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ABSTRACT 

Background: Exposure to radiation alters the equilibrium of the 

protection mechanism by producing of free radicals, resulting in an 

imbalance in prooxidant, antioxidant status inside the cells. Oxidative 

stress has been shown to affect our nervous system. Natural dietary 

supplements have been shown to have antioxidant properties which can 

protect our bodies against free radicals. For example, Aphanizomenon 

flos-aquae (AFA) is a specific dietary supplement that has clinically 

proven health-promoting effects especially on the nervous system. AFA 

grows and is harvested from nature. 

Aim of the work: Our goal of this research is to study the radio-

protective impact of AFA as a natural antioxidant on the cerebellar 

neuronal cells of adult albino rats against the gamma radiation damaging 

effects. 

Material and methods: The present research was performed on 24 adult 

male local strain albino rats weighed 120±3 g and equally divided into 

Group 1(C, control), Group 2 (A, AFA extract treated): rats were 

ingested daily AFA extract (94.5 mg/kg body weight) for one month. 

Group 3 (I, Irradiated): rats were  irradiated 6 Gy delivered as a 

fractionated doses of gamma radiation (2 Gy each 3 days). Group 4 (I+A, 

Irradiated+AFA extract treatment) rats were exposed to a combination of 

irradiation (in the same way like group 3) plus oral intake of AFA extract 

for one month. For histologic, histochemical, immunohistochemical and 

morphometric analysis, cerebellum paraffin sections were prepared. Data 

has been analyzed statistically.  

Results: Sections studied demonstrated significant cellular damage in 

group 3 relative to the control groups. Group 4 demonstrated obvious 

reduction in pathological changes occurring in comparison with group 2. 

Conclusion: These findings indicate that AFA has a radio-protective 

function as it decreases pathological cellular injuries in the cerebellar 

neuronal cells caused by chronic radiation exposure doses. 

Keywords: Cerebellum; AFA; Radiation; Immunohistochemical; GFAP. 

 INTRODUCTION 

Exposure to radiation alters balance of the defense 

system through generation of free radicals resulting 

in an imbalance in prooxidant, antioxidant status 

inside the cells.1,2 The biological adverse radiation 

effects are largely due to oxidative stress. This stress 

causes damage to DNA and eventual cell death.3,4 

Ionizing radiation affects the atoms or cell 

molecules, and then biological disruption to cell 

functions later follows.5 Free radicals are molecules 

that lack one electron that they are usually pair with 

it to be stabilized again, free radicals randomly grab 

electrons from other healthy molecules. The reaction 

leads to the development of and replication of new 

free radicals in a radical cascade.1,2 

Scientific researches showed that the bioavailability 

and defensive efficacy of antioxidants taken from 

natural sources (mainly food) is greater than that of 

synthetic one.6 Aphanizomenon flos-aquae (AFA) is 

a blue-green algal filamentous species collected 

from Upper Klamath Lake in Klamath Falls, Oregon, 

each summer. AFA was marketed for some 20 years 

as a food supplement as the nutritional benefits of 

AFA have been appreciated by a lot of people.7,8 

Aphanizomenon flos-aquae (AFA) directly 

metabolize air molecular nitrogen and several low 

molecular weight peptide groups are synthesized. 

These low molecular weight peptides are known to 

be precursors of neurotransmitters that are used by 

different regions of the brain and body to induce the 
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secretion of certain substances and affect metabolic 

functions.7,8 

The cerebellar neuronal cells has ability to generate 

and use neurotransmitters depends on food 

consumption and subsequently the concentration of 

amino acids in the bloodstream. 9,10 Also, AFA was 

considered a good source of essential fatty acids 

such as Omega-3 and Omega-6 which support 

immune system and create myelin sheaths around 

the neural fibers in the brain.11   

Consumption of AFA had been found to improve 

many medical conditions such as Alzheimer's 

disease, improving the immune response, increasing 

fertility, reducing tumors size and occurrence, 

improving digestion, increasing stamina, increasing 

mental acuity, reducing cholesterol and protecting 

against radiation.12,13 

Glial Fibrillary Acidic Protein (GFAP) is a type III 

intermediate filament marker of astroglial injury, 

which is part of the cytoskeleton, but is not present 

outside the CNS of mature astrocytes and other glial 

cells.14  

 MATERIAL AND METHODS 

Animals 
Twenty four adult male albino rats with a weight of 

{120- 140g} have been used in this study. Until the 

experiment started they were kept under observation 

for a week to acclimatize. All the animals were fed 

on a regular diet (dry food) containing protein, 

fibers, fats, carbohydrates, and vitamins, mixture of 
minerals, and water. 

