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 Background & Objective:  Spermatogenesis and oogenesis stress is a primary 

epigenetic element that can cause lifelong modifications in neural system functions. 

This study was designed to elucidate whether preconceptional stress during 

spermatogenesis and oogenesis affects the seizure behaviors and body weight of the 

offspring later in life.  

 Materials & Methods:  In this experimental study, 16 male and 32 female adult rats 

were included. Half of the rats were subjected to predatory stress. Then, they were 

coupled as follows: both subjects were intact as the control group (MC-FC), both 

subjects were stressed (MS-FS), male control/female stressed (MC-FS), and male 

stressed/female control (MS-FC). The pups were weighed and assessed for 

pentylenetetrazole-induced seizures. In addition, aniline blue staining was performed to 

study the chromatin maturity of the sperm in male parents immediately after copulation.  

Results:   The latency of the first seizure behavior significantly diminished in stressed 

pups, and the duration of focal and generalized seizures significantly increased in the 

stressed rats . In addition, the body weight of the pups decreased in the stress groups 

compared to control rats, and a significant decrease was detected in the chromatin 

maturity of sperms in stressed rats.  

Conclusion:  Stress during spermatogenesis and oogenesis can be critical for the 

general growth (body weight) and seizure susceptibility of the offspring. Therefore, 

to improve reproductive outcomes, stress-lowering interventions are better to be 

started before conception. 
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Introduction

Organisms naturally face perturbations threatening 

their immediate survival possibly affecting their main 

life-history features (1). The quality of the social 

environment may have considerable effects on the 

structure and function of nervous systems with 

implications for several behavioral and physiological 

responses (2, 3). One of the most important 

environmental factors is stress which is unavoidable and 

experienced by all and can be psychological, physical, 

or both (4). Stressors happening through the critical 

stages of development, for instance, the perinatal period, 

may disturb physiological functions such as metabolism, 

reproduction system, and growth (5). In humans, the 

influence of early-life stress on the brain structure and 

function has been revealed to last a long time after stress 

exposure, possibly up to adulthood. Exposure to early-

life stress raises the risk of neuropsychiatric illnesses, 

including epilepsy (6). Stress not only increases seizure 

susceptibility at times of stress but also the risk of the 

development of epilepsy, especially in persons who have 

experienced early-life stress. It has been reported that 

prenatal stresses (PS) potentiate seizure behaviors and 

raise the vulnerability to seizures in rat offspring (7). In 

addition to the effects of PS on the first generation, 

several studies have mentioned the transfer of stress to 

the second generation (6). One likely explanation for the 

persistence of dynamic changes in these systems in the 

response to environmental factors is the participation of 

epigenetic mechanisms (2). Epigenetics has been used 

more broadly to refer to any change in gene function not 

associated with sequence variation. Epigenetic processes 

essentially influence brain development. Insults in 

maturation throughout pregnancy might be expected to 

more broadly re-program the epigenome; if they are 

incorporated into the germ cells, their effects will 

possibly become trans-generational (2). Furthermore, 

epigenetic characters generated within germ cells due to 

environmental influences all over life can shape future 

generations long before conception occurs (2). The 

connection between epigenetics and human 
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reproduction characterizes a very interesting field of 

study, generally due to the possible trans-generational 

effects related to epigenetic modifications of male and 

female gametes (8). The integrity of the sperm genome 

is vital for the accomplishment of a normal conception 

in addition to the typical growth of the fetus and children 

(9). In addition, it is proven that the quality of the oocyte 

determines the potential development of the embryo (6).  

The present study was designed to elucidate whether 

pre-gestational stress during spermatogenesis and 

oogenesis (particularly chromatin changes in sperms) 

affects the seizure behaviors and body weight of the 

offspring later in life. 

