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Summary: Steroid synthesized from cholesterol in the central nervous system independently of gonads and adrenal glands 

has been defined as neurosteroids. Neurosteroids are synthesized in many species of vertebrate and invertebrate nervous systems. 
Neurosteroids affects the many brain functions. The expression of enzymes catalyzing the synthesis of neurosteroids and the 
neurosteroid levels are changes in diseases of the nervous system. It has been well documented that neurosteroids protective role on 
the neurons. Neurosteroids reduces the disorders associated with nervous system in neurodegenerative diseases and can be used as 
preventive and therapeutic in these diseases. 
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Nörodejeneratif hastalıkların tedavisinde yeni bir strateji: Nörosteroidler 

Özet: Merkezi sinir sisteminde gonadlardan ve adrenal bezlerden bağımsız olarak kolesterolden sentezlenen steroid 
nörosteroid olarak tanımlanır. Pek çok omurgalı ve omurgasız canlıların sinir sisteminde nörosteroidler sentezlenmektedir. 
Nörosteroidler pek çok beyin fonksiyonunu etkilemektedir. Sinir sistemi hastalıklarında nörosteroid sentezini katalizleyen enzimlerin 
ekspresyonları ve nörosteroid düzeyleri değişmektedir. Nörosteroidlerin nöronlar üzerinde koruyucu etkiye sahip olduğu iyi 
bilinmektedir. Nörosteroidler nörodejeneratif hastalıklarda sinir sistemine ilişkin bozuklukları hafifletmekte, koruyucu ve tedavi edici 
olarak kullanılabilmektedir. 

Anahtar sözcükler: Nörodejeneratif hastalıklar, nörosteroid. 
 

 

 
Steroid synthesized from cholesterole in central 

nervous system independently of gonads and adrenal 
glands is called neurosteroid. The synthesis of 
neurosteroids in central nervous system have been well 
documented (14, 46, 47, 67). Neurosteroids have been 
widely recognized to modulate brain cell properties and 
functions (3, 10, 17, 36). Pregnenolone and pregnenolone 
sulphate play an essential role in the process of memory 
and learning (3, 17, 34, 39). The 3-alpha-hydroxy 
metabolites of progesterone have anaesthetic effects (45). 
New findings have been obtained that the progesterone 
prevents depression-like behavior (10). Neurosteroids 
have been shown to protective effects on neurons and 
glial cells and therapeutic effects of the neurosteroids 
have been investigated in neurodegeneration (8, 9, 18, 
49). The antidepressant and neuroprotective effects of 
dehydroepiandrosterone have been reported (9, 32, 58). 
Testosterone has also been proposed as neuroprotective 
agents (2, 51). Through experimental and clinical studies, 
neuroprotective effects of estradiol have been recognized 
(8, 22, 24, 57). In this review, neurosteroid biyosynthesis 
in central nervous system, changes of neurosteroids in 

neurodegenerative diseases and therapeutic possibilities 
of neurosteroids was summarized. 

Biosynthesis of neurosteroids in central nervous 
system 

Neurosteroids are syntehsized from cholesterole de 
novo by neurons and glial cells. The expressions of 
steroidogenic enzymes including P450scc (50, 53), 3β-
hydroxysteroid dehydrogenase/Δ5-Δ4-isomerase (3β-
HSD) (51), P450 17α-liyase (11), 17-β-hydroxysteroid 
dehydrogenase (17β-HSD) (37) and P450 aromatase (26, 
28, 42, 66) in the central nervous system were demonstrated 
in mammalian and non-mammalian vertebrates. P450scc 
transforms cholesterol into pregnenolone which is a 
precusor of dehydroepiandrosterone. Progesterone is 
formed from pregnenolone by the 3β-HSD. Both 
progesterone and DHEA are converted into testosterone. 
Testosterone is converted into estradiol by P450 
aromatase. The expression of 3β-HSD has been well 
demonstrated in the oligodendrocytes and Purkinje 
neurons in cerebellar cortex of dogs (64). In ependymal 
cells of the choroid plexus in sheep, an apparent 
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cytoplasmic immunoreactivity of the 3β-HSD which 
catalyzes the dehydrogenation of the pregnenolone into 
progesterone has been found. An immunoreactivity of the 
3β-HSD suggests progesterone most likely be synthesized 
locally in the sheep choroid plexus (29). It has been also 
measured the concentrations of progesterone in the 
specific central nervous system regions such as cortex 
(frontal, parietal, temporal, occipital), corpus callosum, 
cerebellum and medulla oblongata of the ram and 
anestrous ewe (61). Progesterone concentrations have 
been recorded as high in the frontal cortex, and low in the 
medulla oblongata both ram and ewe. No significant 
differences have been determined between the ram and 
ewe for any central nervous system regions. 

