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Abstract 
Stress comes in many forms and is dependent on different factors. Partly because of this, there are 

also many different animal models to study it. Two of these models are the social defeat stress model 

and the immobilization stress model. These models are totally different in nature, but nevertheless, 

are both used in literature to explain stress related disorders like post-traumatic stress disorder 

(PTSD), but also depression and anxiety disorders. Therefore, one of the goals of this study was to 

compare these two models with each other. To be able to do this, I compared the effects of both 

models on brain and behavior with each other.  The animals used in this study were male rats of two 

different strains, Wildtype Groningen (WTG) and Wistar. In this way I was able to compare the two 

strains in terms of coping with and susceptibility to stress. 

Young adult male rats of both strains were either subjected to a single session of 1h social defeat 

stress (during which behavior was analyzed), 2h of immobilization stress or a control treatment. 10 

days after this the animals were tested for anxiety on an elevated plus maze. The brains were 

analyzed for BDNF expression, but unfortunately, the results of this analysis proved to be unreliable. 

Blood samples during and shortly after the experiments were taken for corticosterone concentration 

measurement. 

Corticosterone values pointed out that WTGs showed a significantly higher and more prolonged 

corticosterone response than Wistars. However, this did not result in an increased anxiety on the 

maze of WTGs compared to the Wistars; the latter showed more anxiety, as well as during social 

defeat, so it can be said that Wistars are more prone to anxiety. It cannot be said that both stress 

models differ from each other, since there were no significant differences seen with the corticosterone 

values, and the brain analysis failed. 

In conclusion, these results show that WTGs and Wistars differ from each other in physiology and 

behavior when it comes to stress, and resilience to stress. These differences have to be taken into 

account when designing a study, in order to get valid results. No differences between the stress 

models with regard to corticosterone response and anxiety were pointed out in this study. Future 

research should investigate whether effects of these models on the brain are indifferent as well. 

Introduction 
Stress is a very broad subject of research. The amount of studies regarding this subject is growing fast 

(for example, when is searched on pubmed.gov with the term stress –excluding oxidative stress- it 

can be seen that in 2015 35,000 articles were published that year, while in 2010 there were 25,000). 

One of the reasons why this field of research is so large is that pathologies due to stress are assumed 



to play an important role in societal health issues (Chattarji, Tomar, Suvrathan, Ghosh, & Rahman, 

2015; Chen & Baram, 2016). Stress can be divided into two parts: a stressor and the stress response, 

in which the stressor stands for a stimulus that threatens homeostasis, and the stress response 

represents the reaction of the organism to re-establish this (Chrousos, 2009; Koolhaas et al., 2011). 

When people refer to stress it generally has a negative connotation, but actually it is a highly 

adaptive response to successfully deal with various stimuli. For example, when blood sugar levels are 

becoming low in an animal, the animal becomes ‘stressed’ and motivated to feed. When an animal’s 

body temperature becomes too high it will seek ways to lower this temperature. Stress is in this way 

a good thing: it drives the individual to adapt to a changing environment. Another example of an 

adaptive response is the stress response to an acute and eminent danger such as the attack from a 

predator. This stress response is highly relevant to support a so called ‘fight-flight reaction’(Korte, 

Koolhaas, Wingfield, & McEwen, 2005). In this way the chances of survival are maximized. In the 

previously mentioned examples, the stress response can be viewed as a successful attempt to 

adaptation. However, when an individual is unable to adapt to a certain stressor, the experienced 

stress becomes severe and/or prolonged. This especially happens when stressors are unpredictable 

and/or uncontrollable(Koolhaas et al., 2011). In this case the stress does not lead to adaptation but 

potentially to maladaptation, becoming harmful itself. Interestingly, this works the other way around 

too, meaning that too little stress is harmful as well. A good example of this is the case of some zoo 

animals that live in cages that do not allow natural behavior. Predator animals like lions and leopards 

for example, cover very large distances in the wild in search of prey. In animal zoos these animals are 

generally housed in relatively small restricted environments, where they are unable to exhibit their 

natural behavior. This leads to abnormal, stereotypic behaviors like walking back and forth 

continuously. (Sapolsky, 2015)  

Stressors can be either physical or psychological. Physical stressors are threats to internal 

homeostasis that not primarily involve the brain. Examples are hunger, thirst, cold and heat. These 

stressors directly threaten homeostatic principles and can be fatal if they persist and cannot be dealt 

with. Psychological stressors involve evaluation of the situation by brain regions, particularly those of 

the limbic brain like the amygdala, prefrontal cortex and hippocampus.  Examples of this are social 

neglect, burnout stress or traumatic stress. These forms of stress can lead to maladaptation like 

depression, anxiety disorder or post-traumatic stress disorder for example. Although physical 

stressors like thirst, hunger, cold or heat are still a major problem in Third world countries, in our 

Western society, particularly emotional or psychosocial stressors are the cause of many health 

problems.   

Of course physical stressors also involve the brain to organize behavioral and physiological attempts 

to successfully cope with them. The physical stressor activates stress signals in the brain, leading to 

motivation and subsequent behavioral and physiological responses of the organism to re-establish 

homeostasis.  

When physical stress becomes too severe it can have serious effects on mental health. For example 

in patients with Diabetes Mellitus, low blood sugar levels can have serious effects on the 

psychological well-being of the patient. In mild cases these effects can include an increased appetite, 

feelings of discomfort, sweating and trembling. In more serious cases however, these effects can 

include abnormal behavior, unconsciousness, seizures or even permanent brain damage. (Kenny, 

2014; Verrotti, Scaparrotta, Olivieri, & Chiarelli, 2012)  

The other way around, psychological stressors can have serious effects on the periphery. For 



example, the experience of chronic stress is shown to have detrimental effects on the immune 

system, by suppressing and dysregulating innate and adaptive immune responses, by promoting 

chronic inflammation and suppressing number and function of immunoprotective cells. (Dhabhar, 

2014) Furthermore, chronic stress increases the chance of getting cardiovascular diseases. (Golbidi, 

Frisbee, & Laher, 2015; Pelliccia et al., 2014)  

Currently increasing scientific interest is aimed at the lasting effects of stressors on the brain and 

how brain circuitry is altered in some individuals resulting in pathological changes in physiology and 

behavior, whereas other individuals exposed to similar challenges appear to be resilient to the 

detrimental effects of the stressors (Korte et al., 2005; Romeo, 2014; Walker, Pfingst, Carnevali, 

Sgoifo, & Nalivaiko, 2016).  

When it comes to research on how stress affects the human brain only brain imaging techniques and 

behavioral studies lie within possible research methods. These studies have yielded interesting 

results. In brain imaging studies on patients with post-traumatic stress disorder (PTSD) for example, it 

appeared that the amygdala (a brain area closely involved in the processing of memory, decision-

making and emotional reactions, including fear) is hyper responsive in reaction to threat-related 

stimuli (Lanius et al., 2002; Rauch et al., 2000). 

