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Androgens play an essential role in the regulation of the structure and function of 

the central nervous system and are involved in different types of cognitive 

functions and behaviors. The low levels of androgens may change cognitive 

functions and result in neurodegenerative disorders. Regarding the important role 

of androgens in the central nervous system, androgen deprivation by castration 

may lead to synaptic and cognitive dysfunction. The focus of this study is 

specifically on experiments reporting the role of androgen deprivation by 

castration in changes of neuronal system functions that underlies depression, 

anxiety, synaptic plasticity, learning, and memory. Also, we tried to explain a 

possible mechanism by which castration changes synaptic plasticity, memory 

formation and cognitive functions. In this review article, Science direct, PubMed 

and Scopus databases were explored to provide original articles. Studies show 

that castration leads to anxiety, depression, memory impairments and synaptic 

dysfunctions. On the other hand, it has been reported that castration decreases the 

level of some synaptic markers such as BDNF, PSD-95, and SYN. Therefore, 

regarding a positive correlation between cognitive performances and synaptic 

markers, it can be suggested that castration can exacerbate memory impairments, 

synaptic dysfunctions, and cognitive defects by decreasing the level of the 

synaptic markers. However, it is necessary to conduct more investigation to 

understanding the effects of castration on the central nervous system. 
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Introduction

Androgens have an essential role in some processes 

within the central nervous system (CNS), including the 

promotion of neuron growth, regeneration of axon, 

neurogenesis, protection against neuronal cell loss, 

induction of long-term synaptic plasticity, and many 

cognitive behaviors (1-2). It has been well established 

that intermediate levels of androgens are associated with 

better behavioral functions while their high and low 

levels impair cognitive performances (3-5). These 

results suggest that a remarkable decrease in androgen 

levels is related to significant change in cognitive 

functions and behaviors (6). Castration refers to any 

action, surgical or chemical, to eliminate the major 

source of sex hormones. Surgical castration is 

bilateral orchiectomy (removal of both testes), 

while chemical castration uses pharmaceutical drugs to 

deactivate the testes. In other words, castration 

significantly decreases the production of 

certain hormones, such as androgens (7). Concerning 

the important role of androgens in the CNS, androgen 

deprivation (suppressing or blocking the production or 

action of androgens) by castration can probably alter the 

cognitive functions and behaviors such as anxiety, 

depression, synaptic plasticity, learning, and memory. In 

this review article, the effect of castration on cognitive 

performances is first investigated. Finally, the possible 

molecular pathways involved in the modify of 
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neuroplasticity, memory function, and cognitive 

behaviors will be discussed. 

 

Materials and Methods 

In this review article, Science direct, PubMed and 

Scopus databases were explored to provide original 

articles. Related original articles were investigated from 

1939 to 2020. After screening the published articles based 

on the title and abstract of the article, duplicate cases, 

articles that did not appropriate the purpose of this study 

and articles that only had abstract were removed. 

 

Results and Discussion 

Effects of castration on synaptic plasticity:  

Hippocampus is one of the most important structures 

that mediates cognition, learning, memory, and mental 

behaviors. Long-term potentiation (LTP) in synaptic 

transmission was primary discovered in the hippocampus 

and has been considered as one of the molecular and 

cellular mechanisms of learning and memory (8,9). 

Androgens play important roles in the regulation of the 

structure and function of the hippocampus. On the other 

hand, the abundance of androgenic receptors in the 

hippocampal CA1 area, might propose the action of 

androgens in the hippocampus to enhance synaptic 

plasticity (10). It has been well established that the 

dendrites integrate synaptic inputs to neuronal cells and 

their branching correlates to their representative capacity. 

