Changes in rat hippocampus caused by PTSD or depression
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Summary
The hippocampus is a brain structure that is part of the limbic system, which is involved in emotion and memory. In humans, major influences like war, rape, near death experience and natural disasters may lead to a psychiatric disorder called post traumatic stress disorder (PTSD). Stress is also thought to be the most important inducing factor in the onset of depression. 


In this study the structural and molecular changes in  the CA1 region of the hippocampus are investigated in two different animal models. The inescapable footshock (IFS) procedure was used as a model for PTSD in male Sprague-Dawley rats. The IFS consisted of 10 randomized inescapable footshocks, which leads to long lasting increased anxiety. The second model used was the olfactory bulbectomized (OBX) rat.  The OBX rat models chronic depression. In the OBX rat the olfactory bulbs are surgically removed and this leads to behavior changes (hyperactivity in the openfield paradigm) that can be normalized by chronic antidepressant treatment and not by acute treatment.. 

The structural effects of IFS were investigated by measuring the number of branching points and spines on Golgi stained pyramidal neurons from the CA1 area of the hippocampus. The effect of OBX was investigated by measuring the expression of GABAAα2 , 5-HT-1A BDNF, and CRF mRNA with use of in situ hybridization (ISH). 

IFS leaded to a decreased number of total branching points. This decrease was mainly caused by a decrease in branching points within a radius from 50 to 100 µm. The amount of spines was lower in the first 40 µm of the first branch than in the second 40 µm. Also, the results showed a higher amount of spines on the second branch than on the first. There was no significant difference of spine density between the control and the shocked group. 

OBX had no significant effect on the mRNA expression of the GABAAα2 receptor. It takes 4 to 6 weeks before the autoradiograms for the other genes are black enough for analyses and therefore we have not yet the data for the other mentioned genes. However the ISH data for these genes will be presented during the final presentation.

In conclusion, the methods used for these studies are suitable for investigating the aims of our studies, but the measurements has to be extended (e.g. more animals, different brain regions and more cells analyzed per brain region)  before final conclusions can be drawn. 
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Introduction

1.1 General introduction

The way we feel is constantly challenged by intrinsic and extrinsic factors. Extrinsic factors can be influences from your daily life, like arguing with, or loving other people. Intrinsic factors are molecules released inside your body that affect the brain structures controlling this homeostasis. Under favorable conditions, like food intake, sex, going to the movie this mechanism is changed which makes the individual feel better. In contrast, under bad conditions, like stress, the homeostasis is altered, which makes the individual feel depressed or at least stressed (Tsigos and Chrousos 2002).

The homeostasis is maintained by the limbic system, the hypothalamic-pituitary-adrenal-axis, the symphatic-adrenal-medullary system and the autonomic nervous system. If there are factors that change these systems, the homeostasis is affected and may cause mood disorders like depression, and other stress disorders. 

Depression

Depression is the definition of a constant state of sadness and hopelessness. Patients having a depression have a decreased interest or pleasure in usual activities; they feel tired and even have thoughts of committing suicide (DSM-IV 1994). A survey presented the prevalence of current (longer than 30-days) major depression disorder (MDD) and was estimated to be 4.9%, with a relatively higher prevalence in females, young adults, and persons with less than a college education. The prevalence estimate for lifetime MDD was 17.1%, with a similar demographic distribution (Blazer, Kessler et al. 1994). These numbers make MDD one of the major mental health problems.

Post-traumatic stress disorder

Post-traumatic stress disorder (PTSD) is a psychiatric disorder that may develop after experiencing or witnessing a life threatening situation. In 1980 PTSD was first defined as ‘shell shock’. Veterans from the Vietnam war showed symptoms such as re-experiencing the trauma through nightmares and flashbacks, having trouble sleeping, avoiding trauma-related stimuli and fragmentation of the memory. Symptoms can be of such an impact that it influences the daily life of the person having PTSD (DSM-IV 1994; Mendlowicz and Stein 2000; Simon 2003; Schnurr and Green 2004; NCPTSD 2006). Also natural disasters, terrorist attacks, accidents and rape may cause the development of PTSD. Most individuals recover from having a trauma, but a small group don’t. The symptoms stay and the severity of the symptoms only increases with these individuals. These people develop PTSD (DSM-IV 1994; Mendlowicz and Stein 2000). It is estimated that the prevalence of PTSD among Americans is 7.8%, with women twice as likely to develop symptoms as men. Like depression, this is one of the major mental health problems (Kessler, Chiu et al. 2005a; Kessler, Berglund et al. 2005b).

