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With each passing year, the number of people suffering from mental disorders 
grows at a disturbing speed. Neuroactive steroids are a new promising group of 
drugs with the potential for use in many diseases like postpartum depression, 
postnatal psychosis, major depression, insomnia, bipolar disorder, and 
Parkinson’s tremor, due to their ability to modulate the activity of GABAA receptor. 
Neurosteroids are progesterone metabolites that are synthesized from cholesterol 
or steroid hormones in various brain regions. They regulate neuronal development, 
regeneration, and neurotransmission. They are implicated in mood disorders, 
anxiety disorders, schizophrenia, PTSD, and impulsive aggression. Neurosteroids 
have been studied for their potential to prevent or treat neurodegenerative 
diseases such as Alzheimer’s disease and HIV-associated dementia. They can 
promote neurogenesis, neuronal survival, myelination, and memory function. 
They can also affect the growth and sensitivity of hormone-dependent brain 
tumors such as gliomas. Zuranolone, a newly registered neurosteroid drug has 
shown huge flexibility in both clinical and ambulatory treatment thanks to its 
pharmacokinetic traits, especially the possibility for oral administration, unlike its 
predecessor Brexanolone. Zuranolone is a synthetic positive allosteric modulator 
of the GABAA receptor that can be taken orally. The review aims to summarize 
the current knowledge on zuranolone as a novel neurosteroid drug for various 
mental disorders, especially for postpartum mental disorders for which this drug 
was meant originally. It covers studies indexed in the PubMed, Scopus, and Web 
of Science databases published since 2017. Keywords used in the search, as 
well as inclusion and exclusion criteria, are given in the aims and methodology 
section. The review explains the evidence for the role of neurosteroids, especially 
allopregnanolone, in the pathophysiology and treatment of postpartum 
depression. It discusses the mechanisms of neurosteroid action, the changes 
in neurosteroid levels during pregnancy and postpartum, and the clinical trials 
of brexanolone and zuranolone, two synthetic analogs of allopregnanolone, for 
postpartum depression. It provides an overview of the biosynthesis and metabolism 
of neurosteroids in the central and peripheral nervous system. Furthermore, it 
explains the different sources and pathways of neurosteroid production and the 
factors that influence their synthesis and regulation, such as stress, hormones, 
drugs, and genetic variations. The review also explores the potential relevance of 
neurosteroids for other psychiatric disorders, such as major depression, bipolar 
disorder, post-traumatic stress disorder (PTSD), schizophrenia, and premenstrual 
dysphoric disorder. Finally, it highlights the associations between neurosteroid 
levels and symptom severity and the effects of neurosteroid modulation on 
mood, cognition, and neuroplasticity.
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1 Introduction

A huge breakthrough in psychiatry was brought about by the 
development of selective serotonin reuptake inhibitor (SSRI) drugs, 
but researchers continue their efforts. A new class of therapeutics was 
developed by the close examination of the neurosteroid system. In 
2019, brexanolone was introduced as the first drug containing 
Allopregnanolone. In 2022 SAGE Therapeutics registered Zuranolone 
– a novel synthetic neurosteroid. In August 2023 U.S. Food and Drug 
Administration approved zuranolone (Zurzuvae) in treatment of 
postpartum psychiatric disorders (PPDs). This drug has been found 
to have great potential for use in PPDs (1, 2), consequences of which 
can be  tragic without proper treatment. Infanticide and maternal 
suicide are associated with postpartum depression, and existing 
treatments often struggle to effectively manage depressive symptoms. 
Zuranolone was successful in quickly and lastingly alleviating 
postpartum depression symptoms, and it was well-tolerated by 
patients (1). It also exhibits very promising effects in the treatment of 
conditions outside the PPDs group (2–4). In particular, its use has 
already been reported for treatment of Parkinson’s tremor, insomnia, 
and bipolar disorder (3, 5–9). Still, its qualities allow one to reason 
about even wider applications, which could be beneficial in general 
population. Table  1 briefly summarizes Zuranolone known and 
possible usage.

1.1 Background

Pregnancy is a challenging and demanding period for a woman 
and her family. Emotional stress (thoughts about becoming a mother 
and worries about a future child’s health), biological factors (hormonal 
changes), and sleep deprivation can cause perinatal distress. 1-2/1000 
women worldwide may develop PPDs in 2-4 weeks following delivery, 
such as relatively common postpartum depression and anxiety (12). 
They may also experience rare but more severe postpartum psychosis. 
It is important not to confuse PPDs with baby blues, which is milder, 
and does not require medical intervention (12).

1.1.1 Postpartum depression
In diagnosing postpartum depression, the onset of illness is 

important. The ICD-10 classification states that symptoms must 
appear within 6 weeks after delivery and codes it as F53.0. On the 
other hand, DSM-V says that they must develop within 4 weeks after 
birth but does not differentiate postpartum depression from 
depression during pregnancy. Both are described as ‘perinatal 
depression disorders’. It affects a mother’s relationship with an infant 
and usually her ability to manage day-to-day activities. History of 
depression, anxiety, sexual abuse, risky pregnancy, lack of social 
support, and domestic violence are risk factors (13–22).

A rapid change in reproductive hormones like estradiol and 
progesterone following delivery are potential triggers for susceptible 

women and can lead to the manifestation of depressive symptoms. 
Oxytocin and prolactin also play an important role in the pathogenesis. 
These hormones regulate lactation and the milk let-down reflex. A 
correlation between lactation failure and the onset of PPD has been 
found. Low levels of oxytocin are observed in PPD and unwanted 
early weaning. During the third trimester, lower levels of oxytocin 
relate to increased depressive symptoms during pregnancy and 
following delivery (13, 23–26).

The standard treatment for postpartum depression typically 
includes psychotherapy and antidepressants. However, due to potential 
risks associated with exposing infants to antidepressants, psychotherapy 
is often the preferred treatment option for new mothers (27). 
Interpersonal psychotherapy is particularly relevant for postpartum 
depression as it focuses on the unique interpersonal challenges faced 
by women during the postpartum period. Interpersonal psychotherapy 
operates on the understanding that interpersonal issues arising during 
pregnancy, coupled with hormonal changes, can lead to depressive 
symptoms (27). Treatment approaches administered by mental health 
professionals can positively impact mothers with postpartum 
depression, leading to improved therapeutic outcomes and 
psychosocial enhancement. Numerous studies have shown that 
interpersonal psychotherapy is more effective in treating depression 
than other psychological treatments (27).

According to statistics up to 4 in 5 new parents (80%) may have 
baby blues (28). In the days following childbirth (days 1-4), most 
women experience some transient mental disturbance like mood 
swings, mild depression, anxiety symptoms, irritability, sleep 
disturbances, appetite changes, and fatigue that often persist for 
≤2 weeks and usually resolve spontaneously with no sequelae (29). 
The main cause of baby blues is hormonal changes. According to a 
work by Balaram and Marwaha, estrogen and progesterone levels 
suddenly decrease after delivery, causing mood swings (29).