Some research has revealed that spine morphology, spine 

density, and dendrite length can be affected by steroids in 

multiple brain areas involved in cognitive functions and 

behavior (11-14). Evidence from different studies 

reported that androgens increased the density of CA1 

spine synapses (15) and neurogenesis of the hippocampus 

(16). Androgens can affect neural activities by raising the 

neuron growth, regeneration of axon and synaptic 

plasticity. In other words, androgens are strong facilitators 

of spine density and regulation of long-term potentiation 

in the brain (17,18).  The density of dendritic spine 

synapses of pyramidal cell in the hippocampal CA1 area 

is regulated by circulating androgens (15). These findings 

suggest that probably androgen deprivation by castration 

may alter the spine synapse density in the hippocampal 

CA1 area. The results of Leranth et al. are consistent with 

Moghadami et al. who exhibited that the castration 

reduced density of dendritic spines of the hippocampal 

CA1 area (19,20). These structural modifications in 

dendrites may be responsible for the impairment of 

synaptic plasticity and memory functions. In support of 

these findings, some studies reported that castration 

significantly reduced the number of immature neurons in 

the hippocampus and spine density of medial preoptic 

nucleus neurons (21,22). It has been well established that 

a moderate range of androgens is related to optimal brain 

functions and cognitive performances while their high and 

low levels are involved in memory impairment, synaptic 

dysfunction and cognitive defect (23-25). Regarding the 

important role of androgens in cognitive functions, it 

appears that the removal of androgens by castration can 

alternate synaptic plasticity and LTP induction in the 

hippocampal CA1 area. Therefore, in 2009, a study was 

carried out by Cooke et al. to evaluate this hypothesis. In 

their study, Whole-cell voltage clamp recordings made in 

slices from adult male rats revealed that castration 

declined the frequency of miniature excitatory 

postsynaptic currents in medial amygdala neurons (26). 

Overall, it could be concluded that androgens are 

positively associated with the structure and function of the 

CNS, while castration impairs synaptic plasticity by 

androgen deprivation. Thus, androgen deprivation is one 

of the most significant pathways for the impairment 

effects of castration on synaptic plasticity and 

neuroplasticity. 

In a previous study, Moradpoure et al. (2013) 

investigated the effect of pre-pubertal castration on the 

neuronal response of pyramidal neurons of the 

hippocampal CA1 area. In their study for assessed the 

effects of elimination of the major source of male sex 

hormones on CA1 synaptic plasticity, animals were 

castrated at the age of 22 days and synaptic transmission 

and plasticity in the hippocampal CA1 area were 

examined. According to their results, pre-pubertal 

castration (at the age of 22 days) had no effect on the 

magnitude of fEPSP-LTP and PS-LTP at 28   and 45 days 

in male rats (27). On the other hand, Lee et al. showed that 

the serum androgens level during pre and mid-

adolescence was lower than post-adolescence and it 

gradually increased to adult levels (28). Regarding the 

low level of androgens during pre and mid-adolescence, it 

could be assumed that castration does not affect synaptic 

plasticity during these periods. In support of this idea, in a 

recent study, Salimi et al. (2020) examined the effect of 

castration on the neuronal response of pyramidal neurons 

of the hippocampal CA1 area during adolescence. Their 

findings showed that castration did not affect the 

magnitude of fEPSP-LTP and PS-LTP during mid-

adolescence (5). The androgen level during pre and mid-

adolescence was lower than the post-adolescence, hence, 

the elimination of a low level of androgens during these 

periods does not affect synaptic plasticity (5). These 

investigations suggested that androgen deprivation by 

castration could have different effects on hippocampal 

function during different periods of life. 

The induction of LTP is related to the activation of 

many molecules and signaling cascades. PSD-95 is one of 

the most abundant proteins of the postsynaptic density 

that regulates diverse forms of synaptic transmission, 

synapse structure and stability along with formation and 

long-term stabilization of memory (29-32). It is well 

established that PSD-95-dependent protein complexes 

interact with NMDA and AMPA-type glutamate 

receptors (33). Interactions between PSD-95 and the 

NMDA receptor in the postsynaptic density are essential 

for synaptic plasticity (34). Therefore, PSD-95 

dysfunction may change synaptic plasticity actions in the 

dendritic spines that contribute to the defects of the 

synapse-associated with neurological disorders. In a 
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previous study, Migaud et al. investigated the effect of the 

PSD knockouts on spatial localization in male mice. The 

first behavioral characterization of mice PSD knockouts 

slowed robust impairment of spatial memory (35). Most 

of the published articles have declared that PSD-95 is 

strongly regulated by androgens (30, 36,37). Therefore, 

androgen deprivation due to castration can change the 

PSD-95 level. In 2012, Yoshii et al. investigated the 

effect of castration on the level of PSD-95. According 

to their results, PSD-95 was reduced from one week 

and lasted to 4 weeks after castration (38). These 

findings suggested that a decrease in PSD-95 level 

could be one of the pathways underlying the cognitive 

disrupting effects of castration. 

Furthermore, Brain-derived neurotrophic factor 

(BDNF) is another critical molecule involved in 

synaptic plasticity processes. BDNF-TrkB signaling 

plays a key role in synaptic development by regulating 

the post-synaptic density protein PSD-95 (39). 

