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Abstract  
The aim of this study was to  evaluate the effect of x-ray exposure on some physiological 

parameters  and pathological lesions in the brain on male rabbits . 

  Twenty  male rabbits were randomly divided into two groups (10/group) control(C) and 

group exposed to 100kilorad  (Cx) .After three months was showed  there was a significant 

increase(p<0.05) in the Malondialdehyde (MDA)level  and Ach esterase   activity , significant 

decrease (p<0.05) in reduced glutathione  (GSH) level in brain tissue and a significant increase 

(p<0.05)   in MDA , glucose  ,total cholesterol(TC) ,triacyglyserol (TAG), low density 

lipoprotein (LDL),  very low density lipoprotein (VLDL) in the serum and a significant decrease 

(p<0.05) in high density lipoprotein (HDL)  and protein concentration in the  serum group  which 

exposed to x-ray compare with  the control group . 

 The microscopical examination was shown in the Cx group brain tissue  characterized by 

necrosis and  congestion compare with control group . In conclusion , the  100kilorad  x-ray 

exposure in male rabbits  showed increase in the oxidative stress markers and  Ach esterase 

activity  in brain tissue and  serum ,pathological lesions in the brain tissue of male rabbits  . 
 

 المستخلص
انخٍ  ُسجُت ( عهً بعط انًعبَُر انىظُفُت والافبث انX RAY أٌ انهذف يٍ انذراست انحبنُت  هى حقُى حأثُر اشعت اكس )

اراَب نكم  01حسببهب فٍ َسُج ديبغ ركىر الاراَب. قسًج عشىائُب عشروٌ يٍ ركىر الاراَب انً يجًىعخٍُ )

ط ع( نًذة ثلاثت اشهر, وعُذ دراست ب011Kilorad( )Cxظت انً )( وانًجًىعت انًعر Cيجًىعت(يجًىعت انسُطرة )

( و َشبط اَسَى الاسخُهكىنُُبسخرَس MDA( فٍ يسخىي انًبنىَذَهبَذ )P<0.05انًعبَُر انفسهجُت  نىحع زَبدة يعُىَت )

(AchE( ٌيع اَخفبض يعُى )p<0.05( ٌفٍ يسخىي انكهىحبثبَى )GSHفٍ َسُج انذيبغ.كًب نىحع زَبدة يع ) ُىَت

(p<0.05 فٍ يسخىي )MDA ( ٍوانكهكىز و انكىنُسخرول انكهTC(وانثلاثٍ اسُم كىنُسخرول )TAG وانشحىو انبروحُُُت )

( فٍ يسخىي انشحىو انبروحُُُت انعبنُت P<0.05( فٍ انًصم يع اَخفبض يعُىٌ )VLDL( وانىاطئت جذا)LDLانىاطئت )

(HDL ٍوحركُس انبروحٍُ انكهٍ فٍ يصم كم ي ) انًجًىعت انًعرظت نلاشعت ببنًقبربت  يع يجًىعت  انسُطرة. اوظح

 انفحص انًجهرٌ نُسُج انذيبغ نهًجًىعت  انًعرظت نلاشعبع وجىد حُخر يع احخقبٌ يقبرَت يع يجًىعت انسُطرة.

الاجهبد ( يٍ اشعت اكس َسبب زَبدة فٍ دلائم 100kiloradَسخُخج يٍ  انذراست انحبنُت اٌ حعرض ركىر الاراَب  نـ) 

 فٍ انذيبغ .َسجُت انخأكسذٌ وزَبدة فٍ َشبط اَسَى اسُخُم كىنٍُ اسخرَس فٍ َسُج انذيبغ وانًصم  يع افبث 
 

Introduction 
 

Living organisms are continually exposed to ionizing radiation in nature as well as from 

nuclear weapons testing, occupations, consumer products, and medical procedures. The radiation 

from all of these sources together is called natural background radiation and is estimated to measure 

180 to 200 mrem/person/y(1,2). Exposure to Uranium, Radium and  Thorium, which occur 

naturally, are normally isolated geologically from the  environment under shale and quartz. Man is 

responsible for disturbing them, digging them up and  contaminating the  environment.( 3, 4) 