1.1.2 Postnatal psychosis
In ICD-10, postnatal psychosis is an affective disorder classified by 

type (F30-F39) and additionally with code 099.3. DSM-V categorizes 
it as a ‘brief psychotic disorder’ in the section ‘Disorders in addition to 
the schizophrenia spectrum and other psychotic disorders.’ Patients may 
experience hallucinations, insomnia, agitations, and delusions which 
create a risk of suicide and infanticide. Overall postpartum relapse risk 
is estimated to be 37% in populations of women with bipolar disorder 
and 31% with a history of postpartum psychosis (30). The distinction 
between those two groups is significant for clinical relevance. Patients 
with bipolar disorder were less likely to experience severe episodes 
(17%) compared with the second group (29%) (30). Moreover, for 
women with bipolar disorder, continuation of prophylactic medication 
during pregnancy appears to be crucial for maintaining mood stability 
after delivery. In contrast, for women with a history of isolated 
postpartum psychosis, the initiation of prophylaxis immediately after 
the delivery was found to be highly effective for relapse prevention and 
eliminates the risk of in-utero medication exposure (30–36).
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Pharmacological intervention for postpartum psychosis has not 
been the focus of many recent studies. This could be due to the already 
proven effectiveness of lithium, along with supplementary 
antipsychotics, benzodiazepines, and electroconvulsive therapy in 
treating postpartum psychosis (34). There is a lack of information on 
the application of newer antipsychotics (cariprazine, lumateperone, 
brexpiprazole, pimavanserin) (34). Despite the progress in 
neurosteroid treatments for postpartum depression with brexanolone, 
no research has assessed its potential use in postpartum psychosis (34).

1.1.3 Severe depression
Depression is a highly prevalent disorder with a lifetime prevalence 

of about 12%. It is more common in women than in men and in 
younger adults compared to older people. It is often comorbid with 
other psychiatric and medical disorders and increases the risk of 
suicide (28). To diagnose, a patient needs to present with 5 or more of 
any symptoms nearly every day for a 2-week period, provided at least 
one of these symptoms is a fundamental one. Symptoms of MDD can 
be  decreased mood, anhedonia, feelings of worthlessness or guilt, 
suicidal ideation, planning or attempt, fatigue or loss of energy, 
insomnia or hypersomnia, loss or increase in appetite, and significantly 
decreased cognitive functions (29). Major depression is a common 
illness that severely limits daily functioning and diminishes the quality 
of life. In 2008, WHO ranked major depression as the third highest 
burden of disease worldwide and predicts that it will rank first by 2030 
(37). Across the lifespan, depression is almost twice as common in 
women than in men (38).

1.2 Neurosteroids

Neurosteroids are a group of cholesterol metabolites, which 
naturally occur in mammals’ nervous systems. Despite their origin, 
they do not activate peripheral receptors for steroid hormones. 

Instead, they regulate the depolarization of neuronal cells by 
modulating membrane receptors (39).

Proneurosteroids are steroid hormones that are used for the 
further synthesis of neurosteroids. Examples are dihydrotestosterone 
and testosterone which are substrates for synthesis of inhibitory 
positive or negative modulators of GABAA receptors from the 
androstenes group. Furthermore, there is a group of pregnanes that 
comes from pregnenolone and progesterone, which act in the same 
manner (39). Neurosteroids belonging to these two categories can 
have inhibitory or excitatory effects on CNS. In the case of this study, 
the most important are allopregnanolone, its isomers, DHEA, 
and S-DHEA.

Dehydroepiandrosterone (DHEA) and its sulfated variant 
DHEA-S are the most prevalent steroids in circulation and serve as 
precursors to active sex hormones like estradiol and testosterone. They 
have a wide array of effects on various systems including the central 
nervous system, cardiovascular system, adipose tissue, kidney, liver, 
and reproductive system (40). The biological effects of DHEA and 
DHEA-S are initiated through diverse mechanisms. They can directly 
bind to plasma membrane receptors such as a DHEA-specific 
G-protein coupled receptor in endothelial cells and various 
neuroreceptors like GABA(A), NMDA, and sigma-1 receptors (40). 
They can also bind directly to nuclear androgen and estrogen 
receptors, albeit with lower binding affinities compared to steroid 
hormones like testosterone, dihydrotestosterone, and estradiol. The 
neuroprotective roles of DHEA and DHEA-S are associated with the 
inhibition of GABAA and the activation of NMDA (40).

Allopregnanolone and its stereoisomers pregnanolone, 
epipregnanolone, and isopregnanolone are all allosteric modulators of 
the GABAA receptor. Iso- and epipregnanolone act as negative 
modulators, whereas allopregnanolone and pregnanolone modulate 
the receptor positively (39). Clinically, a change in their serum and 
CSF concentrations proportion is observed in correlation with certain 
mental disorders like PPDs (41). The available publications indicate a 

TABLE 1 Brief summary of findings gathered in the review.

Disorders Findings

Postpartum depression
 − Zuranolone was found to enhance HAMD-17 scores and alleviate depression symptoms in women with PPD by day 15, compared to a 

placebo. These effects were noticeable from day 3 and persisted up to 45 days. Additionally, patients reported better anxiety, global, and 

maternal functioning. In MDD patients, a 14-day zuranolone treatment reduced depressive symptoms as per the HAM-D score (2).

Major depressive disorder
 − In a double-blind trial with 543 major depressive disorder patients, zuranolone (50 mg daily) showed significant symptom reduction by day 

15, with effects noticeable by day 33. The drug was safe, well-tolerated, and presented no new safety concerns (10).

Insomnia
 − Zuranolone, as a treatment for insomnia, was tested in a study where patients received either a 30 mg or 45 mg dose, or a placebo. Results 

showed significant improvements in sleep quality and efficiency, with higher doses yielding better outcomes. The treatment increased time 

spent in N2 and N3 sleep stages, but not in N1 or R stages (5).

Parkinson’s tremor
 − In an open-label, exploratory study, zuranolone was administered to 14 patients with Parkinson’s disease who were already receiving stable 

doses of other medications. Zuranolone improved tremor symptoms as early as 12 h following the first dose and was sustained throughout 

the treatment period. Similar improvements were noted in overall experiences of daily living and medication-related motor complications. 

Zuranolone was generally well-tolerated, with the most common adverse events being headache and fatigue (9).

Bipolar disorder
 − Zuranolone has shown promising results in an open-label, phase 2 study of 30 mg daily for 2 weeks in bipolar disorder patients with 

depressive symptoms. It improved mood, anxiety, and functioning, and was well-tolerated. However, more studies are needed to confirm its 

efficacy and safety (11).
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relative decrease in concentration of a positively modulating isomer 
in comparison to the concentration of a negatively modulating isomer. 
Physiologically, fluctuations of neurosteroids are related to ovarian 
cycle in females, and in males, there is a constant decrease in 
concentration related to aging (42).