Evidence from different studies suggests that BDNF is 

a potential mediator for the central influences of 

androgens (40-42). On the other hand, some studies 

have reported the transcription of BDNF mRNA 

modulates by gonadal steroids (41,42). According to 

some findings of the regulation of BNDF by 

androgens, there is a potential relationship between 

androgens and BDNF. Therefore, it can be 

hypothesized the elimination of the major source of 

androgens by castration could have a negative effect on 

BDNF. This hypothesis was explored in previous 

studies and it was revealed that castration declined 

BDNF mRNA and protein expression (42,43). 

Therefore, reduced BDNF level due to androgen 

deprivation by castration plays an important role in 

synaptic dysfunction, memory impairment (44) and the 

pathogenesis of numerous neuropsychiatric disorders 

(45). To sum up, it appears that the low BDNF and 

PSD-95 levels by castration may be responsible for 

neuroplasticity and synaptic dysfunctions. 

Emerging evidence suggests that in addition to PSD-

95 and BDNF, synaptophysin (SYN) is also a critical 

factor in the neuroplasticity and LTP induction. Wei et 

al. also reported that decreased SYN expression in the 

hippocampus could lead to neuroplasticity 

impairments in the hippocampus (46). Therefore, it is 

conceivable that the promotion in SYN enhanced 

NMDA receptor formation, causing an improvement in 

synaptic plasticity. 

Androgens increase synaptic markers (BDNF, PSD-

95 and SYN), modulate the essential biology of 

synaptic structure, and cause the structural changes of 

plasticity in the hippocampus, all of that lead to 

improve cognitive function (Fig. 1). 

Some studies have reported a significant decline in the 

expression of the synaptic proteins and markers (SYN and 

CREB) after castration (47-49). Regarding the prominent 

roles of BDNF, PSD-95, and SYN in neuronal 

morphology, neuroplasticity, and synaptic plasticity, it 

seems that castration can exacerbate synaptic plasticity 

impairment and its related deficits by decreasing the level 

of these proteins and markers (Fig. 2). 

 

 

Figure 1: Schematic representation of a possible relationship between androgens and synaptic markers. Binding of androgens 

to membrane androgenic receptors improves cognitive functions by activating BDNF synthesis and regulating PSD-95 and 

SYN levels. 
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Figure 2: Diagrammatic representation of a possible relationship between castration and cognitive defects. Castration through 

changes in synaptic markers and proteins leads to memory impairment, synaptic dysfunction and other cognitive defects. 

 

Effects of castration on learning and memory 

Learning and memory are two important closely related 

cognitive processes in the CNS that are dependent on 

synaptic plasticity. Numerous investigations have 

addressed the roles of androgens in mediating and/or 

modulating spatial localization and also the different types 

of learning and memory performances (3-5). To survive, 

animals develop fear reactions to unsafe situations. The 

neural mechanism of learned fear has survival importance 

for animals that must estimate danger from seemingly 

neutral contexts. It has been documented that contextual 

fear conditioning is perhaps the simplest type of learning 

from an operational perspective. On the other hand, it has 

been well established that androgens affect learning 

processes related to approach/avoidance behaviors (15). 

Therefore, performance in inhibitory avoidance is 

influenced by androgen deprivation. A previous study 

reported that the castrated male rodents exhibit poorer 

performance in inhibitory avoidance (50). Spatial learning 

and memory describe the capability to encode, storage 

and retrieval of knowledge about the position of 

environmental properties relative to each other and the 

individual. Additionally, many evidences confirm that 

spatial performance in Y-maze and Morris water maze 

tasks are dependent upon the integrity of the hippocampus 

and are affected by androgen (50-52). Therefore, decline 

in androgens levels can influence various cognitive 

performances such as learning and memory (6). Some 

studies suggested the negative correlation between 

castration and memory functions. In line with these 

results, Moghadami et al. reported that the castrated male 

rats needed more time to find the hidden platform than the 

intact rats, indicating that castration impairs spatial 

learning and memory of adult male rats (20). In 2010, 

Benice et al. added further evidence on the relationship 

between androgens and spatial learning and memory. 

According to their results, castration-induced androgen 

deprivation in mice impairs spatial localization (21). 

Overall, androgen deprivation is one of the most 

important reasons for the impairment effects of castration 

on learning and memory performances. 

  Working memory is explained as a form of short-term 

memory which includes storage of information from a 

specific task for as long as it is beneficial to complete the 

task, and reference memory is explained as the long-term 

storage of information that is used from one task to the 

next (53,54). Some studies have suggested that androgen 

depletion by castration impairs spatial working memory 

but has no effect on the reference memory of adult male 

rats (16, 55). Therefore, the above findings illustrate that 

androgen deprivation differentially affects the working 

and reference components of learning and memory. 