On the other hand, the medial prefrontal cortex (mPFC) ( which plays a role in emotion through 

inhibition of the amygdala) seems to be less responsive in these patients (Bremner et al., 1999; 

Bremner et al., 2005; Shin et al., 2001). Additionally, there are indications that the ventromedial 

prefrontal cortex (vmPFC) is of smaller volume in patients with PTSD compared to healthy subjects 

(Kitayama, Quinn, & Bremner, 2006). This area is thought to regulate emotion. It is connected to and 

receives input from the amygdala, and has a controlling function on emotion and the behavior it 

leads to. It does this by an inhibiting influence on the amygdala. A smaller volume could therefore 

indicate a lower control over the amygdala, and thus emotion (Hansel & von Kanel, 2008). There is 

also decreased activity seen in other brain structures, like the anterior cingulate cortex (ACC) and the 

insular cortex, relative to traumatized controls (that have not developed PTSD).  These regions are 

thought to be involved in emotion processing as well. (Zhu et al., 2014) 

Forms of stress other than those that are the result of having experienced trauma, like occupational 

stress, seem to elicit similar changes in the brain. For example, brain volume reductions in regions 

like the PFC and the ACC, and an increased volume of the amygdala (Blix, Perski, Berglund, & Savic, 

2013; Savic, 2015). 

As mentioned earlier, research on the human brain is still fairly limited. Additionally, there are still 

major doubts about the reliability of neuroimaging. The resolution is not high enough for example, 

and with this method it is not possible to detect whether a neuron is afferent or efferent. (Linden, 

2012; Moran & Zaki, 2013) 

For more brain structure specific knowledge about the effects of stress on the brain still much 

research is performed using animal models. Research using these models yielded interesting results. 

There is evidence that stress impairs function of the PFC on a relative small timescale, in both 

humans and animals (Arnsten, 1998; Murphy, Arnsten, Goldman-Rakic, & Roth, 1996). 

When it comes to the effects of stress on the hippocampus and the amygdala, a rather divergent 

pattern is seen. A large amount of studies has shown that the hippocampus, which provides negative 

feedback on the stress response, is altered by chronic as well as acute stress.(McEwen, 1999) In a 

prominent study of Chattarji and colleagues an interesting effect was found: chronic or repeated 

stress leads to neuronal atrophy in the hippocampus, but in contrast, to neuronal growth in the 



amygdala of rats. (Vyas, Mitra, Shankaranarayana Rao, & Chattarji, 2002) The view that these effects 

are a result of stress in general has been widely accepted since. The model that is being used in these 

findings is immobilization stress. The question which then arises is: is this model indeed modeling in a 

general way the neuroplastic changes in the brain following stress exposure reflecting the underlying 

neural principles in stress-related changes in behavior?  Or is it possible that the structural 

remodeling that is observed in the hippocampus and amygdala is specific for this type of stressor? It 

would be a good suggestion to study this also in other frequently applied stress models. The studies 

discussed earlier have yielded some very interesting results, but this does not necessarily mean that 

this same effect is seen in all kinds of stress situations. Stress comes in many forms, and this should 

be taken into account when designing a study, especially when research is aimed at the translation of 

the findings to mechanisms involved in human stress related emotional disorders.   

 

Causes for human stress can be quite diverse: physical or psychological trauma, social harassment or 

neglect and burnout stress to name just a few. It might be too simple to use just one and the same 

stress model to investigate this. In fact, there is a great variety of animal stress models currently used 

in research. Examples are: the presence of predator odor, forced swimming, social defeat, random 

foot shock, immobilization, maternal separation and so on. Most important factor of this may be the 

perception of control or coping possibilities the animal has to each stressor.  One can imagine that 

these different models are experienced differently by the animal, and consequently, may have 

different effects on brain and behavior of the animal (Chattarji et al., 2015; Koolhaas et al., 2011).  

Additional to the many forms stress can have, the severity of stress is determined by a variety of 

factors. Corticosterone values in the blood are often used as a measure for the severity of stress. 

However, using this sole measure as an indicator for the severity of stress is incorrect. In fact, 

behaviors which are favorable and rewarding can induce an even larger corticosterone response than 

certain stress models. For example, sexual behavior appears to elicit a stronger corticosterone 

response than the experience of social defeat. An important factor is the amount of energy that is 

needed to successfully deal with the stressor. Controllability and predictability also play an important 

role, as well as duration and frequency of the stressor. When a severe and potentially life-

threatening stressor becomes increasingly more uncontrollable or unpredictable the stress becomes 

more severe and the chance increases that the animal is unable to cope with this certain stressor. 

When this is the case, it becomes very likely that adaptation of the animal to the stressor changes 

into maladaptation, with damage to the internal system as a result. (Koolhaas et al., 2011) All these 

factors should be taken into account when choosing a specific model and design.  

 

It probably is clear that the shift from adaptation to maladaptation is a complex phenomenon. Partly 

because stress comes in so many forms and is dependent on different factors, there are also a lot of 

different models to study it. Fact is however, that the models are not always used consistently. One 

of these models that is commonly used in stress research, apart from the previously mentioned 

immobilization stress, is social defeat stress where a rat is placed in a dominant rat’s cage and is 

defeated in a fight. Despite the fact that both models are totally different in nature (the former being 

traumatic of nature, offering no other coping strategy than just to “sit it out”,  and the latter 

concerning stress social of nature, being more naturalistic and offering a behavioral coping strategy 

(Chattarji et al., 2015; Krishnan, 2014)), both models are used in animal research to explain the 

effects of PTSD for example, (Garabadu, Ahmad, & Krishnamurthy, 2015; Hammamieh et al., 2012; 

Roth et al., 2012; Tse et al., 2014) but also depression and anxiety disorders (Qiao et al., 2016; Yan, 



Cao, Das, Zhu, & Gao, 2010). These disorders are all significantly different from each other, but still 

both models are used interchangeably to explain these different disorders.  

