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Effects of Antipsychotic Drugs on Neuroactive Steroids 
Brain and Plasma Levels in Humans and Animals: A 

Systematic Review of the Literature

Introduction
Schizophrenia follows as one of the most challenge mental 

disorders, despite the highly available pharmacological 
treatment options, currently represented mainly by antipsychotic 
medications [1,2]. Most of these antipsychotic medications 
have in common some level of antagonism of dopamine type 2 
receptors (D2) and also blockade of 5HT2A serotonin receptors 
is present in some of these compounds [3,4]. Even with the 
different types of currently available antipsychotics, all of them 
as stated earlier, have in common some blockade of D2 receptors. 
This pharmacodynamics effect is in accordance to the main  

 
theory that tries to explain the physiopathology of schizophrenia, 
the dopaminergic theory (CARLSSON AND LINDQVIST, 1963). 
Albeit reasonable improvement can be achieved with the use 
of antipsychotic to treat schizophrenia symptoms, especially 
when we consider the positive symptoms (hallucinations and 
delusions), almost one third of all patients is completely refractory 
to pharmacological approaches [1,5]. Therefore, the need for new 
drugs that target other neurotransmission systems other than 
the dopamine transmission is urgent [6] and the neuroactive 
steroids, like pregnenolone glutamate has attracted great attention 
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Abstract 
Objectives: The present study aims to review systematically the studies that investigated the effects of antipsychotic drugs on neuroactive 

steroids brain and plasma levels in animal and human studies

Methods: We conducted a review of the Medline databases, including articles published in English, Spanish and French, describing the results of 
controlled original animal and human studies that evaluated the effects of antipsychotics on brain and plasma neuroactive steroids levels.

Results: It was identified 291 studies through our search strategy. Of these studies, we selected 20, with one more study included after further 
searching throughout the reference list. Of these 21 studies, eight studies evaluated neuroactive steroids levels in humans, and 13 were animal 
studies. The antipsychotic used in the studies were: haloperidol, sulpiride, clozapine, olanzapine, risperidone, quetiapine and aripiprazol. Among 
the neuroactive steroids evaluated, we found studies evaluating levels of progesterone, allopregnanolone, DHEA, DHEA-S, TDHOC, pregnenolone 
and 3a,5a-THP. The human studies demonstrated diverse and non-conclusive alterations on the plasma levels of progesterone, no changes on 
allopregnanolone and TDHOC levels after clozapine use. Among the animal studies, nine of these evaluated progesterone levels, with no changes in 
three studies, and increased plasma levels in six studies. The same researchers in two studies investigated pregnenolone brain levels in rats, showing 
that clozapine and olanzapine acutely increased the levels of pregnenolone in rats. Four studies evaluating allopregnanolone showed increased brain 
levels after the use of olanzapine and clozapine. No changes with haloperidol or risperidone. The only animal study that investigated DHEA/DHEA-S 
levels, showed that clozapine decreased brain levels of DHEA-S, unlike haloperidol. Increased TDHOC levels after use of clozapine were observed in 
the only study that measured this neuroactive steroid. Two studies from the same group showed increased brain levels of 3a,5a-THP after olanzapine 
use.

Conclusion: The antipsychotic effects observed on neuroactive steroids levels reinforce their potential role in the pathophysiology of mental 
disorders, particularly schizophrenia. In the case of progesterone, the studies are in sufficient number to demonstrate the effect of antipsychotic 
on changes in their levels in animal but human studies. For the other neuroactive steroids, the inconclusive data points to the need for more well 
designed studies.
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in the last decade (MARX et al., 2011). Neuroactive steroids are 
endogenous molecules derived from cholesterol metabolism, 
which exert actions in the central nervous system. They may also 
suffer biotransformation in the central nervous system, only then 
reaching biological action, when they are called neurosteroids 
(NOORBAKHSH et al., 2011). Neuroactive steroids, including 
testosterone, dehydroepiandrosterone (DHEA) and its sulfate 
(DHEA-S) might play an important role in the pathophysiology of 
schizophrenia [7]. Many of the neuroactive steroids demonstrate 
important pleiotropic actions that significantly change brain 
function in animal models, these include modulation of GABAergic 
inhibitory and excitatory glutamatergic systems (Wu et al., 1991; 
Paul and Purdy, 1992; Belelli AND Lambert, 2005; Belelli et al., 
2006), increased neurogenesis (MAYO et al., 2005), dendritic 
growth (FONTAINE-LENOIR et al., 2006), and myelination (KOENIG 
et al, 1995;. Azcoitia et al. 2003; GHOUMARI et al. 2003. LIAO et 
al, 2009), among other functions (MARX et al, 2011) [8]. Given the 
pleiotropic range of actions performed by different neuroactive 
steroids, demonstrated in animal models, it is assumed that 
probably deregulation of such substances should be relevant to the 
pathophysiology and treatment of various mental disorders, and 
that neuroactive steroids can be seen as potential new therapeutic 
agents.

