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but it exists in both males and females. Estrogens are 
synthesized peripherally by the ovaries, liver, skeletal 
muscle, fat and centrally by the brain [12]. Estrogens 
not only play a role in the reproductive system of the 
female but also display a significant role in modulating the 
activities of serotonin, dopamine, glutamate, and GABA, 
important neurotransmitters involved in schizophrenia 
[13]. Rat studies have demonstrated estrogen-dependent 
decreased dopamine receptor D2 (D2R) sensitivity and 
increased D2R density in the striatum [14], and estradiol 
was reported to modulate many components of the brain’s 
serotonin system [15]. More recently, an estrogen-related 
elevation in glutamatergic neurotransmission via the up-
regulation of NMDA receptors was noted [16].
Similarly, another study showed that treatment with 
estradiol could significantly reverse psychomimetic states 

Onur Hursitoglu a , Fatma Ozlem Orhan b , Ergul Belge Kurutas c , Adem Doganer d ,  
Huseyin Toygun Durmus b , Ozlem Bozkus c 

a Department of Psychiatry, Kahramanmaras Necip Fazıl City Hospital, Kahramanmaras, Turkey, b Department of Psychiatry, 
  Faculty of Medicine, Kahramanmaras Sutcu Imam University, Kahramanmaras,Turkey, d Department of Biostatistics and Medical 
  Informatics, Faculty of Medicine, Kahramanmaras Sutcu Imam University, Kahramanmaras,Turkey

Evaluation Serum Levels of G Protein-Coupled Estrogen 
Receptor and Its Diagnostic Value in Patients with 
Schizophrenia

 
Abstract
Background: Estrogens not only play a role in the reproductive system of the female but also have a 
significant role in modulating the activities of serotonin, dopamine, glutamate, and GABA, important 
neurotransmitters involved in schizophrenia. The physiological effects of estrogen-related components 
are mostly regulated by Estrogen receptor alpha (Erα), Estrogen receptor beta (Erβ), and G Protein-
Coupled Estrogen Receptor (GPER-1), which are subtypes of estrogen receptors. This study aimed to 
examine the possible role of GPER-1 in schizophrenia by comparing schizophrenia patients with sex 
– and age-matched healthy controls and examining the association between symptom severity and 
GPER-1.
Methods: The study sample consisted of 36 people with schizophrenia and 30 age – and sex-matched 
healthy control subjects. Demographic and clinical characteristics were recorded by pre-designed 
questionnaires for participants, and all required laboratory tests and physical examinations were 
performed; the Positive and Negative Syndrome Scale (PANSS) was administered to all schizophrenia 
patients.
Results: We found that male schizophrenia patients had higher GPER-1 levels than male controls. 
However, we found no difference in the levels of GPER-1 between female patients and female controls. 
No significant correlation was found among age, PANSS score, duration of illness, and GPER-1 levels.
Conclusions: This study demonstrated that male patients with schizophrenia had high serum GPER-1 
levels compared with healthy male controls, and that the levels of GPER-1 had good diagnostic value 
in patients with schizophrenia.

