EDF has also been shown 

to promote the proliferation of the hepatic stellate cells 

(HSC) [26]. The hepatic stellate cells and liver fibroblasts 

have modulatory roles in inflammatory conditions as a 

result of their capability for cytokine and chemokine 

production. It store vitamin A, but produce extra-cellular 

matrix and collagen when activated. They are located in 

the space of Disse between hepatocytes and endothelial 

cells [27]. Hepatic stellate cells plays a main role in 

fibrogenesis through the synthesis of increased amounts 

of collagen when activated by profibrogenic factors such 

as oxidant stress [28].  

     Electron microscopic examination of hepatocytes from 

irradiated groups showed disintegrated and fragmented 

chromatin and limited outer and inner mitochondrial 

membranes. Some mitochondria were malformed and 

distorted undetected cisternae of the rough endoplasmic 

reticulum and decreased ribosomes. Similar results have 

previously been detected by several authors [19, 29, 30]. 

Tekın et al. [31] exhibited significant ultrastructural 

changes in liver cells of rats exposed to ultraviolet 

radiation (UV R) for 7, 14, and 21 days. These changes 

included a decrement of cytoplasmic organelles, 

dilatation of the rough endoplasmic reticulum, 

impairment of the nuclear membrane, expanded and 

vacuolated cytoplasmic mitochondria   .IR-induced tissue 

damage activates both local and systemic inflammation 

processes resulting in increased plaque cell turnover and 

oxidative stress [32]. These effects can favor the 

generation of lipid droplets by activating protein 

complexes and producing ROS, which oxidizes lipids in 

the liver and promotes extra ROS generation [33]. The 

oxidation of lipids and proteins caused damage to 

membrane structures, which in turn produced more 

changes such as membrane potential, permeability and the 

release of digestion enzymes into the intercellular matrix. 

Mitochondria are the cellular structures that are most 

sensitive to ROS and might lead unspecific pores to form 

in the inner mitochondrial membrane resulting in an 

imbalance between the intermembrane space and the 

mitochondrial matrix [34]. The erroneous functioning of 

the respiratory chain leads to increased ROS production 

and, as a result, further impairment of both the 



Kandeal et al.  24 

 

mitochondria and the entire cell [35, 36]. Most disease 

processes arise from or result in cellular energy balance 

disturbances; therefore, mitochondrial swelling is one of 

the most common early ultrastructural characteristics of 

the affected cells [35, 37]. 

     In the current study, hepatocyte-damaged 

mitochondria were detected in irradiated rat livers. 

Antioxidants appear to improve the condition of the blood 

vessels by helping to neutralize free radical molecules or 

ROS that may inhibit blood vessel-lining endothelial cells 

from liberating nitric oxide, which is responsible for 

blood vessel dilatation [38]. Al-Doaiss and Al-Shehri [39] 

interpreted the antioxidant effects of AG by its ability to 

trigger endogenous glutathione levels and to suppress 

lipid peroxidation in rats' blood, liver and kidney tissues. 

Pal et al. [40] indicated that the hydro-alcoholic extract of 

Acacia senegal had significant hepatoprotective activity, 

probably due to its high flavonoid content. 

     Our results showed that supplementation of Arabic 

gum to rats induces well-developed central and portal 

areas in liver tissue with increased lymphocytes in and 

around the portal areas. Also, this study has shown that 

supplementation of AG in the AG + R groups results in a 

trend toward lowering the incidence of hepatic 

pathological changes induced by γ-radiation and a 

remarkable restoration of normal cell structure. Cells 

restored their regularity and sizes, including a normal 

homogenous cytoplasm with rounded nuclei and a normal 

distribution of collagen fibers in the central and portal 

areas of liver tissue sections from the AG & AG+R 

groups. The present study is thus in agreement with 

previously described results by El-shama et al. [41], who 

observed both normal hepatic architecture and collagen 

fiber distribution in the central and portal areas of liver 

tissue sections from rats receiving 10 mg/kg/day of Arabic 

gum only. This indicates the radio-protective effect of AG 

and its ability to scavenge free radicals arising from γ-

radiation. 