 

One of the goals of this study was therefore to compare these two models with each other. With the 

studies of Chattarji and colleagues (Mitra, Jadhav, McEwen, Vyas, & Chattarji, 2005; Vyas et al., 

2002)in mind, I replicated these immobilization methods, and compared the effects on brain and 

behavior with a social defeat experiment, to be able to compare the two models with each other.  In 

literature, when comparing different studies, differences between these models can be found. For 

example, when looking to c-Fos expression in the brain, different patterns are seen in the two 

models. In a study using the immobilization model for example, it was found that immobilization 

leads to an increased c-Fos expression in the basolateral and central areas of the amygdala (Hoffman 

et al., 2013). In another study using the social defeat model however, this effect was not found 

(Martinez, Phillips, & Herbert, 1998). In studies that measured microglial activity using the marker 

IBA-1 in the amygdala, it was found that after repeated social defeat microglial activity increased in 

the amygdala. (Wohleb et al., 2011; Wohleb et al., 2012) In contrast, this effect was not found in a 

study using chronic immobilization instead of social defeat as a stress model, although a slight trend 

was seen (which was not statistically significant)(Tynan et al., 2010). Considering these examples of 

studies that indicate a difference between the two models, I hypothesize that these models differ 

significantly when it comes to the effect on brain structure, behavior and physiology, and therefore 

cannot be considered as similar models (Motta & Canteras, 2015).  

Another aim of this study was to compare two strains of rats, Wistar Unilever (WU) and Wildtype 

Groningen (WTG), with each other in terms of coping with and susceptibility to stress. WU rats 

appear to be relatively vulnerable to social defeat whereas the WTG rat is rather resilient to the 

negative impact of this social stressor (Vidal, Buwalda, & Koolhaas, 2011). This may be related to the 

difference in social behavioral skills between these two rat strains. I hypothesize that, despite both 

strains being of the same species, both strains react differently to the two stressors: WU rats will 

respond quite strong to the social defeat whereas WTG rats are more resilient. Since the 

immobilization stress offers no coping strategy and does not involve social skills I expect the two rat 

strains to respond more similar the immobilization stress. It appears that studies that directly 

compare different strains with each other are relatively rare. When comparing different studies and 

the strains that were used however, differences between these strains can be found, for example 

when looking to HPA-axis reactivity. (Hammels et al., 2015) 

Interestingly, in a study where different genetic lines of mice were compared in terms of their natural 

behavior and behavioral response to pharmaceutical treatment, it appeared that wildtype mice were 

the most aggressive and showed less anxiety-like behavior, in comparison with various inbred strains. 

(Parmigiani, Palanza, Rogers, & Ferrari, 1999) 

Due to these differences it is relevant to compare different strains with each other, because the 

choice of a specific strain can influence the outcomes of an experiment. Furthermore, it can shed 

some light on individual differences when it comes to stress resilience; why one individual is more 

affected by stress than the other.  Due to decades of inbreeding and the need for standardization in 

science, I expect that the Wistar strain has become significantly different from its congener that lives 

in the wild.  



Materials & Methods 

Animals 
Two strains of rats were used: Wildtype Groningen (WTG) and Wistar rats (both belonging to Rattus 

Norvegicus). The Wildtype Groningen strain is a strain of originally wild-trapped animals and bred 

under laboratory conditions for over 45 generations. The animals have not been selected for any 

characteristic. It appears that the amount of aggression and social behavior displayed by these 

animals differs greatly between individuals. (Coppens, de Boer, Buwalda, & Koolhaas, 2014)The 

Wistar strain is a commonly used strain in biomedical research and the rats used were provided by 

Janvier Labs. This is a deviation from the rats that are commonly used in our facilities in previous 

social defeat experiments, Wistar Unilever, provided by Harlan. Use of the latter was not possible 

due to an infection at Harlan. 

The animals that were tested and subject of this study were young adult male rats of similar age 

(approximately 8-9 weeks old (WTGs and Wistars)), with the WTGs weighing approximately 217 ± 23 

g and the Wistars 305 ± 26 g at the time of the beginning of the experiment. The rats were housed in 

groups of 5-6 animals until one day before the beginning of the experiment (except for the first 12 of 

the WTGs: they were housed in groups until the experiments, and right after they were solitary 

housed like the rest), after this they were solitary housed until sacrifice 10 days later. The animals 

were housed under a 12 h light-dark cycle (lights on at 10 AM) in temperature controlled rooms ( 

approximately 21 ˚C), with food and water available ad libitum.  

The animals that were used as a dominant (resident, not subject of this study) rat in the Resident-

Intruder test were adult male WTG rats, and were at the time of the experiment approximately 6 

months old. These animals were housed in relatively large observation cages (80 cm x 55 cm x 50 

cm), with an oviduct-ligated female to promote aggression and territorial behavior and prevent social 

isolation. Just before the introduction of the experimental male intruder rats this female was 

removed, and placed back after the test. 

All animals that participated in the experiments were handled five times or more prior to the 

experiments to let them get used to being handled by humans, and to reduce the possible distorting 

effect of stress on the data caused by it. 

All experiments were approved by the Groningen University Committee on Animal Experiments (DEC 

6746C).  

Resident-intruder experiment 
Prior to testing with the subjects, the dominant rats were trained for the experiment several times. 

This means that 1 hour before training the female was removed from the cage, and then another 

male rat was placed in the cage of the dominant rat for 10 minutes, in which (most of the time) the 

dominant rat would start to threaten the intruder, and eventually attack. All the 23 dominant 

animals that were in the facility were trained in that manner, and the time of attack after the 

introduction of the intruder and the intensity of the attack were analyzed. Using these parameters, 

the four most aggressive animals were chosen to participate in the actual experiment.  

The actual experiment consisted of the Wistars (n=8) and WTGs (n=8) being placed in the cage of the 

resident (again, the female was removed 1 h prior to the experiment). After the resident attacked for 

the first time, the intruder stayed in the cages for another 15 minutes. After this the intruder was 

taken out of the cage for a brief period and put into a small wire mesh cage (30 cm x 14 cm x 14 cm), 

which was then put back into the cage of the resident for another 45 minutes. This cage allowed 

visual, auditory and olfactory interaction with the resident but prevented direct physical attacks. 



(Buwalda, Stubbendorff, Zickert, & Koolhaas, 2013) After being in the resident’s cage for 1 hour in 

total (15 min + 45 min), the intruder was removed and put in a cage on its own. This was then moved 

to another room together with the other experimental animals. 

Every physical resident-intruder interaction (e.g. the first 15 minutes of the experiment) was 

recorded on camera and analyzed later using the behavioral analysis program ELINE. This was done 

to get a good view of the intensity of the social defeat and behavioral response of the intruder. For a 

better description of the video analysis see one of the following paragraphs. 