INTRODUCTION

Schizophrenia is a brain disease characterized by 
positive and negative symptoms; it affects about 0.7% 
of the population throughout life [1, 2]. Male patients 
with schizophrenia generally exhibit poorer premorbid 
functioning [3], earlier age of onset [4], lower global 
functioning [5], more negative symptoms, and poorer 
cognition [6, 7] compared with females. Previous studies 
found that female patients with schizophrenia were more 
likely to have affective symptoms and had an older age of 
onset than males. Females also displayed a second peak 
between the ages of 55 and 64 [8, 9]. Importantly sex 
differences in the clinical presentation are now thought to 
strengthen the hypothesis that gonadal steroid hormones 
have a role in both the treatment and the etiology of 
schizophrenia [10, 11].
Estrogen is primarily considered a female sex hormone, 
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induced by the separate administration of a 5HT1A agonist, 
D2R agonist, and an NMDA receptor antagonist in female 
ovariectomized rats [14]. A number of clinical studies 
have shown that there is a correlation between circulating 
estrogen levels and cognitive performance in women with 
schizophrenia [17, 18]. Moreover, several studies focusing 
on the effect of estradiol in hippocampus-based spatial 
memory reported that estradiol was not only essential 
for the frontal cortex, hippocampal, basal forebrain, and 
cerebellar-based learning but also for spatial memory in 
rats [19-21].
The physiological effects of estrogen-related components 
are mostly regulated by Erα, Erβ, and GPER-1 which are 
subtypes of estrogen receptors [13]. Receptors for estrogen 
(Erα, Erβ, and GPER-1) are widely distributed across many 
areas of the central nervous system, including the cerebral 
cortex, amygdala, and hippocampus, increasing the 
probability that Erα and Erβ mediate the known effects of 
estrogen on cognition and mood, both of which change in 
major mental illnesses [22-25]. Erα not only plays a role in 
the reproductive, skeletal, and cardiovascular systems, but 
studies also suggest that it mediates the neuroprotective 
role of estrogen in the brain[26]. Erβ is thought to be 
significant in regulating nonreproductive neurobiological 
systems involved in fear, anxiety, learning, and memory 
[27]. GPER-1 is particularly expressed in the central nervous 
system (CNS), including the hippocampus, frontal cortex, 
substantia nigra, and hypothalamus [28, 29]. GPER-1 has 
been identified as crucial to rapid, nongenomic estrogen 
activity, typically involving regulation of cytoplasmic and 
membrane-bound regulating proteins [30]. GPER-1 seems 
to modulate many of the effects of estrogen on the nervous 
system, with the inclusion of luteinizing hormone-releasing 
activity and calcium oscillations in primate neurons [31, 
32]. Recently, some studies have demonstrated the roles 
of GPER-1 in neuronal plasticity and learning, as well as 
memory [33, 34].
A recent clinical trial showed increased serum GPER-1 levels 
in patients with euthymic bipolar disorder compared with 
controls, and serum GPER-1 level significantly predicted 
the presence of bipolar disorder [35]. However, to our 
knowledge, there has been no study about measuring 
serum GPER-1 levels in patients with schizophrenia. 
The aim of this study was to examine the possible role 
of GPER-1 in schizophrenia by comparing schizophrenia 
patients with sex – and age-matched healthy controls and 
examining the association between symptom severity and 
GPER-1. The potential use of GPER-1 as a diagnostic tool is 
also considered.

METHODS

The study protocol was approved by the Scientific 
Research Ethics Committee of Kahramanmaras Sütcü Imam 
University (approval date: 24.10.2018, number: 20). The 
procedure was explained and each participant submitted 
written informed consent.

Patients

Power analysis was used to determine the number of 
samples. Accordingly, taking into account the statistical 
parameters in the reference study[36] (Mean 1: 4561.12 ± 
2478.30 Mean 2: 6298.07 ± 2300.64) alpha 0.05 first type 
error level, beta: 0.20 second type error level (a power 
of 0.80), it was planned to recruit a total of 60 individuals 
with at least 30 individuals in each group. A total of 36 
patients with schizophrenia were recruited along with 30 
age – and sex-matched healthy controls. Clinical diagnostic 
interviews were performed by a qualified psychiatrist using 
the Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM-5) Structured Clinical Interview. PANSS 
was used for evaluating symptom severity. The inclusion 
criteria were as follows; 1. age 18–65 years and 2. 
being diagnosed with schizophrenia according to DSM-
5 for patients with schizophrenia. Patients with current 
psychotic attack, concurrent DSM-5 diagnoses other 
than schizophrenia and recent alcohol/substance abuse 
were excluded from the study. Additionally, we excluded 
participants receiving hormone replacement therapy, with 
irregular menstrual cycles, who were postmenopausal or 
pregnant, impaired thyroid hormone level, or history of 
diabetes mellitus.
Demographic and clinical characteristics were recorded 
with pre-designed questionnaires for participants, and all 
required laboratory tests and physical examinations were 
performed.

Procedure

Between 8:30 am and 12:30 pm blood samples were 
collected from all schizophrenia patients and controls to 
prevent changes in hormone levels due to daily variations. 
The obtained blood samples were centrifuged, and serum 
samples were stored at – 20 degrees centigrade until 
they were assayed. The levels of GPER-1 were measured 
using a commercial kit (SEG045Hu; Cloud-Clone Corp., 
Houston, TX, USA) using the quantitative sandwich enzyme 
immunoassay according to the manufacturer’s instructions.