     Electron microscopy examination in sections of liver 

tissue from the AG & AG + R groups showed a near to 

normal hepatocyte structure with well-developed 

mitochondria, rough endoplasmic reticulum, free 

ribosomes, and nuclei. The positive role of AG in 

alleviating the histopathological damage caused by 

glycerol has been previously reported [42]. Arabic gum 

has several hepatic protective factors including amino 

acids (e.g., methionine, arginine, and isoleucine) capable 

of chelating trace minerals and potent antioxidants, such 

as phycocyanins and superoxide dismutase [43]. Arabic 

gum is thus a promising functional food with potential 

hepatoprotective effects in non-alcoholic fatty liver 

disease [44]. The role of AG in the improvement of 

radiation-induced kidney and liver dysfunction might be 

attributed to its antioxidant, anti-inflammatory and 

cytoprotective properties [45] in addition to down-

regulation of the levels of hepatic caspase-3, interleukin -

β1, interleukin -6 and tumor necrosis factor -α (TNF- α) 

genes[46] and immunomodulatory effects[47],through 

scavenging superoxide anions [48] and inhibiting lipid 

peroxidation [49] AG protects the cell membrane from 

radiation-induced oxidative damage. This is supported by 

the fact that AG has high affinity to free radicals [39]. 

Published reports showed the numerous biological 

activities of Acacia species such as hypoglycemic, 

antitumor, anti-inflammatory [11], anti-hepatitis C virus, 

spasmogenic and vasoconstrictor, antiplatelet 

aggregation, antihypertensive [49], and antioxidant 

potential [50], together with wound healing [51]. 

5. Conclusion 

     The current study shows that the histopathological and 

ultrastructural alterations produced by γ-rays were 

attenuated by pre-treatment with Arabic gum. This could 

be due to the radio-protective effect of AG and its ability 

to scavenge free radicals arising from γ-radiation. The 

results of this study imply that pre-treatment with AG is 

effective in lowering the incidence of the hepatic 

pathological changes induced by γ-radiation and a 

remarkable restoration of normal cell structure. 

Acknowledgements 

      We are thankful to Faculty of Science colleagues, Al-

Azhar University for providing laboratory conveniences, 

and members of the National Center for Radiation 

Research and Technology (NCRRT), Egyptian Atomic 

Energy Authority for providing the necessary irradiation 

facilities. This work was done in Faculty of Science, Al-

Azhar University, Egypt. 

Funding 

      This research received no specific grant from any 

funding agency in the public, commercial, or not-for-

profit sectors. 

Conflicts of interest 

     Declared none. 

References 

1. El-Naggar A. Medical radiation biology. Am J Hum 

Genet, 2009; 84:605-616. 

2. Gaschler MM and Stockwell BR. Lipid peroxidation in 

cell death. Biochemical and Biophysical Research 

Communications, 2017; 482(3): 419-425.  

3. Grupen C, Cowan S and Stroh T. Astroparticle Physics. 

Springer-Verlag Berlin and Aheidelberg, Berlin. 2005; pp: 

109-115. 

4. Vladana D, Petkovic OD, Keta MZ, Incerti  S, Aleksandra 

MRF and Ivan M P. Biological outcomes of γ-radiation 

induced DNA damages in breast and lung cancer cells 

pretreated with free radical scavengers. Int J Rad Biol, 

2019; 95(3): 274-285.  

5. Sarhan AKH. Protective role of lycopene extracted from 

tomato (Tomato pomace) against gamma irradiation or 

carbon tetrachloride-induced brain and liver toxicity in 

male Albino rats. Egypt J Hos Medici.,  2020; 78(1): 68-

76. 

6. Nitin M, Prasad K, Shah D and Limbani B. 

Hepatoprotective activity of aqueous extract of Butea 

monosperma leaf extract in paracetamol induced 

hepatotoxicity in rats. J Pharm Res., 2012; 5(4): 1914-

1915. 

7. Said AM, Atwa SAE and Khalifa OA. Ameliorating effect 

of gum Arabic and lemongrass on chronic kidney disease 

https://pubmed.ncbi.nlm.nih.gov/?term=Incerti+S&cauthor_id=30451568


25             International Journal of Theoretical and Applied Research, 2022, 1(1) 

 

induced experimentally in rats. Bull Natl Res Cent., 2019; 

43:47.  

8. Ali BH, Al-Salam S, Al Zaabi M, Waly MI, Ramkumar 

A, Beegam S, Al-Lawati I, Adham SA and Nemmar A. 

New model for adenine-induced chronic renal failure in 

mice and the effect of gum acacia treatment thereon: 

comparison with rats. J Pharmacol Toxicol Methods, 

2013; 68(3): 384–393. 

9. El-shama SS. The preventive role of Arabic gum in the 

treatment of toxicity.Toxicol Res., 2018; 1(1): 9-27. 

10. Nemmar A, Al-Salam S, Beegam S, Yuvaraju P and Ali BH. 

Gum Arabic ameliorates impaired coagulation and 

cardiotoxicity induced by water-pipe smoke exposure in 

mice. Front Physiol., 2019; 10: 53.  