Materials and Methods 

Animals 

Wistar rats of both sexes (190-240 g) were purchased 

from the Urmia University of Medical Sciences, West 

Azerbaijan, Iran. The subjects were housed at a 12h 

light/dark cycle (light on at 7 a.m.) and the temperature 

of 20-24oC, and food and water were available ad 

libitum (6). After seven days of adaptation, the rats (16 

adult males and 32 adult females) were randomly 

assigned into two groups (control and stressed male, n 

= 8 each; control and stressed female, n = 16 each) to 

form a combination of control and stressed groups for 

each sex.  

 Predatory Stress Procedure 

A healthy adult cat was used for inducing predatory 

stress in the rats. As described in our previous study, 

the procedure was as follows: A metal cage (72×72×63 

cm), with a cat inside, was placed in front of the rats’ 

cages (Figure 1). The cage of the cat consisted of a 

metal floor with a removable hinged door and several 

small air holes on the side, so that the cat could be 

easily observed. To induce predatory stress, the rats 

were positioned in metal mesh cages (20×22×22 cm) 

with numerous holes in the lateral walls. The cages 

banned any direct contact between the predator (cat) 

and the rats but exposed the rats to other stimuli, e.g. 

the vision, smell, and noises made by the cat (6). The 

subjects were stressed at 8-9 a.m. and 4-5 p.m. (twice 

daily) for 50 or 15 consecutive days (males and 

females, respectively). Immediately after each session, 

the rats were moved to their home cage. The rats in the 

control group were transported to another room 

without any cat odors and handled similarly to the 

stressed rats but without being stressed. The stress 

procedure lasted for 50 days (in males) because it is the 

time required for a complete spermatogenesis cycle in 

male rats, while 15 days constituted three cycles of the 

estrous cycle in female rats (10). 

 Immediately after the stress procedure, the rats were 

assigned for copulation. The copulation method was 

similar to that explained in our previous study: Two 

female rats were coupled with one male rat for three 

days (the Trichus method) per cage as follows: Mc-Fc 

(both rats were control), Ms-Fc (the male was exposed 

to stress, but the female was control), Mc-Fs (the male 

rat was control but the female was stressed), and Ms-

Fs (the two rats were stressed) (10).  

 The pregnant subjects were transferred to new cages 

and kept in normal conditions for the entire pregnancy 

period. The duration of pregnancy was the same, 21 

days, in four groups. Upon delivery, the pups were 

counted, weighed, and gendered. All the litter was 

culled to eight per dam. The rat pups were allocated 

according to their own parents’ grouping as follows: 

Both fathers and mothers were control (Mc-Fc); just 

the mother was stressed (Mc-Fs); just the father was 

stressed (Ms-Fc); and both the father and mother were 

stressed (Ms-Fs) (10). There were 64 pups in each 

group (8 dams × 8 pups = 64). 

 

Figure 1. Schematic illustration of the predatory stress procedure.  

 

Sperm Sampling in Adult Rats 

Under anesthesia with isoflurane, the stressed and 

control male parents were subjected to sperm sampling 

in the morning (n = 8 per group) after copulation. Both 

epididymides of each rat (at the caudal region) were 

transferred to a glass Petri dish containing an 80% 

DMEM/F12 (DMEM/F12; ATCDHF, St. Louis, USA) 

culture supplemented with a 20% fetal bovine serum  

 
(FBS; Sigma, St. Louis, USA) medium pre-warmed to 

37oC. The epididymides were crushed, and six cuts 

were made with an insulin syringe. The samples were 

incubated for 30 min at 37oC in 5% CO2; then, 

spermatozoa were released from the epididymides (10). 
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 Chromatin Quality and Acidic Aniline Blue (AB) 

Staining 

For each neat semen sample, the sperm nuclei 

chromatin condensation was evaluated using AB 

staining. Aniline Blue selectively dyes histones with 

abundant lysine and can demonstrate the sperm 

chromatin irregularities associated with histone 

anomalies. Fixations of air-dried smears of rat semen 

samples were prepared in buffered glutaraldehyde 

(3%) in a phosphate buffer (0.2 M and pH 7.2) for half 

an hour at 22- 24°C. Then, the smears were stained 

with aqueous AB stain (5%) in acetic acid (4% and pH 

= 3.5) for 7 min (11). In a stained smear, 200 sperm 

were studied under a light microscope with ×100 

magnification. In this staining, the spermatozoa with 

light-blue nuclei are considered as normal, and those 

with dark-blue nuclei are counted as abnormal (12). 