Statistical Analysis

Normal distribution was examined using the Shapiro–Wilk 
test. Comparative analysis between independent groups 
was done by using the Mann-Whitney U test. Independent 
samples t-test was performed for the comparison of 
variables with normal distribution. The Chi-Square test 
was applied for intergroup comparisons. The relationship 
between variables was tested using the Pearson correlation 
test. The ROC (receiver operating characteristic) curve 
was plotted to determine the diagnostic performance of 
GPER-1 in patients of schizophrenia. Values were accepted 
statistically significant with p<0.05 in this study. Statistical 
parameters are expressed as median (25% quartile, 75% 
quartile) and mean ± standard deviation. Data analysis was 
performed with IBM SPSS version 22 (IBM SPSS for Windows 
version 22, IBM Corporation, Armonk, New York, United 
States).
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RESULTS

Demographics

For sociodemographic information of participants and symptom 
severity of the patients with schizophrenia, see Table 1.

Table 1. Demographic summary for participants and 
symptom severity of patients

Samples-Tests
GROUP

Schizophrenia 
(n:36)

Control 
(n:30) P

Agea 36.78±7.22  32.93±9.62 0.069

Genderb
Male n(%) 25.00(69.40)  20,00(66.70)

0.809
Female n(%) 11.00(30.60)  10,00(33.30)

Smokeb
Yes n(%) 15.00(41.70)  7,00(23.30)

0.116
No n(%) 21.00(58.30)  23,00(76.70)

Antipsychotics
Typical n(%) 1.00(2.80)
Atypical n(%) 14.00(38.90)
Combined n(%) 21.00(58.30)

Duration of 
illness (years) Median(Q1-Q3) 13 .00 (7 .00 -

15.50)
Number of 
hospitalizations Median(Q1-Q3) 2 . 0 0 ( 1 . 0 0 -

4.00)
PANSS positive Mean±SD 15.53±5.75
PANSS negative Mean±SD 17.77±6.01
PANSS general Mean±SD 31.91±8.64
PANSS total Mean±SD 65.22±15.65

aIndependent samples t-test; bChi-Square test; α:0.05, PANSS: Positive 
and Negative Syndrome Scale

No differences in age or sex were found between the two groups. 
The patients with schizophrenia were receiving primarily atypical 
(second generation) and combined antipsychotic medication. 
According to PANSS scores, mild to moderate symptoms were 
present in patients with schizophrenia (Table 1).

Comparison of Blood Levels of Healthy Controls and Patients

Data about the blood levels of estradiol and GPER-1 in the 
male and female patients with schizophrenia and control 
groups were compared (Table 2).

Table 2. Independent t-test for GPER-1 levels and Mann-
Whitney U test for Estradiol levels in patients and controls

GROUP

Schizophrenia Control p

E2b Median(Q1-Q3) 30.70 
(20.20-46.15)

23.20 
(12.10-47.30)

0.155

 Male 32.10 
(14.40-38.70)

15.10 
(6.75-23.20)

0.001*

Female 29.20 
(23.80-101.20)

79.00 
(47.30-134.80)

0.132

GPER-1a Mean±SD 0.82±0.18 0.61±0.08 p<0.001*
 Male 0.85±0.17 0.59±0.08 p<0.001*
Female 0.76±0.19 0.66±0.05 0.133

α:0.05; *difference is statistically significant, GPER-1: G-protein–
coupled estrogen receptor 1, E2: Estradiol

There were no significant differences between estradiol 
levels in the schizophrenia and control groups. But we 
found that male patients had significantly higher levels of 
estradiol compared with male controls. When compared 
with the control group, the patients with schizophrenia 
had significantly higher serum GPER-1 levels (Table 2, Fig. 
1). We made a gender comparison to detect the source of 
this difference for GPER-1 and found that male patients 
had significantly higher levels of GPER-1 compared with 
male controls (Table 2).

Table 2. Independent t-test for GPER-1 levels and Mann-Whitney U test for Estradiol levels in 

patients and controls

GROUP
Schizophrenia Control p

E2b Median(Q1-Q3) 30.70(20.20-46.15) 23.20(12.10-47.30) 0.155
Male 32.10(14.40-38.70) 15.10(6.75-23.20) 0.001*

Female 29.20(23.80-101.20) 79.00(47.30-134.80) 0.132
GPER-1a Mean±SD 0.82±0.18 0.61±0.08 p<0.001*
   Male 0.85±0.17 0.59±0.08 p<0.001*
Female 0.76±0.19 0.66±0.05 0.133
α:0.05; *difference is statistically significant, GPER-1: G-protein–coupled estrogen receptor 1, E2: 

Estradiol

There were no significant differences between estradiol levels in the schizophrenia and control groups. 

But we found that male patients had significantly higher levels of estradiol compared with male controls. 