Data from different studies in animal models have 
demonstrated the potential of such steroids as important factors 
in the pathophysiology of different mental disorders. We can 
mention the effects of allopregnanolone, a neuroactive GABAergic 
steroid, which has shown positive results in animal models of 
schizophrenia (reversing cognitive effects of MK-801, an animal 
model of schizophrenia) (ROMEO et al., 1994; Cheney et al. 1995), 
as well as in studies with animal models of other mental disorders 
such as post-traumatic stress disorder, depressive disorder and 
pain models (Pibiri et al, 2008; PINNA, 2010; MATSUMOTO et al, 
2005; AGÍS- BALBOA et al, 2007; Meyer et al, 2011). Pregnenolone, 
a neuroactive steroid from the cholesterol metabolism, a 
progesterone precursor, have demonstrated positive properties on 
memory and learning in animal models in mice (Flood et al, 1992). 
Alopregnenolona, another neuroactive steroid from the same 
metabolic chain, has shown potentiating action on the action of 
GABA A receptors, exhibiting neuroprotective properties in animal 
models [9]. Thus, it is suggested that the pathways for biosynthesis 

involving the formation of pregnenolone, alopregnanolone and 
sulfate alopregnanolone, should be relevant to the pathophysiology 
and treatment of schizophrenia, worth note that these substances 
are interconverted, becoming complex understanding what to 
expect when trying to manipulate the concentrations of these 
molecules when administered exogenously, or while trying to 
accurately measure their serum or brain levels (these in animal 
models) (Marx et al., 2011). Therefore, antipsychotic drugs already 
used to treat schizophrenia may possibly have mechanism of action 
not only influencing directly the dopamine and serotonin receptors, 
as was recognized earlier, but also influencing GABAergic action, 
interfering with brain and serum levels of neuroactive steroids. 
Changes in the levels of neuroactive steroids (progesterone and 
alopregnenolona) have been observed after the use of olanzapine 
and clozapine in rats [9], reinforcing the theory of an influence of 
neuroactive steroids in the mechanism of action of drugs that target 
the symptoms present in schizophrenia. Thus, the present study 
aims to systematically review the studies that investigated the 
effects of antipsychotic drugs on neuroactive steroids serum and 
brain levels in animal and human studies.

Methods
A systematic review of the Medline database was conducted 

using a search strategy that combined the following keywords: 
(antipsychotic* or neuroleptic* or ziprasidone or haloperidol 
or thioridazine or clozapine or olanzapine or quetiapine or 
sulpiride or amisulpride or risperidone or fluphenazine or 
chlorpromazine) and (neurosteroid* or neuroactive steroid* 
or pregnenolone or “pregnenolone sulfate” or pregnanolone or 
dehidroepiandrostenedione or “dehidroepiandrostenedione 
sulfate” or progesterone or allopregnanolone or “allopregnanolone 
sulfate“) and (“brain levels” or levels or “plasma level*” or “tissue 
levels” or “serum levels” or “cerebrospinal fluid level*” or “CSF 
levels”). It was included articles published in English, Spanish and 
French, describing the results of original human and animal studies 
that evaluated the effects of antipsychotics on serum and brain levels 
of neuroactive steroids. Also it was required as an inclusion criteria 
the presence of a control group. The publication period included 
articles published in the last 20 years. Review articles, letters to the 
editor, case reports and other publications that present no direct 
empirical results were all excluded.