 Body Weight Measurement 

Upon delivery, the rat pups for each dam were 

counted and weighed in the morning at 08:30 on the 

first postnatal day (P1). Weighing of the pups was 

repeated at 08:30 on postnatal days 6, 15, 25, and 30 

(P6, P15, P25, and P30, respectively). 

 Behavioral Assessment 

In the pentylenetetrazole (PTZ) model, seizures are 

commonly induced by a single systemic administration, 

and PTZ can even induce status epilepticus if given in a 

sufficient amount (13). On P30, one male and one 

female pup from each dam were subjected to seizure 

induced by PTZ. Then, the pups were intraperitoneally 

(IP) injected with PTZ (55 mg/kg) (6, 14). After 

injection, the behavior of each rat was assessed for one 

hour with a digital camera and direct observation. The 

behavioral rating was evaluated by means of a 

previously defined scale: normal behaviors = 0; 

immobilization with or without sniffing = 1; forelimb 

clonus with head nodding named as short myoclonic jerk 

= 2; tail extension and nonstop myoclonic jerk = 3; 

widespread limbic seizures with kangaroo position = 4; 

and nonstop tonic or tonic-clonic seizures (15, 16). Other 

variables were also evaluated as follows: 

Time to the onset of the first epileptic behavior (sec): 

time interval between the injection of PTZ and the 

appearance of the first seizure; the number of focal 

seizures: the number of focal seizures in 60 minutes (e.g. 

leg opening, immobility, facial twitching, …); duration 

of focal seizure (min), total time of all focal seizures in 

60 minutes; the number of tonic-clonic seizures, the 

number of tonic-clonic seizures in 60 minutes that each 

rat experienced; duration of tonic-clonic seizure (sec), 

total time of all tonic-clonic seizures in 60 minutes 

Ethical Consideration 

This experimental study was approved by the Ethics 

Committee in West Azerbaijan Province, Iran (ethical 

code: IR.1395.229).  

Statistical Analysis 

Data distribution was checked by the Kolmogorov-

Smirnov test. The normally distributed data were 

analyzed using one-way ANOVA (body weight and 

epileptic behaviors, except for the number of focal 

seizures and the onset of the first seizure) followed by 

Tukey's post-hoc test when required. The data related 

to the latency (onset) of the first seizures and the 

number of focal seizures were evaluated by Kruskal-

Wallis or Mann-Whitney U test. Also, t-test was 

performed for the comparison of chromatin maturity 

between stressed and control rats. The findings were 

stated as mean ± standard error of the mean (SEM), and 

the P-value < 0.05 was considered significant. 

Results 

Effects of Pregestational Stress on Seizure 

On P30, PTZ-induced seizure was assessed in rat 

pups. First, the data of the pups for male and female 

pups were independently analyzed; no significant 

difference was detected between the two sexes. Then, 

the data related to the seizure of male and female pups 

were combined and evaluated together (Table 1). 

Effects of Pre-conception Stress on Bodyweight in 

Rat Pups 

There were significant differences in body weight 

among the groups at different time points (Table 2). In 

pregestational stress, the mean body weight of the 

offspring significantly decreased at birth (P1, P=0.03) 

and P6 (P=0.02) compared to the control pups.  

 Effects of Stress During Spermatogenesis on 

Chromatin Maturity 

Remarkable differences were found in the chromatin 

maturity of sperms between stressed and control adult 

rats (Figure 2). Also, an illustration of sperms with 

normal and abnormal chromatin maturity is shown in 

Figure 3. 