The link between stress and depression

PTSD or other anxiety disorders are often associated with depression. A study from (Campbell, Felker et al. 2007) pointed out that 36% of the patients treated for depression had probable current PTSD. A possible explanation for this is that depression and stress affect partly the same common underlying mechanisms. In fact, Caspi et al. (2003) investigated the influence of stress caused by life events like threat, loss, humiliation, or defeat on depression and concluded that the influence is moderated by a polymorphism in the 5-HTT gene. This might also be the reason why not all people who encounter a stressful life experience succumb to its depressogenic effect. There are two alleles in the 5-HTT gene-linked polymorphic region (5-HTTLPR), a short (s) and a long (l) one. The interaction between 5-HTTLPR and life events (between ages of 21 and 26 years) on self-reports of depression symptoms at a age of 26 was significantly stronger among individuals carrying an s allele than among l/l homozygotes.

HPA-axis
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The hypothalamic-pituitary-adrenal (HPA) axis is a feedback loop which is activated by stress (de Kloet, Vermetten et al. 2006). The hippocampus and amygdala are also known to affect this cascade (Buckley and Schatzberg 2005) (see below under limbic system). The loop includes the hypothalamus, the pituitary and the adrenal glands. The hypothalamus produces CRH which controls the secretion of ATCH from the anterior pituitary, which stimulates the secretion of glucocorticoid hormones by the adrenal cortex. This is mainly cortisol in humans (Tsigos and Chrousos 2002). The release of cortisol into the circulation has a number of effects, including elevation of blood glucose for increased metabolic demand. Cortisol negatively affects the immune system and prevents the release of immunotransmitters (Palacios and Sugawara 1982; Freeman 2002). But more important, it has a negative feedback on the HPA-axis, which causes the HPA-axis to return to homeostasis. In PTSD, CRH, ACTH and cortisol changes have been found (Tsigos and Chrousos 2002; de Kloet, Vermetten et al. 2006). Also changes in HPA axis have been found in patients with major depression. Antidepressants can normalize these changes and partially normalize depression, which means that the HPA axis plays an important role (Papiol, Arias et al. 2007).  

Limbic system

The limbic system is not a brain structure but a combination of connected brain structures. It consists of many cortical and subcortical brain structures. In this report, we will focus on amygdala, and the hippocampus, both belonging to the limbic system and both involved in memory and fear. It is known that limbic structures represent the neuronal basis for emotional awareness (Lautin 2001). There have been many studies that conclude that  a dysfunction of limbic structures and circuits are crucially involved in neuropsychiatric diseases, including depression (Rosso, Cintron et al. 2005; Geuze, Westenberg et al. 2007), and post-traumatic stress disorder (Rauch, Shin et al. 2006; Feldner, Monson et al. 2007). 

Spines
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The neurons in the brains are strongly branched cells. They have multiple dendrites, and in many cases long axons. Spines form contact sites between two neurons. Spine loss results in less synaptic contacts, and thus a decreased amount of transmitted cell signals. A recent study points out that stress induces spine loss in the medial amygdala (Bennur, Shankaranarayana Rao et al. 2007). In contrast, Mitra et al. (2005) revealed that chronic stress results in more synapses in the basolateral amygdala (BLA). Also changes in dendritic morphology have been found in both amygdala and hippocampus (Watanabe, Gould et al. 1992; Vyas, Mitra et al. 2002). All these studies reveal that stress has an effect on the hippocampus and amygdala. What the exact role is, is still unknown and more research needs to be done. 

