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Calcium is the central regulator of excitation-contraction coupling, which controls muscle contraction during 
each heartbeat,[13]. Contraction of heart cell is initiated by a transient rise in intracellular calcium ion levels 
where small alteration in it, can form functional changes in cardiac output. This indicates thatelevation in 
heart calcium level by gamma exposure will cause the shortage in its function, [14]. According to previous 
studies, gamma irradiation has toxic effect on hepatic cells, which led to significant increase of histological 
abnormalities (Hepatic vein lesions and cellular necrosis) and liver injury[15], [16], [17]. Investigators have 
reported significant elevation in the activity of liver enzymes after gamma irradiation, serum ALT, AST and 
GGT levels significantly decreased with the different gamma radiation doses in rat blood serum when 
compared with the control, [18], [19], [20]. Because the variation of response to gamma radiation in males 
and females has not been studied yet. Besides, Kurdistan environment may have such sources of gamma 
radiation, which exposed for both human sexes. Therefore, the objective of the current experiment is to 
identify the difference between males and females rats irradiated to gamma ray regarding hemodynamic and 
oxidative stress variables.   
 

Materials and method: 
Irradiation 
     Whole body gamma-irradiation of animals was performed using the Cesium-137 radioactive source of 2.5 
MBq activity which provide a uniform gamma-ray exposure of about 2.2 mR/h at a distance 10 cm from the 
source. The rats exposed to this gamma-ray exposure rate for 14 days and thus received an approximate dose 
of 0.743 Gy.    

Animals and housing 
     Adult male and female albino rats (Rattus norvegicus) were used in this study. All rats were weighing 
about (240 - 280 gm.) and (7-9) weeks of age at the time when the experiment started. Animals were housed 
in plastic cages bedded with wooden chips. They were housed under standard laboratory conditions. The 
animals were given standard rat pellets and tap water ad libitum. The employed experimental animals were 
met the criteria of ethic rules of the supervising committee of College of Science 
 

Experimental Design 
     This experiment was designed to study the effects of gamma exposure on some hemodynamic, liver 
function and serum electrolyte measurements. Twenty-four rats were randomly divided into four groups, 
each with six individuals and the treatments were continued for 2 weeks as the following: Group 1 and 2 
(Control), the rats (males and females) were given standard rat chow and tap water ad libitum and the 
animals were not exposed to whole body gamma-radiation. Group 3 and 4:  The rats (males and females) 
were given standard rat chow and the animals were  whole body gamma irradiated with 0.743 Gy of gamma-
ray  . 

Collection of blood samples 
     At the end of the experiment, the rats were anesthetized with ketamine hydrochloride (50 mg/kg). Blood 
samples were taken by cardiac puncture into chilled tubes and centrifuged at 3000 rpm for 20 minutes; then 
sera were stored at -85C0 until assay. 