Immobilization experiment 
For the immobilization experiment the Wistars (n=8) and the WTGs (n=8) were put in a point-shaped 

plastic bag with a breathing hole at the tip. The rat was placed with the nose pointed towards the tip 

of the bag with the hole in it, and the other open end was strapped and tightened around the base of 

the rat’s tail, so it was impossible for the rat to escape. The total time during which the animals were 

immobilized was 2 hours. The reason for this discrepancy between the Resident-Intruder experiment 

and this experiment regarding duration (the former being 1 hour in duration and the latter 2 hours) is 

that a 2 hour duration is a widely used protocol for immobilization (Ghosh, Laxmi, & Chattarji, 2013; 

Sotomayor-Zarate et al., 2015; Vyas, Pillai, & Chattarji, 2004). Additionally, this study was meant as a 

follow-up of the study of Chattarji and colleagues, and they also used this 2 hour protocol (Vyas et 

al., 2002). When it comes to the Resident-Intruder experiment, the experience of loss had to be 

pronounced enough because it is a single experience, and on the other hand the stress response 

shouldn’t be allowed to dwindle too much due to habituation of the intruder to the presence of the 

dominant rat. The same procedure was used by Buwalda and colleagues which yielded good 

results.(Buwalda et al., 2013)  

After the 2 hours of immobilization the animals were released and put back in their own separate 

cage. This was then placed in another room together with the other experimental animals. 

Unfortunately, 1 WTG and 2 Wistars died during this experiment. The WTG probably died of 

suffocation because it tried to turn itself in the bag, and then got stuck. The cause of death of the 

Wistars remains unknown. 

Control treatment 
During the experiments, the control animals (Wistar: n=8, WTG: n=8)were brought to a different 

room than that of the immobilization treatment or the social defeat treatment. Light and 

temperature were similar as in the rooms where stress exposure is performed. One half of the 

control animals was placed back in their own room after 1 hour, the other half after 2 hours. This was 

done to control for both durations of the social defeat and immobilization experiments. 

Elevated plus maze test 
Ten days after the experiments all treatment groups were tested for general anxiety with an elevated 

plus maze (height: 50 cm; length of arms: 45 cm). The test was performed between 10 AM and 12 

PM, and each animal was tested for 5 minutes. Light intensity on an open arm was around 80 lux, 

and on the closed arm around 5 lux. Each animal was taken separately to the room with the elevated 

plus maze and placed in the middle of the maze, facing towards a closed arm. While the behavior of 

the animal was recorded on camera it could move freely across the two open and two closed arms. 

After the animal was placed on the maze the experimenter immediately left the room. After the 

animal had been on the maze for 5 minutes it was immediately moved back to its room. After each 

run the maze was cleaned with warm water and soap to prevent the rat that was being tested to 



smell any odors from previous rats so its behavior would not be affected. The recorded videos of the 

behavior on the maze was later analyzed. The relative amount of time spent on an arm was 

quantified using the behavioral analysis program ELINE. Time spent on a specific arm was only scored 

when the animal was on that arm with all four paws. The performance was assessed by calculating 

the relative percentage of the total time each animal spent on the open arms (time on the open 

arm/[time on the open arms + time on the closed arms]). (Buwalda et al., 2013) 

Blood sampling 
Before, during and after each experiment blood samples were taken from the end of the tail by tail 

clipping, to be able to measure corticosterone levels in the blood. This was performed on all 

treatment groups. Collection of each blood sample took on average about 30 sec - 1 min. 

A total of 5 samples per animal were taken: 

- (t = -10min) A baseline sample. 

- (t = 15) First measure of corticosterone. It was taken right before the social defeat animals were put 

into the small cage of nettings.  

- (t = 60) This was taken right after the social defeat animals were taken out of the cage of the 

resident, and at the middle of the immobilization experiment. 

- (t = 120) This was taken at the end of the immobilization experiment. 

- (t = 180) A recovery sample. 

All samples were added to 10 µl heparine  to prevent clotting and kept on ice. The samples were then 

centrifuged and plasma was collected which was stored at -20 ˚C until analysis.  

Weighing 
All animals were weighed the day before the start of the experiments and 2 hours before sacrifice. 

This was done to see if the different treatments had any effect on weight gain (since the animals 

were still adolescent, they were still growing).  

Sacrificing and preparation of tissues 
Two hours after all rats were tested on the elevated plus maze, the rats were sacrificed. First, the 

animals were deeply anaesthetized by injecting them with an overdose of sodium pentobarbital, and 

perfused using a solution of heparinized saline (10 ml heparin/L  saline) for approximately 1 minute. 

This was followed by a perfusion using a 4% paraformaldehyde solution in 0,1 M phosphate-buffered 

saline (PBS), 250 ml per animal. The brains and adrenal glands were removed, which were put in 0,1 

M PBS, then stored in a 30% sucrose solution for 24 h to prevent ice crystals forming in the tissue 

when frozen, which can damage the tissue.  The brains were then frozen by placing them on a metal 

block cooled by liquid nitrogen, and stored at -80 ˚C until sectioning with a cryostat. The adrenal 

glands were cleaned from any adipose tissue and then weighed.  

BDNF staining 
The brains of the animals were sectioned using a cryostat, each section was 30 µm. Of each animal, 6 

sections were stained: two of the dorsal hippocampus (around bregma -3,8 mm), two of the ventral 

hippocampus (around bregma -5,6 mm) and two of the amygdala (between bregma -1,8 and -2,12). 

(Paxios & Watson, 1982) The sections were pre-incubated for 1 h in 2% normal goat serum, then 

incubated for four days (1 day at room temperature and 3 days at 4 ˚C ) in 1:1000 rabbit anti-BDNF 

(Alomone labs, lotnr: ANT010AN0802), with 1% normal goat serum.  The sections were then 



incubated with 1:500 biotinylated rabbit-anti-goat immunoglobulin (Jackson labs, lotnr: 111513) for 1 

day at 4 ˚C. (For a detailed description of the staining protocol, see appendix)  

After staining, the sections were mounted on glass slides, and dehydrated by putting them in trays 

with ethanol/xylol. The sections were embedded in a DPX-mounting medium. The sections were then 

analyzed for BDNF positive cells.  

  



Behavioral analysis of resident-intruder experiment 
The behavior of the socially defeated animals was recorded on camera during the first 15 minutes of 

the experiment. These videos were then analyzed. The displayed behaviors of the animals were 

scored using a home-made  computer program called ELINE. For the different identified behaviors 

and their descriptions, see Table 1. The percentage of the time each behavior was displayed was 

calculated. 

Furthermore, the 10 different behaviors were pooled into 3 categories: 

 Submissive behaviors: ‘Freeze’, ‘Submissive’, ‘Chased and ‘Submissive+’ 

 Coping behaviors: ‘Clinch’, ‘Upright’ and ‘Follow/mirroring’. 

 Neutral behaviors: ‘Social explore’, ‘Ambulation’ and ‘Inactivity/groom’. 

Behavioral code Category Description 

Freeze Submissive 
(reactive) 

No movement at all, mostly after an attack from the 
resident. 