1.2.1 Synthesis
The term “neurosteroids” was coined to describe steroids produced 

by the nervous system when studies provided evidence suggesting that 
DHEA sulfate could be  synthesized endogenously in the brain, 
independent of secretions from the adrenals and testes (42). However, 
it is crucial to note that more precise measurements, such as those 
obtained through mass spectrometry techniques, later indicated that 
pregnenolone or DHEA sulfates in rodents should not be included in 
the concept of neurosteroids (42). Subsequent studies revealed the 
expression of the enzyme P450 side chain cleavage in the brain. This 
enzyme plays a key role in the initial step of steroidogenesis, 
converting cholesterol into pregnenolone. This conversion was 
observed in oligodendrocytes, thereby confirming the existence of 
neurosteroids (42). Steroidogenesis occurs both in the nervous system 
and peripheral glands, and it is crucial to understand how these two 
steroid sources interact (42).

A high concentration of neuroactive steroids is found in central 
nervous system (CNS), much higher than in serum. Research shows 
that CNS have high expression of enzymes responsible for 
steroidogenesis. The majority present in gonads and adrenal glands is 
also present in CNS. It uses both steroid hormones crossing blood–
brain barrier (BBB) and those synthesized de novo from cholesterol 
for further transformation into neurosteroids (43, 44).

Neurosteroidogenesis begins in mitochondria when they receive 
cholesterol. This transfer involves steroidogenic acute regulatory 
protein (StAR) and translocator protein 18 kDa (TSPO). Next step is 
a transformation of cholesterol into pregnenolone with the 
involvement of the mitochondrial side-chain cleavage enzyme 
(P450scc). Then pregnenolone is directed to the progesterone path or 
17OH-pregnenolone path, which is further converted to DHEA. Both 
paths converge, as progesterone and DHEA are used for the synthesis 
of androstenedione, and then testosterone. Testosterone is transformed 
to 17β-estradiol by an enzyme called aromatase. Research shows that 
regions such as cortex, hippocampus, hypothalamus, and cerebellum 
express high steroidogenic activity. Also, gender-specific differences 
are observed (45, 46). Table 2 Indicates the localization of synthesis of 
certain steroids in the central nervous system.

1.2.2 Normal brain economy of neuroactive 
steroids in mice

In both young adult male and female mice, substantial amounts 
of progesterone, 5α–dihydroprogesterone, and allopregnanolone were 
detected in the brain. It was demonstrated in female mice that the 
brain concentrations of progesterone and 5α–dihydroprogesterone 
fluctuated significantly with the estrus cycle. As a result, depending on 
the cycle phase, the brain progesterone levels were either comparable 
to or significantly higher in females than in males. However, there was 
no significant difference in the brain levels of allopregnanolone 
between males and females (47).

Aging is linked to a reduction in the production of steroids. A 
previous study has examined the pattern of progesterone and its 
by-products in the brains of young (3-month-old) and old 

(20-month-old) male and female mice. Its findings indicate a 
significant reduction in the brain concentrations of progesterone, 5α–
dihydroprogesterone, and allopregnanolone in older mice of both 
genders. Notably, the gender differences seen in young mice were not 
present in the older mice (47). Table  3 shows concentrations of 
neuroactive steroids in mice brain hemispheres depending on sex and 
ovarian cycle phase which comes from research conducted by 
Gaignard et al. (48).

1.2.3 Post-mortem investigation of the human 
female brain

The levels of progesterone, 5α-dihydroprogesterone, and 
allopregnanolone after death were examined in 17 different brain 
regions and in the serum of five women of reproductive age and five 
postmenopausal women (49). The study found that there were 
regional differences in the brain concentrations of all three steroids 
they were investigating. Furthermore, the concentrations of these 
steroids were significantly higher in fertile women in the luteal phase 
of their menstrual cycle compared to postmenopausal controls (49).

The levels of progesterone in a woman’s brain appear to 
be connected to her endocrine status. This is evident from the fact that 
progesterone concentrations in fertile women are significantly higher 
than those in postmenopausal women (49). Additionally, the 
correlation between progesterone levels in the serum and brain tissue 
suggests that serum levels significantly influence the brain’s absorption 
of progesterone (49).

The study discovered that the regional distribution of certain 
steroids differs from that of progesterone. A notable observation was 
the relationship between progesterone and 5α–dihydroprogesterone, 
as well as 5α–dihydroprogesterone and allopregnanolone brain 
concentrations. However, there was no correlation found between 
progesterone and allopregnanolone concentrations (49). This suggests 
that the conversion of progesterone to the powerful neurosteroid 
allopregnanolone occurs in two distinct stages. The first enzyme, 
5α-reductase, is located in the neurons, while the second enzyme, 
3α-hydroxysteroid dehydrogenase, is found in the astrocytes (49).

TABLE 2 Localization of synthesis of certain steroids in central nervous 
system.

Type of cells Produced steroids (43)

Neurons

Pregnenolone

DHEA

Androstenedione

Estrogens

Astrocytes

Pregnenolone

Progesterone

DHEA

Androstenedione

Testosterone

Estradiol

Estrone

Oligodendrocytes

Pregnenolone

Progesterone

Androstenedione

Microglia
5-androstene-3β

17β-diol (ADIOL)
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1.2.4 Role of neurosteroids in psychopathology
Certain 3-alpha-reduced neuroactive steroids such as 

allopregnanolone (3α,5α-tetrahydroprogesterone; 3α,5α-THP) and 
pregnanolone (3α,5β-tetrahydroprogesterone; 3α,5β-THP) are 
positive allosteric modulators of the GABAA receptor complex (50). 
Stimulation of these receptors results in decreased anxiety, sedation, 
and decrease in seizure activity (45, 46, 51–59).

Patients with major depression, anxiety disorders, premenstrual 
dysphoric disorder (60), negative symptoms of schizophrenia and 
impulsive aggression are observed to have decreased levels of 
allopregnanolone both in the serum and CSF (50, 61–64).

Allopregnanolone and pregnanolone decrease, while 
Isopregnanolone (3β,5α-tetrahydroprogesterone; 3β,5α-THP) levels 
increase in major depression and different antidepressants can bring 
this imbalance back to equilibrium (65–67). Research show that 
3β,5α-THP acts as an antagonist for those 3α-reduced 
neurosteroids (68).

A similar imbalance was recognized in a population of 
premenopausal women with PTSD. They have significantly lower 
levels of allopregnanolone in CSF. This results in an increase in PTSD 
episode frequency as well as the frequency of depressive symptoms 
(69–73).

During development, neurosteroids take part in neuronal 
modelling. Dehydroepiandrosterone and dehydroepiandrosterone 
sulphate stimulate embryonic axonal and dendritic growth, 
respectively (74). Allopregnanolone stimulates neurite regression. 
Neuroactive steroids, as mentioned, modulate neurotransmitter 
receptor expression. Researchers suggest these qualities could be used 
to promote neurogenesis, neuronal survival, myelination, and improve 
memory (51, 75–83).