Genetics

The exact cause of depression is still unknown, but researchers claim that genes may be involved in developing depression. As already outlined above a mutation in the 5HTT may be important for depression. This mutation causes differences in the amount of 5HTT expressed (Caspi, Sugden et al. 2003; Wurtman 2005). Other researches found that the serotonin type 1A receptor and the serotonin transporters are reduced in depression, which confirms this hypothesis (Neumeister, Young et al. 2004). Other hypotheses suggest genes related to neurotoxic and neuroprotective processes and over activation of the HPA-axis. There is mixed evidence pointing out the polymorphisms in brain-derived-neurotrophic factor (BDNF) that causes this over activation (Schnurr and Green 2004). Although there is some evidence, there are insufficient reports on this matter, to conclude which role BDNF plays in the development of depression (Levinson 2006). Also glutamate, γ-aminobutyric acid (GABA), norepinephrine, and dopamine neurotransmitter systems, in other words, almost all neurotransmitter systems, have been implicated in depression. In the central nervous system (CNS), postsynaptic cell membranes respond to these neurotransmitters which bind to G-protein coupled receptors or “ligand-gated” channels. These transmitter systems modulate gene transcription, protein synthesis and alterations in gene expression which are thought to play an important role in the etiology of depression (Kalia 2005).

1.2 Animal models

Inescapable footshock 

The inescapable footshock (IFS) procedure is thought to be a model for PTSD. The IFS procedure was already extensively studied by van Dijken et al (1992a), 15 years ago. IFS is an intense stressor which includes 10 single footshocks of 6 sec randomly distributed over a period of 15 min. This procedure leads to enhanced immobility and defecation in the open field paradigm up to 10 weeks. More studies about IFS started and pointed out the neuroendocrine and neurochemical characteristics in both male and female, resembling those seen in PTSD (Khan and Liberzon 2004; Louvart, Maccari et al. 2006). Stress-induced suppression of behavioral activity in an open field has been claimed to represent an animal analogue of human depression, since antidepressants could normalize this behavior. At the time of Van Dijken et al (1992a) the IFS was not described as a PTSD model, probably at that time PTSD was less “hot”. It is thought so, because it includes one trauma what leads to long lasting behavioral changes. It is still questionable if this is model has a high validity for PTSD. In the validation of an animal model, predictive validity is very important. Drugs that are effective in human patients have to be effective in the animal model. Many sufferers from PTSD are treated with antidepressants (selective serotonin reuptake inhibitors (SSRIs)). Unfortunately the anxiogenic effects of IFS on male Sprague Dawley rats can not be blocked by antidepressants. On the other hand, also in many human PTSD patients, SSRIs are ineffective.

Olfactory bulbectomy

Various animal models for human depression are developed, but they are limited to the acute model of depression. Bilateral olfactory bulbectomy (OBX) consist of the removal of both olfactory bulbs and results in chronic changes in behavior, and in endocrine, immune and neurotransmitter systems, which are also dysfunctional in many patients with MDD. In rats, increased exploration in an open field apparatus has been described, but also reduced sexual activity and taste aversion (King 2006). Changed behavior may be the result from the lost function of the olfactory bulbs itself. By OBX, the rat loses its capability to detect pheromones. Pheromones are chemical signals that carry information on the behavioral and physiological status of the animal, including reproductive behavior, gender recognition, aggressive behavior, social dominance among male rodents and avoidance behavior. On the other hand, OBX alone isn’t the only factor that causes this behavior. The olfactory bulbs are part of the limbic system and it seems that a major dysfunction of the cortical-hippocampal-amydala circuit, caused by OBX, underlies the behavior changes and the endocrine, immune and neurotransmitter changes (Song and Leonard 2005). GABAA receptor binding has been reported to increase. CRH and corticosterone levels are also higher which is understandable, because of other changes in the HPA axis. (Harkin, Kelly et al. 2003). Reduced serotonin and serotonin platelet uptake has been described, as well as changed serotonin receptor density (Kelly, Wrynn et al. 1997; van der Stelt, Breuer et al. 2005). All of the changes described could be normalized by chronic administration of antidepressants. All results considered make this a model with a high validity for chronic depression.

1.3 Aim of studies

In these studies we wanted to investigate what effects IFS and OBX have on rat hippocampus. 

In the first study we used IFS as a model for PTSD. It is known that stress has an effect on neurons in the CA1 area of the hippocampus. The purpose of this study was to find differences in  neural structures between shocked and non-shocked animals. Spines were counted and dendrite arborizations were measured. Here for hippocampal slides were stained with a classic Golgi staining or a commercially available kit for Golgi staining. 

In the second study, OBX was used as a model for depression. Expression of specific genes was measured by in situ hybridization (ISH). The advantage of ISH over other methods is that quantitative information is obtained together with information about the exact location. Using ISH the GABAAα2, BDNF, 5-HT-1A, and CRH mRNAs were measured in depressed and control brains. ISH was performed with specific 33P-dATP-labeled probes to measure this expression.