 

 

Figure 2. Effect of stress during spermatogenesis on the 

chromatin maturity of sperms in adult rats; *indicates 

P=0.004 with the stress group. 
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Figure 3. Aniline blue staining of sperms in adult Wistar rat subjected to predatory stress for 50 consecutive days; (A) a 

normal sperm; (B and C) sperms with abnormal maturity (×1000).   

 

Table 1. Effect of pre-conception stress during spermatogenesis and oogenesis on PTZ-induced seizure in the rat pups 

Epileptic behaviors 
Pups grouping 

P-value 
MC-FC MC-FS MS-FC MS-FS 

Time to onset of first 

epileptic behavior (Sec ) 
119.87±14.61 #18.25±1.95 #56.50±6.48 #11.37±0.53 #P<0.01 vs. Mc-Fc 

Number of focal seizure 1.5±0.32 2.12±0.35 1.75±0.36 2.12±0.35 non-significant 

Duration of focal seizure 

(min) 
9.25±2.54 14.62±2.01 *20.12±2.17 *16.251±1.17 *P<0.04vs. Mc-Fc 

Number of tonic-clonic 

seizure 
0.5±0.18 1.12±0.26 1.12±0.22 2.75±0.61 non-significant 

Duration of tonic-clonic 

seizure (Sec) 
1.37±.53 *13.75±3.09 *14.87±2.61 *22.62±4.57 *P< 0.03 vs. Mc-Fc 

Data presented as mean± SE: # non-parametric Kruskal Wallis test, * Tukey post-hoc test. 

MC-FC: both parents’ control, MC-FS: male control/female stressed, MS-FC: male stressed/female control, MS-FS: both parents stressed 
 

 

Table 2.  Effects of pre-gestational stress on bodyweight in rat pups 

Groups Body weight 

 P1 P6 P15 P25 P30 

Mc-Fc 6.45 ± 0.65 11.59± 0.22 23.61± 0.69 42.49± 1.1 56.27± 0.95 

Mc-Fs *6.15± .09 *10.36±.37 21.15±0.58 39.93±1.43 53.71±0.81 

Ms-Fc 6.38 ±0.09 11.24±0.12 21.43±0.26 41.43±0.47 53.36±0.7 

Ms-Fs #5.45±0.11 *10.32±0.19 20.99±0.58 39.84±0.66 52.85±1.09 

P-value 

 

*P<0.03 vs. Mc-Fc 
#P<0.001 vs. all groups 

P<0.02 vs. Mc-Fc non-significant non-significant non-significant 

Data presented as mean± SE and analyzed by One-way ANOVA and Tukey tests. 
P1. postnatal day1, P6. postnatal day6, P15. postnatal day15, P25. postnatalday25, P30. postnatal day30 

MC-FC: both parents control, MC-FS: male control/female stressed, MS-FC: male stressed/female control, MS-FS: both parents stressed 

 

Discussion  

The effects of pre-gestational stress on PTZ-induced 

seizure, the body weight of the offspring, and the sperm 

chromatin changes of male parents were investigated. 

The main findings were that pregestational stress 

caused a significant increase in generalized seizures 

and decreased the body weight of the offspring at birth 
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(P1) and on P6. In addition, there was a significant 

decrease in the percent of spermatozoa with mature 

chromatin in the stressed rats compared to the control 

group. 

Effects of Pre-conception Stress on Epileptic 

Behaviors in Rats 

The results demonstrated the negative effects of pre-

pregnancy stress on the offspring. In this regard 

considerable evidence exists supporting the fact that 

many factors can persuade hostile effects in the 

descendants following parental exposure and, 

consequently, represent a threat in this respect (17). PS 

can be regarded as a primary epigenetic element able 

to cause lifelong modifications in neural system 

functions (18). In previous studies, the effect of early 

stress on growth has been studied; early-life stress, 

such as prenatal stress, is reported to be proconvulsant. 