Results
Table 1:

Study Cou- 
ntry

Con-
trol

Study 
design Subjects N Drug

Ad-
mini- 
stra-
tion

Dura-
tion

Neuro-
active 

steroid

Tis-
sue

Re-
gion Essay Results

Mosta-
fapour 
et al. 
2014

Iran Yes

Longitu-
dinal 

Animal, 
con-

trolled

Wistar rats 40
Sulpiride 
20mg/Kg, 
40mg/Kg

IP 28 d proges-
terone

Se-
rum NA

Radio 
imune 
essay

↑proges-
terone2X 
low dose, 
3X high 

dose SPD

http://dx.doi.org/10.33552/APPR.2019.02.000533


Citation: Emerson A Nunes, Joao Paulo Maia De Oliveira, Glen B Baker, Jaime EC Hallak. Effects of Antipsychotic Drugs on Neuroactive Steroids 
Brain and Plasma Levels in Humans and Animals: A Systematic Review of the Literature. Arch Phar & Pharmacol Res. 2(2): 2019. APPR.
MS.ID.000533. DOI: 10.33552/APPR.2019.02.000533.

Archives of Pharmacy & Pharmacology Research                                                                                                              Volume 2-Issue 2

Page 3 of 7

Taketa 
et al. 
2011

Ja-
pan Yes

Longitu-
dinal 

Animal, 
con-

trolled

Sprague- 
Dawley 
rats(F) 

 rats

n=4-7 per 
group

Sulpiride 
100mg/Kg

Ga-
vage

2 
weeks

Proges-
terone

Se-
rum NA

Radio 
imune 
essay

↑2.1X 
progester-

one

Dano- 
vich  

et al., 
2008

Isra-
el Yes

Longitu-
dinal 

Animal, 
con-

trolled

Sprague- 
Dawley(M) 

rats+  
cell  

culture

N=5 per 
group

Clozap-
ine(20mg/
Kg), tiori-

dazine(20mg/
Kg), sulpir-
ide(20mg/

Kg), risperi-
done(0,5mg/

Kg)

IP 21 d Testos-
terone

Se-
rum NA

Solid 
phase 
Radio 
imune 
essay

No chang-
es

Marx 
et al., 

2006b
USA Yes

Longi-
tudinal, 
placebo 

con-
trolled

Sprague- 
Dawley(M) 

rats

n=8-11 por 
grupo

Olanzap-
ine(5-10mg/
Kg), fluoxet-

ine(10-20mg/
Kg), combina-

tion

IP

5 d 
(euth-
anized 
after 
1h of 
the 

dose)

Preg-
neno-
lone, 
allo-
preg-
neno-
lone

Se-
rum, 
brain

Hip-
po-

cam-
pus  

Gas 
chro-
ma-

thog-
raphy/
Mass 

espec-
trosco-

py

↑allopreg-
nenolone 
e hippo-
campus 

pregneno-
lone

Marx et 
al., 2006 USA Yes

Longi-
tudinal, 
placebo 

con-
trolled

Sprague- 
Dawley(M)

rats

n=6-10 per 
group

Clozap-
ine(20mg/

Kg), Olanzap-
ine(5mg/Kg), 

quetiapine 
20mg/Kg, 

aripiprazol 
(5mg/Kg)

IP

1 d 
(euth-
anized 
after 
1h of 
the 

dose)

Preg-
neno-
lone

Se-
rum, 
brain

serum, 
hippo-
cam-
pus, 

cortex

Gas 
chro-
ma-

thog-
raphy/
Mass 

espec-
trosco-

py

↑preg-
nenolone 
Clozapine 
and mild ↑ 
with olan-

zapine

Ritsner 
et al., 
2006

Isra-
el Yes

Longi-
tudinal, 

case-con-
trol

Hu-
mans(M)

Coleta 
8-9h

n=21, 14 
controls Non specified Oral 8 

weeks

DHEA, 
DHEA-S, 
andro-
stene-

dione e 
testos-
terone

Se-
rum NA

Radio 
imune 
essay

No chang-
es

Ritsner 
et al., 
2004

Isra-
el Sim

Longitu-
dinal,  
case- 

control

Humans 
(M=38) 
Coleta 
8-9h

n=40, 15 
controls

Non  
specified. With 

exclusion of 
the use of 

other psycho- 
tropics.