Gamma–Irradiation Facility 

Irradiation conducted in Nasr City, Cairo, Egypt, at 

the National Centre for Radiation Research and 

technology (NCRRT). The source of the radiation 

was Gamma Cell-40 (Cesium137), which allowed 

for a homogeneous irradiation distribution. The dose 

rate during the experimental phases was 0.61 Gy / 

minute. Rats were exposed to 6 Gy as a fractionated 

dosage of whole body (2 Gy per 3 days).15   

AFA-Klamath Administration 

AFA-Klamath capsules (350 mg) (German Egyptian 

Pharmaceutical Company) were dissolved in 

distilled water. For one month the drug was 

administered orally via gastric tube at a dosage of 

94.5 mg / kg body weight / day. The dose for the rats 

was measured on the basis of the human dose, 

according to the Paget formula.16 

Study Groups 

Animals have been divided into four groups. Group 

1, (C: control): one month without any treatment. 

Group 2 (A: AFA extract treatment): the rats were 

used as positive control. 94.5mg/kg body weight 

AFA extract was administrated daily for one month. 

Group 3 (I: Irradiated): The rats were irradiated via 

exposing them to6 Gy delivered as a fractionated 

doses of gamma radiation for one month (2 Gy each 

3 days). Group 4 (I+A: Irradiated+AFA extract 

treatment): the rats had a mixture of irradiation 

(same as group 3) plus a month's oral intake of AFA 

extract. 

Histological and Histochemical Studies 

After one month the control rats and the treated 

groups were sacrificed and small pieces of 

cerebellum were taken for the histological and 

histochemical studies. Specimens were prepared via 

fixation in 10% neutral buffered formalin solution 

and Carnoy’s fluid. Paraffin sections of 5μm 

thickness were prepared and stained with Harris 

haematoxylin and eosin (Hx&E). The 

polysaccharides were detected by PAS (Periodic 

Acid-Schiff) method. Toluidine blue stain was used 

to detect Nissel granules.6  

Immunohistochemical Study 

Caspase-9 immunostaining was done to detect 

programmed cell death or apoptotic changes in the 

various study groups.17 

GFAP immunostaining was conducted to detect glial 

fibrillary acidic protein, a protein found in glial 

cells.18 

Morphometric Analysis 

The image analyzer (Image J 1.46r) was used to 

obtain morphometric data as follows: 

The carbohydrate content of the cerebellar cortex 

neuronal cells using PAS-stained sections at 400x 

magnification. 

 The mean apoptotic changes of the cerebellar

cortex neuronal cells using Caspase-9

immunostained sections at 400x magnification.

 The mean content of fibrillary acidic protein in

glial and neural cells using GFAP

immunohistochemichal stained sections at 400x

magnification.

 Previous measurements were calculated from each

animal in each group in five non-overlapping

fields / section in five serial sections / rat.

Statistical Analysis 

All statistical analyses were performed via 

Paleontological Statistics Version 3.0 (PAST 3.0) 

statistical software.19 The data obtained was 

represented as mean standard deviation (SD) and 

analyzed using variance analysis (ANOVA). The 

level of statistical significance was described as 

p<0.05. 

RESULTS 

Histological and Histochemical Results  

In Group I, (C, control);  The light microscopic 

examination of the control group's H&E stained 

cerebellum sections showed that there were three 

layers of the cerebellar cortex: the molecular layer, 

the Purkinje cell layer, and the granular layer (Fig. 

1). Nerve fibers and dispersed cells make up the 

molecular layer. The middle layer of the Purkinje 

cell was composed of broad pyriform cells with clear 

vesicular nucleus clustered in a row along the 

granular layer's upper margin. The cerebellar 

cortex's innermost layer, directly contiguous to the 
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cerebellar medulla (white matter), was the granular 

layer. This layer consists of small, rounded, tightly 

packed cells with nuclei that are deeply stained 

(Fig.2). In the cerebellar medulla (white matter), 

littered neurons were found with their nerve fibers 

and endothelium-lined capillaries (Fig.2). 

Periodic Acid Chief (PAS) stained cerebellar 

medulla and cortex showed efficient PAS response 

on normal neurons (Fig. 3, 4, 25 and Table 1). 