When compared with the control group, the patients with schizophrenia had significantly higher serum 

GPER-1 levels (Table 2, Fig. 1). We made a gender comparison to detect the source of this difference for 

GPER-1 and found that male patients had significantly higher levels of GPER-1 compared with male 

controls (Table 2).
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Figure 1. GPER-1 levels in patients with schizophrenia and 
controls. GPER-1, G-protein–coupled estrogen receptor 1.

Correlation Between GPER-1 and Symptom Severity

Correlations between age, PANNS score, duration of illness 
and GPER-1 levels were evaluated (Table 3).

Table 3. Pearson Correlation test results between PANSS 
scores, Age, Duration of illness and GPER-1 levels

GPER-1
R P

PANSS positive 0.260 0.126
PANSS negative 0.288 0.088
PANSS general 0.157 0.360
PANSS total 0.293 0.083
Duration of illness 0.084 0.626
Age (Patient) -0.152 0.375
Age (Control) -0.327 0.078

Pearson Correlation test; α:0,05, GPER-1: G-protein–coupled estrogen 
receptor 1, PANSS: Positive and Negative Syndrome Scale

No significant correlation was found between age, PANSS 
score, duration of illness, and GPER-1 levels (Table 3).
The ROC analysis revealed that GPER-1 levels significantly 
predicted the presence of schizophrenia (area under the 
curve, 0.857 p < 0.001). When the GPER-1 value was 
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0.7175, the sensitivity and specificity were 77.8 and 93.3% 
for the presence of schizophrenia, respectively (Figure 2). 
The GPER-1 level was below this cutoff point in all control 
group subjects. In the post-hoc power analysis of the study, 
the statistical power of the test for estradiol in men was 
0.92, and effect size: 0.83. The statistical power of the 
test for GPER-1 was 0.99, effect size: 1.50. For GPER-1, 
the statistical power of the test in men was 0.99, effect 
size: 1.95.

Figure 2. ROC curve for GPER-1. This curve combines 
information for the true-positive rate and the true-negative 
rate, and AUC is a measure of the overall discriminative 
power of GPER-1. AUC, area under curve; GPER-1, G-protein–
coupled estrogen receptor-1; ROC, receiver operating 
characteristic.

DISCUSSION

We found that the GPER-1 levels were higher in patients 
with schizophrenia compared with healthy controls. Our 
study is the first to assess GPER-1 levels in patients with 
schizophrenia. Mahe et al. [37] showed a correlation 
between a low amount of estrogen in plasma and the risk 
of psychotic symptoms in patients with schizophrenia. 
When we investigated GPER-1 differences in terms of sex, 
we found that male schizophrenia patients had higher 
GPER-1 levels than male controls. In contrast, we found 
no difference in the levels of GPER-1 between female 
patients and female controls. In addition, we found that 
male schizophrenia patients had higher estradiol levels 
than their healthy counterparts.
Estrogen is considered preventive for some psychiatric 
disorders, including schizophrenia, depression, and anxiety 
[38]. It was suggested that schizophrenia symptoms may 

