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ABSTRACT 

Parental stress increases diseases in their children. In order to determine how offspring of stressed 

and non-stressed parents respond to chronic stress at different stages of life, a rat model was 

devised.130 healthy Wistar albino rats, 11 weeks of age were selected. Behavioural testing was done 

on all and stressed rats were removed.  Four rats were dissected for histopathology and 10 rats were 

sacrificed for baseline corticosterone and other hormones. The rats were divided into two groups of 

parent generation. One was case parents (n=70) and the other control (n=40). Parent cases were 

exposed to chronic unpredictable stress for three weeks. Behavioural tests were carried out to assess 

induction of stress in cases parents. Blood and histopathology samples were taken from 10 case 

parents. Rest of them were allowed to breed. Control parents were also mated at the same time. 

Offspring of both the groups were exposed to chronic stress, some in early life, some in late life, and 

some in both early and late life (all stressors for three weeks). Behavioural tests, blood for 

biomarkers and histology specimens were obtained after exposure to chronic stressors from all the 

offspring groups. Corticosterone was high in all the control offspring group compared to case 

offspring. Case offspring showed greater locomotion, rearing and central entries compared to 

control showing anxiolytic behaviour. Offspring of stressed parents were more resistant/resilient to 

the effects of stress as compared to the offspring of control parents. 
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1. Introduction 

“Stress” is a threat to homeostasis (Pearlin et al., 1981). An organism's response to it is called a 

"stress response"(Kemeny, 2003). It is an adaptive process but  severe, extended stress response 

may result in disease conditions e.g., anxiety, depression, cardiovascular issues, depression, 

diabetes, autoimmune diseases, etc.,(Asalgoo et al., 2015), (Chu et al., 2021), (Mariotti, 2015). 

Stress response  is mediated by stimulation of sympathetic adrenal medullary axis, hypothalamic-

pituitary-adrenal (HPA) axis leading to  activation of hormone systems (Mifsud and Reul, 2018). 

Chronic stress raises baseline cortisol levels. cortisol levels take longer to return to pre-stress levels 

(Juster, McEwen and Lupien, 2010). Exposure to a stress hormone for a long period of time during 

intrauterine life  or in early infancy  may lead to upregulation of genes involved in the 

hypothalamic-pituitary adrenal (HPA) response to stress and a down regulation of genes that exert a 

dampening effect on these pathways (Ladd et al., 2004). Modification to gene expression such as 

methylation of DNA and modifications of histones was observed in offspring  as a result of 

exposure to stress in prenatal period (Champagne, 2010). 

As a result, antenatal stress may cause behavioural changes in offspring for which duration and 

timing of antenatal stress  is important. (Moisiadis and Matthews, 2014)(Glover, 2015). Higher 

cortisol levels were reported in infants (Davis et al., 2011) and children five years of age whose  

mothers  had chronic psychosocial stress in first two trimesters of pregnancy (Gutteling, de Weerth 

and Buitelaar, 2005). Similarly, social defeat stress in rats in second half of gestation caused  an 

elevated corticosterone in stressful situation in male offspring along with depression and anxiety 

(Brunton, 2013). In another study, exposure to odour of predator in second half of gestation resulted 

in an increase in anxiety in adult offspring in both  genders(St-Cyr et al., 2017). Getting exposed to 

restraint stress antenatally caused anxiety in adult mice (Gur et al., 2017). 

Paternal stress encountered early in life or during adulthood resulted in altered reactivity to stress in 

offspring (Chan, Nugent and Bale, 2018). Offspring of mice exposed to early life chronic stress  

showed  altered behaviour in male offspring and reduction in sperm count. Similarly, decreased 

sperm count was reported in  human males with unfavourable childhood (Dickson et al., 2018). 

Literature shows that various stressful situations for parents can affect their offspring as well. To 

evaluate the transgenerational (from parents to offspring generation) effect of stress in humans 

require many years, cannot be in a controlled environment and exorbitant. For these reasons rats 

were used as they get mature and develop reproductive capability much earlier than humans, can be 

evaluated in a controlled environment and cost-effective. Specific methodology was designed to 

carry out this transgenerational research. 

 

2. Methodology 

2.1 Experimental Design for stress protocol 

A total of 130 adult healthy Wistar rats weighing, 280-300 g; age 11 weeks, male to female ratio 

1:1, were raised at the Peshawar Medical College Animal House. The rats were housed in cages 

with 5 rats per cage at 25±2˚C temperature in a humidity of 40-60% under a 12-hour light/dark 

cycle. There was free availability of food (standard laboratory diet and water was ensured 

(Radahmadi et al., 2017). Ethical guidelines for animal care, UK were followed. Ethical approval 

was taken by the Ethical Committee of Peshawar Medical College: IRB approval number:  

Prime/IRB/2019-167 and Khyber Medical University No. Dir/KMU-EB/HM/000713. 

Preliminary behavioural tests were carried out on all rats (figure 1) to remove any stressed rats. Ten 

rats showed stress so they were removed. Those exhibiting normal behaviour (i.e., no anxiety) were 

selected (n=120) (figure 1). For baseline values, ten rats were sacrificed for blood collection(Beeton, 

Garcia and Chandy, 2007)(Supplementary A) after giving anaesthesia(Risling, Caulkett and 

Florence, 2012) (Supplementary B). Blood samples were stored for corticosterone, adiponectin, 

leptin and other blood hormones analysis. Tissues (subcutaneous, perinephric fat, liver, gonads) 
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were collected for histology from 4 male and 4 female rats for analysis. P1 (the first parent 

generation) was divided into case parents; P1A (exposed to chronic stress), 70 in number and 

control parents; P1B (unexposed to chronic stress), 40 in number (figure 1). 

Seventy rats from case parents’ group were exposed to chronic stress at 11 weeks of age for three 

weeks i.e., from 11 to 14 weeks of age (figure 1 and 2). The chronic stressors applied were: (one 

stressor per day for a short time) alteration of  day-night cycle, cold water immersion stress, 

followed by restraint stress on the third day to avoid adaptation (Grissom and Bhatnagar, 

2009),(Campos et al., 2013). Details of stressors are explained in the article,  “Developing Chronic 

Unpredictable/Alternating Stress Model In Wistar Albino Rats” by Khattak et al, (sent for 

publication). 