 

Submissive Being pushed on its back by resident and doing no 
effort to get out of this position, right after attack 

 

Chased Running away from resident  

Submissive + Laying on its back, without the resident forcing it to  

Clinch Coping 
(proactive) 

Fighting with the resident  

Upright Defensive posture, standing on two legs against the 
resident 

 

Follow/mirroring Following the resident and the direction of its head, 
mimicking its postures 

 

Social explore Neutral Sniffing and/or touching the partner  

Ambulation Walking around the cage  

Inactivity/groom Doing nothing or licking, gnawing own body  

 

Data analysis 
All data analysis was performed using the computer program SPSS by IBM. When comparing multiple 

different groups, one-way ANOVA analysis was done, and for the corticosterone measures repeated 

measures was used. For all post-hoc analyses the Least Significant Difference was used (LSD).  

Area under the curve 

To be able to make a good comparison of the 3 treatments when it comes to overall corticosterone 

response, the area under the curve (AUC) was calculated. This was done by dividing the curve into 4 

segments: t = 0-15, t = 15-60, t = 60-120 and t = 120-180. For each segment the area underneath the 

curve was calculated by multiplying the difference in time with the difference in height of the 

corticosterone response divided by 2 (e.g. the upper skew part of the trapezium or the right-angled 

triangle), plus the difference in time multiplied with height of the left point (e.g. the lower part of the 

trapezium, the rectangle). The area of segment was added up to calculate a total. The eventual AUC 

then consisted of this total minus the baseline value multiplied by the total time.  

However, because the social defeat treatment and the immobilization treatment both had a different 

duration (the former was 1 h in total and the latter 2 h) the total AUCs could not be compared. I 

Table 1: Behavioral codes with the categories they belong in to and the descriptions. 



corrected for this difference in duration by letting the segment of t = 60-120 out of the calculation for 

the immobilization group, and the segment of t = 120-180 for the social defeat group. In this way the 

AUC of both treatments covered a comparable area, including the initial responses and the 

downward slope of the corticosterone responses immediately after the experiments.  

Results 

Behaviors during the resident-intruder experiment 
When looking at the results of all different behaviors displayed by the socially defeated rats, there 

seems to be one striking difference between Wildtype Groningen rats and Wistar rats. Wistar rats 

appear to ‘’freeze’’ much more than WTGs during the resident-intruder experiment. (Figure 1) One 

way ANOVA-analysis indicated that there is a significant difference (F = 31,979, P < 0,001). 

In contrast, WTGs showed more ‘’submissive’’, ‘’follow/mirroring’’ and ‘’inactivity/grooming’’ 

behavior (F = 6,432, P = 0,024; F = 7,661, P = 0,015; F = 5,778, P = 0,031 respectively). Furthermore, 

Wistars seem to display the ‘’submissive+’’ more often, because two of the Wistar rats displayed it, 

and none of the WTGs. However, this proved to be insignificant. (Figure 1) 
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Figure 1: Average time spent on different behaviors during the resident-intruder experiment. Dark grey bar: WTG; Light grey 
bar: Wistar. (Means ± sem, *p<0,05; **p<0,001) 



When looking at the behavioral data when the 10 different behaviors are pooled into 3 categories (as 

described in materials & methods section) the difference in behavior between WTGs and Wistars 

becomes even clearer. It appears that Wistars show much more submissive behaviors, the difference 

was very significant (F = 22,901, P < 0,001). On the other hand, WTGs show more coping and neutral 

behaviors (F = 9,375, P = 0,008; F = 8,958, P = 0,010 respectively, Figure 2). 
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Figure 2: Average time spent on behaviors pooled into three categories ‘’submissive’’, ‘’coping’’, and ‘’neutral’’ behaviors. 
Dark grey: WTG; Light grey: Wistar. (Means ± sem, *p<0,05; **p<0,001) 



The total frequency of attack and chase incidents was also counted and analyzed. One way ANOVA-

analysis pointed out that WTGs tended to be attacked and chased more, but this was not significant, 

only nearly (F = 2,798, P = 0,117; F = 4,451, P = 0,053 respectively, Figure 3) 

There were no differences observed in the other behaviors. 

 

Figure 3: Average number of times the intruder rat was attacked or chased. (Means ± sem) # indicates a tendency. 
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Elevated plus maze test 
When looking at the performance on the elevated plus maze test and the difference between 

groups, a rather divergent pattern is seen. With the WTG rats, almost no effect is seen from the 

different treatments on performance on the elevated plus maze. The socially defeated WTGs (d) 

tended to be more anxious than the immobilized (i) and control WTGs (c), but this is only a small 

effect and proved to be insignificant (figure 4).  

 

Figure 4: Performance of the Wildtype Groningen rats (WTG, n=23; n(c)=8, n(i)=7, n(d)=8) on the elevated plus maze 
measured in % time spent on open arms (= time on open arms/(time open arms + time closed arms) x 100). (Means ± sem) # 
indicates a tendency  
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When looking at the performance of the Wistars on the maze, a totally different pattern is seen. The 

socially defeated Wistars has increased anxiety compared with the immobilized group (P = 0,013), 

and tended to be more anxious than controls (P = 0,227) Furthermore, the immobility group tended 

be less anxious than the control group (P = 0,154, Figure 5). 

 

Figure 5: Performance of the Wistar rats(n=23; n(c)=8, n(i)=6, n(d)=8)  on the elevated plus maze measured in % time spent 
on open arms (= time on open arms/(time open arms + time closed arms) x 100). (Means ± sem, *p<0,05) 
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The both strains were also compared with each other, and a clear pattern was seen. It appears that 

WTGs overall were less anxious on the elevated plus maze compared to the Wistars, with significant 

differences for the control and social defeat groups (P = 0,004;    P = 0,008 respectively). When it 

comes to the immobilized groups, only a tendency was seen (P = 0,227, figure 6). 

 

 

Figure 6: Comparison between the performance of both strains on the elevated plus maze measured in % time spent on 
open arms (= time on open arms/(time open arms + time closed arms) x 100). (Means ± sem, *p<0,05) # indicates a 
tendency. 

Corticosterone values 
Regarding the measured blood corticosterone levels during the experiments, the behavioral 

differences between WTGs and Wistars seem to be present also in the neuroendocrine responses to 

the stressors. However, I will discuss the differences between each treatment of the two strains 

separately first. 