The changes of neurosteroids in neurodegenerative 
diseases  

Changes in and neurosteroid levels and their 
steroidogenic enzyme expressions are involved in 
physiopathological conditions. Aromatase expression is 
up-regulated during the brain injury in mamalian and 
birds (22, 43). The concentration of cerebrospinal fluid 
pregnenolone are decreased in patients with affective 
depression (23). It has been indicated that decreased 
progesterone concentration in the cerebellum in canine 
distemper virus infection suggesting that local impairment 
of progesterone synthesis may be associated with the 
initiation and progression of cerebellar lesions (62). With 
previous findings as a background, to understand the 
mechanisms of demyelination and remyelination in 
neurodegeneration, has been recently examined myelin 
basic protein profiles in experimentally demyelinated and 
remyelinated mice (60). In the demyelinated mice, 
myelin basic protein band intensity was significantly 
thinner than the healthy mice and in the remylinated mice 
it increased in a significant manner and approached to 
values of control group. Recently, it has been 
investigated age-dependent changes of neurosteroids 
including estradiol, progesterone, testosterone and 
dehydroepiandrosterone in cerebellum and frontal cortex, 
parietal cortex and temporal cortex of newborn 1, 6, 12, 
24-month-old male Sprague-Dawley rats. Progesterone 
concentration of central nervous system regions 
increased slightly during aging period and was inversely 
related to age of rats. No significant differences have 
been found between newborn, 1, 6, 12, 24-month-old rats 
for estradiol, testosterone and dehydroepiandrosterone 
(16). Higher expression of the 3β-HSD in astrocytes of 
the demyelinated site in canine distemper virus infection 
has been postulated (64). An overexpression of aromatase 
has been demonstrated in the cerebellum of dogs infected 
with canine distemper virus (63). Furthermore, 
overexpression of the aromatase in astrocytes in areas of 
demyelination has been determined using Western-blot 

analysis in cuprisone induced demyelination in C57Bl/6 
mice (65).  

Preventive and therapeutic use of neurosteroids in 
neurodegenerative diseases 

A large number of studies support the neurosteriods 
have neuroprotective, myelinating, antiapoptotic and 
antienflamatuar effects (4, 11, 25, 35, 44, 55). Combined 
administration of 17β-estradiol and progesterone have 
been demonstrated protect the brain from demyelination 
and stimulate remyelination (1). Progesterone are 
considered to play a major role in myelin formation (7, 
27). Estriol and progesterone have been demonstrated 
inhibit microglial production of nitric oxide which be 
toxic to oligodendrocytes, in a dose-dependent manner 
(20). Progesterone exerts neuroprotective effects in 
traumatic central nervous system injury and motoneuron 
degeneration (18). A study by Garay et al. (21) suggested 
that administration of progesterone enhances the myelination 
in the experimental autoimmune encephalomyelitis 
model of multiple sclerosis. It has also been found that 
progesterone prevents depression-like behavior in a 
model of Parkinson's disease rats (10). Progesterone and 
allopregnanolone administrations reduce the cell death, 
gliosis, and functional deficits after traumatic brain injury 
(19). Allopregnanolone also exerts an analgesic effect in 
the experimental pain model (30, 38, 56).  

Through experimental and clinical studies, 
neuroprotective effects of estradiol have been recognized 
(8, 22, 24, 57). It has been found that estradiol promotes 
myelin formation after its neonatal administration (15). 
Beneficial effects of progesterone in treatment of 
functional recovery of traumatic brain injury have been 
reported (54). Recently has been demonstrated that 
estradiol treatment is a potentially useful to enhance 
recovery after ischemic injury (41). An experimental 
study has shown the estriol treatment reduce the severity 
of autoimmune encephalomyelitis (31). It has been 
postulated that hormonal alterations during gestation 
have a protective effect on the course of multiple 
sclerosis (59). Additionally, estriol treatment with the 
pregnancy doses has been found to be effective in 
treatement of nonpregnant female multiple sclerosis 
patients (48). Administration of 17-beta-estradiol protect 
oligodendrocytes from cytotoxicity in a dose-dependent 
manner (49). Neuroprotective effects of estrogen have 
also been demonstrated in experimental models of 
Parkinson's disease (5, 13, 40).  

Dehydroepiandrosterone has been reported to 
protect hippocampal neurons against neurotoxication (9, 
32). DHEA has been shown to inhibit production of 
proinflammatory cytokines tumor necrosis factor alpha 
and interleukin-6 in astrocytes (30). Importantly, 
dehydroepiandrosterone inhibits interferon-gamma 
production by microglia that is critical for innate and 
adaptive immunity (6).  
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In recent years, testosterone has been proposed as 
neuroprotective agents in treatments of neurodegenerative 
diseases. Testosterone protects cerebellar granule cells 
from cell death induced by oxidative stress (2). It has 
been reported that treatment with testosterone by 
intracerebral ventricular injection regenerates the spinal 
motoneurons in sciatic nerve crush model in rat (51).  

 
Conclusion 

The synthesis of neurosteroids in the central 
nervous system in mammalian and non-mammalian 
vertebrates have been well documented. Neurosteroids 
mediates brain cell properties and functions. The 
expression of enzymes catalyzing the synthesis of 
neurosteroids and the neurosteroid levels are changes in 
diseases of the nervous system. Through experimental 
studies and clinical trials, neuroprotective effects of 
neurosteroids have been recognized. Neurosteroids have 
many effects including myelinating, antiapoptotic, 
antienflamatuar and antidepressant. Recently, neuroactive 
steroids used as preventive and therapeutical in various 
neurodegenerative diseases such as multiple sclerosis, 
Parkinson's disease, autoimmune encephalomyelitis, 
traumatic brain injury and ischemic injury.  
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