After applying stressors, open field test for behavioural testing was  performed on P1A, the case 

parents’ group in order to ensure the induction of stress.  It was carried out by the same person at 9 

a.m., the following day after the exposure to stressors ended. Rats that did not exhibit stress were 

removed. Sixty rats revealed anxiety and stress (figure 1). After confirmation of anxiety and stress, 

10 rats were anaesthetised for approximately one minute (Supplementary B)(Risling, Caulkett and 

Florence, 2012). Blood was collected for blood biomarkers (Supplementary A)(Beeton, Garcia and 

Chandy, 2007), the rats were immediately euthanized by exsanguination (Beeton, Garcia and 

Chandy, 2007). Blood samples were cold centrifuged (- 4◦C) at 4,000 revolutions per minute for 20 

minutes to separate sera. The supernatant was transferred to Eppendorf tubes and preserved at 

−80◦C until taken out for running ELISA kits for assaying various hormones in sera. Histopathology 

specimens were collected from four rats and kept in 10% formalin. 

Fifty rats remaining in case parents’ group and forty in control parents’ group were allowed to mate. 

Parents of cases and controls were kept in respective cages, housing 6 rats per cage, 3 male and 3 

female rats, under standard conditions of water, food and temperature. There were approximately 19 

pregnancies out of 25 couples in the cases parents while in the control parents, there were 18 

pregnancies out of 20 couples (figure 1). Same stress protocol was followed for the offspring of both 

groups. After birth, litter was kept with the mother for four weeks as they attain sexual maturity at 

the age of 6 weeks (Blunn, 1939). A litter had 8-10 rats at an average that were divided into two 

groups of approximately four each. After 4 weeks the pups were separated from the mother and the 

male pups were kept separate from the female pups (both cases and control rat’s offspring). These 

pups formed the first filial (F1) generation. Offspring of parents exposed to stress were labelled as 

case offspring (F1A) and those of parents unexposed to stress were named as control offspring 

(F1B) (figure 1 and 2). Case and control offspring were housed in separate cages with male 

offspring separate from the female ones. 4 to 5 rats were kept in a single cage to prevent 

overcrowding. The cages were labelled with their group name and their birth date written on the 

cage. 

They were assigned randomly to one of the six groups (separate six groups each for cases and 

control offspring). Offspring of cases were assigned to 6 different groups (F1A, F1A1, F1A2, F1A3, 

control of F1A1 and control of F1A2) and similarly, offspring of control parents were selected to fill 

F1B, F1B1, F1B2 and F1B3, control of F1B1 and control of F1B2) groups. Number of rats in each 

group was 14. For blood specimen’s 10 rats were required, 12 for behavioural tests and 4 male and 4 

female for histology. 2 were added to adjust for attrition. Behavioural tests were done, blood and 

histology specimens were collected for each of cases and control offspring groups. 

Six groups of case offspring included 

F1A: 5 weeks of age unexposed to chronic stress and sacrificed at 5 weeks of age. 

F1A1:  early life stress (ELS) was given for 3 weeks that started at 5 weeks of age till 8 weeks of 

age and were sacrificed at 8 weeks. 

F1A2: exposed to chronic stress both early life stress (ELS) and late life stress (LLS). ELS extended 

from 5 to 8 weeks of age and then LLS given from 11 to 14 weeks of age. These were sacrificed at 

14 weeks of age 

F1A3: rats of 11 weeks of age, exposed to chronic stressors,(LLS) for 3 weeks that extended from 

11 weeks to 14 weeks of age, and sacrificed at 14 weeks, 
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Control of F1A1: not exposed to stress and sacrificed at 8 weeks of age 

Control for F1A2:  not exposed to stress and sacrificed at 14 weeks of age. 

Control offspring had also six groups (F1B, F1B1, F1B2 and F1B3, control of F1B1 and control of 

F1B2) having same number of experimental rats, and ages, exposure to stress at the same time and 

same procedure was followed for every counterpart. (figure 2 and legend) 

This research work is a part of my PhD thesis titled, “Hormonal and metabolic alterations in 

response to stress in a chronic stress rat model and their offspring.” 

 

2.2 Defining timings of chronic stress 

2.2.1 Early life stress (ELS) for three weeks 

As the offspring reached the age of 5 weeks, they were given early life stress for three weeks i.e., 

from 5th to 8th week of age. 

 

2.2.2 Late life stress (LLS) 

At the age of 11 weeks, they were given late life stress for three weeks i.e., from 11 to 14 weeks. 

 

2.2.3 Both early and late life stress (both ELS and LLS) 

For both early and late life stress, offspring were exposed to early life stress from 5th to 8th week of 

age, kept normally for three weeks and then stressors were applied from 11th to 14th week of age 

 
Figure 1: Methodology  
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Figure 2: Methodology 

 

Groups of experimental Wistar rats 

Healthy rats, n=130 

Sample size n=300 

P1A,Case parents, n=70, age=11 weeks, exposed to chronic stress for 3 weeks 

F1A Off-spring of case parents, n=14, age=5 weeks (Preliminary tests done without being exposed 

to chronic stress) 

F1A1, Off-spring of case parents, n=14, age=8 weeks (after early life stress). Stressors started at 5 

weeks till 8th week of age and sacrificed at 8 weeks 

F1A2, Off-spring of case parents, n=14, age=14 weeks (after early and late life stress). Stressors 

applied at 5 weeks of age for three weeks and then again at 11 weeks for three weeks and sacrificed 

at 14 weeks 

F1A3, Off-spring of case parents, n=14, age= 14 weeks (after late life stress). Stressors given at 11 

weeks to 14 weeks of age and sacrificed at 14 weeks 

Control for F1A1, n=14, age=8 weeks (unexposed to stress), sacrificed at 8 weeks 

Control for F1A2, n=14, age=14 weeks (unexposed to stress), sacrificed at 14 weeks 

P1B, Control parents, n=40, age=11 weeks, unexposed to chronic stress 
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F1B Off-spring of control parents, n=14, age=5 weeks, preliminary tests done, unexposed to early 

life stress 

F1B1, Off-spring of control parents, n=14, age=8 weeks (after early life stress). Exposed to stressors 

from 5th till 8th week of age, sacrificed at 8th week. 

F1B2, Off-spring of control parents, n=14, age=14 weeks (after early and late life stress). Exposed 

to stress first from 5th to 8th week and then from 11th to 14th week of age and sacrificed at 14th week. 

F1B3, Off-spring of control parents, n=14, age=14 weeks (after late life stress). Exposed to stress 

from 11th till 14th week and sacrificed at 14th week. 

Control of F1B1 n=14, age=8 weeks (unexposed to stress), sacrificed at 8 weeks. 

Control of F1B2 n=14, age=14 weeks (unexposed to stress), sacrificed at 14 weeks. 

 

2.7 Behavioral Tests 

2.7.1 Open field test (OFT)  (Patki et al., 2015)(Makori Arika et al., 2019) 

The rat was put in the centre in the open field. Testing session lasted for 5 minutes and was done by 

direct observation recorded by a digital camera, Sony super steady shot D5C-H50(Schmatz et al., 

2009). Experimenter was distant and didn’t move once the test session started. 

