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Abstract  Introduction: In the developing world, electrical injury presents a serious issue with high morbidity 

and mortality. Gonads are electrical current-sensitive organs because of their low resistance. Few 

studies have been done on the gonads, even though many have shown the effects of electricity on 

various body organs.  Aim: This work aimed to detect the ovaries' histological changes and assess the 

immunohistochemical expression of caspase-3 at different intervals (immediate, 2h, 24h, 72h & 7 

days) in female albino rats that have been exposed to a non-lethal electrical current.  Methodology: 

Egypt, Minia, Faculty of Medicine, Department of Forensic Medicine and Clinical Toxicology is 

where the current study was conducted. It contained 60 female albino rats, each weighing between 

200 and 250 g. To analyze caspase-3 histopathologically and immunohistochemically, sections from 

the ovaries were processed.  Results: The studied animals' ovaries displayed the presence of ovarian 

trauma with significant histological abnormalities and a significant increase in caspase-3 

expression.  Conclusion: Caspase-3 elevated levels and the histopathological changes supported the 

theory that apoptosis was the main mechanism of the electrical injury to the ovaries. Future fertility 

may be affected by these changes, which may manifest as abnormal ovarian function. 

Recommendations: Further studies on the ovarian changes following electrical injury with different 

time intervals than those used in the present research are recommended. 
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Introduction  
lectrocution is described as death induced by an 

electric shock by which a person's body shows a 

sudden, violent response as a result of an electric 

current flow (Hardjanto et al., 2018). Most of the time 

it is accidental; it occurs in youngsters in a household 

or in adults as an occupation-related hazard that ranks 

as the 4th important factor in traumatic occupational 

deaths. Ventricular fibrillation is suggested to cause 

immediate death if it occurs following exposure to low-

voltage electrical circuits. However, after high voltage 

circuits, it is believed that nervous system central 

suppression is the cause of death with resultant 

respiratory failure (Massey et al., 2018). 

Electrical damage because of interaction with electric 

circuits has become a visible concern since electricity is 

widely used in our lives (Gentges and Schieche, 2018). This 

kind of harm may lead to a direct impact on the body by 

electric current or burns caused by ignited clothes through 

skin contact with warm dissemination or may cause injury 

from either related seriously strong withdrawals or related 

falls (Wang et al., 2005). 

The extent of the injury is evaluated according 

to the electrical currentôs type and intensity, its 

pathway, contact duration, the damage site, and the 

physical circumstances under which the incident occurs 

(Duff and McCaffrey, 2001).  

Incidents due to Ó1,000 voltage occur more often 

(57.71%) than those due to <1,000 voltage (42.29%). The 

fatality rate ranges from 2.35% to 26.7%, reflecting the 

seriousness of electrical accidents and the ease of access 

to specialized burn centers (Shih et al., 2017, Ding et al., 

2020). Clinical sequelae of electrocution appear 

immediately, in hours, days, or even years afterward 

(Wesner and Hickie, 2013). Apoptosis is a biological 

process that requires ATP (Imamura et al., 2020).  

For mammalians, apoptosis is essential in 

normal oogenesis or spermatogenesis and maintains the 

hemostasis of cells. It also sustains the balance between 

germ cells, Sertoli cells, and ovarian follicular cells 

(Aitken et al., 2011). 

Apoptosis serves a vital regulatory role in the 

female reproductive tract's dramatic development and 

degeneration cycles. Apoptosis regulates the ovarian 

resting follicle stock size by causing significant 

attrition of the germ cell through fetal life (Glamoclija 

et al., 2005). Previous researches declared that 

apoptosis was the cause of testicular and ovarian germ 

cells death (Aitken et al., 2011).  

Caspase-3 has been found to be an important 

component in apoptosis and may be a possible target for 

controlling cell death (Machnicka et al., 2012).  That was 

accomplished by the cytoskeletal proteinôs proteolysis, 
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proteins of DNA repair, and suppression of caspase-

activated deoxyribonuclease, which led to morphological 

alterations in the cells and subsequently apoptosis-related 

cell death. (Clark et al., 2000). Additionally, caspases 

have a basic role in apoptosis regulation within the 

seminiferous tubules (Almeida et al., 2013). 