Some early medical and dental users of x-rays, largely unaware of the hazards involved, 

accumulated considerable doses of radiation. As early as the year 1910, there were reports of cancer 

deaths among physicians, presumably attributable to x-ray exposure.(5) Skin cancer was a notable 

finding among these early practitioners; dentists. Ionizing radiation is a form of radiation with 



Journal of Kerbala University , Vol. 12 No.1 Scientific . 2014 
 

222 

sufficient energy to remove electrons from their atomic or molecular orbital shells in the tissues 

they penetrate (6,7). These ionizations, received insufficient quantities over a period of time, can 

result in tissue damage and disruption of cellular function at the molecular level. Of particular 

interest is their effect on deoxyribonucleic acids (DNA).(8)  

High doses of ionizing radiation can lead to various effects, such as skin burns, hair loss, birth 

defects ,illness,  cancer, and death. Within the same individual, a wide variation in susceptibility to 

radiation damage exists among different types of cells and tissues.   Most sensitive are the white 

blood cells called lymphocytes, followed by immature red blood cells(9,10). Epithelial cells, high 

sensitivity; in terms of injury from large doses of whole-body external radiation, the epithelial cells 

which line the gastrointestinal tract are often of particular importance. Cells of low sensitivity 

include muscle and nerve, which are highly differentiated and do not divide(11). Delayed somatic 

effects of ionizing radiation result from somatic mutations and accumulated damage, and include 

impaired circulation, necrosis, fibrosis of skin and muscle tissue, loss of hair, loss of taste, impaired 

bone growth, susceptibility to disease, immunodeficiency, aplastic anemia, cataracts, and increased 

incidence of cancer.(12) 

Humans are continually exposed to radiation from terrestrial sources. The risk of developing 

cardiovascular disease in patients exposed to radiation for diagnostic and therapeutic purposes, and 

from occupational radiation exposure remains a health concern. Cancer induction is the most 

important somatic late effect of low-dose radiation exposure. (2) 

Leukemia is one of the most frequently observed radiation-induced cancers.(1,5) It accounts for 

one sixth of the mortality associated with radio carcinogenesis (13), with equal numbers of cancers 

of the lung, breast, and gastrointestinal tract. Thyroid cancer is also a concern for low-level 

exposure and late radiation effects, possibly accounting for 6% to 12% of the mortality attributed to 

radiation induced cancers.(1). Breast cancer is the major concern for women exposed to low-level 

radiation because of its high incidence in the unexposed population.5. Cancers of the stomach, 

colon, liver, pancreas, salivary glands, and kidneys are also induced by radiation (14) 

The risk of radiation-induced bone, lung,(15) and skin cancers(16)is higher than other systemic 

cancers. Because radium is a bone-seeking element with a half-life of 1,600 years incidence of bone 

sarcomas (17). Acute CNS risks include altered cognitive function, reduced motor function, and 

behavioral changes, all of which may affect performance and human health. Late CNS risks are 

possible neurological disorders such as Alzheimer’s disease, dementia, or premature aging (1). 

The main objective of the present  study was to evaluate    the  effect of chronic effects of 

ionizing radiation in the brain tissue  of male rabbits  by estimation   of  some physiological  

parameters in brain  tissue and in the plasma and  histopathological study of brain  . 
 

Material and methods 
Experimental Protocol. A total of 20 three-month-old male  rabbits(`1000–1500 g) were 

collected from animal house of Bagdad university .. After four weeks of acclimatization, the rabbits  

were randomly divided into two  groups with ten  animals in each group, control group (C) and 

treated  group Cx (exposure to X –ray a 100kiolorad  for three months)  . Ninety days after x-ray 

exposure ,  overnight fasting, 5ml   Blood samples were collected  by cardiac puncture  in plane 

tubes from all rabbits. The blood sample tubes were centrifuged at 3000 rpm for 2-5 minutes then  

serum separated to be stored at (-20ºC) to determine GSH ,  MDA  and Acetyl cholin esterase 

AChE activity in the  serum and brain total cholesterol (TC) ,glucose and protein in the serum  . 