Observations included total locomotion in cm, number of rearing responses, time spent in rearing in 

seconds, number of entries into centre, time spent in centre in seconds, percentage of time spent in 

centre and periphery respectively. A 5 minute test session was recorded (Bailey and Crawley, 2009). 

Total distance (cm) travelled in all the quadrants was the  measure of locomotor activity (Bailey and 

Crawley, 2009). Avoiding the centre or staying close to the walls revealed anxiety (Kallai et al., 

2007),(Ohl, 2003). Floor  was  swept  with 30% ethanol and dried with a dry paper towel to clean 

the area for the next rat (Ramos et al., 2008). 

 

2.7.2 Parameters of behavioural tests 

Parameters to be measured included locomotion (cm), number and duration of rearing (seconds), 

time spent in centre in seconds, percentage of time spent in centre and periphery respectively. 

 

2.8 Statistical analysis 

Data was analysed through SPSS Version 25. Normality of the data was checked using tests of 

normality, Kolmogorov-Smirnov and Shapiro-Wilk test. Non normal data was transformed 

accordingly. 

Normal data was presented as mean ± SD, whereas non-normal data were presented as geometric 

means and confidence interval. Comparison between different groups was done through ANOVA 

and p ≤ 0.05 was considered statistically significant. 

Among variables of open field, locomotion showed normal distribution. Rest of the markers, 

number and duration of rearing, time spent in centre and periphery in seconds, percentage of time 

spent in centre and periphery respectively. Kruskal Wallis  test (for non-normal data) was applied 

for comparison among the groups. 

For individual comparison between different groups, MANN-Whitney U test was used. Graphs were 

made through graph pad prism version 9.1.0  for all the blood markers and variables of behavioural 

tests. 

 

3. RESULTS 

In order to check if our protocol for induction of stress was successful or not, we compared case 

parents’ (P1A) group to control parent’s group (P1B). It showed that P1A was stressed compared to 

P1B. Reduced locomotion and rearing in P1A depict that P1A had increased anxiety compared to 

P1B. Rearing time in seconds, number of central entries and percentage of time in centre were all 

significantly higher in PIB than P1A. Percentage of time in periphery was lower in P1B compared to 

P1A (figure 3),(Supplementary C). 

Control offspring  showed higher corticosterone compared to the case offspring.  Controls of  

offspring of  control parents had decreased corticosterone level compared to controls of offspring of 
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case parents. Lesser locomotion was observed in control offspring. Highest locomotion was 

observed in offspring of case parents exposed to both early and late life stress, F1A2. The control 

offspring groups had more or less comparable locomotion. Rearing and rearing time was increased 

in F1A2. It was higher in F1A2 (27.83±16.87) than F1B2(13.00±9.77). Furthermore, it was more in 

F1A2 than F1A1. It was more in F1A compared to F1A1. Rearing was more in F1A3 than F1B3 

significant at a lower level.  The offspring of case parents had greater central entries than their 

counter parts. F1A3 had most central entries among case offspring. F1A2 had greater number of 

central entries than F1A. Among offspring of cases and controls, highest time spent in centre was 

observed in offspring of case parents before exposure to stress. F1A had highest percentage of time 

in centre  (Supplementary D). 

 
Figure 3: Corticosterone and open field markers, locomotion, number of rearing, rearing time in 

seconds, number of central entries, central entries in seconds, percentage of time in centre and 

periphery in all the offspring experimental groups 

 

Legend: 

P1A, Case parents, age=11 weeks, 

F1A Off-spring of case parents,  age=5 weeks (unexposed to chronic stress), sacrificed at 5 weeks 
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F1A1, Off-spring of case parents, age=8 weeks (after early life stress). Stressors started at 5 weeks 

till 8th week of age and sacrificed at 8 weeks 

F1A2, Off-spring of case parents,  age=14 weeks (after early and late life stress). Stressors applied 

at 5 weeks of age for three weeks and then again at 11 weeks for three weeks and sacrificed at 14 

weeks 

F1A3, Off-spring of case parents, age= 14 weeks (after late life stress). Stressors given at 11 weeks 

to 14 weeks of age and sacrificed at 14 weeks 

Control for F1A1,  age=8 weeks (unexposed to stress), sacrificed at 8 weeks 

Control for F1A2, age=14 weeks (unexposed to stress), sacrificed at 14 weeks 

P1B, Control parents, age=11 weeks 

F1B Off-spring of control parents, age=5 weeks,  unexposed to stress, sacrificed at 5 weeks 

F1B1, Off-spring of control parents, n=14, age=8 weeks (after early life stress). Exposed to stressors 

from 5th till 8th week of age, sacrificed at 8th week. 

F1B2, Off-spring of control parents, age=14 weeks (after early and late life stress). Exposed to 

stress first from 5th to 8th week and then from 11th to 14th week of age and sacrificed at 14th week. 

F1B3, Off-spring of control parents,  age=14 weeks (after late life stress). Exposed to stress from 

11th till 14th week and sacrificed at 14th week. 

Control of F1B1, age=8 weeks (unexposed to stress), sacrificed at 8 weeks. 

Control of F1B2, age=14 weeks (unexposed to stress), sacrificed at 14 weeks. 

 

4. DISCUSSION 

Modern way of life entails encountering everyday stressful circumstances, and for some individuals, 

the stress becomes persistent and hence chronic.   Parental stress may result in the development of 

both metabolic and psychological problems in the next generation. We planned this study to 

evaluate the transgenerational (from parents to offspring generation) effect of stress. We used rats to 

evaluate this phenomenon in a controlled environment.  We found lower corticosterone levels in 

offspring of stressed parents. Moreover, the behavioural tests of stressed parent’s offspring showed 

less anxiety and more resilience when exposed to prolonged stress. In addition, the offspring’s 

which were given repeated stress became more resilient. 

For this study we prepared a stress protocol of three weeks to which the parent generation was 

subjected. The effectiveness of stress was checked by evaluating corticosterone which was raised in 

stressed parents. Moreover, the behavioural tests also showed anxiety and stressed behaviours. Our 

results of open field behavioural test were similar to another study which showed  a reduction of 

locomotion in the open field test (OFT) after exposure to chronic unpredictable stress (CUS) 

(Sequeira-Cordero et al. 2019). The stressed rats showed decreased rearing which was also observed 

by another research  (Seibenhener and Wooten, 2015).  Similar chronic stress protocols have been 

used by others and have also reported an increase in corticosterone and behavioural modifications 

(Chen et al., 2021),(Dal-Zotto, Martı́ and Armario, 2000), (Vagnerová et al., 2023). The same stress 

model that we used in parents was also used in offspring generation and showed the development of 

stress by alteration in behavioural tests and rise in corticosterone levels. To limit the effect of 

environmental confounding factors both the parents and offspring were given same housing 

environment, food and water. 