Oral 2 
weeks

DHEA, 
DHEA-S

Se-
rum NA

Radio 
imune 
essay

No chang-
es

Monten-
leone et 
al., 2004

Italy Yes

Longi-
tudinal, 

cross 
control

Humans 
(M=5,F=4)

Coleta 
8-9h

N=9 Clozapine 
(600mg/dia) Oral 24 

weeks

Allo-
preg-
nano-
lone, 

THDOC

Se-
rum NA

Radio 
imune 
essay

No chang-
es

Huber 
et al., 
2004

Ger-
many Yes

Longi-
tudinal, 

case-con-
trol

Hu-
mans(F)

Coleta 
9-10h30

n=50 Non specified Oral 4 
weeks

Proges-
terone

Se-
rum NA

Radio 
imune 
essay

No chang-
es

Taheri-
anfard 
et al., 
2004

Iran Yes

Longi-
tudinal, 

case-con-
trol

Humans 
(M) Coleta 

8h
N=49 Non specified Oral 6 

weeks

Proges-
terone, 
testos-
terone

Se-
rum NA ELISA ↑proges-

terone 

Nech-
mad et 

al., 2003

Isra-
el Yes

Longi-
tudinal, 
placebo 

con-
trolled

Sprague- 
Dawley(M) 

rats

N=8-9 per 
group

Clozap-
ine(5-15mg/

Kg), Haloperi-
dol(1MG/Kg)

IP

8 d 
(euth-
aniz- 

ed 
after  
2h of 
the 

dose)

DHEA, 
DHEA-S Brain Cortex

Radio 
immune 

essay

↓DHEA e 
DHEA-S 

clozapine, 
no chang-

es with 
haloper-

idol

http://dx.doi.org/10.33552/APPR.2019.02.000533


Archives of Pharmacy & Pharmacology Research                                                                                                              Volume 2-Issue 2

Citation: Emerson A Nunes, Joao Paulo Maia De Oliveira, Glen B Baker, Jaime EC Hallak. Effects of Antipsychotic Drugs on Neuroactive Steroids 
Brain and Plasma Levels in Humans and Animals: A Systematic Review of the Literature. Arch Phar & Pharmacol Res. 2(2): 2019. APPR.
MS.ID.000533. DOI: 10.33552/APPR.2019.02.000533.

Page 4 of 7

Freye 
and 

Seliga, 
2003

USA Yes

Longi-
tudinal, 
placebo 

con-
trolled

Long-Ev-
ans (F) 

rats
N=55 Olanzap-

ine(10-20µg)

Intra-
cere-
bral 

(VTA)

3 
weeks

3a,5a-
THP, 

Proges-
terone

Se-
rum, 
brain

Mes-
en-

cepha-
lon

Radio 
immune 

essay

No 
changes in 
sérum.No 
changes in 

proges-
terona 
in VTA. 
↑3a,5a-

THP 
(VTA)

Freye 
and 

Seliga, 
2003b

USA Yes

Longi-
tudinal, 
placebo 

con-
trolled

Long-Ev-
ans (F) 

rats

N=33 n=9( 
evalu 

-ated leves)

Olanzap-
ine(5-10mg/

Kg)
IP 1 d

3a,5a-
THP, 

Proges-
terone

Se-
rum, 
cére-
brain

Whole 
brain

Radio 
immune 

essay

↑3a,5a-
THP, 

Progester-
one, brain 

, serum

Marx et 
al., 2003 USA Yes

Longi-
tudinal, 
placebo 

con-
trolled

Sprague- 
Dawley(M) 

rats

n=6-11 per 
group

olanzapine 
(2.5–10.0 mg/
kg), clozapine 
(5.0–20.0 mg/

kg), risperi-
done (0.1–1.0 

mg/kg), 
haloperidol 

(0.1–1.0 mg/
kg)

IP 1 d

Allo-
preg-
nano-
lone 

(brain), 
proges-
terone 

(serum)