Differences between the treatments  

Regarding the WTG rats, the differences in corticosterone response per treatment become already 

apparent after the first 15 minutes of the experiments.  After this short period, there is already a 

tendency seen: the immobility treatment seems to elicit a higher corticosterone response, followed 

by the social defeat treatment, and then the control treatment. These differences are not statistically 

significant. However, these effects become significant at t = 60 and t = 120. Overall, it can be said 

that the difference of the immobilization treatment in the WTGs in comparison with the defeat and 

control treatments is strikingly high. In fact, the difference is very significant, even when comparing it 
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with all 3 treatments of the Wistars. (All significance values are 0,000) Some corticosterone values 

were as high as 1659 ng/ml, more than double the highest value seen in the Wistars. I therefore got 

some doubts about the reliability of these data. When checking the data obtained from the 

corticosterone measurements, it appeared that calibration curve was incorrect, and therefore, all 

values above 500 ng/ml were incorrect. I then adjusted this calibration curve and indeed, this 

resulted in much lower values. The highest value among the WTGs was now 737 ng/ml instead of 

1659. Despite this enormous adjustment that had to be made, still significant differences were seen. 

Regarding WTGs, it appeared that the overall response of the immobilized group was significantly 

higher compared to the socially defeated group and the controls (P = 0,000 for both differences). The 

overall response of the socially defeated group was also significantly higher than that of the control 

WTGs (P = 0,015).  

Regarding the Wistars, the same effects are seen. Also here, the overall response was the highest in 

the immobilized group, compared to the socially defeated and control group (P = 0,000 for both 

differences). Also the socially defeated animals showed a significantly higher response than the 

control animals (P = 0,000, Figure 7). The initial response for the immobilization group and the 

socially defeated group is similar. 

It has to be noted that these differences give a bit of a distorted image of the corticosterone 

response of the different treatments, because both stress treatments have different durations. 

Because of this, it is a logical consequence that the immobilization group showed a significantly 

higher response. The Area under the Curve (AUC) gives a more realistic view because in that 

calculation, the different durations have been corrected for. The AUC is discussed later. 

 

Figure 7: Average corticosterone curves per treatment (ng/ml), measured in 5 time points (-10, 15, 60, 120, 180 min) with 
Wistar illustrated left and WTG right. (Means ± sem) 

0 50 100 150 200

0

200

400

600

0 50 100 150 200

0

200

400

600

C
o

rt
ic

o
s
te

ro
n

 l
e

v
e

l 
(n

g
/m

l)

Time (min)

 Social Defeat

 Immobility

 Control

Wistar (n=22)

Time (Min)

WTG (n=23)A



Differences between the strains 

When comparing the two different strains with, a clear difference is seen. It appears that in general, 

WTG rats show a higher overall corticosterone response, no matter what treatment they got. This 

means that during the resident-intruder (e.g. the socially defeated animals) experiments, the WTGs 

showed a higher corticosterone response (P = 0,004). What stands out is the fact that WTGs show a 

more gradual downward slope of the curve (e.g. a slower recovery to baseline). This is according to 

the values for t = 120 and t = 180. (P = 0,000 and P = 0,028 respectively) This also applies to the 

immobilization experiments, the overall response is higher than that of Wistars (P = 0,014). Also with 

this treatment, the downward slope of the response curve is more gradual in WTGs, but only on time 

point t = 180 (P = 0,018, figure 8). When looking at the control animals, the difference in reactivity 

between the strains is even more striking. Along the entire curve, the response is higher for WTGs. (P 

= 0,000, figure 9) 

What also stands out, is that after the resident-intruder experiment, the Wistar rats seem to return 

to their baseline value of blood corticosterone a lot quicker than WTGs.  For detailed plots in which 

each treatment is plotted seperately, see Appendix (figures A1 and A2). 
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Figure 8: Average corticosterone curves per treatment (ng/ml), measured in 5 time points (-10, 15, 60, 120, 180 min) for WTG 
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Figure 9: Average corticosterone curves of the control animals. The circles indicate WTG and the squares indicate Wistar 
rats. (Means ± sem, *p<0,05) 
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AUC 

When the magnitude of the overall corticosterone response was calculated in terms of AUC, no 

significant differences were found between the social defeat treatment and the immobilization 

treatment. This is probably due to the correction I did that was necessary because of the different 

durations of the models (see Material and Method, section Data analysis).  Both treatments did differ 

significantly from the control treatment. What also produced a significant difference however, was 

the comparison between the control groups of both strains. The Area Under the Curve of the WTGs 

was significantly higher than that of the Wistars. (P = 0,007) Furthermore, there is a tendency seen in 

the other treatments towards the WTGs showing a higher response, but this does not reach 

statistical significance (Social defeat: P = 0,243; Immobility: P = 0,121, figure 10). The immobilization 

treatment and social defeat treatment seem to be similar when it comes to AUC. 

 

Figure 10: Average Area under the Curve (AUC) for WTG (dark grey) and Wistar (light grey) rats, corrected for experiment 
duration as described in Materials & Methods section. For AUC calculation also see this section. 

Adrenal gland weights 
The adrenal glands appeared to be unusable because a large amount was damaged, and the weights 

were therefore unreliable. 

Weight gain after experiment 
There was no effect observed from the different treatments on weight gain during the period 

between the experiment and sacrifice. 

However, when only the two strains are compared in general (meaning the 3 treatments are taken 
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together), there is a tendency towards Wistar rats gaining more weight than WTG rats during the 10 

day period between experiment and sacrifice. (P = 0,158) 

Weight at start of experiment 

At the start of the experiments the WTG rats were around 8,5 weeks old and the Wistar rats around 

8 weeks. Despite the fact that both groups were the same age before the experiments, there is a very 

clear difference: the Wistar rats weighed much more than WTG rats (305 ± 26 g for Wistars vs. 217 ± 

23 g for WTGs) meaning they have a higher growing rate. After testing with independent T-test, this 

difference appeared to be very significant. (P = 0,000; Figure 11) 

 

Figure 11: The average weights of the animals before the start of the experiment. (Means ± sem, **p<0,001) 

BDNF-staining 
Unfortunately the BDNF-staining did not provide any reliable results. At first, it looked like the 

staining gave a specific signal, but to be sure I included a control staining. This means that I, 
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Discussion 
These results indicate that different stress models (e.g. social defeat stress versus immobilization 

stress) can elicit responses that are at least different in magnitude when it comes to behavior and 

corticosterone values in the blood during these stress experiments. The immobilization model elicits 

the highest corticosterone response, but only in WTG rats. However, in both strains, the overall 

response (including the downward slope) in the immobility group is the highest. The immobilization 

curves return slower to baseline values in both strains. This may be due to the characteristics of this 

specific stress model. Immobilization stress is highly uncontrollable, since the animal has absolutely 

no control over the outcome. It has been postulated that not the initial height of the response curve 

indicates the degree of uncontrollability, but instead the downward slope, or in other words, the 

recovery speed (Koolhaas et al., 2011). Following this, the more gradual this downward slope is, the 

less controllable and thus more stressful the stimulus must have been. This effect was already shown 

by (de Boer, de Beun, Slangen, & van der Gugten, 1990). In that study, rats were trained to push a 

lever to obtain food. This lever was brought in to the cage at a certain moment, and one group 

always obtained food when the lever was pressed, and another group did not get food anymore after 

some time. Both groups showed an initial corticosterone response, but the blood corticosterone 

value of the former returned quickly to baseline value, while the value of the latter group remained 

high. This is probably due to the extent of uncontrollability. Additionally, the degree of controllability 

(e.g. the less controllable a stressor is, the more severe the resulting stress is) has been widely 

accepted as a factor which determines the severity of stress, as well as the degree of 

predictability(Armario et al., 2012; Mineka & Hendersen, 1985; Suri & Vaidya, 2015).This means that, 

when taking the entire corticosterone response curve into account, the immobilization model for 

both strains is the most stressful.  