Our main objective was to check if the chronic stress given to parents have psychological effects in 

offspring and if the parent generation stress alters response to stress in their offspring. To explore 

this, we made six groups each in the offspring of  case and control parents. We used early life, late 

life, both early and late life stress to explore this. Moreover, there were controls for all the time 

points of sacrifice in both cases and control offspring groups which were not given stress. This 

model covered all the possible alterations in responses which could be due to chance. 

Stress causes activation of HPA axis by activating neurons present in paraventricular nucleus (PVN) 

of the hypothalamus resulting in corticotropin releasing factor (CRF) and arginine vasopressin 

(AVP) secretion into the portal circulation via the median eminence. Thus stimulation of anterior 

pituitary gland  releases adrenocorticotropic hormone (ACTH) which acts on adrenal cortex and  
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glucocorticoids get released from the adrenal cortex resulting in mobilization of  energy stores. 

(Pfau and Russo, 2015). Glucocorticoid receptors are present in several areas of the brain and in 

various organs and tissues.  In chronic stress, the negative feedback depending on glucocorticoids 

controlling stress response is compromised. Furthermore, there is  resistance to glucocorticoid 

receptor leading to long term multiple organ damage (MN, 2012). The reason of chronically high 

cortisol/corticosterone in chronic stress is due to a continuous stress-induced activation of the HPA 

axis resulting in altered negative feedback and inappropriate regulation of feedforward signalling.  

This leads to inefficient dynamic regulation of the stress response (Herman, 2013)(Mariotti, 2015). 

In our study the effect of chronic stress given to parents was limited to parent generation and harmful 

effects were not transmitted to the next generation. This could be due to the fact that sufficient time 

was given to rats (around four to six weeks)  for mating and pregnancy. This four to six weeks’ time 

may have attenuated the stress effect but kept the beneficial effect which was seen in the offspring 

generation. 

In offspring generation, an interesting finding in our study was a little raised corticosterone in 

controls of cases (not given stress), as compared to control offspring which were not given stress 

(non-significant difference). Similarly, case offspring not stressed also had similar corticosterone. 

On exposure to stressful situation, there is an increase in corticosterone to make the body cope up 

with stress. In relation to our data, when considering offspring generation, there was an increase in 

corticosterone in both case and control offspring after exposure to stress. However, there was lesser 

increase in corticosterone in case offspring. This shows that previous generation stress may induce 

resilience in next generation (Supplementary D, figure D.1). The individual perception of a certain 

stressor to be able to predict it in order to control it, plays an important role in the stress response to 

that stressor i.e., in promoting adaptation (Koolhass, Bartolomucci and Buwalda, 2011).This 

explains that response to stress depends on anticipation of that stressor by an individual and its 

efficiency in causing adaptation. Moreover, on integrating both corticosterone and behavioural test 

parameters, we saw a pattern that in cases offspring corticosterone was raised but lesser than control 

offspring who were also given stress. Similarly, behavioural tests show more adaptation with lesser 

increase in corticosterone in cases offspring as compared to control offspring’s which showed 

higher corticosterone and less adaptation or more influence of stress on behavioural tests. When we 

integrated corticosterone values with behavioural tests, we found that control offspring had lower 

locomotion, rearing, central entries as compared to cases offspring when stressed (Supplementary D, 

figure D.2,D.3,D.5). A similar study also showed that case offspring  exposed to early and late life 

stress (ELS+LLS) observed a  consistent increase in locomotion in rodents exposed to chronic 

unpredictable stress (CUS) (Watt et al., 2009). However, in our study control offspring (not 

stressed) had similar locomotion as cases offspring (not stressed) (figure 3). When considering 

baseline corticosterone, control parents and offspring of controls not given stress gave us the base 

line corticosterone level (figure 3),(Supplementary D, figure D.2). Among all the case and control 

offspring, the most stressed group was control offspring (8 weeks of age having a raised 

corticosterone compared to other offspring (Supplementary D, figure D.1). Contrary to our finding, 

chronic mild stress (CMS) did not alter corticosterone level in different age groups of experimental 

rats, rather resilience was observed in younger age (Toth et al., 2008). Moreover, a blunted cortisol 

response was observed in chronically stressed populations (MacDonald and Wetherell, 2019). 

Modulation of the central and peripheral systems concerned with stress pathways and negative 

feedback systems have been observed in cases of human resilience. Resilience or susceptibility to 

stress is influenced by environmental and genetic factors (Feder, Nestler and Charney, 

2009). Adaptation occurs at many levels of organisation  facilitated by developmental plasticity to 

environmental responsive and epigenetic memory (Coffman, 2020).  Association of  neural circuits, 

signalling  and genetics have been associated with resilience (Cathomas et al., 2019),(Osório et al., 

2017). Corticotropin-releasing hormone and brain-derived neurotropic factor are examples of factors 

associated with resilience (Osório et al., 2017),(Swaminathan et al., 2023). 

Additionally,  in humans,  dehydroepiandrosterone (DHEA) has emerged to be a biomarker having a 

role in resilience.  DHEA is released from the adrenal cortex with cortisol in response to stress and 
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can counter the effects of glucocorticoids (Yehuda et al., 2006)Cortisol on binding  to 

glucocorticoid receptors inhibits HPA axis by negative feedback. This action of cortisol is 

suppressed by DHEA (Wu et al., 2013) An elevated DHEA: cortisol ratio has been shown in a study 

carried on military men, to be associated with lesser stress induced symptoms. Furthermore, DHEA 

has anxiolytic and antidepressant properties (Averill et al., 2018). Certain epigenetics changes  as 

methylation of DNA reduces HPA activation resulting in altered resilience to stress (Bick et al., 

2012). We did not check DHEA or DNA methylation in our study and may be a good area to further 

explore resilience mechanism in this model. 

Mesocorticolimbic reward circuitry may be involved in promoting resilience to chronic stress. 

(Christoffel, Golden and Russo, 2011). Chronic unpredictable stress causes inhibition of dopamine 

release (Baik, 2020). However, a different observation  after exposure to chronic stress for three to 

seven weeks was an increase in dopamine level in nucleus accumbens (Stamford et al., 1991). 