Toluidine showed a strong blue stain in the perikarya 

of normal Purkinje cells in the cerebellar cortex of 

Nissel granules (Fig. 5, 6). For group 1&2, 

immunohistochemical studies of brain sections 

showed a mild expression of Caspase-9 

immunostaining for neuronal cell bodies and glial 

cells (Figs. 7, 8 Fig. 26, and Table 1) also, for group 

1&2, GFAP immunostaining (glial fibrillary acidic 

protein– the characteristic intermediate filament 

protein of astroglia) for neuroglial and neuronal cells 

processes which rich in intermediate filament 

containing fibrillary acidic protein expressed brown 
in color (Fig. 21, 22). 

Group II (A, AFA extract treatment): Displayed 

the same light microscopic appearance as the control 

group I 

Group III (I, Irradiated): Examination of H&E 

stained cerebellar cortex sections of irradiated rats 

revealed distorted Purkinje cells of different shapes. 

Either degenerated or with karyolytic nuclei, some 

Purkinje cells appeared (Figs. 9, 10). With the 

shrinkage of their cytoplasm and nucleus pyknosis, 
degenerated Purkinje cells emerged.  

The PAS reactions of the cerebellar medulla portion 

of this group suggested mild PAS reactions in 

degenerated neurons and moderate reactions in some 

normal neurons. (Fig. 11, 25, and Table 1.). 

Toluidine blue stained sections of cerebellar cortex 

parts displayed a weak reaction to Nissel granules in 

the perikarya of some Purkinje cells and in 
degenerated cells (Fig. 12, 13).  

Immunohistochemical investigations performed  post 

irradiation of rats, showed a significantly increased 

Caspase-9 expression in degenerating neuronal cell 

bodies, degenerating neurons in comparison to the 
control groups (Figs. 14, 15, 16, 26 and Table 1). 

Also, for cerebellum sections of rats showed a 

significant decrease in GFAP immunostaining 

expression in comparison to the control groups (Fig. 
23, 27 and Table 1).  

Group IV protective group (I+A, Irradiated 

+AFA extract treatment):        
A light microscopic examination of group IV H&E 

stained cerebellum, the Purkinje cell layer with near 

normal cells, was shown (Fig.17). Most cerebellar 

medulla neurons have maintained their normal 

appearance, but some neurons still tend to be 

degenerated with a slightly congested capillary 
(Fig.17). 

In almost normal neurons, the cerebellar medulla 

stained with (PAS) displayed a strong PAS reaction 

(Fig.18, 25 and Table 1). The Toluidine blue stain 

displayed a strong blue stain of Nissel granules in the 

perikarya of almost normal Purkinje cells in the 

cerebellar cortex, although poor reaction was 

observed in some degenerated Purkinje cells (Fig. 
19). 

Immunohistochemical sections showed marked 

significant decrease in Caspase-9 immunostaining 

expression in degenerating neuronal cell bodies, 

degenerating neurons and degenerating glial cells in 

comparison to the irradiated group (Figs. 20 , 26 and 

Table 1). 

Also, for cerebellum sections of rats in protective 

group showed significant increased GFAP 

immunostaining expression in comparison to the 
irradiated group (Fig. 24, 27 and Table 1). 

Fig.1: A photomicrograph of  the molecular layer (M), 

Purkinje cell layer (P) and granular layer (G) of the 

controlled adult rat cerebellar cortex (H&E, X200) 

Fig.2: A photomicrograph  displaying the Purkinje cell 

layer of a control adult rat cerebellar cortex comprises 

large pyriform cells with vesicular  nucleus (P) and the 

granular layer comprises crowded small cells with 

intensily stained  nucleus (G) (H&E, X400) 

G 

P

M 
G

P 
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Fig.3: A photomicrograph of a control cerebellar cortex 

of adult albino rat displaying strong PAS +ve reaction 

in neuronal cell bodies ,in neurons cell membranes (red 

arrows) and in glial cells (black arrow).(PAS, X400) 

Fig.4: A photomicrograph of the adult rat control 

cerebellar medulla displaying a heavy PAS reaction of 

normal neurons (black arrow). (PAS, X400) 

Fig. 5: A photomicrograph of the adult rat control 

cerebellar cortex displaying a heavy basophilic stained 

cytoplasm surrounding the nucleus indicating high 

cellular content of Nissel granules in the perikarya of 

Purkinje cells (black arrow). (Toluidine Blue, X400) 

Fig. 6: A photomicrograph of the adult rat control 

cerebellar cortex displaying a heavy basophilic stained 

cytoplasm surrounding the nucleus indicating high 

cellular content of Nissel granules in the perikarya of 

Purkinje cells (black arrow). (Toluidine Blue, X400) 

Fig.7: A photomicrograph of a control cerebellum of 

adult albino rat displaying mild expression of Caspase-

9 immunostaining in neurons (red arrows) and in glial 

cells (yellow arrows) of the cerebellar cortex. (Caspase-

9 immunostaining, X400). 