However, when the AUCs were calculated, the entire corticosterone response of the immobilization 

was not significantly different from the social defeat experiment, after correction for the different 

durations of the experiments. It can therefore not be said with certainty that both stress models 

differ from each other when it comes to severity of stress. 

When it comes to the corticosterone response curves for the resident-intruder experiment, there is 

one thing that really stands out. There is a strong difference between Wistars and WTGs. It appears 

that the Wistars return much quicker to baseline. As stated above, this can indicate that the WTGs 

experience more severe stress than the Wistars. This difference between the strains when it comes 

to corticosterone concentrations is even clearer in the control animals. The WTGs show a response 

twice as high as that of the Wistars, while they were only moved to another room in this treatment. 

Maybe the WTGs react differently to stress? Maybe they are more susceptible to it? It has already 

been shown that different rat strains can show very different corticosterone responses, for example 

Lewis inbred and Sprague-Dawley outbred rats, while both of these strains are used in preclinical 

research on addiction (Deutsch-Feldman, Picetti, Seip-Cammack, Zhou, & Kreek, 2015). Following 

this, it should be clear that, when designing a study, caution is needed when choosing a specific 

strain to use in that study, because physiological responses can be very different. One can therefore 

imagine that these differences in corticosterone concentrations might have different effects on the 

brain. According to the corticosterone data, the WTGs seem to be more susceptible to stress. Further 

research can point out whether this effect is also seen in the brain, to be able to make a more solid 

about whether this strain is more susceptible to stress or not. 



Regarding these data discussed in the previous paragraph, I expected that a higher corticosterone 

response would result in increased anxiety on the elevated plus maze (i.e. a lower percentage of total 

time spent on the open arms). This is because this study was originally designed to be a replication of 

the study of (Vyas et al., 2002), with the resident-intruder paradigm added to it. In this study they 

found that animals who got the chronic (e.g. 2 h/day for 10 days) immobilization stress treatment, 

performed worse on the elevated plus maze. Another study, investigated whether a single episode of 

immobilization stress (like I did in this study) also has an anxiety-inducing effect. They found that 10 

days after this single episode of stress, the animals were more anxious on the elevated plus maze 

compared to controls (Mitra et al., 2005). 

My own results however, are not in line with this. With the Wistars, even the opposite effect is seen: 

the immobilized animals were significantly less anxious than the socially defeated animals, and tend 

to be less anxious than the controls on the elevated plus maze. Among the WTGs, the amount of 

anxiety on the elevated plus maze of the immobilized animals is the same as that of the controls, and 

only the socially defeated group tends to be more anxious.  

As described, the WTGs showed an overall higher corticosterone response, but are less anxious on 

the plus maze than Wistars in all three groups. This is not in line with the studies of Vyas and Mitra. 

In another study however, Gururajan and colleagues found an anxiolytic effect of corticosterone, 

when this was administered to rats that had a diminished BDNF expression, to simulate young adult 

chronic stress. These rats performed better on the plus maze than control rats that did not get 

corticosterone administered. This effect was not seen in rats with normal BDNF expression. 

(Gururajan, Hill, & van den Buuse, 2014) Taken together, it may be clear that there are some 

contrasting results regarding the relationship between a stress model, blood corticosterone value 

and anxiety on the elevated plus maze. When it comes to the immobilization protocol, the one used 

in the study of Mitra et al. is the same of that I used, but the degree of anxiety on the plus maze is 

nevertheless different. Therefore, a high corticosterone response does not necessarily lead to 

increased anxiety on the plus maze. Furthermore, a physiological response to stress does not always 

lead to an unambiguous psychological and behavioral response.  

When looking at the behavior displayed during the resident-intruder experiment, some major 

differences between WTGs and Wistars are seen as well, as described in the results section. It seems 

that both strains react to and cope with social defeat differently. It seems that WTGs exhibit a lot 

more ‘’proactive behaviors’’ (confrontational behaviors like fighting or following and mirroring), 

while Wistars exhibit a lot more ‘’reactive behaviors’’ (anxiety related behaviors like freezing or 

submission). These behaviors were defined as such by (Paul et al., 2011). Following these definitions, 

Wistars show more anxiety during the resident-intruder experiment. This higher anxiety did result in 

a higher anxiety on the elevated plus maze compared to controls, but this is only a tendency. 

Limitations 
Unfortunately, during the immobilization treatment 1 WTG and 2 Wistar rats died. The WTG 

probably died of suffocation because it tried to turn itself in the bag. The cause of death of the 

Wistars remains unknown. Striking was that both animals died very shortly after start of the 

immobilization and that breathing possibilities were not hampered. Furthermore, the Wistars 

behaved different than I expected, this is probably due to the fact that I had to use other Wistar rats, 

because our standard supplier had a delivery problem. For example, they almost never showed very 

submissive behavior during social defeat, as shown by the rat lying on its back exposing the stomach. 

Additionally, at first the measured corticosterone levels in the WTGs appeared to be incorrect. This 



was because the calibration curve was incorrect. I had to correct for this and this resulted in 2 times 

lower values. Following this, it is clear that obtained data should be reviewed critically, at all times. 

Moreover, the different durations of the experiments made it hard to compare the two. A 2 hour 

during stressor undoubtedly leads to a corticosterone curve that is high for an hour longer in 

comparison with a 1 hour during stressor, which makes these curves in relation to each other hard to 

interpret. Excluding one segment of this curve was the only way to make them comparable. 

Finally, the staining using immunohistochemistry failed and therefore there were no data from brain 

analysis obtained at all. The protocol for BDNF-staining appeared to be very hard to replicate, and 

might need revision. It is not clear what exactly caused the staining to fail, it can be any specific step 

in the protocol. What is however more likely, is that there was something wrong with the primary 

antibody, since blocking this antibody with the protein itself resulted in the same signal. 