Among all the offspring groups, number of rearing, rearing time, central entries were more in case 

offspring exposed to both early and late life stress and late life stress compared to control offspring 

revealing lesser anxiety in cases offspring.(figure 3), (Supplementary D, figure D.3, D.4, D.5).This 

may be due to resilience produced in the case offspring group. Similar to our study, human studies 

have observed resilience in response to exposure to chronic stress in early life (Espejo et al., 

2007)(Luthar, 2015)(Wyman et al., 1991).  Some children may be less susceptible to ELS than other 

children observed in  the differential reactivity model(Wachs, 1992). Children showing resilience 

after stress exposure, demonstrated a relatively positive adaptation in spite of challenges (Luthar, 

2015). 

Exposure to stressors throughout early life predicted higher resilience in later life. This may seem to 

be different from the well-established relationships between early-life trauma and later behavioural 

and emotional problems, and psychiatric disorders (Espejo et al., 2007). However, stress does not 

lead to such outcomes in all cases (Wyman et al., 1991). The same view was supported by another 

study that  not even  most  of the cases exposed to stress develop psychiatric problems (Bonanno, 

2004). Furthermore, exposure to stress is required to learn to adapt to stress effectively (Martin and 

Martin, 2002).  Even a  severe and prolonged stressor as childhood physical abuse can lead to higher 

resilience (Cicchetti and Rogosch, 2007). A study differentiated between different stressors such as 

‘toxic stress’ in childhood for e.g., a long-term neglect or abuse; ‘tolerable stress’, as the death of a 

dear one and ‘positive stress’, e.g., minor stressors on daily bases and suggested that positive stress 

facilitates in developing coping mechanisms to deal with stress that one can encounter later in life.  

It was concluded that in the presence of support, tolerable stress can act as positive stress too. 

Although some of the early-life stressors counted in this study seem severe, none would be 

categorized by Middlebrooks and Audage as toxic, so their model suggests all could have benefited 

resilience (Audage and Middlebrooks, 2008). 

 

Conclusion: 

Offspring of stressed parents were more resilient to early and late life stress as compared to control 

(non-stressed) parents. On exposure to stress corticosterone was less increased and behavioural tests 

were less altered in stressed parent’s offspring. Offspring given both early and late life stress were 

more resilient as compared to offspring given only early or only late life stress. 

Future Recommendation: Finding the mechanism of adaptation in transgenerational model is 

recommended for further research. 

 

REFERENCES 

1. Asalgoo, S. et al. (2015) ‘Posttraumatic stress disorder (ptsd): Mechanisms and possible 

treatments’, Neurophysiology, 47(6), pp. 482–489. 

2. Audage, N. C. and Middlebrooks, J. S. (2008) ‘The effects of childhood stress on health across 

the lifespan’. 

3. Averill, L. A. et al. (2018) ‘Stress response modulation underlying the psychobiology of 

resilience’, Current Psychiatry Reports, 20, pp. 1–13. 

https://jptcp.com/index.php/jptcp/issue/view/79


Development Of Protocol For Transgenerational Stress In Wistar Rats 

 

Vol. 30 No. 19 (2023): JPTCP (151-170) Page | 161 

4. Baik, J. (2020) ‘Stress and the dopaminergic reward system’, Experimental & Molecular 

Medicine, pp. 1879–1890. doi: 10.1038/s12276-020-00532-4. 

5. Bailey, K. R. and Crawley, J. N. (2009) ‘Anxiety-related behaviors in mice.’ 

6. Beeton, C., Garcia, A. and Chandy, K. G. (2007) ‘Drawing blood from rats through the 

saphenous vein and by cardiac puncture’, Journal of Visualized Experiments, (7), pp. 1–2. doi: 

10.3791/266. 

7. Bick, J. et al. (2012) ‘Childhood adversity and DNA methylation of genes involved in the 

hypothalamus–pituitary–adrenal axis and immune system: Whole-genome and candidate-gene 

associations’, Development and psychopathology, 24(4), pp. 1417–1425. 

8. Blunn, C. T. (1939) ‘The age of rats at sexual maturity as determined by their genetic 

constitution’, The Anatomical Record, 74(2), pp. 199–213. 

9. Bonanno, G. A. (2004) ‘Loss, trauma, and human resilience: have we underestimated the 

human capacity to thrive after extremely aversive events?’, American psychologist, 59(1), p. 20. 

10. Brunton, P. J. (2013) ‘Effects of maternal exposure to social stress during pregnancy: 

Consequences for mother and offspring’, Reproduction, 146(5). doi: 10.1530/REP-13-0258. 

11. Campos, A. C. et al. (2013) ‘Animal models of anxiety disorders and stress’, Brazilian Journal 

of Psychiatry, 35, pp. S101–S111. 

12. Cathomas, F. et al. (2019) ‘Neurobiology of resilience: interface between mind and body’, 

Biological psychiatry, 86(6), pp. 410–420. 

13. Champagne, F. A. (2010) ‘Epigenetic influence of social experiences across the lifespan’, 

Developmental psychobiology, 52(4), pp. 299–311. 

14. Chan, J. C., Nugent, B. M. and Bale, T. L. (2018) ‘Parental advisory: maternal and paternal 

stress can impact offspring neurodevelopment’, Biological psychiatry, 83(10), pp. 886–894. 

15. Chen, R. et al. (2021) ‘Chronic circadian phase advance in male mice induces depressive-like 

responses and suppresses neuroimmune activation’, Brain, Behavior, & Immunity-Health, 17, p. 

100337. 

16. Christoffel, D. J., Golden, S. A. and Russo, S. J. (2011) ‘Structural and synaptic plasticity in 

stress-related disorders’. 

17. Chu, B. et al. (2021) ‘Physiology, stress reaction’, in StatPearls [Internet]. StatPearls 

Publishing. 

18. Cicchetti, D. and Rogosch, F. A. (2007) ‘Personality, adrenal steroid hormones, and resilience 

in maltreated children: A multilevel perspective’, Development and psychopathology, 19(3), pp. 

787–809. 

19. Coffman, J. A. (2020) ‘Chronic stress, physiological adaptation and developmental 

programming of the neuroendocrine stress system’, Future Neurology, 15(1). doi: 10.2217/fnl-

2019-0014. 

20. Dal-Zotto, S., Martı́, O. and Armario, A. (2000) ‘Influence of single or repeated experience of 

rats with forced swimming on behavioural and physiological responses to the stressor’, 

Behavioural brain research, 114(1–2), pp. 175–181. 

21. Davis, E. P. et al. (2011) ‘Prenatal maternal stress programs infant stress regulation’, Journal of 

Child Psychology and Psychiatry, 52(2), pp. 119–129. 

22. Dickson, D. A. et al. (2018) ‘Reduced levels of miRNAs 449 and 34 in sperm of mice and men 

exposed to early life stress’, Translational Psychiatry, 8(1), p. 101. 