Fig. 8: A photomicrograph of a control cerebellum of 

adult albino rat displaying mild expression of Caspase-

9 immunostaining in neuronal cell bodies of the 

cerebellar cortex (black arrow). (Caspase-9 

immunostaining, X400) 
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Fig.9: A photomicrograph of the molecular layer (M), 

the Purkinje cell layer (P), and the granular layer (G) of 

the irradiated adult rat cerebellar cortex. With different 

shapes, most of the Purkinje cells appear distorted, 

(black arrow) and others with Pyknotic and karyolytic 

nuclei (K). (H&E, X400) 

Fig.10: A photomicrograph of degenerated neurons (D) 

of the irradiated adult rat cerebellar medulla. (H&E, 

X400) 

Fig.11: A photomicrograph displaying a moderate PAS 

reaction of some normal neurons (black arrow) and a 

mild PAS reaction in degenerated neurons (D) of an 

irradiated adult rat cerebellar medulla. (PAS, X400) 

Fig.12: A photomicrograph displaying a weak reaction 

of Nissel granules in the perikarya of some Purkinje 

cells (red arrow) and degenerated cells (black arrow) of 

the irradiated cerebellar cortex of an adult rat 

(Toluidine Blue, X400) 

Fig. 13: A photomicrograph of Irradiated adult rat 

cerebellar cortex displaying weak basophilic stained 

cytoplasm surrounding the nucleus indicating low 

cellular content of Nissel granules in the perikarya of 

Purkinje cells (D). (Toluidine Blue, X400) 

Fig. 14. A photomicrograph of the irradiated 

cerebellum of adult albino rat showing strong 

expression of Caspase-9 immunostaining in 

degenerating neuronal cell bodies (Red arrow) 

(Caspase-9 immunostaining. X400). 

P

K

G

M

D

D

D

207



AIMJ December 2020 

Fig. 15. A photomicrograph of the irradiated 

cerebellum of adult albino rat showing strong 

expression of Caspase-9 immunostaining in 

degenerating neuronal cell bodies (Red arrow). 

(Caspase-9 immunostaining, X400). 

Fig. 16.  A photomicrograph of the irradiated 

cerebellum of adult albino rat showing strong 

expression of Caspase-9 immunostaining in 

degenerating neuronal cell bodies (Red arrow). 

(Caspase-9 immunostaining, X400). 

Fig. 17. A photomicrograph of Irradiated+AFA extract 

treatment adult rat cerebellar cortex displaying the 

molecular layer (M), the Purkinje cell layer (P) and the 

granular layer (G). There are almost near normal cells 

in the Purkinje cell layer. (H&E, X400). 

Fig.18. A photomicrograph of the treatment of adult rat 

cerebellar medulla with Irradiated+AFA extract shows 

a strong PAS reaction of almost normal neurons (Red 

arrow). (PAS, X400) 

Fig. 19. A photomicrograph of Irradiated+AFA extract 

treatment adult rat cerebellar cortex showing strong 

basophilic stained cytoplasm surrounding the nucleus 

indicating high cellular content of Nissel granules in the 

perikarya of Purkinje cells (Red arrow). Nearly similar 

to control group. Note: weak reaction in one 

degenerated Purkinje cell (black arrow)  (Toluidine 

Blue, X400) 

Fig. 20. A photomicrograph of the irradiated 

cerebellum of adult albino rat treated with AFA extract 

showing mild expression of Caspase-9 immunostaining 

in the cerebllar cortex cells (black arrow) in comparison 

to the irradiated group. (Caspase-9 immunostaining, 

x400). 
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Fig. 21. A photomicrograph of a control cerebellum 

showing the major intermediate filament-rich astroglial 

processes in dark brown in the molecular layer (ML), 

Purkinje layer (PL) and granular layer (GL) of the 

cerebellar cortex of adult albino rat. (GFAP, X400) 