appear in susceptible individuals when estrogen levels 
begin to decline [39]. However, we found no difference 
in the levels of estradiol between female patients and 
female controls in the present study. We found that male 
schizophrenia patients had higher estradiol levels than 
male controls. Studies concerning the serum estradiol 
levels of patients with schizophrenia yielded conflicting 
results, generally with lower, normal or elevated 
levels[40, 41]. A recent clinical trial showed that daily oral 
adjunctive raloxifene (a first-generation selective estrogen 
receptor modulator) increased brain activity and improved 
attention and verbal memory during learning in patients 
with schizophrenia [42, 43]. The clinical studies mentioned 
lead to the conclusion that estrogen is protective of 
the dopaminergic system, particularly in females [11]. 
However, the molecular mechanisms by which estrogen 
may play a role in resisting schizophrenic symptoms remain 
uncertain.
Studies in male and female schizophrenia patients have 
reported reduced mRNA levels and decreased density of 
wild-type Erα mRNA in the frontal cortex and reduced Erα 
mRNA levels in the hippocampus [44, 45]. While the effect 
of 17β-estradiol on the human nervous system is known to 
be associated with Erα and Erβ, recent evidence has shown 
that GPER-1 (formerly known as GPR30) has many roles in 
the neurological functions of 17β-estradiol [46]. Gingerich 
et al. [47] suggested that GPER-1 and Erα were involved in 
the protective effect of 17β-estradiol in glutamate-related 
injury.
A recent in vivo study found that GPER agonist G-1 
treatment replicated the 17β-estradiol-related effects in 
promoting neuronal survival after global brain ischemia 
[48]. Another study in female rats showed that GPER-
1 agonists strengthened, and a GPER-1 antagonist 
inhibited, reference memory after tasks that involved the 
hippocampus [49]. We think that the protective effect of 
estrogen against schizophrenic symptoms may be mediated 
by GPER-1 receptors. But we couldn’t find a significant 
correlation between symptom severity and GPER-1 levels. 
Recent studies found that GPER-1 levels were increased 
in cases with generalized anxiety and major depressive 
disorder compared with controls. In these studies, the 
levels of GPER-1 were found to be high in both female and 
male patients [50, 51]. However, our results show that 
GPER-1 is a more selective biomarker for schizophrenia 
in males than in females. Schizophrenia is more prevalent 
in males than in females [52]. Hence, we think that our 
findings may play a considerable role in identifying sex 
differences in the onset, outcome, symptom severity, and 
incidence of schizophrenia.
Clinical studies examining diagnostic biomarkers for 
psychiatric disorders have been reported. Studies by Selek 
[53, 54] found that the levels of catalase (AUC: 0.989) and 
prolidase (AUC: 0.989) had very good diagnostic values in 
bipolar patients. Another study reported good diagnostic 
value for prolidase in patients with schizophrenia 
(AUC: 1.0) [55]. Gadelha et al. found that the level of 
angiotensin I-converting enzyme had fair diagnostic value 
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for the presence of schizophrenia, with an AUC of 0.701. 
Furthermore, a study by Xiong et al. [56] found diagnostic 
value for both serum IL-2 (AUC: 0.866) and NGF (AUC: 
0.781) in patients with schizophrenia. Our findings indicate 
that GPER-1 has good diagnostic value (AUC: 0.857) in 
patients with schizophrenia; however, we do not claim 
that it is a selective biomarker, as GPER-1 was recently 
shown to have good diagnostic value for the presence 
of bipolar and generalized anxiety disorders [35, 50]. 
It seems GPER-1 has good diagnostic value for different 
psychiatric disorders. The beneficial effects of estrogens 
are well known in psychiatric disorders, and selective 
activation of GPER-1 can reproduce the favorable effects 
of 17β-estradiol[46]. The higher GPER-1 serum levels in 
these diseases may be secondary to insufficient beneficial 
effects of 17β-estradiol. Thus, future studies should be 
done including more homogeneous and larger samples that 
include patients with generalized anxiety disorder and 
bipolar disorder to identify whether GPER-1 can be used as 
a specific biomarker for schizophrenia.
Limitations of this study include the cross-sectional design 
and small sample size, poor generalizability to all patients 
with schizophrenia, ongoing medication of patients with 
schizophrenia, lack of cognitive measures, and failure 
to consider the menstrual cycle in female patients. 
Furthermore, GPER-1 levels were determined based on 
serum samples, which may not reflect brain levels of 
GPER-1. Despite these limitations, this is the first study 
to measure the blood levels of GPER-1 in patients with 
schizophrenia.
In summary, this study demonstrated that male patients 
with schizophrenia had high serum GPER-1 levels compared 
with healthy male controls. Moreover, the levels of GPER-1 
had good diagnostic value in patients with schizophrenia. 
These results suggest that, beyond estrogen itself, other 
estrogen-related signaling molecules such as GPER-1 might 
have a role in the etiology of schizophrenia. These results 
should be considered to be preliminary. They require 
confirmation by further studies, which should involve 
drug-naïve patients with schizophrenia and large sample 
size. Additionally, future studies should focus on whether 
GPER-1 agonists reduce symptom severity in patients with 
schizophrenia.

REFERENCES

[1]	 McGrath J, Saha S, Chant D, Welham J. Schizophrenia: 
a concise overview of incidence, prevalence, and 
mortality. Epidemiol Rev 2008;30(1):67-76.

[2]	 Kulkarni J, Gavrilidis E, Worsley R, Hayes E. Role of 
estrogen treatment in the management of schizophrenia. 
CNS drugs. 2012;26(7):549-57.

[3]	 Allen DN, Strauss GP, Barchard KA, Vertinski M, Carpenter 
WT, Buchanan RW. Differences in developmental changes 
in academic and social premorbid adjustment between 
males and females with schizophrenia. Schizophr Res 
2013;146(1-3):132-7.