In one study, PS amplified seizure and diminished the 

latency of seizure from early infancy up to later life in 

a kindling epilepsy model (19). Moreover, a vital 

element influencing adult nervous systems (such as the 

hippocampus, amygdala, and the hypothalamic-

pituitary-adrenal (HPA) axis) is the exposure of parents 

to noticeable stimuli in the environment before 

pregnancy (20). Notably, the trans-generational 

influence of the chronic stress of parents is not limited 

to the perinatal window; alterations in the descendants’ 

stress-associated behavior have been stated following 

the exposure of parents to stress up to adulthood (21). 

The findings of our study are consistent with the results 

of previous investigations. The mechanisms by which 

long-lasting parental stress can disturb the descendants' 

neurodevelopment are not fully understood yet. A 

mechanism explaining the impact of pre-pregnancy 

stress on the offspring is the HPA axis. Environmental 

factors, mainly a positive stress history, contribute to 

the developmental programming of the HPA axis (21). 

Increasingly, the HPA axis is being considered as a 

compound physiological system able to facilitate huge 

variations in the physiological responses of subjects to 

stressors (1). It has been reported that a repetitive 

experience of PS-induced disruption in the function of 

the HPA axis and modification of its feedback 

regulation originate a greater basal secretion of 

glucocorticoid hormones (22). Furthermore, it has been 

indicated that the serum corticosterone and 

adrenocorticotropic hormone (CRH) levels were 

higher in maternal rats with pre-gestational chronic 

unpredictable stress (CUS) than in the control group, 

both after CUS and delivery. Chronic stress not only 

leads to the imbalance of the neuroendocrine network 

of maternal rats but also impacts the HPA axis of the 

fetus via the maternal-placental-fetal interface (23).  

Previous studies have argued that stress before 

gestation will possibly affect the hippocampal 

maturation and impair the memory function of the 

offspring, and cause reduced brain-derived 

neurotrophic factor levels (24). Perhaps the same 

argument applies to the effect of pre-pregnancy stress 

on the offspring's epileptic behaviors. Meanwhile, it 

has been shown that stress disturbs the integrity of the 

sperm chromatin (4) which is important as it indicates 

that sperms possibly pass damaged genes onto the 

zygote and embryo which may eventually influence the 

health of the descendants (25). In the present study, in 

groups where the father was stressed, the chromatin 

maturation rate decreased and the health of the children 

was affected. Also, research on some animal species 

indicates that egg quality is effective on the growth and 

health of the fetus (26). Here, the stress state in the pre-

pregnancy period in parents showed that stress during 

gametogenesis can transfer to the offspring, thereby 

altering the offspring's vulnerability to seizure. In 

conclusion, the present study demonstrated that the 

exposure of rats to stress during spermatogenesis and 

oogenesis can change their next generation’s 

vulnerability to PTZ-induced epileptic behaviors later 

in life. 