11. Jaafar SN. Clinical effects of gum Arabic (Acacia). Iraqi J 

Pharm Sci., 2019; 28(2): 9-16. 

12. Gamal El-din AM, Mostafa AM, Al- Shabanah OA, Al-

Bekairi AM and Nagi MN. Protective effect of Arabic gum 

against acetaminophen-induced hepatotoxicity in mice. 

Pharma. Res., 2003; 48: 631-635. 

13. Bancroft JD and Gamble M. Theory and Practice of 

Histological Techniques. 5thed. Churchill Living Stone, 

London, 2002; pp: 150-152. 

14. Pears A. Histochemistry, Theoretical and Applied. 3rd ed. 

Churchill Livingstone, London, 1977;  p: 1. 

15. Hayat, M. A. Principles and Techniques of Electron 

Microscopy, Biological applications. 3rded.CRC Press, 

(1989); PP: 24 – 74. 

16. Kobashigawa S, Kashino G, Suzuki K, Yamashita S and 

Mori H. Ionizing radiation-induced cell death is partly 

caused by increase of mitochondrial reactive oxygen 

species in normal human fibroblast cells. Rad. Res., 2015; 

183(4): 455-464. 

17. Bhosle SM, Huilgol NG and Mishra KP. Enhancement 

of radiation-induced oxidative stress and cytotoxicity in 

tumor cells by ellagic acid. Cl. Chem. Act., 2005; 

359(2): 89-100. 

18. Hodhod TE, Ammar NM, Hassan HA. The 

radioprotective effects of methanolic extract of Moringa 

oleifera leaves against gamma irradiation in rats. 

Bioscience Res., 2019; 16(1): 428-437. 

19. Mahgoub S, Sallam OA, Sarhan AKH, Ammar AA and 

Sorora HS. Role of Diosmin in protection against the 

oxidative stress induced damage by gamma-radiation in 

Wistar Albino rats. Reg Toxic Pharma, 2020; available 

on: 

   https://doi.org/10.1016/j.yrtph.2020.104622        

    mahgoub@pharm.helwan.edu.eg  

20. El-Salkh B. Histological and histochemical studies on 

the effect of the alternating magnetic field on the mice 

lung. E J Biomed Sci., 2009; 29: 351-366. 

21. Nakajima T, Vares G, Wang B and Nenoi M. Chronic intake 

of Japanese sake mediates radiation-induced metabolic 

alterations in mouse liver. Res Center for Rad Prot., 2016; 

11(1): 1-18. 

22. Abdelhafez HA, Al-Tounsy MM and Dawoud EM. 

Effect of ethanolic olive leaves extract or bone marrow 

mesenchymal stem cells against radiation induced 

oxidative damage in liver. Stem Cell, 2017; 8(3): 115-

133. 

23. Helal EGE, Eid F and Taha NA. Effect of noise stress 

and /or sulpiride treatment on some physiological and 

histological parameters in female albino rats. Egypt J 

Hos Med., 2011; 44: 295 – 310.    

24. George I, Ramesh k, Stem R and Chandrakasan G. 

Dimethyl nitrosamine-induced liver injury in rats: the 

early deposition of collagen. Toxic, 2001; 156: 129-138. 

25. Shi J and Line P. Effect of liver regeneration on malignant 

hepatic tumors. World J Gastro., 2014; 20: 161-167. 

26. Higashi T, Friedman SL and Hoshida Y. Hepatic stellate 

cells as key target in liver fibrosis. Adv Drug Deli Rev., 

2017; 1(121): 27–42. 

27. Saile B and Ramadori G. Inflammation damage repair and 

liver fibrosis-role of cytokines and different cell types. Z 

Gastro., 2007; 45: 77-86.  

28. Zhenhua Y, Zhang R, Qian Wang Q and Wang Y. 

Pathological and immune-histochemical features of 

radiation-induced liver disease in rats. Int J Cl Exp Path., 

2017; 10(2): 2426-2435. 

29. Waer HF and Shalaby MF. Structural studies on the 

radio-protective effect of Lycopene (Tomato 

supplementation) against hepatic cellular injury induced 

by chronic doses of gamma radiation. Cyto Hist., 2012; 

3:3-9. 

30. Sayed DF, Nadaa AS, Abd El Hameed M and Ibrahim 

MT. Modulatory effects of Chrysophyllum cainito L. 

extract on gamma radiation induced oxidative stress in 

rats. Biomedicine and Pharmacotherapy, 2019; 111: 

613–623. 

31. Tekın S, Turker H, Guven T and Yel M. The effects of 

ultraviolet C radiation on the ultrastructure of the liver cells 

of male rats. J Ultras Path., 2016; 40 (1):51-56. 