The current work was designed to detect the 

ovaries' histological changes and assess the 

immunohistochemical expression of caspase-3 at different 

intervals (immediate, 2h, 24h, 72h & 7 days) in female 

albino rats that have been exposed to a non-lethal 

electrical current. These intervals were used to determine 

whether the increase in survival time following exposure 

to the electric current had any impact on these alterations. 

Materials and Methods 
Animals  

The current study involved 60 female albino rats; 

obtained from the university animal house, with an 

average weight of 200-250 gm. The Faculty of Medicine, 

Minia University, Minia, Egypt is the place where the 

study was conducted. For the experiment, all animals 

were confined to plastic cages at 22°C, with 50-

60% relative humidity. They were exposed to a 12-hour 

cycle of light and dark. The animals received the standard 

laboratory food and were permitted free use of water. 

Ethical approval  

The Ethical Committee of the Faculty of 

Medicine, Minia University, Egypt confirmed this 

study and its guidelines were followed for the use and 

care of laboratory animals (Approval No 198: 4/2019). 

Induction of electrical injury.  

The rats in the studied groups were exposed to an 

electrical current through a device that transfers 

electrical energy consisting of a two-end, double-copper 

cable. The copper cable was peeled to a length of 1 cm 

on one end, and the other end was attached to a source of 

electric energy (transmitting an alternating current with 

50Hz, 220V for one minute) (Kandeel et al., 2017). A 

plate was used to mount the animals with one clamp 

attached to its left hind leg and the other to its right.  

Experiment design 

During the present study, six groups of rats were 

used, each containing ten female rats. The control group 

(Gp 1; n=10): The rats didnôt receive any electrical 

current and at the same time as their study counterparts, 

they were sacrificed. Groups 2, 3, 4, 5 and, 6, 10 rats 

each: We exposed these groups to an alternating current 

which is of non-fatal intensity (220v for one minute), 

and they we sacrificed them immediately, after 2h, 24h, 

72h, and after 7 days respectively. 

All rats were anesthetized deeply with sodium 

pentobarbital, and anode and cathode were used to 

deliver direct current. The right hind-leg and the left 

fore-leg served as the cathode and anode, respectively. 

Then electrocution of the rats was carried out for one 

minute with 220 V, 50 Hz. Finally, neck dislocation 

was performed by pulling the rats from tails after 

squeezing the neck of the rat with a towel and the rats 

died immediately. 

 

The Histopathology: 

Ovarian specimens from each group were taken 

for histological analysis. The ovarian tissues were 

embedded in paraffin after being fixed in phosphate-

buffered 4% formalin (pH 7.4) for 24 hours. 

Hematoxylin and eosin (H&E) was used to stain the 

sections after they had been divided into 4-mm slices. 

A pathologist who was unaware of the treatment 

that the rats had received coded the slides and carried 

out a semiquantitative analysis of the sections. Next, 

the pathological alterations in these ovarian tissues 

were assessed (Helin et al., 2006). 

Scoring of histopathological results: 

The results of the microscopic evaluation were 

scored according to Saygin et al., (2011) grading  into 

four grades semi-quantitatively; grade 1 = absent (no 

finding is detected in the fields), grade 2 = mild 

changes (There was evidence of any finding in <25% 

of the fields), grade 3 = moderate changes (There was 

evidence of any finding in 25-50% of the fields), grade 

4 = severe changes (There was evidence of any finding 

in >50% of the fields). 

Immunohistochemical Stain: 

Deparaffinized sections were rehydrated, and to 

suppress the endogenous peroxidase activity they were 

treated for 20 minutes in hydrogen peroxide/methanol 

0.3%. Then, we microwaved the sections after being 

submerged in citrate buffer (10 cc, pH 6). After that, to 

block the nonspecific protein binding sites, we incubated 

the sections with a protein blocking solution which is 

serum-free for 20 minutes in room temperature. An anti-

caspase-3 antibody [R & T system (Biotechne brand)] 

in1:50 dilution at a 4° temperature was used to incubate 

the slices. After that, we incubated the slices with the 

secondary antibody, then 1ï2 drops of diaminobenzidine 

were used to stain the sections and hematoxylin to 

counterstain them, then they were dehydrated, cleaned, 

and viewed under a light microscope. Positive controls 

for caspase-3 expression to indicate correct tissue 

preparation and staining were used. It was included in 

each staining run after being processed in the same way 

as the rat tissue samples. 