1. Methods and Materials

2.1 Animal procedures

Animals

Male Sprague-Dawley rats, weighing 175-199 gr. on arrival were used for both the OBX and the IFS experiment. 17 Animals were used for OBX and Sham surgery respectively, and 14 animals were used for IFS. The rats were housed 3 to 4 per cage with sawdust bedding and tissue. They were remained at 23 ± 2oC in a 12 hour light/dark cycle. Standard laboratory food and water was given ad libitium. The rats were handled and weighed at least twice a week by the same investigator. 
IFS

After one week acclimatization, the behavior was tested in an open-field apparatus, by measuring the locomotion and defecation within 5 min. In week 3, 14 rats were shocked in a metal grid skinner box. They received randomized footshocks (10 x 6 sec, 1 mA) spread over a period of 15 min. The non-shock animals were left undisturbed. In week 4,6 and 10, the behavior was investigated in an open-field experiment. In week 11, the animals were decapitated and further used for quantitative neuron analysis. 

OBX

The animals had one week acclimatization after arrival. The week after, the olfactory bulbs were removed. The rats were deeply anaesthetized with 3-4% isoflorane mixed with nitrous oxygen and oxygen. Two holes were drilled on both sides, 2 mm of the midline, and 8 mm anterior to bregma. Under these holes, the olfactory bulbs are located. The bulbs were removed with a needle attached to a vacuum pump. After removal of the bulbs, hemostatic sponges were placed in the holes to prevent excessive bleeding. After surgery, the rats received an antibiotic. Control rats were sham-operated. They were treated the same, except their olfactory bulbs weren’t removed. Pre and post OBX, locomotion was measured in an open-field apparatus for 15 min. 

2.2 Laboratory procedures

In situ hybridization

Brains (n=17) were removed from the skull and immediately frozen in isopropanol on dry-ice. On a cryostat, 14µm thick slices were cut at -24oC. Hippocampus sections were rinsed for 5 min in fixative (1x PBS, 0.1M NaOH, 10 gr. para formaldehyde), 2 min in 1x PBS, 5 min in 75% ethanol and stored in 100% cold ethanol. Probes were designed for GABAAα2 (5’-CTTGTCATTTACTACACTCTTTCCATCCCAAGCCCATCCTCT-3’), BDNF (5’-GGTCTCGTAGAAATATTGGTTCAGTTGGCCTTTTGATACCGGGAC-3’), CRH (5’-CAGTTTCCT

GTTGCTGTGAGCTTGCTGAGCTAACTGCTCTGCCCT-3’), and 5-HT-1A (5’-TGGAGATGAGAA

AGCCAATGAGCCAAGTGAGCGAGATCAGCGCAG-3’). 0.3 pmol/µl Oligonucleotide was labeled with 2 pmol/µl 33P-dATPs by an incubation for 1 hour with 30 units recombinant terminal deoxynucleotidyl transferase (Promega) in a 1x reaction buffer (Promega) at 37oC. The reaction was stopped by adding 80µl Tris-EDTA (10Mm Tris-HCl, 1mM EDTA; pH 7,5). Hybridization was performed o/n at 42oC with 15 fmol labeled oligonucleotide per slide in 200 µl Heidelberg’s hybridization mix (50% formamide, 4x SSC, 100 µg/µl polyA, 25 mM NaPO4, 1 mM pyrophosphate, 5X Denhardt’s and 200 µg/µl ssDNA). On the next day, slides were washed for 10 min in 1X SSC at room temperature (RT), 20 min in 1X SSC at 60oC, and shortly in 1x SSC, 0.1X SSC, 70% ethanol and 95% ethanol at RT. Slides were air-dried for 60 min and film autoradiography was performed on Kodak® X-Omat AR films (Sigma-Aldrich) for 6 weeks at RT.

In situ analysis

Pictures were taken with a resolution of 2088x1550 pixels from each hippocampus. The (grayscale) picture was further analyzed with Adobe Photoshop CS2 9.0. The color was inverted. Within 10 (5 above and 5 under the CA1 area) randomly picked  circles of 44x44 pixels, mean gray levels were measured as background (bg). Also within the CA1 area, the mean grayscale was measured within 10 circles (ca1). The bg was subtracted from ca1 and was defined as delta (Δ). The average per group (OBX or Sham) was calculated and a t-test was performed for testing the significance. 