Patients with adrenal insufficiency (AI) experience a significant 
and premature loss of DHEA production, making them a model for 
isolated DHEA deficiency. Studies have shown that treatment with 
DHEA can restore DHEA, androstenedione, and testosterone levels 
to the normal range in AI patients. It also leads to decreased levels of 
sex hormone-binding globulin (SHBG), total cholesterol, and high-
density lipoprotein (HDL) cholesterol. DHEA replacement therapy 
significantly improves overall well-being, particularly by reducing 

depression, anxiety, and fatigue. It also enhances certain aspects of 
sexual function and satisfaction. There is increasing acceptance that 
DHEA replacement therapy may be  beneficial for a significant 
percentage of patients with adrenal insufficiency (84).

1.2.5 Role of metabolism of neurosteroids in 
neurodegenerative diseases

The other research have highlighted the potential of neuroactive 
steroids as therapeutic option for neurodegenerative diseases, such as 
Alzheimer’s disease (AD), due to translocator protein (TSPO) and 
17β-hydroxysteroid dehydrogenase type 10 (17β-HSD10) have been 
studied in relation to their mitochondrial dysfunction and 
neurosteroidgenesis (85). 17β-HSD10 is an enzyme found in the 
mitochondria that is involved in the metabolism of steroid hormones. 
This enzyme is critical for neurosteroidogenesis and the breakdown 
of isoleucine. Genetic mutations in 17β-HSD10 have been linked to 
delayed brain development and dysfunction. While it is a vital enzyme 
for the survival of neurons in a healthy brain, the research have 
suggested that 17β-HSD10 could be a potential therapeutic target and 
biomarker for AD (85).

Studies have shown that reduced levels of allopregnanolone in the 
prefrontal cortex are inversely correlated with the stage of the 
neuropathological disease. Decreased plasma levels of 
allopregnanolone have also been observed in individuals in the early 
stage of AD. Elevated glial TSPO expression has been detected early 
in the disease process and corelates with neuropathology, while 
increased expression of 17β-HSD10, while increased expression of 
17β-HSD10 is found in activated astrocytes. These findings suggest 
potential treatment opportunities for AD patients (86).

1.2.6 Role of DHEA in aging
As previously mentioned, DHEA takes part in neuronal 

modelling. Its secretion declines with age, and it has sparked interest 
as potential “anti-aging” hormone. However, it is unclear whether the 
age-related decline in DHEA secretion represents a harmful 
deficiency (84).

Due to the age-related decline in circulating DHEA levels, several 
randomized trials have investigated the effects of oral DHEA 

TABLE 3 Levels of neuroactive hormones in mice in ng/g.

Group Pregnenolone Progesterone 5α-dihydroprogesterone Allopregenanolone Isoprenennolone

ng/g

(48)

3-month-old 

mice

Males:

5.59 ± 0.71

Females (diestrus):

11.56 ± 1.06

Males:

2.46 ± 1.10

Females (diestrus):

35.08 ± 5.79

Males:

19.22 ± 2.13

Females (diestrus):

20.39 ± 2.24

Males:

1.05 ± 0.46

Females (diestrus):

2.39 ± 0.42

Males:

0.21 ± 0.05

Females (diesteus):

0.29 ± 0.04

3-month-old 

female mice

Proestrus:

10.88 ± 0.83

Estrus:

13.47 ± 1.89

Diestrus:

12.02 ± 1.23

Proestrus:

9.01 ± 4.63

Estrus:

4.24 ± 2.74

Diestrus:

30.14 ± 3.87

Proestrus:

7.52 ± 2.20

Estrus:

3.63 ± 1.31

Diestrus:

20.90 ± 2.82

Proestrus:

3.29 ± 1.24

Estrus:

2.10 ± 1.02

Diestrus:

2.53 ± 0.50

Proestrus:

0.27 ± 0.12

Estrus:

0.15 ± 0.05

Diestrus:

0.25 ± 0.02

20-month-

old mice

Males:

4.89 ± 0.28

Females:

3.46 ± 0.50

Males:

0.28 ± 0.10

Females:

1.30 ± 0.50

Males:

2.85 ± 0.43

Females:

3.79 ± 0.40

Males:

0.63 ± 0.25

Females:

1.10 ± 0.47

Males:

0.12 ± 0.04

Females:

0.05 ± 0.02
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supplementation in healthy elderly individuals. Unfortunately, most 
of these studies have not shown any benefits of DHEA on well-being, 
mood, or cognition. One possible explanation for this lack of efficacy 
is selection bias, as most studies included only healthy individuals 
with excellent baseline performance, limiting the potential for further 
improvement. There Neurosteroids in dementia and aging is still a 
need for broader studies to explore the effects of DHEA 
supplementation in the elderly (84).

Currently, there is no established indication or widely accepted 
pharmacological preparation of DHEA for treatment. However,  
the current evidence on the age-related decline in circulating DHEA 
levels in healthy individuals does not justify routine DHEA 
supplementation (84).

1.2.7 Role of allopregnanolone in aging
Research from 2020 of the regulation and levels of 

allopregnanolone, as well as the impact of allopregnanolone 
supplementation on cognitive function in mice revealed a decrease 
in the expression of enzymes involved in the allopregnanolone 
synthesis pathway and an increase in corticosterone synthesis. 
Allopregnanolone supplementation was found to enhance cognitive 
function. When young animals were infused with interleukin 6 
(IL-6), there was a significant decrease in allopregnanolone 
production compared to controls (87). Notably, blocking IL-6 with 
its natural inhibitor, soluble membrane glycoprotein 130, significantly 
improved spatial memory in older mice. Results suggest that an 
age-related increase in IL-6 levels leads to a decrease in the availability 
of the progesterone substrate, resulting in a decline in 
allopregnanolone levels and an increase in corticosterone (87). 
Moreover, findings indicate that allopregnanolone serves as a crucial 
link between inflammatory cytokines and cognitive decline associated 
with aging.

Neurosteroids, including allopregnanolone, play a role in 
regulating regeneration and repair systems in the brain. 
Allopregnanolone has been extensively studied for its potential to 
promote regeneration in both the central and peripheral nervous 
systems. Research on preclinical models of aging and Alzheimer’s 
disease has provided insights into the regenerative effects of 
allopregnanolone and its ability to reduce Alzheimer’s pathology (88).

In the brain, allopregnanolone has been found to stimulate the 
generation and survival of new neurons in the hippocampus of aged 
mice and mice with Alzheimer’s disease. This regeneration is 
accompanied by the restoration of associative learning and memory 
function. The therapeutic efficacy of allopregnanolone was observed 
in both normal aging and Alzheimer’s disease models, with dosage 
and treatment regimens influencing its effectiveness. Therefore, 
allopregnanolone serves as an example of therapeutics that target 
endogenous regeneration and can determine the success of 
regeneration-based therapies (88).