Some studies exist for no effect of castration on 

learning and memory. In line with this evidence, Salimi 

et al. investigated the effect of castration on spatial 

learning and memory during adolescence of male rats in 

Morris water maze test. They reported that castration 

during adolescence had no effect on spatial performance 

(5). These findings suggest that castration during 

adolescence does not affect spatial localization ability, 

while castration in adult male rats led to impairment of 

spatial learning and memory. 

Besides, SYN levels have been used as an index of 

synaptic density and distribution and are positively 

associated with cognitive functions in rodents (56-58). 

Previous studies have proposed the involvement of SYN 

in learning and memory functions. For example, heat 

stress-induced memory deficiency in Y-maze tasks is 

associated with a declined level of SYN expression in the 

hippocampus (59). Furthermore, some reports on the 

reduced expression of SYN after castration (44), proposed 
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castration induced impairment of learning and memory 

performances through the change of SYN level. 

   On the other hand, it has been well established that the 

strong influence of BDNF on synaptic learning and 

memory processes is regulated by androgens, indicating a 

potential relationship between androgens and BDNF 

(41,42). A great number of studies have revealed that 

decreased BDNF level is associated with the impairment 

of learning and memory (44). Interestingly it was reported 

that castration declined BDNF mRNA and protein 

(42,43). Based on these findings, another possible 

pathway for the negative effects of castration on learning 

and memory could be the decrease of BDNF level.  

Overall, it can be concluded that as the level of androgens 

varies in different periods of life, androgen deprivation by 

castration may have different effects on learning and 

memory functions at different stages of life. Regarding the 

low levels of androgens during pre and mid-adolescence, 

androgen deprivation by castration has no significant effect 

on learning and memory performances during these 

periods, while castration during post-adolescence and in 

adults can significantly impair learning and memory 

functions. Furthermore, some reports suggested a close 

relationship between synaptic markers (SYN and BDNF) 

and cognition functions such as learning and memory, thus, 

androgen deprivation by castration might lead to learning 

and memory impairment by decreasing the levels of SYN 

and BDNF.  

Effects of castration on anxiety and depression 

Depression and anxiety are recognized as the most 

common psychiatric disorders that have a profound 

impact on functioning and quality of life (24). Androgens 

are protective against the progression and development of 

cognitive disorders. Changes in gonadal androgen levels 

over the time of life lead to the alternation in cognitive 

performances and different types of psychiatric disorders 

(24,60). Some evidence suggests that the physiological 

levels of androgens play a protective role against 

psychiatric disorders, while low levels of androgens are 

implicated in the status and severity of psychiatric 

disorders (24,25). In support of this idea, Veras et al. and 

Cooper et al. report that hypogonadal patients, who suffer 

from lower than normal levels of androgens, are more 

likely to suffer from depression and anxiety disorders 

(61,62). On the other hand, evidence from different 

studies suggests that androgens have anxiolytic and 

antidepressant effects, with the potential to promote 

improved mood and mental health (24,60). Therefore, it 

appears that androgen deprivation by castration may lead 

to depression and anxiety-like behavior. Consistent with 

such a hypothesis, Almeida et al. have reported that 

castration is associated with increased depression and 

anxiety. (6). Furthermore, Boivin et al. propose that 

testicular hormones have anxiolytic impacts during 

puberty. The anxiolytic influences of testicular hormones 

during puberty may be critical for promoting the 

approach/exploratory behaviors important for foraging 

and navigating the transition to adult cognition behaviors. 

Also, castrated males showed more anxiety-related 

behavior than intact males (63). This evidence declares 

that an optimum level of androgens induced anxiolytic 

effects. Furthermore, it has been well established that 

androgens had antidepressant impacts on humans and 

animals. Interestingly, hypogonadal men with low levels 

of androgens have an increased incidence of major 

depressive disorder and androgens replacement 

significantly improved this psychiatric disorder (64,65). 

Some previous studies reported that androgens 

supplementation had anxiolytic and antidepressant effects 

in castrated male rats (24,60). These findings suggest a 

significant role for androgens in mediating anxiolytic and 

antidepressant effects. On the other hand, abnormalities in 

the regulation of neurotransmitters systems (e.g. 

serotoninergic and dopaminergic systems) can lead to 

anxiety and depressive-like behavior (25, 66). 

Concerning anxiety and depression, androgens exert 

modulatory impacts on several monoaminergic 

neurotransmitters, including dopamine and serotonin (5-

HT), which may protect against anxiety and depression 

(24,67). A large number of studies suggest that androgens 

increase the uptake and production of serotonin (5-HT) 

and up regulate 5-HT receptors. (68). A study conducted 

by Huijgens et al. reported that castration decreased the 

release of neurotransmitter of dopamine (22). 