Fig. 22. A photomicrograph of a group II (AFA extract 

treatment) cerebellum showing the major intermediate 

filament-rich astroglial processes in dark brown in the 

molecular layer (ML), Purkinje layer (PL) and granular 

layer (GL) of the cerebellar cortex of adult albino rat 

(GFAP, X400)   

Fig. 23. A photomicrograph of the irradiated 

cerebellum showing weak expression of GFAP 

immunostaining in comparison to the control group of 

adult albino rat. (GFAP, X400)   

Fig. 24. A photomicrograph of Irradiated+AFA extract 

treatment showing strong expression of GFAP 

immunostaining in comparison to the irradiated group 

adult rat cerebellar cortex. (GFAP, X400)   

Parameters 

Study Groups 

Optical Density of the 

PAS+ve expression in the 

cerebellar neuronal cells. 

Optical Density of the 

Caspase-9+ve expression in 

the cerebellar neuronal cells.  

Optical Density of the 

GFAP+ve expression in 

the cerebellar neuronal 

cells. 

Group 1(C) 

Group 2 (A) 

Group 3 (I) 

Group 4 (I+A) 

1.31±0.01 

1.28±0.01 

0.67±0.01 

1.14±0.01 

0.89±0.01 

0.92±0.01 

1.82±0.01 

0.99±0.01 

1.43±0.01 

1.39±0.01 

0.72±0.01 

1.19±0.01 

Table 1: Optical Density of the PAS+ve, Caspase-9+ve and GFAP+ve expressions in the in the cerebellar 

neuronal cells for the different groups of the study expressed as mean ± SD. 

GL

PL

ML

ML
PL

GL
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* Significant decrease in the level of parameters relative to the control group (P<0.05).

Fig. 25: The Optical Density of the PAS+ve expression in the cerebellar neuronal cells for the different groups of 

the study relative to the control group. 

*Significant increase in the level of parameters relative to the control group (P<0.05).

Fig. 26: The Optical Density of the Caspase-9+ve expression in the cerebellar neuronal cells for the different 

groups of the study relative to the control group. 

*Significant decrease in the level of parameters relative to the control group (P<0.05).

Fig. 27: The Optical Density of the GFAP+ve expression in the cerebellar neuronal cells for the different groups of 

the study relative to the control group. 
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DISCUSSION 

Degenerative impacts of ionizing radiation produced 

on human body should be taken into consideration as 

it is used on a large scale in diagnosis, therapy and 

industry.20,21 Experimental animal studies have 

shown that exposure to ionizing radiation causes 

oxidative stress in different tissues.22,23 Water is the 

substance most common in our bodies. The splitting 

of radiation and radiolysis of water molecules is the 

key event in inducing biological damage to the 

different tissue types.24 Water molecules absorb 

energy and produce free radicals.25  

The interaction between ionizing radiation and the 

biological system has produced reactive oxygen 

species (ROS).26,27 ROS affects the cell membrane 

significantly, inducing peroxidation of the lipids that 

damage the cells.28,29 ROS is produced in living 

organisms from water and oxygen which reacts with 

different intracellular components including DNA, 

protein, lipids, carbohydrates. This reaction causes 

genetic damage and abnormal function of the 
cells.30,31 

Cerebellar neuronal cells are at particular risk of 

destruction by induced free radicals for two reasons; 

first, brain contain high amount of iron (free form) 

that is catalytically involved in production of ROS 

and second, brain has a relatively deficient 

antioxidant defence mechanisms.32 The goal of the 

current research was to evaluate the protective 

potential impact of AFA using simple techniques of 

histology, histochemistry and immuno-

histochemistry on the cerebellar toxic model induced 
in irradiated tissue.  

This work demonstrated that normal overall structure 

of the control rats' cerebellar cortex and medulla. The 

reported histological organization of the normal 

cerebellum structure was consistent with these 

observations.33 This suggested that the rats being 
examined were healthy.  