1.2.8 Neurosteroids in HIV-associated dementia
Human immunodeficiency virus (HIV) accelerates the production 

and destruction of CD4+ T lymphocytes, and it results in acquired 
immunodeficiency syndrome (AIDS) (89). Even though antiretroviral 
therapy has been administrated successfully, neuronal complications 
occur, causing cognitive, motor and autonomic impairments. This is 
classified as HIV-associated dementia (HAD). It poses a significant 
burden on the healthcare system in terms of treatment and patient 

care (90). Therefore, it is crucial to identify new targets and drugs for 
the treatment of HAD.

The research showed that cognitive decline observed in HAD is 
primarily caused by a widespread reduction in synaptic connections 
rather than neuronal loss. However, the precise cause of neurotoxicity 
in HAD is the activation of NMDA receptors by HIV proteins. The 
neuroprotective roles of DHEA and DHEA-S are associated with the 
activation of the N-methyl-d-aspartate receptors (NMDARs), a large 
heterotetrameric group of ligand-gated ionotropic glutamate 
receptors, facilitate excitatory postsynaptic signaling in the central 
nervous system (40). These receptors bind neurotransmitters and 
allosteric effectors, controlling the transmembrane Mg2+ and Ca2+ ion 
channels that play a crucial role in neuronal physiology, synaptic 
plasticity, and neuropsychiatric disorders (40). DHEA and DHEA-S 
function as allosteric effectors that enhance NMDAR signaling (40), 
which can be used as new targets in the treatment of HAD. Neuroactive 
steroids, as mentioned, play a vital role in neuronal branching, 
forming synaptic connections, and myelinizations during 
organogenesis (91).

Pregnanolone is found to have a potential protective effect over 
neuronal apoptosis against glutamate in the hippocampal neurons 
(92). Pregnenolone at a concentration of 500 nM has been found to 
protect HT-22 cells from the harmful effects of glutamate. When 
HT-22 cells were exposed to glutamate, there were noticeable 
alterations in the overall cellular structure of hippocampal neurons, as 
demonstrated by cell lysis. However, pretreatment with pregnenolone 
almost entirely prevented these morphological changes, and the cells 
resembled untreated control cells (92). The immunofluorescence 
patterns of glucocorticoid receptors (GR) showed that untreated 
control cells had less nuclear localization of GR, as determined by the 
intensity of immunofluorescence. HT-22 cells treated with 5 mM 
glutamate for 20 h showed a significant increase in GR visualization. 
However, treatment with 500 nM pregnenolone for 24 h, followed by 
5 mM glutamate for 20 h, significantly reduced the nuclear localization 
of GR (92). The relative nuclear to cytoplasmic fluorescence ratio was 
calculated to be 0.07, 0.08, 1.52, and 0.14 in control, pregnenolone 
alone treated, glutamate treated, and pregnenolone followed by 
glutamate-treated cells, respectively (92). This suggests that 
pregnenolone treatment can modulate the cellular response to 
glutamate toxicity (92).

Synaptic loss and neuronal cell death in HAD can also 
be attributed to the loss of microtubule-associated protein 2 (MAP-2, 
a protein important for neuronal structure) caused by nitric oxide 
(NO) and the accumulation of cholesterol in mitochondria. Since the 
inhibition of pregnenolone synthesis inevitably leads to MAP-2 loss, 
it would be worthwhile to conduct studies exploring the potential of 
neurosteroids to reverse or reduce synaptic loss. By gathering further 
evidence, supplementing neurosteroids alongside highly active 
antiretroviral therapy (HAART) could be considered as a potential 
treatment strategy for this significant disease (93).

1.2.9 Role of neurosteroids in neoplasm
Neurosteroids play a potential role in the treatment and 

development of gliomas, particularly astrocytoma, which are 
hormone-sensitive brain tumors. The incidence of glioblastoma 
(GBM) in adults is higher in men compared to women. Female 
patients also tend to have a better prognosis than male patients with 
GBM (94).
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Researchers have focused on unravelling the molecular 
mechanisms by which estrogens, progestogens, and androgens impact 
glioma genesis. However, the complexity arises from the discovery of 
multiple isoforms of membrane and nuclear steroid receptors, 
including estrogen receptors. Further research will shed light on 
signaling pathways and identify downstream targets affected by 
steroids in astrocytoma (43).

The other findings highlight the involvement of neurosteroids in 
glioblastoma and suggest that the inhibition of neurosteroid synthesis 
could be a potential therapeutic approach. The study provides insights 
into the complex pathways of neurosteroid synthesis in GBM cells and 
the potential use of enzyme inhibitors like finasteride and dutasteride 
to modulate neurosteroid production (94).

Study revealed the presence of steroidogenic acute regulatory 
protein (StAR) in oligodendrogliomas (ODs), particularly in 
low-grade tumors and suggested that the neurosteroidgenesis 
mechanism mediated by StAR may play a role in the growth of 
ODs. The authors found that low-grade ODs exhibited gene 
expression patterns distinct from high-grade ODs and normal 
brain tissue. Genes involved in cell cycle, DNA replication, 
migration, protein modification, and signal transduction were 
upregulated as the tumor grade increased. The high expression of 
genes related to lipid and steroid metabolism in ODs opens 
possibilities for developing targeted therapies that exploit these 
metabolic pathways (95).

Findings suggest that neurosteroids can have both 
pro-tumorigenic and anti-tumorigenic effects, depending on various 
factors, including the specific neurosteroid, concentration, duration 
of exposure, and the cancer type. Further research is needed to fully 
understand the mechanisms underlying the effects of neurosteroids 
on cancer and to explore their potential as therapeutic agents in 
cancer treatment.

2 Aims and methodology

Postpartum psychiatric disorders, bipolar disorders, major 
depression, insomnia and Parkinson’s tremors significantly decrease 
quality of life. A search for newer methods is vital to provide the best 
treatment to everyone. This study aims to review zuranolone – a new 
drug used for the aforementioned disorders.

To select studies relevant to this review, a literature search was 
conducted in following databases: the PubMed, Scopus, and Web of 
Science using the following keywords: ‘zuranolone,’ ‘allopregnanolone,’ 
‘brexanolone,’ ‘SAGE-217,’ ‘neurosteroids,’ ‘major depression 
neurosteroids,’ ‘postpartum depression neurosteroids,’ ‘postnatal 
psychosis neurosteroids,’ ‘insomnia zuranolone,’ ‘Parkinson’s tremor 
zuranolone,’ ‘bipolar disorder zuranolone,’ and ‘baby blues.’ Table 4 
summarizes screened and included papers (Figures 1–4).

2.1 Inclusion criteria

Studies published since 2017, restricted to adults and related to 
new neurosteroid treatment agents. Studies explaining the role of 
certain neurosteroids in the mentioned disorders and were published 
before and after 2017.

2.2 Exclusion criteria

Studies published in a language other than English. Non-peer 
reviewed literature.