Conclusion 
Nevertheless, when taking the behavioral data of the resident-intruder and the elevated plus maze 

tests together, I can conclude that Wistars are more prone to anxiety, since all 3 Wistar groups show 

more anxiety on the elevated plus maze and anxiety-like behaviors during social defeat, compared to 

WTGs. This did not result in higher corticosterone responses and slower recovery to baseline values, 

which was in contrast with my expectation. Furthermore, Wistars appeared to grow a lot faster than 

their wildtype relatives, further underlining their substantial differences. I can therefore conclude 

that Wistars differ substantially from Wildtype Groningen rats in physiological, as well as behavioral 

characteristics. This is likely due to decades of standardization and inbreeding. It can therefore be 

questioned whether this inbreeding offers a good resemblance of the natural situation (Koolhaas, de 

Boer, Coppens, & Buwalda, 2010).  

When it comes to the different treatments, it cannot be said that the treatments are different from 

each other, on the basis of these data.  As pointed out already, I was not able to replicate that the 

immobilized Wistars would be more anxious on the elevated plus maze. In contrast, they even 

tended to be less anxious than controls. This was in contrast with my expectation. 

Furthermore, the AUC did not show significant differences, and the behavioral data from the 

elevated plus maze was very inconsistent. Among the WTGs no significant differences in 

performance on the elevated plus maze were observed, and among the Wistars a rather peculiar 

pattern was seen. Because of this, it cannot be said that the both models differ from each other. 

Future projects can use my brain material for analysis, since I was not able to do that, and maybe 

shed some light on differences effects on the brain between the experimental treatments. I believe 

that no judgement can be made whether the models differ from each other without inclusion of 

brain analysis.  Furthermore, it has been postulated that both stress protocols share some 

commonalities, especially in the nature of the stressor that both protocols involve environmental 

boundary restriction that may act as a common stressor component, so that maybe both protocols 

aren’t so different after all. (Motta & Canteras, 2015) So, purely on the basis of the data I obtained, it 

can be said that the models do not differ from each other, but future projects including brain analysis 

might prove otherwise. 

Nevertheless, I believe that it is important to be careful when choosing a specific strain when 

designing a study, as it is clear that different strains can react very differently to stress for example. 

This can influence the data to a great extent. (Bogdanova, Kanekar, D'Anci, & Renshaw, 2013; 

Hammels et al., 2015; Parmigiani et al., 1999) Furthermore, this same caution is needed when 



choosing a specific model, even though this study did not point out significant differences.  
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Appendix 
 

Protocols (for practice (pilots) as well as used in project) 

Staining  BDNF by I Hovens (Used for project) 

Aim: BDNF(brain derived neurotrophic factor)  is a growth factor which has been associated with 

memory performance. BDNF production may be inhibited under the influence of neuroinflammation 

 

Samples: 

 

Antibodies:  1st AB rabbit- BDNF alemon,   lotnr: ……………………………………… 

  2nd AB goat-anti rabbit (Jackson), lotnr: ……………………………………… 

  ABC (vector), lotnr: ……………………………………… 

  DAB ……………………………………………. 

 

Protocol: 

- Rinse 3x with 0.01 M PBS 

- Incubate 20 min with 3% H2O2  

- Rinse 4x with 0.01 M PBS 

- Incubate 1 hr with 2% normal goat  serum, 1% BSA  in 0.01 M PBS  

- Incubate with 1:1000 BDNF 1st AB, 1% BSA, 1% normal goat  serum in 0.01 M PBS 

o 3 hr 37 °C 

o Overnight at room temperature 

o 3 nights in cold room 

 

- Rinse 5x with 0.01 M PBS  

- Incubate with 1:500 2nd AB in 0.01 M PBS, 1% BSA  

o 2 nights in cold room 

 

- Rinse 5x with 0.01 M PBS  

- Incubate with ABC 1:500 in 0.01 M PBS   

o 2 hr  at room temperature 

- Rinse  

o 3x with 0.01 M PBS 

o Overnight cold room 

 

- Rinse 1x with 0.01 M PBS 

- Add DAB solution 3 ml/ cup (1 tablet for 15 ml in 15 ml MQ)   

- Activate with 100 µl 0,1%H2O2   

- DAB time:….. 

- Rinse  

o 3x with 0.01 M PBS 

o Overnight in cold room 

- Mount on glass in 1% gelatin in MQ 



BDNF staining used as a comparison  

This protocol was also tested because the previous failed. However, this one failed as well. 

  



DCX staining used as a pilot for practice 

This protocol was used for me to learn the process of staining brain sections with 

immunohistochemistry, which is a very delicate process that has to be done with absolute care and 

attention. 

 

 Staining DCX  
Experiment: 5963C  
Aim: DCX stains newly formed neurons; this may be a marker of changes after surgery that is still 
visible on the long term.  
Samples:  
5963C DH coupes  
Antibodies: 1st AB Double cortin (c-18) sc8066 lotJ0109 goat santa cruz  
2nd AB Rabbit anti goat 305-065-603 lot….. Jackson  
Protocol:  
- Rinse 2x with 0.01 M PBS  

- Incubate 20 min with 3% H2O2  

- Rinse 4x with 0.01 M PBS  

- Incubate 1 hr with 5% normal rabbit serum in 0.01 M PBS  

- Incubate with 1:1000 DCX 1st AB in 0.01 M PBS, 0,1% Triton, 1% BSA, 1% normal rabbit serum  
o 3 hr 37 °C  

o Overnight at room temperature  

o 3 nights in cold room  
- Rinse 5x with 0.01 M PBS,  

- Incubate with 1:500 2nd AB in 0.01 M PBS, 0,1% Triton, 1% BSA  
o Overnight in cold room  
- Rinse 5x with 0.01 M PBS,  

- Incubate with ABC 1:500 in 0.01 M PBS,  
o 2 hr at room temperature  
- Rinse  
o 3x with 0.01 M PBS,  

o 2 hr at room temperature  

o Overnight in cold room  
- Add DAB solution 3 ml/ cup (1 tablet for 15 ml in 20 ml H2O, 2 grains of nickel / 10 ml)  

- Activate with 100 μl 0,1%H2O2 in H2O  

- DAB reaction time depends on staining *  

- Rinse  
o 3x quickly with 0.01 M PBS,  

o Depending on staining/ background ratio overnight in cold room or not  
 
*NB: Because of large number of samples it may be necessary to split the samples in groups and Dab 

these groups one after the other (e.g: if the DAB reaction is 10 minutes a max amount of (10 min: 30 

sec) = 20 samples can undergo the DAB reaction at the same time) 

  



IBA-1 staining used as a pilot for practice 

This protocol was also used for me to learn the staining process. 
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Figure A 1: Average corticosterone response curves of WTG and Wistar rats of the social defeat group. (Means ± 
sem, *p<0,05) 
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Figure A 2: Average corticosterone response curves of WTG and Wistar rats of the immobilization group. (Means ± 
sem, *p<0,05) 