[4]	 Eranti S, MacCabe J, Bundy H, Murray R. Gender 
difference in age at onset of schizophrenia: a meta-
analysis. Psychol Med 2013;43(1):155-67.

[5]	 Usall J, Haro J, Ochoa S, Marquez M, Araya S, group N. 
Influence of gender on social outcome in schizophrenia. 
Acta Psychiat Scand 2002;106(5):337-42.

[6]	 Thorup A, Albert N, Bertelsen M, Petersen L, Jeppesen 
P, Le Quack P, et al. Gender differences in first-episode 
psychosis at 5-year follow-up–two different courses of 
disease? Results from the OPUS study at 5-year follow-
up. Eur Psychiat 2014;29(1):44-51.

[7]	 Mendrek A, Mancini-Marie A. Sex/gender differences 
in the brain and cognition in schizophrenia. Neurosci 
Biobehav Rev 2016;67:57-78.

[8]	 Morgan VA, Castle DJ, Jablensky AV. Do women express 
and experience psychosis differently from men? 
Epidemiological evidence from the Australian National 
Study of Low Prevalence (Psychotic) Disorders. Aust Nz 
J Psychiat 2008;42(1):74-82.

[9]	 Messias EL, Chen C-Y, Eaton WW. Epidemiology of 
schizophrenia: review of findings and myths. Psychiatr 
Clin North Am 2007;30(3):323-38.

[10]	 Lieberman JA, Perkins D, Belger A, Chakos M, Jarskog 
F, Boteva K, et al. The early stages of schizophrenia: 
speculations on pathogenesis, pathophysiology, and 
therapeutic approaches. Biol Psychiatry 2001;50(11):884-
97.

[11]	 Gogos A, Sbisa AM, Sun J, Gibbons A, Udawela M, Dean 
B. A role for estrogen in schizophrenia: clinical and 
preclinical findings. Int J Endocrinol 2015;2015.

[12]	 Nelson LR, Bulun SE. Estrogen production and action. J 
Am Acad Dermatol 2001;45(3):S116-S24.

[13]	 Crider A, Pillai A. Estrogen signaling as a therapeutic 
target in neurodevelopmental disorders. J Pharmacol 
Exp Ther 2017;360(1):48-58.

[14]	 Sánchez MG, Bourque M, Morissette M, Di Paolo T. 
Steroids‐dopamine interactions in the pathophysiology 
and treatment of CNS disorders. CNS Neurosci Ther 
2010;16(3):e43-e71.

[15]	 Lokuge S, Frey BN, Foster JA, Soares CN, Steiner M. 
The rapid effects of estrogen: a mini-review. Behav 
Pharmacol 2010;21(5-6):465-72.

[16]	 Adams MM, Fink SE, Janssen WG, Shah RA, Morrison 
JH. Estrogen modulates synaptic N‐methyl‐D‐aspartate 
receptor subunit distribution in the aged hippocampus. 
J Comp Neurol 2004;474(3):419-26.

[17]	 Hoff AL, Kremen WS, Wieneke MH, Lauriello J, Blankfeld 
HM, Faustman WO, et al. Association of estrogen levels 
with neuropsychological performance in women with 
schizophrenia. Am J Psychiatry 2001;158(7):1134-9.

[18]	 Ko Y-H, Joe S-H, Cho W, Park J-H, Lee J-J, Jung I-K, et 
al. Effect of hormone replacement therapy on cognitive 
function in women with chronic schizophrenia. Int J 
Psychiat Clin 2006;10(2):97-104.

[19]	 Luine VN, Richards ST, Wu VY, Beck KD. Estradiol 
enhances learning and memory in a spatial memory task 
and effects levels of monoaminergic neurotransmitters. 
Horm Behav 1998;34(2):149-62.



6

Hursitoglu O. et. al. 

[20]	 Andreescu CE, Milojkovic BA, Haasdijk ED, Kramer P, De 
Jong FH, Krust A, et al. Estradiol improves cerebellar 
memory formation by activating estrogen receptor β. J 
Neurosci 2007;27(40):10832-9.

[21]	 Shang X-L, Zhao J-H, Cao Y-P, Xue Y-X. Effects of synaptic 
plasticity regulated by 17β-estradiol on learning and 
memory in rats with Alzheimer’s disease. Neurosci Bull 
2010;26(2):133-9.

[22]	 Perlman W, Matsumoto M, Beltaifa S, Hyde T, Saunders 
R, Webster M, et al. Expression of estrogen receptor 
alpha exon-deleted mRNA variants in the human and 
non-human primate frontal cortex. Neuroscience 
2005;134(1):81-95.