For each run, one -ve control tissue was 

processed by eliminating the specific primary antibody 

and adding instead BPS in the staining procedure. This 

slide should not exhibit specific staining and serves to 

indicate non-specific staining. We examined the 

negative control slide to exclude the target antigen 

specific labelling by primary antibody. The negative 

control sections were examined for the absence of 

specific staining to confirm the lack of cross-reactivity 

of secondary antibody and other non-target cell 

components (Huang et al., 2012). 

Statistical analysis 

The SPSS application (version No. 20) was used 

to perform the statistical analysis on the data. To 

compare the means of three tested groups, one way 

ANOVA test with Post HOC Correction was applied. 

The results of histopathological changes were analyzed 

by using Fisherôs exact test for qualitative data between 

the groups, SPSS version 20. 



42                                                      Elewa et al. / Ain Shams J Forensic Med Clin Toxicol, 7/2023 (41): 40-49 

Results 
Histopathological results  

The results of the histopathological changes 

detected in the ratsô ovaries are shown in figure (1). 

Light microscopic examination of the ovaries revealed 

normal follicular size and number at all different 

phases of follicular maturation for the control group 

(group 1), as well as minimal hemorrhage and minimal 

congestion in the stromal blood vessels in group 2 

(immediate group). Apoptosis with degeneration in 

some ovarian follicles, some congestion in stromal 

blood vessels, and hyaline changes were seen in group 

3 (after 2 hours). 

Group 4 (after 24 hours) showed decreased 

number and size of some ovarian follicles with 

moderate congestion in the stromal blood vessels and 

moderate hemorrhage in stromal cells, while group 5 

(after 72 hours) showed marked degeneration of the 

ovarian follicles with a decrease in their sizes, marked 

degeneration of stromal cells and marked congestion of 

the blood vessels with sever hemorrhage. 

Group 6 (after 7 days) showed that there were 

an increase in the size of corpus luteum, severe 

degeneration in the number & size of the ovarian 

follicles and there was severe congestion in the stromal 

blood vessels with severe hemorrhage. 

As regards, the decrease in the number of the 

ovarian follicles, there was no decrease in control 

group, mild decrease in group 3, mild to moderate 

decrease in group 4 and moderate to severe decrease in 

groups 5 & 6. Statistical analysis showed significant 

gradual decrease among the six groups (p value < 

0.001) (Table 1). 

Concerning the decrease in the size of the ovarian 

follicles, there was no decrease in groups 1 and 2, mild 

decrease in groups 3 and 4, mild to moderate decrease in 

group 5 and moderate to severe decrease in group 6. 

Statistical analysis showed significant decrease among 

the six groups (p value < 0.001) (Table 1). 

As regards, the congestion in stromal blood 

vessels, there was no congestion in control group, mild 

congestion in group 2, mild to moderate change in 

group 3, moderately congested in group 4, moderate to 

severe in group 5 and severe congestion in group 6. 

Statistical analysis showed significant results as 

regarding the degree of congestion in stromal blood 

vessels (p value < 0.001) (Table 2). 

In respect of stromal hemorrhage, hemorrhage 

was absent in the control group, mild in group 2, but it 

was mild to moderate in group 3, in groups 4 & 5 it 

was moderate to severe, and in group 6 it was severe. 

There were statistically significant results as regarding 

presence of stromal hemorrhage among six groups (p 

value < 0.001) (Table 2). 

Regarding the presence of hyaline degeneration, 

there was no degeneration in group 1, mild 

degeneration in groups 2, 3 & 4, mild to moderate in 

group 5 and moderate to severe in group 6. Statistically 

significant results as regarding presence of hyaline 

degeneration among six groups were found (p value < 

0.001) (Table 2). 

Expression of Caspase-3 

The tested cells showed Caspase-3 

immunoreactivity in their cytoplasm (Figure 2). 