Determination of AChE activity:-   After getting the blood, rabbits have been killed and remove 

brain quickly and placed in containers that contain cool saline to remove blood and then the organs 

either  are fixed in containers that contain 10% formaldehyde solution to prepare tissue sections.     or 

quickly placed in containers that contain ice- cool saline to extract enzyme( brain tissue obtained  

for Ach esterase   activity estimation and  lipid per oxidation and histological sections ) (18). 

 Extraction Acetylcholinesterase method(19).  The brain of male rabbit (5g) were homogenized in 

a glass Teflon homogenizer, containing 30ml of homogenization buffer (solution.2), in cool bath for 
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15 min and then centrifuged at 2,000 × g for 20 min at 4 ºC.. In this work, AChE activity in the  

rabbit brain, was determined colorimetrically by(20).    
Preparation of extract and determination of lipid peroxidation ,   brain removed and (0.5 g) was 

homogenized in ice-cold physiological phosphate buffer,  lipid peroxidation  was determined 

colorimetrically by The absorbance of the supernatant   obtained was read at 532 nm against the 

reagent blank. 

 Brain and serum   glutathione (GSH) :-  All analytical methods such as, photometric enzymatic, 

flourometric and HPLC methods, that used to determine tissues homogenate, erythrocyte and serum 

glutathione (GSH) depend on the action of sulfhydryl groups.5, 5 Dithiobis (2-nitrobenzoic acid ) 

(DTNB) is a disulfide chromogen that is ready reduced by sulfhydryl group of (GSH) to an intensity 

yellow compound . The absorbance of the reduced chromogen is measured at 412 and is directly 

proportional to the GSH concentration.(22). Serum Protein concentration determination was 

performed as follows  ) 24), serum total cholesterol and Triacylglycerol concentration  estimation 

and high density lipoprotein (HDL-C) ,low density lipoprotein (LDL-C) and very density 

lipoprotein VLDL-C estimation as follows (25).  
 

Statistical analysis 
All the experiments were performed induplicate measurements and the results are shown as the 

mean ± S.E.Statistical analysis of data was performed with repeated measures analysis of variance 

(ANOVA) and P≤0.05 were considered to be significant also use LSD  and SPSS statistical 

program (26) 
   

Results and discussion 
The tables (1)  illustrated  the mean  values  of  MDA (1.26±0.003)µg/dl in the serum  treated 

rabbits   are  significant  increased (p<0.05)  when compared to the control  group(0.39±0.02) µg/dl 

while the same table cleared the significant  decrease (p<0.05) and protein concentration 

(2.11±0.33)g/dl in serum  GSH compared with control group . 

 The  current study  showed  a significant increase (p<0.05) in mean values of TC , TAG, LDL 

and VLDL observed in x-ray exposure group  when  compared to the  control table (1), this result 

agreement with (27)  which showed that from 20 days after total body irradiation , a progressive 

increase in total serum cholesterol was seen. Low-density lipoprotein cholesterol progressively 

increased to a peak value of 82 ± 8 mg/dl at 80 days compared with 13 ± 3 mg/dl in un irradiated 

rats. There was also a transient increase in triglyceride levels 40 days after total body irradiation , 

which then declined to values present in un irradiated rats by 100 days . A single exposure to 15–60

Gy exerts an adverse long-term effect on cardiovascular function in the rat, resulting in 

morphological degeneration (28), mechanical dysfunction (29), damage to the endothelium and 

increased mortality (28), It has been suggested that radiation-induced cardiac injury is mediated by 

micro-vascular injury caused by inflammation and oxidative stress( 30)but further studies are 

needed. Free radicals are generated during long-term exposure to extremely low levels of radiation, 

which will exhaust our defenses unless our body has an abundant reserve of antioxidants(27). free 

radicals” are formed and may play an important role in both cancer and aging. There is some 

evidence that these radicals are generated continually at a low rate as a byproduct of certain normal 

biochemical reactions in living cells, and that radiation simply accelerates their formation ( 31). 
 