Se-
rum, 
brain

cortex
Radio 

immune 
essay

↑allopreg-
nanolone, 

sérum 
and brain 
progester-
one with 
olanzap-
ine and 

clozapine. 
No chang-

es halo-
peridol/
risperi-

done

Baptista 
et al., 
2002

Can-
ada Yes

Longi-
tudinal, 
placebo 

con-
trolled

Wistar rats N=64 8 per 
group

Risperi-
done(0,5mg/
Kg), sulpiri-

de(20mg/Kg)

SC 12 d Proges-
terone

Se-
rum NA

Radio 
immune 

essay

No chang-
es

Dona-
deu & 

Thomp-
son, 

2002

USA  

Longi-
tudinal, 
placebo 

con-
trolled

Mares N=14 Sulpiride 
1mg/Kg SC 30 d Proges-

terone
Se-

rum NA
Radio 
imune 
essay

No chang-
es

Barbac-
cia et al., 

2001
Italy Yes

Longi-
tudinal, 
placebo 

con-
trolled

Sprague- 
Dawley(M) 

rats

n=8-10 per 
group

Clozapine 
1.25, 2.5, 5, 10, 
or 20 mg/Kg, 

haloperidol 0.1 
or 0.5mg/kg

IP

1d (45 
min, 
3h), 
19 d

Proges-
terone, 
THDOC, 

allo-
preg-
nano-
lone

Se-
rum, 
brain

Cor-
tex, 

stria-
tum

Gas 
chro-
ma-

thog-
raphy/
Mass 

espec-
trosco-

py

↑AP, 
THDOC< 

progester-
one com 

clozapine 
(10mg/

Kg) serum 
and brain 
Normal 
after 3h. 

No chang-
es with 

haloper-
idol

Marx et 
al., 2000 USA Yes

Longi-
tudinal, 
placebo 

con-
trolled

Sprague- 
Dawley(M) 

rats

N=10-11 
per group

Olanzapine 
(0,2.5, 5.0, or 
10.0 mg/kg)

IP 1d

Allo-
preg-
nano-
lone- 

cortical, 
proges-
terone 
-serum

Se-
rum, 
brain

Cortex
Radio 
imune 
essay

↑alopreg-
nanolone 
e proges-

terone

Baptis-
ta, 1999

Ven-
ezu-
ela

Yes

Longi-
tudinal, 
placebo 

con-
trolled

Humans
N=45 Pa-

cientss=18, 
controls=27

Non specified Oral 30 d
DHEA-S, 
proges-
terone

Se-
rum NA

Radio 
immune 

essay

↓proges-
terone (F), 

↓Testos-
terone e 
DHEA-S 

(M)

Baptista 
et al., 
2001

Ven-
ezu-
ela

Yes
transver-
sal, con-
trolled

Humans N=26, 26 
controls Non specified Oral NA Proges-

terone
Se-

rum NA
Radio 

immune 
essay

↓Proges-
terone 

after AP
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Baptista 
et al., 
1997

Ven-
ezu-
ela

Yes

Longi-
tudinal, 
placebo 

con-
trolled

Humans N=28 Sulpiride 
(200mg/day) Oral 30 d Proges-

terone
Se-

rum NA
Radio 

immune 
essay

No chang-
es

It was identified a total of 291 studies through our search 
strategy. Of these studies, 20 were included in our review. A further 
search throughout the reference list yielded one more study. In the 
end, a total of 21 studies were included in our review, with further 
details available in Table 1. Of these 21 studies, 13 were animal 
studies, with the rest evaluating neuroactive steroids levels in 
humans. Three of these studies performed HPLC associated with 
another essay to measure amino acids (e.g. spectroscopy), and the 
other 14 studies used only HPLC analysis to measure the amino 
acid levels. Five studies used post mortem material for the analysis, 
with the other 12 studies analyzing microdyalisated samples of in 
vivo specimens. Only one study didn’t presented a placebo control 
group, utilizing a basal measure to control their data. Fourteen 
studies used Sprague-Dale rats, one study utilized Hooded Lister 
rats, another study used wistar rats and only one study didn’t 
stated which type of rat was used. The number of rats per group 
varied from 6 to 17 for each group. The time from drug initiation 
and tissue analysis varied from 60 minutes to 8 months (Table 1).