Effects of Pre-conception Stress on the Body 

Weight of the Offspring 

Studies have reported that PS leads to a low birth 

weight. Animal studies have demonstrated that 

exposing animals (such as rats and mice) to stressors 

during pregnancy is associated with lower birth or fetal 

weights. Maternal stress affects the growth and organ 

development of fetuses, targeting some organs more 

than others, strikingly attenuating glucose transporter 

expression, and diminishing fetal plasma glucose, 

growth hormone, and CRH levels (27). There have been 

a few experiments examining the effect of stress before 

pregnancy on the pups’ body weight. According to the 

findings, a concomitant decrease in the weight of dams 

and their fetuses indicates that growth retardation will 

possibly relate to the dams with CUS before pregnancy 

(24). As our study showed, in the case of mothers 

exposed to stress during oogenesis, their offspring 

showed a lower body weight on P1 and P6. Ronnenberg 

et al. studied the connection between pre-gestation body 

mass index and delivery outcomes among women in 

China; children born to women who were underweight 

before gestation were at a higher risk for fetal growth 

retardation (28). Another study assessed the welfares of 

prescribing iodized oil to women before pregnancy or 

during early pregnancy in Algeria. The children of 

treated mothers had a significantly greater birth weight 

compared to control women (29). These studies, in line 

with our study, show that maternal conditions before 

pregnancy can affect the health and weight of the 

offspring. On the other hand, the findings of another 

study identified no difference in the body weight of the 

offspring of subjects undergoing pre-gestational stress 

and the controls (24), a finding that contrasts those of the 

present study. Also, it has been reported that sexual 

behavior can be the most susceptible feature of male 

reproduction to stress due to the antagonistic association 

between male sex hormone and glucocorticoids. This 

principle of sperm quality might predict the treatment 

success as recommended by its links at several issues in 

the reproductive course, such as interrupted 
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preimplantation of the embryo and birth defects in the 

children (30). The mechanisms by which pregestational 

stress affects pup growth remain largely unknown. 

Nevertheless, pregestational CUS leads to a remarkable 

rise in GC such as corticosterone levels in the offspring 

of the stressed subjects (24). Also, an animal study 

suggests that periconceptional undernutrition may 

influence the HPA axis which, in turn, influences the 

outcomes (28). However, the long-term influence of 

stress has been connected to a disruption in the HPA axis 

physiology and a change in its negative feedback 

regulation, affecting fetal growth and development (22). 

Our findings indicated that in the case of mothers 

exposed to stress during oogenesis, their offspring 

showed a lower body weight at birth and six days after 

birth. This result is consistent with the findings of the 

above-mentioned studies, suggesting that parental 

stresses before conception affect the birth weight and 

early neonatal body weight of the newborns (10). 

Meanwhile, to the best of our knowledge, this study is 

unique because both parents' stress and the single-parent 

(maternal or paternal) stress before conception were 

investigated on seizure susceptibility and body weight in 

the offspring, whereas previous studies have been 

conducted on single parents (mother or father alone). 

Effects of Pre-conception Stress on Sperm 

Chromatin Integrity 

The successful fertilization of eggs and subsequent 

development of the offspring will greatly depend on the 

quality of gametes produced by the parents. A previous 

study has indicated that stress has a negative impact on 

various parameters (such as sperm morphology and 

motility) associated with semen quality (10). A 

growing body of evidence connects the DNA damage 

of the sperm with mutation-related hazards and 

disorders in the offspring (31). Additionally, 

researchers believe that elevated psychological stress 

can be linked with amplified oxidant agents’ synthesis, 

and chronic stress exposure can raise the production of 

reactive oxygen species (ROS) (32). It has been shown 

that oxidative stress affects sperm chromatin integrity 

and leads to single- and/or double-strand DNA breaks 

(33). Meanwhile, sperms are not able to reinstate the 

oxidative stress-induced impairment since they lack the 

essential enzymatic repair systems. This weakness is a 

criterion which makes the spermatozoa very vulnerable 

to oxidative damage (33). Defects in the male genome 

have been shown to lead to post-fertilization failure 

(34). Previous studies recommend that DNA-

fragmented sperm can cause several reproduction-

related problems such as conception failure, abortions, 

and malformations (32). Thus, the findings of the 

present study confirmed the result of previous studies 

showing that pregestational stresses disturb the 

maturity of the chromatin of sperms in stressed subjects 

(32,33). In conclusion, a precise assessment of the 

stress status and seminal ROS levels should be 

considered as an integral part of the reproduction work-

up of men in order to assist clinicians in clarifying the 

fertility status and thus providing the best treatment 

regime for patients. 

Conclusion 

Parents’ stress during spermatogenesis and oogenesis 

can be critical for the health of the offspring. One of the 

probable reasons for these findings is the sensitivity of 

the gametes, in particular, male gametes, to 

environmental factors. The findings suggest that 

alterations caused by environmental factors in the 

gametes can affect the health of the children as 

epigenetics effects. We tried to show that the stress of 

spermatogenesis can affect the chromatin maturation of 

the sperm nucleus. It reduces the quality of the sperm 

and promotes the transfer of defective genes to the 

offspring. Therefore, to improve reproductive outcomes, 

stress-lowering interventions are better to be started 

before conception. 
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