Blood pressure and heart rate measurement  
     At the end of the experiment, systolic BP and heart rate the blood pressures of rats were measured by the 
tail-cuff method in all groups using a power Lab (ADInstruments, power lab 2/25).   Rats were placed in a 
restraining chamber and warmed to an ambient temperature of about 37C0 typically taking about 15 minutes 
after that occluding cuffs and pneumatic pulse transducers were placed on the rats' tails. Five readings were 
taken for each rat, the highest and lowest and any associated with excess noise or animal movement were 
discarded.  The equipment was calibrated every time before using by comparison with a mercury column 
sphygmomanometer. 
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Discussion 
     The present study proposed that gamma- ray (Cesium-137) irradiated rats either males or females evokes 
free radical production with causing tissue injuries by elevating their makers like AST and ALT enzymes 
activities, besideselevating blood pressure. Gamma radiation exposure for two weeks in both male and 
female rats significantly raised oxidative stress marker, measured as MDA level. Several previous studies 
also showed that animals when exposed to cesium-137 irradiation caused lipid peroxidation and increases 
MDA levels, [3], [21], [22] and concomitant the level of antioxidant level rises, [23], [24], [7]. However, a 
study revealed that gamma-radiation which induced oxidative stress it also decreases antioxidant enzyme 
activity, [25]. As obtained from the results, the level of lipid peroxidation was more elevated in females than 
the male rats ( Figure,1), this difference may be due to that female body fats produced more oxidative stress 
in term of lipid peroxidation than males with low fat body mass. [26]. Although, it is well established that 
estrogens and progesterone have antioxidant properties, [27], [28] but their antioxidant activity did not 
override high fat mass composition in females which may highly exposed to peroxidation after animal 
irradiation. 
     The current results shown in Figure 2 and 3, indicated that irradiated female rats for two weeks 
significantly elevated serum AST and ALT activities, while serum AST was increased in high significant in 
irradiated male rats, whereas serum ALT activity did not record significant change. [3]revealed that cesium-
137 irradiated rats showed a significant increase in serum AST levels.  Also [29] observed in their results 
that gamma-irradiation markedly increases serum AST and ALT activities in rats[30] ,[28]. The precise 
mechanisms involved in tissue injuries by cesium-137 irradiated rats have not been fully elucidated. 
Accordingly, the elevation of lipid peroxidation, as MDA by gamma radiation might explain such injuries 
and changes in AST and ALT enzyme markers. [31]. 
      As seen in Figure 3, serum ALT did not change significantly after gamma-irradiation in male rats. The 
reason behind this result is not precisely known, however the possible hypothesis for explaining this effects 
is that testosterone may protect liver injuries, [32] who showed that testosterone may act in part via an effect 
on the key regulatory lipogenic enzymes to protect liver injuries.  Steroid hormone deficiencies may be 
somewhat have roles in protecting free radical formation. One might also argue that, since MDA level was 
highly raised in females rather than males,the data presented here may suggest that female liver may be more 
sensitive to gamma-radiation than males due to low levels of testosterone hormones. 
      In the present study, statistical analysis revealed that irradiated animals for two weeks showed highly 
significant elevation in blood pressure in males, while low significant blood pressure elevation was detected 
in females. There was evidence that radiation induces endothelium dysfunction, [33].Although damage in 
endothelium releases vasoconstrictors like endothelin-1, [34]. On the other hand, this elevation of blood 
pressure did not returned to change in heart rate as obtained from the present result and shown in Figure 5. 
Also [8] demonstrated that irradiation caused to rises in blood pressure without changes in cardiac 
contractility.  
     Furthermore, irradiated animals may alter BK ca+2 channels which strongly related in vascular 
malfunction and arterial hypertension development, [11] and  recently [10] showed that irradiation–evoked 
inhibition of the BK Ca+2 current in aortic vascular smooth muscle cells which mediated by phoshokinase C. 
Interestingly, serum calcium was significantly reduced after gamma-irradiated male and female rats, (Table 
1). Changes in Ca+2 concentration stimulate BK ca+2 channels, [35]. Hence, the explanation of increased 
blood pressure in irradiated rats would be through changes in BK ca+2 channels and consequently changes 
blood pressure. According to the present results, irradiated animals didn't change serum electrolytes, Na+ 
,K+ and Cl-, so it can be concluded that elevated blood pressure may not be associated with electrolyte 
changes. Another possible mechanism for blood pressure elevation related to gamma radiation may due to 
increasing of free radicals, as[36] showed that free radicals constrict vascular smooth muscles. 
 
      In conclusion, our results demonstrated that gamma-ray(cesium-137) irradiated rats could increase tissue 
injury and lipid peroxidation production markers. Interestingly, the elevated blood pressure by gamma-ray 
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exposure was accompanied with elevation in free radicals and calcium ions. However, tissue injuries in both 
male and female rats were observed by radiation, but the results suggested that  female rats liver may be 
more sensitive to injuries than male rats. 
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