23. Espejo, E. P. et al. (2007) ‘Stress sensitization and adolescent depressive severity as a function 

of childhood adversity: a link to anxiety disorders’, Journal of abnormal child psychology, 35, 

pp. 287–299. 

24. Feder, A., Nestler, E. J. and Charney, D. S. (2009) ‘Psychobiology and molecular genetics of 

resilience’, Nature Reviews Neuroscience, 10(6), pp. 446–457. 

25. Glover, V. (2015) ‘Prenatal stress and its effects on the fetus and the child: possible underlying 

biological mechanisms’, Perinatal programming of neurodevelopment, pp. 269–283. 

26. Grissom, N. and Bhatnagar, S. (2009) ‘Habituation to repeated stress: get used to it’, 

Neurobiology of learning and memory, 92(2), pp. 215–224. 

https://jptcp.com/index.php/jptcp/issue/view/79


Development Of Protocol For Transgenerational Stress In Wistar Rats 

 

Vol. 30 No. 19 (2023): JPTCP (151-170) Page | 162 

27. Gur, T. L. et al. (2017) ‘Prenatal stress affects placental cytokines and neurotrophins, 

commensal microbes, and anxiety-like behavior in adult female offspring’, Brain, behavior, and 

immunity, 64, pp. 50–58. 

28. Gutteling, B. M., de Weerth, C. and Buitelaar, J. K. (2005) ‘Prenatal stress and children’s 

cortisol reaction to the first day of school’, Psychoneuroendocrinology, 30(6), pp. 541–549. 

29. Herman, J. P. (2013) ‘Neural control of chronic stress adaptation’, Frontiers in behavioral 

neuroscience, 7, p. 61. 

30. Juster, R.-P., McEwen, B. S. and Lupien, S. J. (2010) ‘Allostatic load biomarkers of chronic 

stress and impact on health and cognition’, Neuroscience & Biobehavioral Reviews, 35(1), pp. 

2–16. 

31. Kallai, J. et al. (2007) ‘Cognitive and affective aspects of thigmotaxis strategy in humans.’, 

Behavioral neuroscience, 121(1), p. 21. 

32. Kemeny, M. E. (2003) ‘The psychobiology of stress’, Current directions in psychological 

science, 12(4), pp. 124–129. 

33. Koolhass, J. M., Bartolomucci, A. and Buwalda, B. (2011) ‘Stress revisited: a critical 

evaluation of the stress concept’, Neuroscience and Biobehavioral Reviews, 35(5), pp. 1291–

1301. 

34. Ladd, C. O. et al. (2004) ‘Long-term adaptations in glucocorticoid receptor and 

mineralocorticoid receptor mRNA and negative feedback on the hypothalamo-pituitary-adrenal 

axis following neonatal maternal separation’, Biological psychiatry, 55(4), pp. 367–375. 

35. Luthar, S. S. (2015) ‘Resilience in development: A synthesis of research across five decades’, 

Developmental psychopathology: Volume three: Risk, disorder, and adaptation, pp. 739–795. 

36. MacDonald, D. and Wetherell, M. A. (2019) ‘Competition stress leads to a blunting of the 

cortisol awakening response in elite rowers’, Frontiers in Psychology, 10(JULY). doi: 

10.3389/fpsyg.2019.01684. 

37. Makori Arika, W. et al. (2019) ‘Effects of DCM leaf Extract of Gnidia glauca (Fresen) on 

Locomotor Activity, Anxiety and Exploration-Like Behaviors in High Fat Diet-Induced Obese 

Rats’, bioRxiv, p. 786103. 

38. Mariotti, A. (2015) ‘The effects of chronic stress on health: new insights into the molecular 

mechanisms of brain–body communication’, Future science OA, 1(3). 

39. Martin, P. and Martin, M. (2002) ‘Proximal and distal influences on development: The model 

of developmental adaptation’, Developmental Review, 22(1), pp. 78–96. 

40. Mifsud, K. R. and Reul, J. M. H. M. (2018) ‘Mineralocorticoid and glucocorticoid receptor-

mediated control of genomic responses to stress in the brain’, Stress, 21(5), pp. 389–402. 

41. MN, S. (2012) ‘Sternberg EM. Glucocorticoid regulation of inflammation and its functional 

correlates: from HPA axis to glucocorticoid receptor dysfunction’, Ann. NY Acad. Sci, 1261, pp. 

55–63. 

42. Moisiadis, V. G. and Matthews, S. G. (2014) ‘Glucocorticoids and fetal programming part 1: 

outcomes’, Nature Reviews Endocrinology, 10(7), pp. 391–402. 

43. Ohl, F. (2003) ‘Testing for anxiety’, Clinical Neuroscience Research, 3(4–5), pp. 233–238. 

44. Osório, C. et al. (2017) ‘Adapting to stress: understanding the neurobiology of resilience’, 

Behavioral Medicine, 43(4), pp. 307–322. 

45. Patki, G. et al. (2015) ‘Tempol treatment reduces anxiety-like behaviors induced by multiple 

anxiogenic drugs in rats’, PloS one, 10(3), p. e0117498. 

46. Pearlin, L. I. et al. (1981) ‘The stress process’, Journal of Health and Social behavior, pp. 337–

356. 

47. Pfau, M. L. and Russo, S. J. (2015) ‘Peripheral and central mechanisms of stress resilience’, 

Neurobiology of stress, 1, pp. 66–79. 

48. Radahmadi, M. et al. (2017) ‘Stress biomarker responses to different protocols of forced 

exercise in chronically stressed rats’, Journal of bodywork and movement therapies, 21(1), pp. 

63–68. 

49. Ramos, A. et al. (2008) ‘Integrating the open field, elevated plus maze and light/dark box to 

https://jptcp.com/index.php/jptcp/issue/view/79


Development Of Protocol For Transgenerational Stress In Wistar Rats 

 

Vol. 30 No. 19 (2023): JPTCP (151-170) Page | 163 

assess different types of emotional behaviors in one single trial’, Behavioural brain research, 

193(2), pp. 277–288. 

50. Risling, T. E., Caulkett, N. A. and Florence, D. (2012) ‘Open-drop anesthesia for small 

laboratory animals’, The Canadian Veterinary Journal, 53(3), p. 299. 

51. Schmatz, R. et al. (2009) ‘Resveratrol prevents memory deficits and the increase in 

acetylcholinesterase activity in streptozotocin-induced diabetic rats’, European Journal of 

Pharmacology, 610(1–3), pp. 42–48. doi: 10.1016/j.ejphar.2009.03.032. 