Classic Golgi staining

Post decapitation, the brain (n=1) was removed from the skull and rinsed in warm 0.9% NaCl. Subsequently the tissue was placed in a solution of 2.5% K2Cr2O7 and 1% OsO4 in the dark for 5 days. On the sixth day, the tissue was rinsed in 0.75% AgNO3. When no red sediment was formed anymore and the fluid was clear, the tissue was placed in fresh AgNO3 solution o/n in the dark. The next day, little silverchromate crystals were removed with a soft brush and tissue was rinsed in aquadest for 4 hours. Subsequently, the tissue was dehydrated for 10 min in 40%, 60%, and 96% ethanol. Further dehydration followed in a mixture of 1 part acetone with 2 parts of absolute ethanol for 15 at 37oC. The tissue was rinsed in absolute ethanol for 2 x 3 min and 5 min in a mixture of equal amounts of absolute ethanol and ether. A final rinse step followed for 10 min in 50% necloidin, diluted with equal amounts absolute ethanol and ether. At last, the tissue was placed in necloidin for 1 night. On day 8, the brain slices were placed in chloroform for 1 hour and then rinsed in 80% ethanol and placed in fresh 80% ethanol for 30 min. Tissue was cut into 80µm slices with use of a vibrotome (Leica VT000, speed 10, frequency 3). The buffer tray was filled with 80% ethanol. Sections were transferred from 80% ethanol to 96% ethanol and to terpineolum. The sections were then rinsed in xylol and coverslipped with use of Depex (BDH).

Golgi staining Kit

Brain tissue (n=7) was stained following a Rapid GolgiStainTM Kit (FD NeuroTechnolgies). Basically it involves a 2 week impregnation in a potassium dichromate solution, followed by an immersion for at least 48 hours. The tissue was rapidly frozen on dry-ice and 120 µm thick coronal slides were cut on a cryostat with the chamber temperature at -24oC. Slides were mounted on SuperFrost® (Menzel Glaser) slides and stained in a solution with a withheld composition. Dehydration in ascending ethanol solutions followed and slides were cleared in xylene. The slides were coverslipped with Depex mounting medium (BDH) and analyzed with Neurolucida.

Golgi stain analysis

Golgi-impregnated neurons had to satisfy the following criteria: (1) presence of untruncated dendrites, (2) dark impregnation of the entire neuron, (3) isolation from other impregnated neurons to avoid interfering with analysis. For morphological analysis, 3 pyrimidal neurons for each animal were selected from the CA1 area of the hippocampus. Neurolucida tracings (1000x) from pyramidal cells from the CA1 area of the hippocampus were obtained from Golgi stained slides. 3 Cells were measured per animal and 4 animals were analyzed per group. For spine analysis, dendrites were (in some cases) separated in segments of 20 or 40 µm. For dendritic branching, the number of branching points was measured within sholls around the cell body with a radius of 50 µm (Fig…)

Due to time limitation the brains of only 4 shocked and 4 non-shocked rats were analyzed. The other brains were stained but not yet analyzed. 

Results

GABAAα2 receptor mRNA expression
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ISH was performed on hippocampal tissue from animals subjected to OBX to examine GABAAα2 receptor mRNA expression. A hybridization pattern (see fig …) similar to the known pattern from literature (Wisden, Laurie et al. 1992) was found. In the CA1 area of the hippocampus, no significant changes (p = 0.089) were found in the expression levels of GABAAα2 receptor mRNA between the sham operated (n = 17) and the OBX (n = 17) group. 
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Spine density and dendritic branching

Spine density: The amount of spines was found to be higher on the second branch than on the first branch in shocked animals (p=0.003901). In control animals this increase was not significant (p=0.328034).  The number of spines on the first branch significantly increased per 40 µm in both shocked (p=0.000771) and non-shocked (p=0.015237) animals. In non-shocked animals the amount of spines was doubled, and in shocked animals the amount was increased with more than 70%. Unfortunately, when dendrites were separated in segments of 20 µm, this significance was lost.  Furthermore there were no significant changes in spine density between the shocked and the non-shocked animals.