Interestingly, extensive literature confirms that BDNF 

regulates dopaminergic, serotonergic and noradrenergic 

activity (69,70). Moreover, it has been well established 

that BDNF pathway impairment may be involved in the 

status and severity of psychiatric disorders such as 

depression and anxiety (71,72). On the other hand, it is 

reported that subcutaneous injections of BDNF produced 

antidepressant and anxiolytic-like impacts in rodents 

(73,74). As we mentioned previously, BDNF may be a 

major target of androgen/ARs actions. It is important to 

understand the influence of androgens/ARs/BDNF on 

neurobiological systems that regulate depression and 

anxiety-like behavior. Therefore, it appears that castration 

(androgen deprivation) through decreased BDNF levels is 

involved in the abnormalities of neurotransmitters 

systems activity (e.g. serotoninergic and dopaminergic 

systems) that may be responsible for synaptic and 

cognitive dysfunctions. Consistent with these findings, 

some studies have reported that castration decreases 

BDNF mRNA and protein expression (42,43). It can be 

assumed that castration leads to decrease in BDNF levels, 

which can be considered as a potential pathway to the 

status and severity of depression and anxiety-like 

behaviors . In addition, there is also extensive literature on 

the existence of the relationship between PSD-95 and 

androgens (48). Most published articles have declared 

that PSD-95 is strongly regulated by androgens and 

interaction with serotonin receptors 5- HT (2A) and 5- HT 

(2C) (75). In a previous study, castration was shown to 

reduce PSD-95 starting at one week and lasting up to 4 

weeks after castration (38). On the other hand, it is 

established that the dysfunction of PSD-95 is implicated 

in depression and anxiety-like behavior (76,77). In 

conclusion, it seems likely that the decrease of PSD-95 by 

castration (androgen deprivation) is responsible for 

cognitive dysfunctions such as depression and anxiety. In 
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addition, it is well established that SYN plays the main 

role in neurotransmitter release and the synaptic vesicle 

cycle. Recent research have suggested that reduced SYN 

level is implicated in anxiety behavior and cognitive 

impairments (73,78). For example, mice with traumatic 

brain injury display increased anxiety-like behavior and 

reduced SYN levels in the hippocampus (79). Moreover, 

in a previous study, the expression of SYP was increased 

in the hippocampus and the cortex by chronic 

antidepressant treatment in rats (80-82). The decreased 

expression of SYN after castration suggests that another 

possible pathway for the negative effects of castration on 

cognitive functions such as depression and anxiety is 

mediated by reducing the level of SYN. Overall, 

regarding the implication of synaptic markers and proteins 

(BDNF, PSD-95 and SYN) in cognitive functions and 

behaviors, it can be argued that castration leads to the 

progression and development of numerous cognitive 

disorders such as anxiety and depression-like behavior 

through decreasing the level of these biomarkers.
 

 

Figure 3: Possible central effects of castration 

 

Conclusion 

Androgens have profound effects on the neuronal 

organization, structure, and function of the brain including 

alternation in the spine synapses of neurons, neurogenesis, 

induction of long-term synaptic plasticity, and different 

type of cognitive functions and behaviors. Regarding the 

important role of androgens in the CNS, androgen 

deprivation by castration may lead to synaptic 

impairments and cognitive dysfunctions. In this review 

article, the emphasis was on studies addressing the effect 

of castration on neuroplasticity, memory functions and 

behavioral cognitions. The results agree with the fact that 

castration can change learning, memory, synaptic 

plasticity, anxiety, and depression, a graphical 

representation is reported in Fig. 3. Some of these effects 

on neuronal function may be due to a decrement in 

androgens levels which occurs by castration. On the other 

hand, it has been reported that androgens regulate the 

levels of synaptic markers (BDNF, PSD-95 and SYN), 

modulate the essential biology of synaptic structure, and 

cause structural alternations of plasticity in the 

hippocampus, all of which can improve cognitive 

functions. Regarding a close relationship between these 

synaptic markers and androgens, it appears that a 

reduction in these synaptic markers level through 

castration-induced androgen deprivation may be 

responsible for memory impairments, synaptic 

dysfunctions and cognitive defects. Taken together, the 

effects of castration (androgen deprivation) on the CNS 

can help to identify cognitive disorders and related 

pathways in male hypogonadism or people who suffer 

from gonadal dysfunction and also may help in the 

development of better therapeutic approaches to reduce 

these cognitive disorders. 
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