In the present study, histopathological analysis of 

irradiated rats' cerebellar cortex showed various 

effects; distorted Purkinje cells, often organized into 

two layers. Their nucleus pyknosis and vacuolation 

areas imply cell loss with their cytoplasm shrinking, 

some Purkinje cells have degenerated. Immuno-

histochemical study of the irradiated cerebellum 

showed strong expression of Caspase-9 

immunostaining in degenerating neuronal cell bodies, 

in degenerating neurons and in degenerating glial 

cells of the cerebral cortex in comparison to the 

control group. Purkinje cell degeneration might refer 

to cerebellar dysfunction these disturbances are 

because of the overt adverse impact of irradiation on 

the biological system or the indirect impact following 

irradiation of the released free radicals in the 
body.30,31  

Some laboratory studies attributed this effect to the 

increased ROS production associated with C.N.S 

complications such as cerebrovascular complications, 

reduced cerebral blood flow, blood-brain barrier 

disturbance and cerebral oedema.30,31 These 

complications eventually are the base for the long-

term complications that associated with radiation 

exposure such as histological and morphological 

abnormalities. Cerebellum susceptibility to oxidative 

stress induced by ROS is attributable to the fact that 

it uses around one-fifth of the body's overall oxygen 

demand and is relatively low in antioxidant 
enzymes.34  

In the current study it was found that the architecture 

of the irradiated group cerebellar medulla was altered 

in shape (degenerated neurons with congested dilated 

capillaries). The congested capillary can impair the 

cerebellar tissue’s supply of nutrition and oxygen. 

Since neurons need relatively large amounts of 

oxygen because of their high metabolic rate.35 

Oxygen deprivation (anoxia) may contribute to the 

degenerative changes found in the irradiated 

treatment group's neurons. 

Reaction of Periodic Acid Schiff (PAS) in which 

regions of accumulation of mucopolysaccharide emit 

a red color will reveal mucopolysaccharides content 
in the neuronal cytoplasm.36  

In the current study, the cerebellar medulla of 

irradiated rats displayed a weak PAS reaction, 

indicating a decrease in the quantity of 

mucopolysaccharides in their cytoplasm. Some 

authours stated this earlier.37 In their research, where 

the content of glycogen in the whole brain was 

documented to decline after lithium therapy. 

In the present study, the irradiated group cerebellar 

cortex examination indicated a pale toluidine blue 

staining reaction in cytoplasm indicating low cellular 

content of Nissel granules in the degenerated 

Purkinje cells compared to that of the control group. 

This result was associated with a reduced protein 

synthesis rate under ageing, stress, and toxicity of 
drugs in the rat cerebellum.9   

The fact that dietary antioxidants have a significant 

role in the defense against the harmful impacts of 

oxidative stress on cells is well known.30 Essential 

fatty acids are more commonly present in AFA, such 

as Omega-3 and Omega-6 fatty acids. Omega-3 

usage was observed to scavenge free radicals and 

ROS.32 Also, Omega-3 usage showed a good 

therapeutic effect in some neuropsychiatric disorder 

in which ROS are accused to be a key 
physicopathogenetic factor.30  

Moreover, AFA can protect Cerebellum via 

production of low molecular weight peptides that are 

neurotransmitters precursors which initiate secretion 

of other substances (such as hormones) and influence 
metabolic functions.7,8 

Inspection of the cerebellar cortex of protected group 

of rats undergoing Irradiated + AFA extract therapy 

in the current study revealed that the majority 

Purkinje cell layer appear similar to normal, the 

layers of granular and molecular cells were nearly 

normal. Furthermore, in the cerebellar medulla, most 

of the neurons maintained their usual looks, but there 

were still reports of some degenerated neurons and 

slightly congested capillaries. As dopaminergic 

toxicity is inhibited by its supplementation and 

protects neurons against oxidative stress, this could 
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be attributable to the AFA extract's protective 
impact.8 

AFA extract is concerned with protecting against 

reactive oxygen species (ROS) inducing cell 

damage.7,8 and thus attenuating the toxic impact on 

the cerebellum of rats. AFA extract's beneficial 

antioxidant effects on cells in the brain were due to 

its effect on glutathione elevation, Lipid peroxidation 

reduction and protection against the death of cells.7,8  

By minimizing oxidative stress and restoring the 

status of antioxidants, AFA extract may thus 
effectively prevent tissue damage. 

Also, we suggest that increases of GFAP expression 

in Irradiated+AFA group in comparison to the adult 

rat irradiated group cerebellar cortex which observed 

is a mechanism for neuroprotection this observation 
was in agreement with.38 

CONCLUSION 

The negative effect of radiation exposure should be 

kept in mind through chronic use. Significant effects 

of AFA supplement against the degenerating effects 

of radiation on cerebellum. Thus, these results 

indicate that AFA supplement can be used as an 

efficient tool for radio protection and cellular safety. 
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