52. Seibenhener, M. L. and Wooten, M. C. (2015) ‘Use of the open field maze to measure 

locomotor and anxiety-like behavior in mice’, Journal of visualized experiments: JoVE, (96). 

53. St-Cyr, S. et al. (2017) ‘Maternal programming of sex-specific responses to predator odor stress 

in adult rats’, Hormones and behavior, 94, pp. 1–12. 

54. Stamford, J. A. et al. (1991) ‘Voltammetric evidence that subsensitivity to reward following 

chronic mild stress is associated with increased release of mesolimbic dopamine’, 

Psychopharmacology, 105, pp. 275–282. 

55. Swaminathan, A. et al. (2023) ‘Stress resilience is established during development and is 

regulated by complement factors’, Cell Reports, 42(1), p. 111973. 

56. Vagnerová, K. et al. (2023) ‘Profiling of adrenal corticosteroids in blood and local tissues of 

mice during chronic stress’, Scientific Reports, 13(1), pp. 1–11. doi: 10.1038/s41598-023-

34395-2. 

57. Wachs, T. D. (1992) The nature of nurture. Sage publications. 

58. Wu, G. et al. (2013) ‘Understanding resilience’, Frontiers in behavioral neuroscience, 7, p. 10. 

59. Wyman, P. A. et al. (1991) ‘Developmental and family milieu correlates of resilience in urban 

children who have experienced major life stress’, American Journal of community psychology, 

19(3), p. 405. 

60. Yehuda, R. et al. (2006) ‘Clinical correlates of DHEA associated with post‐traumatic stress 

disorder’, Acta Psychiatrica Scandinavica, 114(3), pp. 187–193. 

 

Authors contribution 

1. Dr. Robina Usman 

Manuscript write up, idea of study, critical reading, lab work, data collection, statistics 

2. Dr.Omar Malik (corresponding author) 

Manuscript write up, Idea of study, statistics, critical reading 

3. Dr. Madiha Khattak 

Manuscript write up, Idea of study, lab work, statistics, critical reading 

4. Dr. Hamid Habib 

Idea of study, critical reading 

5. Rifat Ullah Khan, PhD 

Critical reading, lab work, data collection. 

Conflict of interest: The authors declare that there is no conflict of interests. 

Acknowledgements: This study has no funding. 

 

Annexure (s): 

Supplementary “A” 

Blood sampling through cardiac puncture (Beeton et al., 2007) 

A syringe of 5 ml having 23 Gauge needle was used. The rat was placed on its back with its ventral 

side facing us.   Position of the heart was located by index finger of left hand, kept at the lowest 

ribs’ level, without applying pressure. Heart lies slightly to right and a cm above. Syringe was held 

at an angle of 45 degrees.  Needle was inserted till a drop of blood appeared in the syringe.  Then, 

the plunger of the syringe was pulled to fill the syringe which was disconnected carefully. Blood 

was emptied into a tube. If more blood was required, the syringe was again connected to the needle.  

Approximately, 5-10 ml of blood was obtained from a rat weighing 120-180 g. 
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Supplementary “B” 

Open drop method (Risling et al., 2012) 

1. After putting on the gloves, gauze was soaked with approximately less than 1cc of 30% v/v 

isoflurane in propylene glycol mixture per 500cc volume of anesthesia container. 

2. A wire mesh was placed at the base of the glass container and the gauze was placed under it in 

order to prevent direct contact with isoflurane as irritation and reabsorption through the skin can 

occur. 

3. Rat was placed in the container and covered with the lid tightly. Rat took approximately 2 

minutes to get anesthetized that was ensured by absent righting reflex. 

4. For 10 seconds, it was allowed to remain in deep anesthesia and then taken out from the 

container which was covered with the lid immediately. 

5. Procedure was started if toe pinch was absent otherwise it was returned to the container. 

6. By open drop method, rats were anesthetized for a minute during which blood was collected 

through cardiac puncture and rat was euthanized by exsanguination. 

 

Supplementary “C” 

 
Figure C.1 Comparison of corticosterone and open field parameters between case and control 

parents 

Key: 

p* ≤ 0.05 

p**≤ 0.01 

p***≤0.001 

P1A, Case parents, age=11 weeks 

P1B, Control parents, age=11 weeks 

 

Corticosterone level was raised in P1A(155.09 (101.15-237.79) ng/ml compared to P1B 49.22 

(35.88- 67.54) ng/ml. It was statistically significant with p value<0.001 Locomotion was 2307.45 ± 

518.00 cm in P1B compared to 400.50±310.45cm in P1A. P value<0.001.Rearing in P1B was 17.36 

± 6.99 times compared to 4.92 ± 5.14 times with p-value<0. 001.Rearing time in seconds was 34.73 

±13.97 compared to 10.42 ± 10.47 (p<0.001)in P1B compared to P1A .Number of central entries 

was 1.91 ± 0.83 compared to 0.17±0.38 in P1B and P1A respectively, statistically 

significant(p<0.001).Time in seconds for central entries was 8.36 ± 3.13 seconds in P1B compared 

to 0.66 ± 1.61 seconds in P1A (p<0.001). Percentage of time in centre was 2.96 ±1.39 % in P1B 

compared to 0.22 ±0.53% in P1A (p<0.001). Percentage of time in periphery was 96.84 ±1.33 in 

P1B compared to 99.77 ± 0.53 in P1A (p<0.001) (Figure C.1). 
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Supplementary “D” 

 
Figure D.1: Comparison of corticosterone in offspring of case parents and offspring of control 

parents 

 

Key: 

p* ≤ 0.05 

p**≤ 0.01 

p***≤0.001 

 

ELS – Early life stress 

LLS – Late life stress 

 

F1A, Off-spring of cases, age= 5 weeks (unexposed to chronic stress) 

F1A1, Off-spring of cases, age=8 weeks (after ELS) 

F1A2, Off-spring of cases, age=14 weeks (after both ELS, LLS) 

F1A3, Off-spring of cases, age= 14 weeks (after LLS) 

Control for F1A1, n=14, age=8 weeks (No stress) 

Control for F1A2, n=14, age=14 weeks (No stress) 

 

F1B Off-spring of controls, age=5 weeks, (No stress) 

F1B1, Off-spring of controls, age=8 weeks (after ELS) 

F1B2, Off-spring of controls, age=14 weeks (after both ELS, LLS) 

F1B3, Off-spring of controls, age=14 weeks (after LLS) 

Control of F1B1, age=8 weeks (No stress) 

Control of F1B2, age=14 weeks (No stress) 

 

The most stressed group was F1B1(5 weeks age, offspring of non-stressed parents) among the 

offspring of case and control parents having the highest level of corticosterone (ng/ml) 