3 Review

3.1 Zuranolone

SAGE-217 is a synthetic positive allosteric modulator of the 
GABAA receptor. It is selective for this receptor only (96). Its improved 
pharmacokinetic properties allow for oral daily dosing. It enhances 
current in both the γ subunit containing synaptic receptors and the 
sigma subunit containing extrasynaptic receptors. It affects nine 
unique human recombinant subtypes in total. It acts synergistically 
with diazepam in a non-competitive way (96).

To explore the synergy, the method of Tallarida (97) was used to 
carry out an isobolographic analysis. In simple terms, a specific level 
of effect (also known as the line of additivity) was selected. The 
concentrations of diazepam and zuranolone needed to reach this 
effect when combined were then compared to the concentrations 
needed for each compound to reach the same effect when used 
individually (96). According to the findings, a similar therapeutic 
effect can be achieved with lower dose of diazepam and zuranolone 
used together than separately (96). This can be beneficial in a strategy 
of minimalizing adverse effects observed in monotherapy.

In a randomized clinical trial, zuranolone improved HAMD-17 
scores in women with PPD and eased symptoms of depression at day 
15 when compared to a placebo. Its effects started to appear by day 3 
and lasted through all measured time points, including at 45 days. 
Moreover, patients reported improvements in anxiety and global and 
maternal functioning (2). In the group of patients with MDD, a 14-day 
treatment course resulted in a decrease in depressive symptoms scored 
using the HAM-D score. Comparable results were observed in three 

TABLE 4 Summarization of screened and included papers.

Keyword Screened out 
studies

Included 
studies

Zuranolone/SAGE-217 19 6

Brexanolone 54 17

Allopregnanolone 70 20

Neurosteroids 43 12

Major depression 

neurosteroids

65 5

Schizophrenia neurosteroids 14 2

Postpartum depression 

neurosteroids

52 21

Postnatal psychosis 

neurosteroids

4 1

Insomnia zuranolone 2 2

Parkinson’s tremor 1 1

Bipolar disorder zuranolone 1 1

Baby blues 19 0

https://doi.org/10.3389/fpsyt.2023.1298359
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Marecki et al. 10.3389/fpsyt.2023.1298359

Frontiers in Psychiatry 08 frontiersin.org

phases of trials (4, 98). Table 4 compares Brexanolone and Zuranolone 
with placebo groups, respectively.

Zuranolone was tested in a randomized, double-blind, placebo-
controlled trial involving 543 patients with major depressive disorder. 
The patients received either zuranolone 50 mg or a placebo once daily 
for 2 weeks. The trial showed that zuranolone significantly reduced 
depressive symptoms at day 15, with a fast onset of action by day 33 
(10). The drug was generally safe and well tolerated, with no new 
safety concerns (10). The trial demonstrated the potential of 
zuranolone as a novel treatment option for adults with major 
depressive disorder (10).

3.2 Zuranolone in comparison with 
brexanolone

Both zuranolone and brexanolone are neuroactive steroids that 
selectively modulate the activity of the GABA receptor. Brexanolone 
has shown clinical efficacy in patients with postpartum depression and 
essential tremors. It has also demonstrated anticonvulsant, 
anxiolytic-like, and antidepressant-like activity in preclinical models. 

While brexanolone has been more extensively studied and 
documented, zuranolone has the potential to become a more widely 
used drug due to its oral bioavailability, while brexanolone requires 
intravenous administration and constant supervision by healthcare 
professionals (99). Until recently, it has been challenging to provide 
the pharmacological benefits of neuroactive steroid GABA modulators 
to a broad range of patients because of the difficulty of achieving 
optimal activity at both synaptic and extrasynaptic GABAA receptors 
while still maintaining a readily available and moderately metabolized 
profile. This has been especially problematic due to the limited 
absorption that occurs after oral administration, as well as the quick 
biotransformation and elimination that follows. As an answer to that, 
zuranolone was designed through a comprehensive structure–activity-
relationship program to optimize the pharmacologic, 
pharmacokinetic, and pharmacodynamic properties of this class of 
neuroactive steroid GABA modulators (6, 41, 96, 100–108).

The difference between brexanolone and zuranolone can 
be  verified by the numbers. In a 2020 study, both IP and PO 
administration of 10 mg/kg zuranolone achieved a maximum plasma 
concentration (Cmax) at 30 min post-dose. Oral admission resulted in 
lower plasma Cmax (1,335 vs. 3,197 ng/mL, respectively) compared to 
IP administration. The oral bioavailability of zuranolone in mice was 
moderately high at 62 and 89% after IP admission (96). There is more 
information about the pharmacokinetics of brexanolone during the 
standard 60 h infusion. One of the studies has shown that the 
maximum plasma concentration of brexanolone was achieved at the 
geometric mean of 47.8 h, and Cmax was 89.7 ng/mL. Importantly, 
plasma allopregnanolone concentrations were approaching the LLQQ 

FIGURE 1

Zuranolone (SAGE-217).

FIGURE 4

Pregnanolone chemical structure.

FIGURE 3

DHEA chemical structure.

FIGURE 2

Allopregnanolone (Brexanolone) chemical structure.
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for all participants by 72 h, which indicates serious problems in the 
future clinical use of the drug (101, 103, 104, 109–113). Table  5 
compares pharmacokinetics of brexanolone and zuranolone and 
Table 6 compares Brexanolone and Zuranolone with placebo groups, 
respectively.

3.3 Safety

3.3.1 The most frequent adverse effects
According to Deligiannidis et al., Zuranolone was generally well 

tolerated (2), with most treatment-emergent adverse events being 
mild or moderate. A total of 275 women were screened and enrolled 
in the study. Out of these, 153 were selected for randomization, with 
76 assigned to the placebo group and 77 to the zuranolone group. 
However, two patients who were randomized did not receive their 
doses due to withdrawal (1 from the zuranolone group) and 
noncompliance (1 from the placebo group). The safety set comprised 
of 78 patients who were treated with zuranolone and 73 who were 
treated with placebo. Interestingly, 2 patients who were randomized 
to receive placebo ended up receiving at least one dose of zuranolone. 
In the zuranolone group, 76 out of 78 patients (97%) completed the 
treatment. The reasons for discontinuation of treatment in this group 
were adverse events (1 patient) and noncompliance (1 patient). The 
most common adverse effects in the zuranolone group (≥5%) were 
somnolence, headache, dizziness, upper respiratory tract infection, 
diarrhea, and sedation (2). The most common adverse effects in the 
placebo group (≥5%) were headache, somnolence, nausea, dizziness, 
vomiting, abnormal dreams, and hyperhidrosis (2). No evidence for 
increased suicidal ideation or suicidal behavior was observed (2).

A study by Bullock et  al. from 2020 (n  = 14) highlights that 
Zuranolone was generally well tolerated, with no serious adverse 
events and no adverse events leading to treatment discontinuation 
reported (9). The most common adverse effects were dizziness, 
somnolence, and sedation, which occurred in 14.3% of the participants 

and were mild in severity (9). Two patients reduced their dose of 
zuranolone due to limb discomfort, salivary hypersecretion, and a 
confusional state (9).