Caspase-3 expression within the tissues of the ovary 

showed a significant gradual increase. On comparing 

the percentage of caspase-3 expression in the tissues of 

the ovary, it increased significantly within the six 

groups (p<0.0001) (Table 3 & Chart 1). The expression 

of caspase-3 showed a highly statistically significant 

positive correlation with the time intervals (p<0.0001 

and r=0.984) (Table 4 & Chart 2). 
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Table (1): Comparison between the groups according to the decrease in the number of the ovarian follicles and 

the decrease in the size of ovarian follicles.  

 Control  Immediate After 2h After 24 h After 72 h After  7 days 
P value 

N=10 N=10 N=10 N=10 N=10 N=10 

Decrease 

in the number of 

ovarian follicles 

Grade I 

Grade II 

Grade III  

Grade IV 

10 (100%) 

0 (0%) 

0 (0%) 

0 (0%) 

5 (50%) 

5 (50%) 

0 (0%) 

0 (0%) 

0 (0%) 

10 (100%) 

0 (0%) 

0 (0%) 

0 (0%) 

5 (50%) 

5 (50%) 

0 (0%) 

0 (0%) 

0 (0%) 

5 (50%) 

5 (50%) 

<0.001* 

 P value       

Control  0.033* <0.001* <0.001* <0.001* 

Immediate   0.033* 0.004* <0.001* 

After 2h    0.033* <0.001* 

After 24h     0.004* 

After 72 h      

Size of follicles 

GradeI 

GradeII 

GradeIII 

GradeIV 

10 (100%) 

0 (0%) 

0 (0%) 

0 (0%) 

10 (100%) 

0 (0%) 

0 (0%) 

0 (0%) 

0 (0%) 

10 (100%) 

0 (0%) 

0 (0%) 

0 (0%) 

10 (100%) 

0 (0%) 

0 (0%) 

0 (0%) 

5 (50%) 

5 (50%) 

0 (0%) 

<0.001* 

P value       

Control  ---- <0.001* <0.001* <0.001* 

Immediate   <0.001* <0.001* <0.001* 

After 2h    ---- 0.033* 

After 24h     0.033* 

After 72 h      

Fisher’s exact test for qualitative data between the groups, *: Significant level at P value < 0.05 
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Table 2. Comparison between the groups according to the congestion in stromal blood vessels in ovarian tissue, 

the stromal hemorrhage in ovarian tissue and the presence of hyaline degeneration.  

 
Control  Immediate After 2h After 24 h After 72 h After  7 days 

P value 
N=10 N=10 N=10 N=10 N=10 N=10 

Stromal blood 

vessels 

congestion 

Grade I 

Grade II  

Grade III  

Grade IV 

10 (100%) 

0 (0%) 

0 (0%) 

0 (0%) 

0 (0%) 

10 (100%) 

0 (0%) 

0 (0%) 

0 (0%) 

5 (50%) 

5 (50%) 

0 (0%) 

0 (0%) 

0 (0%) 

5 (50%) 

5 (50%) 

0 (0%) 

0 (0%) 

10 (100%) 

0 (0%) 

<0.001* 

P value      

 

Control <0.001* <0.001* <0.001* <0.001* <0.001* 

Immediate  0.033* <0.001* <0.001* <0.001* 

After 2h   0.004* 0.033* <0.001* 

After 24h    0.033* 0.033* 

After 72 h     <0.001* 

Stromal 

Hemorrhage 

Grade I 

Grade II  

Grade III  

Grade IV 

10 (100%) 

0 (0%) 

0 (0%) 

0 (0%) 

0 (0%) 

10 (100%) 

0 (0%) 

0 (0%) 

0 (0%) 

5 (50%) 

5 (50%) 

0 (0%) 

0 (0%) 

0 (0%) 

10 (100%) 

0 (0%) 

0 (0%) 

0 (0%) 

10 (100%) 

0 (0%) 

<0.001* 

P value      

 

Control <0.001* <0.001* <0.001* <0.001* <0.001* 

Immediate  0.033* <0.001* <0.001* <0.001* 

After 2h   0.033* 0.033* <0.001* 

After 24h    ---- <0.001* 

After 72 h     <0.001* 

Hyaline 

degeneration 

Grade I 

Grade II  

Grade III  

Grade IV 

10 (100%) 

0 (0%) 

0 (0%) 

0 (0%) 

5 (50%) 