Dendritic branching: Within the first 20 µm, almost no dendrite branches. There is a large increase in branching points at 20 µm, after that it slowly decreases. This is the case in both shocked and non-shocked animals. When looking at the total number of branching points, no significant change was found between the shock and the control group (p=0.198).  A closer look reveals that there is a significant decrease (p=0.047) of almost 40% in the amount of branching points within a radius reaching from 50 to 100 µm. There were no changes found in the surrounding sholls. When measuring within 20 µm radius sholls, there was only a significant decrease (p=0.23324) in branching points within 40 and 60 µm.



4. Discussion

This study explored two aspects of how the CA1 area of the hippocampus is affected by either chronic depression or a traumatic experience. The first goal of the described experiments was to see whether chronic depression induces changes in the mRNA expression of the GABAAα2 receptor, the 5HT1A receptor, BDNF and CRH mRNA. 
Due to time limitations only the ISH data of the GABAAα2 receptor are presented. The expression levels of the other mentioned genes were much lower and thus a second experiment was performed. This experiment is not finished yet and the results still have to be analyzed. 

 The second goal was to examine whether morphological changes occur in pyramidal neurons following inescapable footshock.

GABAAα2 receptor mRNA expression

The ISH tests showed, in the control group, an expression pattern of GABAAα2 receptor mRNA similar to the patterns found in literature (Wisden, Laurie et al. 1992). When comparing the OBX group with the Sham operated animals, there was a slight decrease noticeable. This decrease was, unfortunately, not significant. This is unfortunate since it is known that amino neurotransmitter systems are associated with the neurobiology of depression. Also, other researchers found significant changes in GABAA receptor expression in various stress models. For example, a lower expression of the sububits α1, 2, 3, 4 and 5 of the GABAA receptor was found in mice (Matsumoto et al. 2007). This decrease was the result of protracted social isolation, which is known to induce a variety of behavioral abnormalities including increased aggressiveness, anxiety-related behaviors, cognitive deficits and hyper locomotion. OBX induces similar changes in behavior (Breuer et al. 2006) 

In humans, depressed individuals exhibit lower GABA concentration in the brain, blood plasma, and cerebrospinal fluid (Sanacora and Saricicek 2007). In rats, also a lower level of GABA was found. The decrease was measured extracellular in the hippocampus and was caused by chronic mild stress (CMS). CMS is claimed to be valid model for depression (Gronli, Fiske et al. 2007). All these studies exhibit a difference in either GABA or GABA receptor expression caused by depression. More experiments need to be conducted to find a difference in GABA receptor mRNA expression. 

Spine density and dendritic branching

From the analayses of the Golgi impregnated neurons it can be concluded that there was a difference in branching points between the shocked and the non shocked group, and that there was no change in spine density, caused by inescapable footshock.

A closer examination reveals a significant decrease in the amount of branching points between 50 and 100 µm from the cell body. This finding suggest that the neurons have a simpler phenotype. 

In general, more spines were found on the second branch than on the main shaft of the dendrite. When only looking at the second branch, spines were not equally distributed. More spines were formed between 40 and 80 µm. In comparison with the change in the amount of branching points, the amount of spines did not differ between the shocked and the control rats. 

When looking at the raw results of the analysis of the golgi-stained neurons, a huge standard deviation was found. What the explanation for this is, is not known yet. There is a chance that not every dendrite grows in the same way, meaning that not every dendrite makes the same amount of cell contacts. A possible improvement to quantify the number of cell contacts is to calculate the total amount of spines per cell. Another explanation may be the difference between each pyramidal neuron. There is still a chance that the functions of pyramidal cells differ from each other. Furthermore, neurons were selected for analysis. It is thought that Golgi staining relies on a chance process. On the other hand, there is also a chance that the Golgi staining method is some way selective. If this is the case, only cells with certain characteristics are stained. Also, since there is such a big difference between the counted cells, a better way to measure spine number is to analyze more cells per animal and maybe more animals as well.

When comparing the results with literature, only a few studies revealed changes in cell morphology in the CA1 area of the hippocampus caused by stress. Donohue et al. (2006) presented a change in spine morphology. In rats, morphometric analyses revealed a significant increase in post-synaptic density surface area and a highly significant increase in post-synaptic density volume. Also, a significant increase in synaptic immunoreactivity in the CA1 area of the hippocampus was observed (Gao, Bezchlibnyk et al. 2006). 