[23]	 Miller KJ, Conney JC, Rasgon NL, Fairbanks LA, Small GW. 
Mood symptoms and cognitive performance in women 
estrogen users and nonusers and men. J Am Geriatr Soc 
2002;50(11):1826-30.

[24]	 Perlman WR, Webster MJ, Kleinman JE, Weickert CS. 
Reduced glucocorticoid and estrogen receptor alpha 
messenger ribonucleic acid levels in the amygdala of 
patients with major mental illness. Biol Psychiatry 
2004;56(11):844-52.

[25]	 Rocha BA, Fleischer R, Schaeffer JM, Rohrer SP, Hickey 
GJ. 17β-estradiol-induced antidepressant-like effect in 
the forced swim test is absent in estrogen receptor-β 
knockout (BERKO) mice. Psychopharmacology 
2005;179(3):637-43.

[26]	 Paterni I, Granchi C, Katzenellenbogen JA, Minutolo 
F. Estrogen receptors alpha (ERα) and beta (ERβ): 
subtype-selective ligands and clinical potential. Steroids 
2014;90:13-29.

[27]	 Krȩżel W, Dupont S, Krust A, Chambon P, Chapman PF. 
Increased anxiety and synaptic plasticity in estrogen 
receptor β-deficient mice. Proc Natl Acad Sci U S A 
2001;98(21):12278-82.

[28]	 Prossnitz ER, Arterburn JB. International Union of Basic 
and Clinical Pharmacology. XCVII. G protein–coupled 
estrogen receptor and its pharmacologic modulators. 
Pharmacol Rev 2015;67(3):505-40.

[29]	 Brailoiu E, Dun SL, Brailoiu GC, Mizuo K, Sklar LA, Oprea 
TI, et al. Distribution and characterization of estrogen 
receptor G protein-coupled receptor 30 in the rat central 
nervous system. J Endocrinol 2007;193(2):311-21.

[30]	 Huang F, Yin J, Li K, Li Y, Qi H, Fang L, et al. GPR30 
decreases with vascular aging and promotes vascular 
smooth muscle cells maintaining differentiated 
phenotype and suppressing migration via activation of 
ERK1/2. Onco Targets Ther 2016;9:3415.

[31]	 Maggiolini M, Picard D. The unfolding stories of GPR30, 
a new membrane-bound estrogen receptor J Endocrinol 
2010;204(2):105-14.

[32]	 Noel SD, Keen KL, Baumann DI, Filardo EJ, Terasawa E. 
Involvement of G protein-coupled receptor 30 GPR30 in 
rapid action of estrogen in primate LHRH neurons. Mol 
Endocrinol 2009;23(3):349-59.

[33]	 Hammond R, Nelson D, Kline E, Gibbs R. Chronic 
treatment with a GPR30 antagonist impairs acquisition 
of a spatial learning task in young female rats. Horm 

Behav 2012;62(4):367-74.
[34]	 Hawley WR, Grissom EM, Moody NM, Dohanich GP, 

Vasudevan N. Activation of G-protein-coupled receptor 
30 is sufficient to enhance spatial recognition memory in 
ovariectomized rats.	Behav Brain Res 2014;262:68-73.

[35]	 Orhan FÖ, Kurutaş EB, Doğaner A, Türker E, Özcü SŞT, 
Güngör M, et al. serum levels of gPer-1 in euthymic 
bipolar patients. Neuropsych Dis Treat 2018;14:855.

[36]	 Rukmini M, D’souza B, D’souza V. Superoxide dismutase 
and catalase activities and their correlation with 
malondialdehyde in schizophrenic patients. Indian J Clin 
Biochem 2004;19(2):114.

[37]	 Mahe V, Dumaine A. Oestrogen withdrawal associated 
psychoses. Acta Psychiatr Scand 2001;104(5):323-31.

[38]	 Watson CS, Alyea RA, Cunningham KA, Jeng Y-J. Estrogens 
of multiple classes and their role in mental health 
disease mechanisms. Int J Womens Health 2010;2:153.

[39]	 Hafner H, Ehrenreich H, Gattaz WF, Louza MR, Riecher-
Rossler A, Kulkarni J. Oestrogen-A protective factor in 
schizophrenia? Curr Psychiatry Rev 2006;2(3):339-52.

[40]	 Petrikis P, Tigas S, Tzallas AT, Karampas A, Papadopoulos 
I, Skapinakis P. Sex hormone levels in drug-naïve, first-
episode patients with psychosis. Int J Psychiat Clin 
2019:1-5.