5 (50%) 

0 (0%) 

0 (0%) 

5 (50%) 

5 (50%) 

0 (0%) 

0 (0%) 

5 (50%) 

5 (50%) 

0 (0%) 

0 (0%) 

0 (0%) 

5 (50%) 

5 (50%) 

0 (0%) 

<0.001* 

P value      

 

Control 0.033* 0.033* 0.033* <0.001* <0.001* 

Immediate  1 1 0.004* <0.001* 

After 2h   1 0.004* <0.001* 

After 24h    0.004* <0.001* 

After 72 h     0.004* 

Fisher’s exact test for qualitative data between the groups, *: Significant level at P value < 0.05 

Table (3): Comparison between different groups according to the percentage of caspase-3 expression in the 

ovaries. 

  
Control  Immediate After 2h After 24h After 72 h After 7 days 

P value 
N=10 N=10 N=10 N=10 N=10 N=10 

Caspase-3 

expression 

Range 

Mean±SD 

(3-5) 

4.1±0.7 

(9-14) 

12.1±1.5 

(19-24) 

21.9±1.8 

(31-36) 

34.2±1.8 

(44-50) 

47.8±2.1 

(65-69) 

67.3±1.6 
<0.001* 

P value       

 

Control  <0.001* <0.001* <0.001* <0.001* <0.001* 

Immediate   <0.001* <0.001* <0.001* <0.001* 

After 2h    <0.001* <0.001* <0.001* 

After 24h     <0.001* <0.001* 

After 72 h      <0.001* 

One-way ANOVA test for quantitative data between the groups followed by post hoc Tukey’s analysis between each 

two groups, *: Significant level at P value < 0.05 
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Table (4): Correlation between time intervals and caspase-3 expression in ovaries 

 
Time interval  

R P value 

Caspase-3 expression 0.984 < 0.001* 

Pearson’s correlation, *: Significant level at P value < 0.05 

 

Figure 1: the histopathological changes detected in the ratsô ovaries: 

a: A photomicrograph section from an ovary of group 1 (control group) showing normal follicular size & number (Ą) in 

all different stages of follicular maturation (H&E X100). 

b: A photomicrograph section from an ovary of group 2 (immediate group) showing minimal hemorrhage (*) & minimal 

congestion in stromal cells (Ą) with normal follicular size & number (H&E X100). 

c: A photomicrograph section from an ovary of group 3 (2 hours) showing some congestion in stromal blood vessels & 

hyaline changes were found (Ą) and degeneration in some ovarian follicle (*) (H&E X100). 

d: A photomicrograph of section from an ovary of group 4 (24 hours) showing moderate congestion in between stromal 

blood vessels, decreased size & number of some ovarian follicles (Ą) and moderate hemorrhage in stromal cells 

(*)(H&E X100). 

e: A photomicrograph section from an ovary of group 5 (72 hours) showing marked degeneration of ovarian follicles 

with decrease in their sizes, marked degeneration of stromal cells and marked congestion of the blood vessels (*) with 

sever hemorrhage (Ą) (H&E X100). 

f: A photomicrograph of section from an ovary of group 6 (7 days) showing increase in the size of corpus luteum, sever 

degeneration in the number & the size of the ovarian follicles (*) and there are sever congestion in stromal blood vessels 

with sever hemorrhage (Ą) (H&E X100). 
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Figure 2. Expression of Caspase- 3 in the ratsô ovaries: 
a: Immunolabeling of caspase- 3 activity related to control group showing focal positive weak expression of caspase-3 

in ovarian follicles with negative expression in the majority of ovarian tissue (streptavidin-biotin-immunoperoxidase 

X100). 

b: Immunolabeling of caspase- 3 activity related to group 2 showing focal positive weak expression of caspase-3 in cells 

of some ovarian follicles with negative expression in other ovarian follicles (streptavidin-biotin-immunoperoxidase 

X100). 

c: Immunolabeling of caspase- 3 activity related to group 3 showing positive moderate expression of caspase-3 in cells 

of many ovarian follicles (streptavidin-biotin-immunoperoxidase X100). 

d: Immunolabeling of caspase- 3 activity related to group 4 showing positive moderate expression of caspase-3 in cells 

of many ovarian follicles (streptavidin-biotin-immunoperoxidase X100). 

e: Immunolabeling of caspase- 3 activity related to group 5 showing positive strong expression of caspase-3 in cells of 

the majority of the ovarian follicles (streptavidin-biotin-immunoperoxidase X100). 

f: Immunolabeling of caspase- 3 activity related to group 6 showing positive strong expression of caspase-3 in cells of 

the majority of ovarian follicles (streptavidin-biotin-immunoperoxidase X100). 