115.42(74.94-177.76) compared to the level of corticosterone in F1B i.e., group of offspring 5 

weeks of age, unexposed to stress 67.90(44.55-103.48) with statistical significance of p<0.05. Off-

spring of control parents after early, late and both early and late life stress had high corticosterone 

level compared to their controls that was statistically significant (figure D.1). 
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Figure D.2: Comparison of locomotion in offspring of case parents and offspring of control parents 

in open field test 

 

Key: 

p* ≤ 0.05 

p**≤ 0.01 

p***≤0.001 

 

Among F1A, F1A1, F1A2, F1A3, F1B, F1B1, F1B2, F1B3 group, F1A2(1569.00±265.74)  had 

higher locomotion compared to F1B2 801.00±335.65  with a p<0.001, F1A3(1405.50 ±355.92)  

revealed greater locomotion than F1A1(291.00 ±258.55 cm) p< 0.001, F1A (1215±683.37cm)  

showed greater locomotion than F1A1(291.00 ±258.55 cm) (p<0.001), F1A2 showed greater 

locomotion than F1A1, p<0.001, F1A2 (1569.00±265.74) also showed greater locomotion than 

F1A(1215±683.37cm) p<0.05 F1B (1359.00±565.08 cm) had greater locomotion compared to 

F1B1391.50±367.46, F1B (1359.00±565.08 cm)also had greater locomotion than  F1B2 

(801.00±335.65 cm) p<0.01. F1B3 (1109.83±555.14 cm) had more locomotion than 

F1B1(391.50±367.46 cm) p<0.01 (figure D.2).  We deduce that the most locomotion was observed 

in F1A2, after getting exposed to both early and late life stress. 
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Figure D.3: Comparison of rearing in OFT in offspring of case parents and offspring of control 

parents in open field test 

Key: 

p* ≤ 0.05 

p**≤ 0.01 

p***≤0.001 

 

In F1A, F1A1, F1A2, F1A3, Group F1A1(3.67 ±3.98) had least number of rearing and the 

difference was highly significant, p<0.001 compared to F1A2 (12.83±5.09) and F1A3 (9.75 ±4.02) 

(i.e., exposure to chronic early life stress had decreased rearing the most. (Figure 5) In F1B, F1B1, 

F1B2, F1B3 number of rearing was 19.75±12.61, 5.00±5.25, 6.50±4.89 and 9.67±13.04 

respectively.  In F1A, F1A1, F1A2, F1A3, F1B, F1B1, F1B2, F1B3 group, number of rearing was 

more in F1A2 than F1B2 p<0.01 They were observed more in F1A3 than F1B3, p<0.01. Most 

stressed group was F1A1(least rearing) and F1A2 was the most resilient. figure D.3) 
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Figure D.4: Comparison of rearing time in seconds in offspring of case parents and offspring of 

control parents in open field test 

 

Key: 

p* ≤ 0.05 

p**≤ 0.01 

p***≤0.001 

 

Rearing time in seconds was least in F1A1(8.25±7.64) group compared to F1A2(27.83±16.87) 

(p<0.001). Significant difference, p<0.01 existed between F1A1 (8.25±7.64) and F1A3(19.50±8.05) 

i.e., the group exposed to late life stress. In F1A, F1A1, F1A2, F1A3, F1B, F1B1, F1B2, F1B3 

group, rearing time was more in F1A3 than F1B3 significant at a lower-level p<0.05. Higher in 

F1A2 (27.83±16.87) than F1B2(13.00±9.77) p<0.01. It was more in F1A2 than F1A1 (p<0.001). It 

was more in F1A compared to F1A1, p<0.05 (figure D.4). 

 

 
Figure D.5: Comparison of number of central entries in offspring of case parents and offspring of 

control parents in open field test 
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Key: 

p* ≤ 0.05 

p**≤ 0.01 

p***≤0.001 

 

In F1A, F1A1, F1A2, F1A3, F1B, F1B1, F1B2, F1B3 group, F1A3 had most central entries that 

remained statistically significant at a lower level with F1A, p<0.05, F1A2 had greater number of 

central entries than F1A, p<0.05 (figure D.5). 

 

 
Figure D.6: Comparison of time in seconds for central entries in offspring of case parents and 

offspring of control parents in open field test 

 

Key: 

p* ≤ 0.05 

p**≤ 0.01 

p***≤0.001 

 

In F1A, F1A1, F1A2, F1A3, F1B, F1B1, F1B2, F1B3 group, time in centre in seconds was highest 

in F1A but non-significant (Figure D.6) 

 
Figure D.7.: Comparison of percentage of time in centre in offspring of case parents and offspring 

of control parents in open field test 
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Key: 

p* ≤ 0.05 

p**≤ 0.01 

p***≤0.001 

 

In F1A, F1A1, F1A2, F1A3, highest percentage of time in centre was observed in F1A (3.831 ± 

2.408) but no significance with any offspring group of cases. F1A1, F1A2, F1A3 had 0.83 ±1.32, 

1.19±1.69, 2.47 ±1.80 percentage of time in centre respectively (figure 9) In F1B, F1B1, F1B2, 

F1B3, percentage of time in centre was highest in F1B3 but not significant with offspring of 

controls. The values were 2.44±2.78, 1.13±1.42, 1.61±4.76, 3.08±9.45 in F1B, F1B1, F1B2, F1B3 

groups respectively. In F1A, F1A1, F1A2, F1A3, F1B, F1B1, F1B2, F1B3 group, F1A had highest 

percentage of time in centre but did not reveal any significance. (Figure D.7) 

 

 
Figure D.8: Comparison of percentage of time in periphery in offspring of case parents and 

offspring of control parents in open field test 

 

Key: 

p* ≤ 0.05 

p**≤ 0.01 

p***≤0.001 

 

In F1B, F1B1, F1B2, F1B3, percentage of time in periphery for these groups were 97.55±2.78, 

98.86±1.42, 98.38±4.77, 99.55±0.82 respectively. F1B3(99.55±0.82) compared to F1A3 (97.52 

±1.80) had a statistical significance with p=0.008.  F1B3 was statistically significant with F1B at a 

low level of significance. It was significant between F1A (96.16 ± 2.41) and F1A1 (99.16 ±1.33), 

between F1A (96.16 ± 2.41) and F1A2 (98.80 ±1.69) p<0.01 respectively. It was significant 

between F1A1(99.16 ±1.33), and F1A3(97.52 ±1.80) p<0.05. It showed significance between F1A1 

and F1B, p<0.01. Least percentage of time in periphery was spent by F1A and highest percentage of 

time was spent in periphery by F1A1. Early life stress is worst as maximum time in periphery was 

spent by F1A1(figure D.8) 
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