Table (1) effect of x-ray exposure on some serum physiological parameters on male rabbits 
     Parameter  

Groups  

MDA 

µ/dl 

GSH 

µ/dl 

TC 

Mg/dl 

TAG 

Mg/dl 

HDL 

Mg/dl 

LDL 

Mg/dl 

VLDL 

Mg/dl 

Glucose  

mg/dl 

Protein 

g/dl  

C 0.39 

±.002 

20.36 

±.61 

99.51 

±2.68 

87.53 

±1.35 

32.67 

±.62 

66.35 

±.56 

24.68 

±.81 

98.31 

±2.11 

5.47 

±.60 

Cx 1.26* 

±.003 

6.38* 

±.44 

233.24* 

±6.84 

191.24* 

±1.71 

14.07* 

±.39 

167.91* 

±.45 

40.02* 

±.57 

201.22* 

6.95 

2.11* 

±.33 

Mean ±SE n=10 (*)denote significant  to differences under p≤0.05 

C=control group , Cx = x-ray exposure for three months  
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Table (1)also illustrated the significant increase  (P≤0.05) in mean value of glucose  (201.31±6.95) 

mg/dl in treated group  compare with the control  group ... Pancreatic beta cells are sensitive to 

reactive oxygen species (ROS) attack when they are exposed to oxidative stress, because of the 

relatively low expression of antioxidant enzymes such as catalase and glutathione peroxidase. 

Diabetes is typically accompanied by increased production of free radicals and/or impaired 

antioxidant defense capabilities, indicating a central contribution of reactive oxygen species. It is 

also a fact that ROS is one of the major factors that induce oxidative modification of DNA and gene 

mutation (27). 
 

 Table (2) effect of x-ray exposure on MDA and GH and Ach esterase  on brain tissue in male rabbits 
   

Parameter 

Groups 

 

MDA 

µ/dl 

GSH 

µ/dl 

Ach 

esterase 

uI/mg 

C 0.36 

±0.072 

18.15 

±0.059 

0.58 

±0.02 

Cx 0. 98* 

±0.065 

6.82* 

±0.041 

3.84* 

±0.01 

                              Mean ± SE  * denote to deference under p ≤0.05 

                               C=control group , Cx =x-ray exposure  for three months group 

  

Table (2) showed significant (P≤0.05) increase  in MDA level  of brain tissue (0.98±0.065)µ/dl 

compare with control group (0.36±0.072), while the same table illustrated the significant  decrease 

in GSH concentration in group which is exposed 100kilorad x-ray for three months 

6.82±0.041)compared with control group (18.15±0.059 ). 

group Cx have shown a significant (P≤0.05) increase in mean value of  Membrane -bound 

enzyme acetylcholinesterase specific activity level  compared to  control group  ,  increase TC and 

TAG , LDL and VLDL in the serum  showed an increase in cholesterol levels and Brain 

acetylcholinesterase (AChE) activity ,also previous studies showed that the increase in brain lipid 

peroxidation and decrease in antioxidant enzyme activities increased AChE activity (32). 

The study of the effects of radiation on the nervous system  particularly difficult  because of the 

system own morphological and functional complexity  , the response of the nervous system of man 

and on the effects of radation upon it are scanty and come mainly from survivors of nuclear 

bombings at Hiroshima and Nagasaki , patients irradiated for medical reasons ,people 

occupationally exposed and people irradiated accidently(33)  . Ionizing radiation damages 

biological tissues by exciting or ionizing their atoms and molecules. Depending on the radiation 

dose and the biochemical processes altered, damage may be prompt (34,35) The ionization events 

and free radicals produced by radiation cause damage to vital cellular components. Cell death 

during mitosis (mitotic death) is generally caused by unrepaired or improperly repaired 

chromosomal damage. Cell death may also occur by apoptosis (6. 36 ).  

The histological sections in figures (2) and(3) showed that there were necrosis  , fibrosis and 

congestion compared with control , this result aggrement with(37),this is probably a reflection of 

reduced aerobic metabolism of the brain tissue.  Astocytes may become hypertophic within three 

weeks or longer after doses of 100 rads or morethis being a reflection of altered vascular 

permeability to proteins, oligodendroglial cells associated with the myelination process ,undergo 

acute swelling or hypertrophy also a wide dose range (38,39).  
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Figure (1) histological section of brain tissue in control group (H&E10X) 

 

Figure (2) histological section of brain tissue in treated group show necrosis          )(H&E10X) 

 

 

Figure (3) histological section of brain tissue in treated group show necrosis 

(          ) and congestion (          ).(H&E10X) 
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