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PREFACE 

The research work of the thesis entitled “Pharmacological evaluation of selected atypical 

antipsychotics in an experimental model of Post-Traumatic Stress Disorder (PTSD)” is based 

on the evaluation of atypical antipsychotic drugs in the treatment of PTSD with regards to 

their modulating effects on cell survival factors, serotonin levels and plasma corticosterone. 

The symptoms of PTSD are thought to persist due to the failure of the neuroadaptive 

mechanisms required for the extinction of fear memories. The selected antipsychotics like 

olanzapine (OLZ), aripiprazole (APZ), and risperidone (RIS) were found to mitigate PTSD 

symptoms in human studies. Further, they were found to bring about neuroadaptive changes 

in the brain through the modulation of cell pathway factors. Hence, they were evaluated for 

their effects on stress and also PTSD in rats. The whole work has been compiled into six 

chapters: Chapter 1 describes the anti-stress effects of olanzapine. Chapter 2 mentions the 

anti-stress effects of aripiprazole. Chapter 3 investigated the anti-stress effects of 

risperidone. Chapter 4 investigated the preclinical potential of olanzapine in stress re-stress 

model of rats with effects on plasma corticosterone, neurotrophic factors like brain-derived 

nerve growth factor (BDNF) cyclic AMP-responsive element-binding protein (CREB), 

extracellular regulated kinase (ERK) and caspase-3 and apoptotic enzyme. 

Further, the effect on serotonin was also estimated. Chapter 5 describes the anti-PTSD 

potential of aripiprazole in the stress-restress model of rats with an emphasis on plasma 

corticosterone and neurotrophic factors. Chapter 6 evaluated the effect of risperidone in the 

stress re-stress model of PTSD rats in terms of cell survival factors, plasma corticosterone 

and serotonin. Thus, the entire study indicates a significant therapeutic potential of selected 

atypical antipsychotics in the stress re-stress model of PTSD in rats. 
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  Introduction  
 

Post-traumatic stress disorder (PTSD) in one of the anxiety disorders that occurs in 

people who have undergone terrifying experiences. These experiences are traumatic and 

the symptoms can last for prolonged periods. As per NIH, PTSD occurs due to 

experiences like the death of loved ones, sexual assault, accidents, and natural disasters. 

PTSD patients show four characteristic symptoms like recurring thoughts, hyperarousal, 

avoidance and cognitive disturbances. In general, the symptoms of traumatic 

experiences last for three months in general and beyond this could be diagnosed as 

PTSD. However, a person with PTSD should show all of the four symptoms for at least 

one month. This indicates that the symptoms of PTSD persist for a long time due to a 

lack of adaptive mechanisms in the brain (Whitaker et al., 2014). The fear memories are 

stored in the Amygdala (AMY) of the brain. Both the acquisition and extinction of the 

fear memories occur in the AMY, while the pre-frontal cortex (PFC) controls the 

expression of fear by the AMY (Sotres-Bayon and Quirk, 2010). This implies that both 

PFC and AMY are the critical centers and therapeutic intervention in these regions 

could bring about relief from PTSD symptoms (Koenigs and Grafman, 2009). Selective 

serotonin reuptake inhibitors are prescribed for the treatment of PTSD. However, these 

drugs do not produce effective relief from symptoms in more than 50% of the patients 

and show complete remission only in 20 to 30% of patients (Alexander, 2012). So, there 

is a requirement for the development of new drugs, which show an effect in all the 

patients with PTSD (Stein et al., 2000). The disruption of adaptive mechanisms in the 

brain is found to be due to disruption in the cell signalling pathways involving BDNF, 

CREB, ERK and caspase (Ross, 2009, Andero and Ressler, 2012). Patients with PTSD 

were found to have deficiencies in BDNF and CREB (Kim et al., 2017). This removal of 
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BDNF genes was found to impair spatial memory and loss of aversive memories (Heldt 

et al., 2007).ERK (extracellular signal-regulated kinases) is another pathway involved in 

memory and anxiety symptoms. It was found to promote chronic memory and suppress 

acute adaptive memory (Davis and Laroche, 2006). The apoptotic enzymes like caspase-

3 were found to have enhanced activity in the pathology of PTSD (Han et al., 2013). 

Besides neurotrophic factors, even the levels of the monoamine serotonin are disrupted. 

There are high levels of serotonin in PTSD patients and drugs with the ability to limit 

the serotonin activity could be effective in the treatment of PTSD. Serotonin influences 

mood, aggression, anxiety, sleep, arousal, fear and learning. Hence, the intervention of 

serotonin could directly influence the symptoms of PTSD (Davis et al., 1997). Further, 

unlike in stress, there is a  disturbance in the HPA functions. There is 

hypersensitivity of the HPA axis, which leads to a decrease in plasma corticosterone 

levels. The modulation of the HPA axis could lead to an improvement in stress-related 

symptoms of PTSD. Few studies have discovered the therapeutic potential of an atypical 

antipsychotic in the treatment of PTSD in human subjects. Drugs like Olanzapine 

(OLZ), Aripiprazole (APZ) and Risperidone (RIS) are found to be effective in the 

treatment of PTSD symptoms in human trials (Petty et al., 2001, Monnelly et al., 2003, 

Britnell et al., 2017). However, there are no preclinical studies using these atypical 

antipsychotic drugs to check for their actual mechanisms of action in the treatment of 

PTSD. These atypicals are reported to possess antiserotonergic and antidopaminergic 

effects. They do tend to inhibit the activity of both serotonergic and dopaminergic 

systems. Further, these drugs also have modulating effects on BDNF, CREB, ERK and 

also caspase enzymes, especially in the PFC and AMY (Reus et al., 2012, Luoni et al., 

2014, Rogoz et al., 2017). Hence, we wanted to study the effect of selected atypical 

antipsychotics in the treatment of PTSD symptoms in an animal model of PTSD in 
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terms of neurotrophic factors, serotonin and also behavioural parameters like anxiety-

like effects and memory deficits. 

 
 

 
In the current experiment, we have selected the stress re-stress (SRS) model of 

PTSD as it is the most appropriate model of PTSD (Liberzon et al., 1997).  In this 

paradigm, animals are subjected to initial traumatic stress and then subsequent 

“reminder episodes” as contextual triggers for the development of PTSD. This reminder 

leads to the development of a stable anxiety state and other characteristics similar to 

PTSD in humans. Clinically, PTSD treatment involves long-term drug administration 

for a productive outcome. So, an animal model that induces PTSD symptoms 

chronically would be helpful in drug discovery. With these facts in consideration, a 

slightly modified version of the SRS model was used for the long-term evaluation of 

PTSD-related behavioural and physiological changes. 
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Further, all the selected drugs are atypical antipsychotics are could produce 

extrapyramidal side effects at higher doses. They also have effects on other stress-

related disorders like anxiety, depression and schizophrenia. Hence, before the start of 

PTSD experimentation, we also evaluated these drugs for their effects on cold restraint 

stress. We measured the plasma corticosterone, plasma norepinephrine and also brain 

monoamines to study the effects of atypical antipsychotics under the conditions of 

stress. All the drugs require prolonged treatment for the beneficial effects to appear. So, 

all the drugs were given for 21 days in the anti-stress evaluation and 28 days in the anti- 

PTSD evaluation. The behaviour parameters indicative of the development of PTSD  

like anxiety and cognitive deficits were evaluated using elevated plus maze (EPM) and 

Y-maze, respectively. 