Antipsychotic agents

A total of seven different antipsychotic agents were evaluated in 
the studies included in the present review (haloperidol, sulpiride, 
clozapine, olanzapine, risperidone, quetiapine and aripiprazol.), 
although some studies enrolled patients in use of antipsychotics that 
weren’t specified. All the human studies used the medication orally. 
Among the animal studies, nine administered the antipsychotic 
through intraperitoneal (i.p.) injections, two through subcutaneous 
(s.c.) injections, one through oral administration (gavage) and one 
used intrathecal injections (i.t.).

Neuroactive steroids

Throughout the studies selected to take part of this review, a 
wide range of neuroactive steroids were studied. We found studies 
that evaluated the following neuroactive steroids: progesterone, 
allopregnanolone, DHEA, DHEA-S, TDHOC, pregnenolone and 
3a,5a-THP.

Human studies

Changes in basal neuroactive steroids levels after antipsychotic 
use. It was observed a wide variation of changes among the different 
studies present in this review, above all among the human studies. 
At least part of this variation was related to methodological issues, 
for instance, the lack of control over the type of antipsychotic 
used by the patients enrolled in the studies. Only two of the 
total (eight) of human studies reviewed here controlled the type 
of antipsychotic used, one using clozapine and the other study 
sulpiride (MONTENLEONE et al., 2004; BAPTISTA et al., 1997). 
Therefore, it is hard to make clearly conclusions with the data from 
these human reviewed here, with these data had demonstrated 
diverse and non-conclusive alterations on the plasma levels of 

progesterone, no changes on allopregnanolone and TDHOC levels 
after clozapine use. Three human studies evaluated DHEA/DHEA-S 
levels, with no alterations in two of these, and decreased levels in 
the third study, although there was no control regarding the type of 
antipsychotic used by the patients enrolled in these studies.

Animal studies

Changes in basal neuroactive steroids levels after antipsychotic 
use. All animal studies controlled the type of antipsychotic used, 
different form the majority of human studies. However, the 
difference among the studies regarding how the medication was 
administered apparently influenced the observed results. Among 
the animal studies, nine administered the antipsychotic through 
intraperitoneal injections (IP). Two used subcutaneous injections 
(SC), one used medication given orally by gavage and the last 
study utilized intracerebral injections. Of 13 animal studies that 
evaluated the levels of neuroactive steroids, nine of these measured 
progesterone levels, with no changes in three studies, and increased 
plasma levels in six studies. Among the three studies with negative 
results, the antipsychotic used were sulpiride in lower doses (1mg 
/ kg, 20mg / kg), risperidone, haloperidol and olanzapine, this last 
one administered through intracerebral injections (FREYE AND 
SELIGA, 2003). The average duration of antipsychotic use was 
15,75 days. Among the six studies that showed increased levels 
of progesterone, the antipsychotic used were: sulpiride in high 
dose (40mg / kg), clozapine and olanzapine (IP gavage, SC). The 
average of antipsychotic use was 10.6 days. The same researchers 
investigated in two studies the pregnenolone brain levels in rats, 
showing that clozapine and olanzapine acutely increased the 
levels of pregnenolone in rats [10,11]. Four studies evaluating 
allopregnanolone showed increased brain levels after the use 
of olanzapine and clozapine. No changes with haloperidol or 
risperidone were observed [3,9,12,13]. The only animal study that 
investigated DHEA/DHEA-S levels, showed that clozapine decreased 
brain levels of DHEA-S, unlike haloperidol [14]. Increased TDHOC 
levels after use of clozapine were observed in the only study that 
measured this neuroactive steroid [5]. Two studies from the same 
group showed increased brain levels of 3a,5a-THP after olanzapine 
use [15,16].

Discussion
There is emerging preclinical and clinical evidence supporting 

a role for neurosteroids in the neurobiology and therapeutics 
of schizophrenia, with a primary focus on progesterone, 
pregnenolone and selected pregnenolone metabolites—specifically 
pregnenolone sulfate, a neurosteroid that positively modulates 
excitatory glutamatergic NMDA receptors and allopregnanolone, 
a positive modulator of inhibitory GABAA receptors. The positive 
modulation of NMDA receptors by pregnenolone sulfate could 
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Archives of Pharmacy & Pharmacology Research                                                                                                              Volume 2-Issue 2

Citation: Emerson A Nunes, Joao Paulo Maia De Oliveira, Glen B Baker, Jaime EC Hallak. Effects of Antipsychotic Drugs on Neuroactive Steroids 
Brain and Plasma Levels in Humans and Animals: A Systematic Review of the Literature. Arch Phar & Pharmacol Res. 2(2): 2019. APPR.
MS.ID.000533. DOI: 10.33552/APPR.2019.02.000533.