 
 

Chart 1. Comparison between groups according to 

the percentage of caspase-3 expression in the 

ovaries.  

    Chart 2. Correlation between the time intervals and   

    caspase-3 expression in the ovaries. 

 

Discussion 
Electrical injury is defined as the damage induced by 

generated electrical current passing through the body. 

The majority of electrocution deaths are unintentional, 

whereas homicide and suicide deaths are uncommon. 

Many individuals are daily exposed to different sources 

of electricity (Mondello et al., 2018).  

For apoptosis, two pathways are commonly 

suggested; intrinsic and extrinsic pathways, which are 

mitochondrial-dependent and cell-surface death 

receptor-dependent, respectively (Fadeel and Orrenius, 

2005). On the other hand, the endoplasmic reticulum 

stress was documented as the cause of apoptosis, and 
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its stress is initially induced by the depletion of the 

intraluminal free calcium concentration (L·pez et al., 

2009). 

The ovarian function and development of the 

ovary depend on apoptosis which is an essential 

component. In fact, it is the process that keeps the 

biological clock in women ticking. Apoptosis is an 

essential component of ovarian function and 

development. Indeed, it is the mechanism that makes 

the female biological clock tick. Apoptosis mostly 

affects the oocyte during the fetal stage, on the other 

hand, it involves the granulosa cells of the developing 

follicle in adulthood (Hussein, 2005). 

Farag and Dhama, (2016) explained that the 

effect of electrocution on tissues was mainly due to 

apoptosis. Additionally, they investigated the 

alterations in the expression of genes related to 

apoptosis along with the fragmentation of DNA as 

electrocution biomarkers. One of these biomarkers was 

caspase-3, which has an essential role in the apoptotic 

process. 

  Caspase-3 expression has been found in the 

humansô ovary (Matikainen et al., 2001), and the 

existence of the active form of caspase-3 makes it a 

valuable and reliable marker for the detection of 

apoptotic cells in addition to linking it to follicular 

atresia  (Fenwick and Hurst, 2002). 

In the present study, 60 female albino rats 

weighing 200-250 gm were included. This study aimed 

to detect the histopathological changes in the ovary and 

to evaluate the caspase-3 expression in the ovaries of 

the rats which are electrically injured by a non-fatal 

current, and to demonstrate both immediate and 

delayed impacts of the electrical current on the ovaries. 

The rats under study were subjected to a non-fatal 

electrical current for one minute and all of them 

survived till the scarification time.  

The same amount of electrical current used in 

the present study was previously tested in Li et al., 

(2015), which included 24 rats. After exposure to the 

current, 8 rats and were categorized as the fatal 

electrocution group, and the survivors were the 

electrical injury group. They showed that the testes of 

electrically damaged rats had significantly increased 

the FABP1 and gastrin R expression levels, indicating 

trauma of the testes in electrically injured rats, and 

these findings suggest that such changes would be 

manifest as aberrant testicular function. 

The present study on the ovaries detected that 

the caspase-3ôs field percentage showed an increase 

which was statistically significant (p<0.001). 

Immunohistochemistry test results supported any 

necrosis or apoptosis discovered during the histological 

examination. 

Comparatively to the control group (group 1), 

the electrocuted groups (groups 2, 3, 4, 5 & 6) had a 

positive immune response for caspase-3 in the ovarian 

cellsô cytoplasm and within some nuclei. The positive 

immune reaction for caspase-3 could be attributed to its 

important role in cell apoptosis. 

This is in accordance with Saygin et al., (2011) 

study which demonstrated that electrical injury triggers 

apoptosis. They investigated Caspase-3 in the testicular 

tissues, and there was an increase in its expression 

according to the degree of injury. 