In another research by Bullock et al. from 2022, Zuranolone was 
generally well-tolerated, with no serious or severe adverse events, and 
no discontinuations due to adverse events (5). In this study, which was 
double-blind and used a three-way crossover design, healthy adults 
were given either a placebo (41 participants), 30 mg of zuranolone (44 
participants), or 45 mg of zuranolone (42 participants) All treatment-
emergent adverse events were mild and consistent with the 
pharmacology of zuranolone and prior studies of zuranolone. The 
most frequent adverse events (≥2 participants in any period) were 
headache (placebo, n = 2) and fatigue (zuranolone 30 mg, n = 2) (5). 
All other adverse effects were reported by 1 participant each and 
included dizziness, nausea, somnolence (5). Zuranolone 30 and 45 mg 
doses did not produce significant next-day effects on sleepiness or 
psychomotor performance, although more participants from the 
45 mg zuranolone treatment group reported signs of sleepiness at the 
post-polysomnography assessment (5).

According to a recent study by Parikh et al., in the majority of 
cases patients who were treated with zuranolone + antidepressant 
therapy (ADT) and experienced treatment-emergent adverse events 
reported these events as mild or moderate (114). Of the 440 
randomized patients, 430 received ≥1 dose of the study drug 
(zuranolone + ADT, n = 212; placebo + ADT, n = 218; safety set) during 
the treatment period; of these, five patients (n  = 2 and n  = 3, 
respectively) prematurely discontinued the study, with no postbaseline 
efficacy data, leaving a total of 425 patients in the full analysis set 
(n = 210 and n = 215, respectively). A total of 186 (87.7%) patients who 
received zuranolone + ADT and 193 (88.5%) who received 
placebo + ADT completed treatment; 180 (84.9%) and 177 (81.2%) 
patients, respectively, completed the study (114). The most frequently 
observed adverse effects, occurring in at least 10% of patients in either 
the zuranolone + ADT or placebo + ADT groups, included 
somnolence, dizziness, headache, and nausea. These findings indicate 
that zuranolone + ADT led to a quicker alleviation of depressive 
symptoms compared to placebo + ADT in patients with major 
depressive disorders. Furthermore, the safety profile of 
zuranolone + ADT was found to be in line with previous studies (114).

3.3.2 Severe adverse effects
During the aforementioned research by Deligiannidis et al. three 

patients in each group experienced severe adverse effects, and one 
patient in each group experienced a serious adverse effect (SAE):a 
confusional state in the zuranolone group and pancreatitis in the 
placebo group. One patient in the zuranolone group discontinued 

TABLE 5 Comparison of pharmacokinetics of brexanolone and 
zuranolone.

Brexanolone 
IP

Zuranolone 
IP

Zuranolone 
PO

Dose 90 μg/kg/h in 60 h 10 mg/kg 10 mg/kg

Cmax
1 89.7 ng/mL 3,197 ng/mL 1,335 ng/mL

tmax
2 47.8 h 30 min 30 min

BIBLIOGRAPHY \l 1045 1Maximum plasma concentration; 2Time to achieve maximum 
plasma concentration.

TABLE 6 Comparison of brexanolone and zuranolone with placebo groups, respectively.

Brexanolone 
(104)

Brexanolone 
(104)

Brexanolone: 
placebo group 

(104)

Zuranolone (2) Zuranolone: 
placebo group (2)

Mean change from 

baseline in HAMD-

17 score

–19.5 (SE = 1,2) after 60 h –17.7 (SE = 1,2) after 60 h –14.0 (SE = 1,1) after 60 h –17.8 on day 3 –13.6 on day 3

Dose and 

population

60 μg/kg/h in 60 h IV

n = 43

90 μg/kg/h in 60 h IV

n = 41

n = 46 30 mg/d IP in 14 days

n = 77

n = 76
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because of an adverse effect (intermittent sedation) (2). No notable or 
clinically significant changes in vital signs, electrocardiograms, or 
clinical laboratory parameters were reported (2).

The research by. Clayton et al. reported that during the course of 
treatment, two patients who were administered 30 mg of zuranolone 
encountered SAEs. In the study, 581 patients were enrolled, with 570 
(98.1%) of them receiving at least one dose of the study drug. The 
drugs administered were zuranolone 20 mg (to 188 patients), 
zuranolone 30 mg (to 192 patients), and a placebo (to 190 patients). 
During the 14-day treatment period, less than 10% of the patients 
stopped treatment, with 4.8% from the zuranolone 20-mg group, 
7.8% from the zuranolone 30-mg group, and 7.9% from the placebo 
group. In total, 157 patients (27.5%) left the study, with the primary 
reason being withdrawal of consent (15.4% or 88 out of 570), followed 
by failure to follow-up (6.8%), and adverse events (2.1%). The first 
patient, who had a long history of major depressive disorder and a 
previous suicide attempt, attempted suicide again on the fifth day, 
which might be related to the drug. The second patient, who had a 
history of bile duct repair, developed a bile duct stone on the second 
day that required surgical removal. This event was not related to the 
drug. During the observation period after treatment, SAEs were 
observed in three patients. The first patient, treated with 30 mg of 
zuranolone, experienced syncope, and fractures in the ankle, cervical 
vertebra, and tibia on the 28th day, which were not related to the 
treatment. The second patient, treated with 20 mg of zuranolone, 
developed toxic encephalopathy, agitation, delirium, drug abuse, 
pneumonia, rhabdomyolysis, acute kidney injury, and respiratory 
failure on the 39th day. These were not related to the treatment and 
were attributed to cocaine use. The third patient, who received a 
placebo, had suicidal thoughts on the 22nd day, unrelated to the 
treatment. Treatment-emergent adverse events that led to 
discontinuation of treatment were similar across all groups (2.1% in 
the 30 mg zuranolone group, 1.6% in the 20 mg zuranolone group, 
and 3.2% in the placebo group). The most common reasons for 
discontinuation were psychiatric and nervous system disorders. 
There were no reports of loss of consciousness as a adverse event. 
There were no significant changes observed in vital signs, clinical 
laboratory parameters, or electrocardiograms. One patient in the 
20 mg zuranolone group passed away during the extended follow-up 
period of 6 months after discontinuing treatment (on the 142nd day), 
but this was determined by the investigator to be unrelated to the 
treatment. The number of patients who reported suicidal thoughts or 
behaviors, as measured by the Columbia-Suicide Severity Rating 
Scale (C-SSRS), significantly dropped from the initial assessment 
across all treatment groups. From the third day of treatment through 
the final evaluation, less than 13% of patients in any group reported 
such thoughts or behaviors. On the 182nd day, there was no alteration 
in the proportion of patients reporting suicidal thoughts or behaviors 
in the groups treated with 30-mg zuranolone (2.3% [3/131]), 20-mg 
zuranolone (4.7% [6/127]), or placebo (7.0% [9/129]). The average 
(SD) change from baseline in Physician Withdrawal Checklist 
(PWC-20) total scores for the 30-mg zuranolone, 20-mg zuranolone, 
and placebo groups were –5.7 (7.7), -5.4 (7.5), and –5.4 (7.0), 
respectively, on day 15, and –6.0 (7.0), –6.1 (7.3), and –5.6 (7.3), 
respectively, on day 21 (a negative change signifies 
improvement) (115).