Page 6 of 7

potentially contribute to the amelioration of hypothesized NMDA 
receptor hypofunction in schizophrenia (JAVITT, 2004; MILLAN, 
2005; RUJESCU et al., 2006; JAVITT, 2007) [17]. Metabolism to 
allopregnanolone could impact the GABA neurotransmitter system, 
which also appears to be dysregulated in schizophrenia (BENES 
AND BERRETTA, 2001; LEWIS et al., 2003, 2004, 2005; GUIDOTTI 
et al., 2005; BENES et al., 2007), as allopregnanolone potentiates 
GABAA receptor responses more potently than benzodiazepines 
or barbiturates (MAJEWSKA et al., 1986; MORROW et al., 1987, 
1990). Different patterns were observed throughout the studies in 
our review, concerning the alterations of neuroactive steroids brain 
and serum levels after the use of antipsychotic agents. It is of great 
value to carefully analyze this issue since the increasing attention 
over neuroactive steroids in schizophrenia pathophysiology and 
treatment has gained increasing attention in the past decade (MARX 
et al., 2011). Multiple lines of evidence suggest that alterations in 
peripheral neuroactive steroids may be linked to brain functions 
and that changes in steroids metabolism could play a role in the 
pathogenesis of psychiatric disorders, like schizophrenia [18]. Even 
with all this attention over these alterations involving neuroactive 
steroids, we didn’t find enough data among the studies included 
in our review that support consistent changes with the use of 
antipsychotics in neuroactive steroids content in human serum 
samples. Among the 08 studies here reviewed, only two have 
controlled the type of antipsychotic used, one using clozapine and 
the other sulpiride (MONTENLEONE et al., 2004) [19]. Therefore, 
it is hard to make clearly conclusions with the data from these 
human studies, with these data had demonstrated diverse and 
non-conclusive alterations on the plasma levels of progesterone, 
no changes on allopregnanolone and TDHOC levels after clozapine 
use. Another point of interest among researchers is the hypothesis 
that neuroactive steroids changes after antipsychotic use could 
explain the differences among the different classes of these agents, 
believing that not only dopamine and serotonin changes explain the 
atypical profile of some antipsychotics, and their lower propensity 
to cause motor side effects. Also noteworthy is the particularly 
important role of progesterone in psychosis, with recent data 
pointing to progesterone levels being inversely associated with the 
severity of positive symptoms in first episode psychosis [20-26]. 
It was of great value the observation that the progesterone levels 
measured in the animal studies here reviewed had showed a clear 
differentiation between first and second generation antipsychotic 
medications, with the latter showing the capability of change 
the progesterone levels, what wasn’t possible with the use of 
haloperidol, for example [9, 27-39].

Conclusion
The description of the findings of the studies included in this 

review, suggest that there are sufficient studies to help demonstrate 
a relationship between antipsychotic use and changes in brain and 
serum levels of neuroactive steroids, mainly when we consider 
animal studies. Nevertheless, the heterogeneity of findings and lack 
of consistency in the observed changes difficult the formulation of 
definitive conclusions about this issue, pointing to the need of more 
studies that help to elucidate the remaining answered questions 

about the role of antipsychotic medications in changing neuroactive 
steroids content in humans. The antipsychotic effects observed 
on neuroactive steroids levels reinforce their potential role in the 
pathophysiology of mental disorders, particularly schizophrenia. 
In the case of progesterone, the studies are in sufficient number to 
demonstrate the effect of antipsychotic on changes in their levels in 
animal and human studies. Both clozapine and olanzapine showed 
to be capable of altering the levels of progesterone. For the other 
neuroactive steroids, the inconclusive data points to the need 
for more well designed studies, with better controlled variables, 
regarding type of antipsychotic used for example, or studies using 
the medication for longer period of time (more than 30 days).
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