32. Van Eeden SF and Sin DD. Oxidative stress in chronic 

obstructive pulmonary disease: a lung and systemic process. 

Can Resp J., 2013; 20(1): 27–29. 

33. Darby SC, Cutter DJ and Boerma M. Radiation-related 

heart disease: current knowledge and future prospects. 

Int J Rad Onc Biol Phys., 2010; 76(3):656–665. 

34. Brunk UT and Terman A. The mitochondrial-lysosomal 

axis theory of aging: accumulation of damaged 

mitochondria as a result of imperfect autophagocytosis. 

Eur. J. Biochem., 2002; 269(8):1996–2002. 

35. Duchen MR and Szabadkai G. Roles of mitochondria in 

human disease. Essays Biochem, 2010; 47:115–137.   

36. Lagouge M and Larsson NG. The role of mitochondrial 

DNA mutations and free radicals in disease and ageing. 

J Int Med., 2013; 273(6): 529–543. 

37. Cui H, Kong Y, Zhang H. Oxidative stress, mitochondrial 

dysfunction and aging. J Signal Trans., 2012; 21:1-13.  

38. Mohamed HA, Ahmed NS, Hanafi N and Kenawy SA. 

The renoprotective effect of gum Arabic in gamma- 

irradiated and cisplatin treated rats. Int J Sci Res., 2015; 

5(6):1-11. 



Kandeal et al.  26 

 

39. Al-Doaiss AA and Al-Shehri AM.  Protective effect of 

gum arabic/insulin against histological changes in testes 

of diabetic rats. Int J Morphol, 2020; 38(2): 340-347. 

40. Pal R, Hooda SM, Bias CS, Singh J. Hepatoprotective 

activity of Acacia senegal pod against carbon tetrachloride-

induced hepatotoxicity in rats. Int. J Pharm Sci Rev Res., 

2014; 26(1): 165-168. 

41. El-shama SS, El-Kenawy AE, Osman HH and Youseef 

HM. Amelioration of indomethacin systemic toxicity by 

gum Arabic administration in adult albino rats. Int J Med 

Plants and Alter Med, 2014; 2(3): 032-046. 

42. Batarfi MN. Treatment effect of gum Arabic on liver of 

glycerol treated white male rats. Advances in 

Environmental Biology, 2016; 10(12): 117-128. 

43. Vedi M, Kalaiselvan S, Rasool M and Sabina EP. Protective 

effects of blue green algae Spirulina fusiformis against 

galactosamine-induced hepatotoxicity in mice. Asian J 

Pharma Clin Res., 2013; 6(3): 150-154. 

44. Taha AR, Alokbi S and Mabrok H. Hepatoprotective 

effect of gum Arabic in non-alcoholic fatty liver and 

potential modulation of intestinal microbiota (FS07-07-

19). Nut Micr., 2019; 3 (1): 1736- 1737. 

45. Hammad FT, Al Salam S, Nemmar A, Ali M and Lubbad 

L. The effect of Arabic gum on renal function in reversible 

unilateral ureteric obstruction. Biomolecules, 2019; 

9(1):1-25.  

46. Abaker, A., Hejair, H. M., Elkhier, T., & Mohmoud, T. N. 

(2021). Protective effect of Gum arabic on liver oxidative 

stress, inflammation and apoptosis induced by CCl4 in 

vivo. 

47. Fareed, S. A., Almilaibary, A. A., Nooh, H. Z., & Hassan, 

S. M. (2022). Ameliorating effect of Gum arabic on the 

liver tissues of the uremic rats; A biochemical and 

histological study. Tissue and Cell, 76, 101799. 

48. Hussein EM. Modulatory role of Arabic gum in gamma 

rays- induced damages in rats. J Rad Res Appl Sci., 

2008; 1(2): 427-441. 

49. Lee EK, Kim JM and Choi J. Modulation of NF-ΚB and 

FOXOs by baicalein attenuates the radiation-induced 

inflammatory process in mouse kidney. Free Radical 

Res., 2011; 45:507–517. 

50. Kaddam L, Fadl-Elmula I, Eisawi OA, Abdelrazig HA, 

Salih MA, Lang F and Saeed AM. Biochemical effects and 

safety of gum Arabic (Acacia senegal) supplementation in 

patients with sickle cell anemia. Blood Res., 2019; 54(1): 

31–37.  

51. Tung YT, Wu JH, Hsieh CY, Chen PS and Chang ST. Free 

radical-scavenging phytochemicals of hot water extracts of 

Acacia confusa leaves detected by an on-line screening 

method. Food Chemistry, 2009; 115(3): 1019–1024. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6439290/