There is limited information available about the safety of 
zuranolone use during breastfeeding. The concentration of 
allopregnanolone in breast milk after a 60-h infusion gradually 

decreased to undetectable levels 3 days after the completion of the 
infusion. The risk of negative effects on the child is probably low. 
However, the potential effects of brexanolone and zuranolone on 
breastfed infants need further investigation (109).

3.4 Investigated other usages

3.4.1 Insomnia
It is a common sleep disorder that affects millions of people 

worldwide. GABA is the primary mediator of inhibitory 
neurotransmission in the central nervous system and is intimately 
associated with the regulation of the sleep and wake cycles (116). 
In a double-blind, three-way crossover study, zuranolone was 
administrated to patients with insomnia in a single dose of 30 or 
45 mg, or a matching placebo. The result showed a significant 
increase in subjective sleep quality and objective sleep measures. 
Both zuranolone doses visibly improved the median sleep 
efficiency, wake after sleep onset, duration of awakenings, and 
total sleep time, with higher doses having better effects. The study 
also examined the potential effect of zuranolone on sleep 
architecture (5). Time spent in the N2 and N3 stages of sleep 
increased significantly, but there was no significant difference 
observed in the time spent in the N1 or R stages. Zuranolone was 
generally well-tolerated, with the most common adverse events 
being headache and fatigue (5).

3.4.2 Parkinson’s tremor
Parkinson’s disease (PD) is a chronic progressive, 

neurodegenerative disorder that affects millions of people worldwide. 
Currently, the primary treatment for the motor symptoms of the 
illness is dopaminergic therapies like levodopa, carbidopa, MAO-B 
inhibitors, and COMT inhibitors, which increase dopamine levels to 
mimic brain dopamine activity (117, 118). However, resting tremor 
has a variable, unpredictable response to those therapies and is 
postulated to be mediated by a different pathway than bradykinesia 
and rigidity. Positive modulation of GABAA receptors is a potential 
therapeutic target for the treatment of tremors in patients with 
PD. Zuranolone, with its properties, is being evaluated as an adjunctive 
treatment for tremor symptoms.

An open-label, exploratory study was conducted, in which 14 
patients with PD, who were already receiving stable doses of other 
medications, received Zuranolone for 7 days and were followed for an 
additional 7 days after administration of the last dose (9). They were 
evaluated 12 and 23 h after each dose and 7 days following 
discontinuation of the drug. The results showed that adjunctive 
treatment with zuranolone improved tremor symptoms as early as 12 h 
following the first dose and was sustained throughout the treatment 
period (9). Similar improvements were noted in PD motor symptoms, 
evaluated by the MDS-UPDRS Part II total score, as well as in overall 
experiences of daily living assessed by the MDS-UPDRS Part 
I (nM-EDL) and Part II (M-EDL) scores. The MDS-UPDRS Part IV 
subscale measures medication-related motor complications such as 
dyskinesia, dystonia, and motor fluctuations (ON–OFF) that are 
associated with long-term dopaminergic treatment (9). The greatest 
numerical decreases contributing to the change in the Part IV total 
score were observed for the open-label nature of this study, its short 
duration, and the limited number of patients, therefore, it is important 
to carry out more studies in larger populations and for longer durations 
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(9). However, the results of this study are highly promising and give 
hope for future Zuranolone applications (8, 9, 119–122).

3.4.3 Bipolar disorder
Bipolar disorder is a chronic mental illness characterized by 

recurrent episodes of mania and depression. Given its chronicity, 
contribution to disability and morbidity and prevalence of more than 
2%, the effective treatment and prevention of the disorder represent 
an area of significant unmet medical need (123). Zuranolone is also 
under investigation in patients with bipolar disorder who suffer from 
depressive symptoms (7, 124, 125).

In an open-label, Phase 2 study, 30 mg of zuranolone was self-
administered once daily for 2 weeks, with follow-up through day 42. 
The primary goal of the study was to examine zuranolone safety and 
tolerability, but patients’ symptoms were also evaluated using 
HAMD-17 and MARDS scores. Reductions in both scales were 
observed from day 3, and the change from baseline at Day 15 was 
sustained through day 42. Naturally, double-blind, placebo-controlled 
studies are necessary to evaluate the potential benefit of zuranolone in 
this condition. However, given the general good tolerability, with no 
severe or serious Treatment Emergent Adverse Events observed in this 
study, it seems like zuranolone might be a promising alternative or 
adjunctive treatment for bipolar disorder patients suffering from 
depressive symptoms (7, 11, 126, 127).

4 Limitations

Included studies did not provide data on whether the patients 
treated with Zuranolone received psychological support in the form 
of psychotherapy or psychoeducation.

In the case of neurodegenerative disorders (such as Alzheimer’s 
disease and HIV-associated dementia), we do not have data about the 
clinical effects of Zuranolone. As discussed earlier, neurosteroids 
improve new synaptic connection formation, so Zuranolone could 
possibly be used in their treatment and/or prevention. This requires 
further investigation.

Some neoplasms (such as glioblastoma, astrocytoma and 
oligodendroglioma) are found to be hormone-sensitive for steroids. 
Research show that this can have both pro-tumorigenic and anti-
tumorigenic effect. This creates an opportunity to use drugs like 
Zuranolone as therapeutic agents, but this needs more data to 
be collected.

PTSD, schizophrenia and premenstrual dysphoric disorder  - 
mutual feature of this group is decreased concentration of 
allopregnanolone in CSF. Patients could benefit from administration 
of Zuranolone, however additional research is obligatory.

Possibility of treatment of postpartum psychosis with 
progesterone have been already spotted in 1943  in a single case-
report (128, 129). It is suspected that a sudden drop in progesterone 
concentration may cause the onset of PPDs. In this case Zuranolone 
should find its place in therapy of postnatal psychosis. Further studies 
would shed more light on this matter.

5 Conclusion

Treatment of women during pregnancy and the postpartum 
period presents multiple challenges. On the one hand, the vast 

spectrum of biochemical changes in the body unique to pregnancy, 
and on the other, the limited scope of therapeutics that are safe for the 
child contributes to these challenges. The rapid development of new 
methods and substances gives hope for easier and safer therapeutic 
options in the future.

Thanks to its properties, Zuranolone is promising not only in the 
treatment of postpartum depressive disorders but also in the treatment 
of major depression, insomnia, bipolar disorder, and Parkinson’s 
tremor. It appears that Zuranolone has the potential to be administrated 
with benzodiazepines like diazepam in order to lower the dose of 
benzodiazepine and minimize risk of its adverse effects. Zuranolone 
appears to be a safe substance even during breastfeeding, yet more 
studies are required before it can be used on a wide scale.
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