In the present work, group 6; after 7 days, had 

the highest expression of caspase-3 as comparing it to 

the other groups, but the control one had the lowest 

expression. This finding matched that of Kandeel et al., 

(2017), who studied the effect of non-fatal electrical 

current on the Purkinje cells and reported that 

apoptosis had a role at the pathogenesis of both 

immediate and long-term impacts of electric damage to 

Purkinje cells. They found that the number of caspase-

3 positive cells was significantly higher in the non-fatal 

electrocution groups than in the non- electrocution 

(control) group. They also found that the expression 

was increased in the cerebellar tissues at 4 hours after 

non-fatal electrocution more than that in the immediate 

and the 2 hours groups.  

Additionally; in the present study, the increase 

in the apoptosis percentage after electrical injury was 

directly proportionate with the prolongation of the 

survival time.  Also, the histopathological findings 

were shown to be linked with the caspase-3 staining as 

seen in the changes in the follicular size, congestion of 

the stromal blood vessels and the hemorrhage in 

stromal cells. 

Conclusion  
In conclusion, the altered levels of caspase-3 in the 

current study demonstrated the existence of ovarian 

trauma in the studied rats exposed to non-fatal 

electrical injury, and the current alterations may be 

manifested as an abnormal ovarian function that could 

affect future fertility. 

Recommendations 
Further studies on the ovarian changes following 

electrical injury with different time intervals than those 

used in the present research are recommended. 
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ϿуϡЂϝЪ ϣжϝϠϖ пЯК ϣϧуггЮϜ ϽуО ϣуϚϝϠϽлЫЮϜ ϣϠϝЊшϜ ϼϝϪϐ-̺  ϣуϮнЮнϧЃк ϣЂϜϼϸ :нзуϡЮцϜ дϜϽϛТ Ϩϝжϖ Ѝтϝϡв сТ

ϣуКϝзв ϣуϚϝугуЪм 

æɀɆȲȝ ùĀáȀȱä ǼǤȝ āɀȑîČ Ā ȴɆȚȞȱä ǼǤȝ üǠȶȭ ðǠȺɅâČ Ā ȀǣǠƨä ǼǤȝ åäɀǪȱä ǼǤȝ ȸɅȀȆȹč  ĀɂȦȖȎȵ ǨȶȊǵ ʥ ÞǠƧàČ 

сϠϽЛЮϜ ЉϷЯгЮϜ 
:ǦȵǼȪƫä ǣǠȍɋä ȰǮƢ .çǠɆȥɀȱäĀ ǦȑäȀƫä çɍǼȞȵ öǠȦǩîä Ȝȵ ɄȵǠȺȱä ƁǠȞȱä Ž æƘȖǹ ǦȲȮȊȵ ǦɆǝ˨ȀȾȮȱä Ǧâ þ Ʉǝ˨ȀȾȮȱä îǠɆǪȲȱ ǦȅǠȆǵ ÞǠȒȝà ɄȽ ǦɆȲȅǠȺǪȱä ìǼȢȱä

 Þ˨ȀȾȮȲȱ äƘǭе ȀȾșà ǠȾȺȵ ǼɅǼȞȱä þà ȸȵ ȴȡȀȱä ɂȲȝ ǦɆȲȅǠȺǪȱä ìǼȢȱä ɂȲȝ çǠȅäîǼȱä ȸȵ ȰɆȲȪȱä ÞäȀǱâ Ź ǼȩĀ ÛǦȒȦǺȺƫä ǠȾǪȵĀǠȪȵ ǢǤȆǣȝà ɂȲȝ ȴȆƨä ÞǠȒ
  .ǦȦȲǪǺƫä:ùǼƬä ïǠǤȅǠȭ ɄȝǠȺƫä ɄǲɆȆȺȱä ƘǤȞǪȱä ȴɆɆȪǩĀ ȐɅǠǤȶȲȱ ǦɆǲɆȆȺȱä çäƘȢǪȱä ȸȝ ȤȊȮȱä Ƃâ ȰȶȞȱä äǾȽ ùǼȾɅ-Ď  óȀȞǪȱä ǼȞǣ ÞǠȒɆǤȱä þäíȀƨä Ž