The reason why there were no changes found in this study remains unknown. A possible explanation is that the changes described above were found in models of chronic stress, whereas this study only includes one trauma. Mitra et al. (2005) found that stressful experiences like immobilization can lead to the formation of new dendritic spines in the basolateral amygdala (BLA). He also found that chronic stress leads to more changes in cell morphology than acute stress does. This could also be possible in the hippocampus, since Sakic et al. (1998) observed reduced dendritic branching and length, and an up to 20% loss of dendritic spines in parietal and hippocampal 

pyramidal neurons of MRL-lpr mice. The 

autoimmune

-prone 

MRL-lpr

 substrain of 

mice

 develop an autoimmunity associated behavioral syndrome (AABS) which resembles in many respects the behavior of animals exposed to chronic stress. 

The reason why the CA1 area of the hippocampus is not affected may also be a result of the fact that the amygdala is mostly involved, since the amygdala, and more precisely the basolateral amygdala (BLA), is believed to be a site of storage for fear memories. For example, extensive increase in spine density in the BLA was found following both chronic and acute immobilization stress (Mitra, Jadhav et al. 2005). Also, enhanced dendritic arborization was observed in the BLA. On the other hand, dendritic atrophy and debranching in the CA3 area of the hippocampus has also been reported following chronic stress (Vyas, Mitra et al. 2002). Interstingly, already in 1988, Mahajan and Desiraju did a study to find possible changes in the CA3 area of the hippocampus of a developing brain. It seems that learning animals have more spines in the CA3 area of the hippocampus than control animals. Since memory and learning is involved in PTSD, there might also be a change in spine density in animals suffering from post traumatic stress.

In conclusion, both studies contain valuable methods for investigating either the level and localization of mRNA expression or the cell morphology in neuronal cells, but more research needs to be done to conclude the exact change in the rat brain caused by depression or severe stress.
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Fig..The hypothalamic-pituitary-adrenal (HPA) axis refers to a complex set of direct influences and feedback interactions between the hypothalamus, the pituitary gland and the adrenal gland. In post traumatic stress disorder and depression this pathway is affected which may lead to psychiatric disorders like post traumatic stress disorder and major depressions disorder
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Fig…1000 x magnification of a Golgi stained pyramidal neuronal cell in the CA1 area of the rat hippocampus. The cell has multiple strongly branched dendrites. The small membranous extrusions are spines and form one half of a synapse.
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Fig…Changes in GABAAα2 receptor mRNA expression in the CA1 area of the hippocampus in sham operated (n=17) and olfactory bulbectomized (OBX) (n=17) rats. The expression was not significantly changed in OBX rats.
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Fig…Example of a Neurolucida drawing showing neuronal dendrites divided in sholls with a radius of 20 µm. 
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Fig…Changes in spine densities of primary and secondary branches of pyramidal neurons in the CA1 area of the hippocampus in shocked and non-shocked rats.  N=4; each bar represents data of 12 neurons; 3 cells were measured per animal. A) Total amount of spines on the first and second branch. B) Number of spines on the first branch, sorted in segments of 40 µm. C) Number of spines on the first branch, sorted in segments of 20 µm. D) Number of spines on the second branch, sorted in segments of 40 µm. E) Number of spines on the second branch sorted in segments of 20 µm. * p < 0.05; t-test
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Fig…Changes in the amount of branches of pyramidal neurons in the CA1 area of the hippocampus in shocked and non-shocked animals.  N=4; each bar represents data of 12 neurons; 3 cells were measured per animal. A) The total amount of branches per cell. B) The number of branches per cell measured within a sholl with a radius of 50 µm. C) The number of branches per cell measured within a sholl with a radius of 20 µm. * p < 0.05; t-test
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		5HT1A		Serotonin 5-hydroxytryptamine-1A

		5-HTTLPR		5-HTT gene-linked polymorphic region

		BDNF		Drain-derived neurotrophic factor

		BLA		Basolateral Amygdala

		CMS		Chronic Mild Stress

		CNS		Central Nervous System

		CRF		Corticotropin-releasing factor

		GABA		Gamma-aminobutyric acid

		HPA		hypothalamic-pituitary-adrenal

		IFS		Inescapable footshock

		MDD		Major Depression Disorder

		o/n		over night

		OBX		olfatory bulbectomy

		PTSD		Posttraumatic stress disorder

		RT		room teperature
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