[41]	 Segal M, Avital A, Berstein S, Derevenski A, Sandbank 
S, Weizman A. Prolactin and estradiol serum levels in 
unmedicated male paranoid schizophrenia patients. 
Prog Neuro-Psychoph 2007;31(2):378-82.

[42]	 Kindler J, Weickert CS, Skilleter AJ, Catts SV, 
Lenroot R, Weickert TW. Selective estrogen receptor 
modulation increases hippocampal activity during 
probabilistic association learning in schizophrenia. 
Neuropsychopharmacology 2015;40(10):2388.

[43]	 Weickert TW, Weinberg D, Lenroot R, Catts SV, Wells R, 
Vercammen A, et al. Adjunctive raloxifene treatment 
improves attention and memory in men and women with 
schizophrenia. Mol Psychiatry 2015;20(6):685.

[44]	 Perlman WR, Tomaskovic-Crook E, Montague DM, 
Webster MJ, Rubinow DR, Kleinman JE, et al. Alteration 
in estrogen receptor α mRNA levels in frontal cortex and 
hippocampus of patients with major mental illness. Biol 
Psychiatry 2005;58(10):812-24.

[45]	 Weickert CS, Miranda-Angulo AL, Wong J, Perlman WR, 
Ward SE, Radhakrishna V, et al. Variants in the estrogen 
receptor alpha gene and its mRNA contribute to risk for 
schizophrenia. Hum Mol Genet 2008;17(15):2293-309.

[46]	 Prossnitz ER, Barton M. The G-protein-coupled estrogen 
receptor GPER in health and disease. Nat Rev Endocrinol 
2011;7(12):715.

[47]	 Gingerich S, Kim G, Chalmers J, Koletar M, Wang X, Wang 
Y, et al. Estrogen receptor alpha and G-protein coupled 
receptor 30 mediate the neuroprotective effects of 
17β-estradiol in novel murine hippocampal cell models. 
Neuroscience 2010;170(1):54-66.

[48]	 Lebesgue D, Traub M, De Butte-Smith M, Chen C, Zukin 
RS, Kelly MJ, et al. Acute administration of non-classical 
estrogen receptor agonists attenuates ischemia-induced 
hippocampal neuron loss in middle-aged female rats. 



7

Psychiatry and Clinical Psychopharmacology 

PloS one 2010;5(1):e8642.
[49]	 Lu CL, Herndon C. New roles for neuronal estrogen 

receptors. Neurogastroent Motil 2017;29(7):e13121.
[50]	 Fındıklı E, Camkurt MA, Karaaslan MF, Kurutas EB, 

Altun H, İzci F, et al. Serum levels of G protein-coupled 
estrogen receptor 1 (GPER1) in drug-naive patients 
with generalized anxiety disorder. Psychiatry  Res 
2016;244:312-6.

[51]	 Findikli E, Kurutas EB, Camkurt MA, Karaaslan MF, Izci 
F, Fındıklı HA, et al. Increased Serum G Protein-coupled 
Estrogen Receptor 1 Levels and Its Diagnostic Value in 
Drug Naïve Patients with Major Depressive Disorder. Clin 
Psychopharmacol Neurosci 2017;15(4):337.

[52]	 Aleman A, Kahn RS, Selten J-P. Sex differences in the 
risk of schizophrenia: evidence from meta-analysis. Arch 

Gen Psychiatry 2003;60(6):565-71.
[53]	 Selek S, Altindag A, Saracoglu G, Celik H, Aksoy N. 

Prolidase activity and its diagnostic performance in 
bipolar disorder. J Affect Disord 2011;129(1-3):84-6.

[54]	 Selek S, Altindag A, Saracoglu G, Aksoy N. Oxidative 
markers of Myeloperoxidase and Catalase and their 
diagnostic performance in bipolar disorder. J Affect 
Disord 2015;181:92-5.

[55]	 Güneş M, Bulut M, Demir S, İbiloğlu AO, Kaya MC, Atlı 
A, et al. Diagnostic performance of increased prolidase 
activity in schizophrenia. Neurosci Lett 2016;613:36-40.

[56]	 Xiong P, Zeng Y, Wan J, XiaoHan DH, Tan D, Lu J, et al. 
The role of NGF and IL-2 serum level in assisting the 
diagnosis in first episode schizophrenia. Psychiatry Res 
2011;189(1):72-6.