 Û þǠǪȝǠȅ Û Ăîɀȥ) ǦȦȲǪƯ çäƕȥ ɂȲȝ ǨɆư Ƙȡ Ʉǝ˨ȀȾȭ îǠɆǪȱčď  Û ǦȝǠȅĒč  Ā ǦȝǠȅĒ  .(ýˬà:ǬǶǤȱä ǦȪɅȀȕ ǨɅȀǱà  ɄȝȀȊȱä ǢȖȱä ȴȆȩ Ž ǦɆȱǠƩä ǦȅäîǼȱä
 ɂȲȝ ǦȅäîǼȱä ȻǾȽ çɀǪǵä .ȀȎȵ ÛǠɆȺƫä ÛǢȖȱä ǦɆȲȭ ÛĂȀɅȀȆȱä ýɀȶȆȱä ȴȲȝĀđċ  ƙǣ Ǡȵ ǠȾȺȵ Ȱȭ þïĀ ÛÞǠȒɆǤȱä þäíȀƨä ȸȵ ɂǮȹàčċċ  ĀčĐċ  ǨƢ ǼȩĀ .ýäȀǱ

ïǠǤȅǠȭ ȰɆȲǶǪȱ ȐɅǠǤƫä ȸȵ ýǠȆȩà ǦƨǠȞȵ-Ď șà :ǰǝǠǪȺȱä. ǦɆȝǠȺƫäĀ ǦɆǲɆȆȺȱä ǦɆǵǠȺȱä ȸȵ çǠȽɀȊǩ Ȝȵ ȐɆǤƫä Ž ǦǣǠȍâ ìɀǱĀ ǦȅĀîǼƫä ç˫äɀɆƩä ȐɅǠǤȵ çȀȾ
ïǠǤȅǠȭ ƘǤȞǩ Ž ǦșɀǶȲȵ æìˬïĀ æƘǤȭ ǦɆǲɆȆȹ-Ď .:ǦȍɎƪä ïǠǤȅǠȭ çˬɀǪȆȵ Ǩȶȝì ǼȪȱ-Ď  çɀȵ þд ǦȲǝǠȪȱä ǦɅȀȚȺȱä ǦɆȑȀƫä ǦɆǲɆȆȺȱä çäƘȢǪȱäĀ ǦȞȦǩȀƫä

ǝ˨ȀȾȮȱä ǦǣǠȍɌȱ ǦɆȆɆǝȀȱä ǦɆȱɇä ɀȽ þǠȭ ǰȵƎƫä ˬɎƪä ǦɆȞɆǤȕ Ƙȡ ǦȦɆșĀ ǦǞɆȽ ɂȲȝ ȀȾȚǩ Ǡƞî ƔȱäĀ ÛçäƘɆȢǪȱä ȻǾŏ ǦɆȲǤȪǪȆƫä ǦǣɀȎƪä ȀǭǖǪǩ ǼȩĀ .ȐɅǠǤȶȲȱ ǦɆ
 .ȐɆǤȶȲȱ:çǠɆȍɀǪȱä .ƃǠƩä ǬǶǤȱä Ž ǦȵǼǺǪȆƫä ȬȲǩ ȸȝ ǦȦȲǪƯ ǦɆȺȵï çäƕȦǣ ǦɆǝ˨ȀȾȮȱä ǦǣǠȍɋä ǼȞǣ ȐɆǤƫä çäƘȢǩ üɀǵ çǠȅäîǼȱä ȸȵ ǼɅȂƫä ÞäȀǱф ɂȍɀɅ 
 

 

 

 

 

 

 

 

 

 

 

 
.̸ Ц ̪ ϝузгЮϜ ̪ ϝузгЮϜ ϣЛвϝϮ ̪ ϟГЮϜ ϣуЯЪ ̪ ϣуЫузуЯЪшϜ ангЃЮϜм сКϽЇЮϜ ϟГЮϜ бЃ ϣтϼнлгϮϽЋв ϣуϠϽЛЮϜ. 

.̹  ̪ ϝузгЮϜ ̪ ϝузгЮϜ ϣЛвϝϮ ̪ ϟГЮϜ ϣуЯЪ ̪ ЌϜϽвцϜ бЯК бЃЦ ϣтϼнлгϮϽЋв ϣуϠϽЛЮϜ. 
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