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ABSTRACT
AIM: To investigate the effects of quetiapine exposure on neural tube development in early stage chicken embryos.
MATERIAL and METHODS: Eighty-four fertilised specific pathogen-free chicken eggs were divided into four equal groups (groups
1–4). Three experimental groups (groups 2, 3 and 4) and a single control group (group 1) were used. Each egg in group 2 (n=21)
was injected with 20 µL of saline after 30 hours of incubation. Eggs in groups 3 and 4 were injected with 0.02 ml of a solution
containing 400 and 800 µg of quetiapine dose, respectively. Incubation was continued until the end of 72 hours. All embryos were
then removed from the eggs and histopathologically examined.
RESULTS: Normal development and the closed neural tubes were shown in 18, 16, 13 and 9 embryos in groups 1 2, 3 and 9,
respectively, of the 84 embryos incubated. Open neural tubes were found in one, three and five embryos in groups 2, 3 and 5,
respectively. Also, developmental anomalies were found in three, four, five and seven embryos in groups 1, 2, 3 and 4, respectively.
Moreover, no significant relationship between NTD and quetiapine exposure had been found.
CONCLUSION: Quetiapine has no significant effect on the occurrence of neural tube defects in the chicken embryo model.
KEYWORDS: Quetiapine, Second-generation antipsychotics, Neural tube defect, Spina bifida, Chicken embryo
ABBREVIATIONS: NTD: Neural tube defects, SGA: Second-generation antipsychotics, SPSS: Statistical package for the social
sciences

█

INTRODUCTION

Q

uetiapine is the most used second-generation
antipsychotic (SGA) in the world. The reports from the
last 10 to 12 years are indicating an enormous increase
(up to 200%) of quetiapine use in pregnancy (12,22,27,28).
The significant quetiapine indications are bipolar disorders
and schizophrenia. The current spectrum is much broader
as it is used as an auxiliary drug in conditions like insomnia

Talat Cem OVALIOGLU
Gokhan CANAZ
Sema ARSLAN

: 0000-0003-1682-9641
: 0000-0003-0658-9306
: 0000-0003-2205-0415

and anxiety (27). As a result, many studies are investigating
the potential effects of quetiapine on the foetus (5,9,10,16). In
addition, many recent studies are suggesting that quetiapine
use in pregnancy does not improve the risks of various
congenital malformations. Concerning clinical practice, the
idea of ‘It is safe to use quetiapine in pregnancy’ is widely
accepted. However, cases also exist indicating many
conditions related to prenatal exposure of quetiapine (9,16,25).
It is too early to assume the safeness of such a drug based
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on studies considering that the first atypical antipsychotic
was introduced into practice in 1951 and quetiapine in 1997
(13,18). Hence, the research on the potential dangers of new
and widely used drugs is of vital importance. Interestingly,
some studies also suggest that quetiapine has neuroprotective
effects (1,34). This study decided to evaluate the potential
impact of quetiapine on neural tube closure, which has never
been investigated before, considering these data and clinical
approaches.
█

MATERIAL and METHODS

This study was conducted in cooperation with Professor Dr.
Mazhar Osman of the Neurosurgical Unit Research Laboratory
of Bakirkoy, Mental Health and Neurological Diseases Training
and Research Hospital. Fertilised, specific, pathogen-free
Gallus chicken eggs were obtained from the Poultry Research
Institute, Ankara, Turkey.
Incubation and Injection
Eighty-four fertile, specific non-pathogenic, domestic fowl eggs

(Gallus gallus; Atabey®, Poultry Research Institute, Ankara,
Turkey) were used in the study. The eggs were incubated at
37.5°C at 75% humidity. The eggs were sterilised with 70%
alcohol and the outer shell was taped at the eighth stage of
the Hamburger and Hamilton classification. A window was
opened on the eggshell. Using a sterile Hamburger® syringe,
20 μL of fluid was administrated sub-blastodermically (Figure
1). The holes were closed with a drape and the eggs were
then placed back into the incubator. The eggs were reopened
after 72 hours of incubation (Hamburger Hamilton stage 12).
The viability of the embryos was assessed by the presence of
a heartbeat. The embryos were transferred into a Petri dish
by microsurgically dissecting along the allantoic stalk (Figure
2). All the embryos were examined under a microscope (Leica
DM 4000, Germany). Results were analysed in terms of neural
tube closure (Figure 2).
Study Groups
Eggs were assigned to one of four groups. Three eggs were
sacrificed in the determination of stage. Three experimental
groups (groups 2, 3 and 4) and a single control group (group

Figure 1: Illustration of subblastodermic injection, and eggs covered with drape in the incubator.

Figure 2: Re-opened embryo and light microscope image of opened neural tube.
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1), each containing 21 eggs per embryo (Table I), were used
in this study. Each egg in group 2 (n=21) was injected with 20
µL of 0.9% NaCl at the end of the 30-hour incubation. Eggs
in group 3 were injected with 0.02 ml of a solution containing
400 µg of quetiapine (middle dose, 6 mg kg−1). On the other
hand, eggs in group 4 were injected with 0.02 ml of a solution
containing 800 µg of quetiapine (high dose, 12 mg kg−1).
Pathological Evaluation
Formalin-fixed, embryo tissue samples were embedded in
paraffin. Briefly, the embryos were dehydrated using ethanol
solutions. The embryos were incubated in xylene and then
transferred into a paraffin embedding mixture after the
dehydration. Tissue sections (5 µm thickness) were taken.
Furthermore, the haematoxylin–eosin solution was applied
to the tissue sections. Samples were evaluated under the
microscope and assessed for the decomposition of somite
pairs and neural tube continuity.
Statistical Analysis
Statistical evaluations were conducted using the Statistical
Package for the Social Sciences (SPSS) V22.0 for Windows.
The chi-square test was used to analyse group comparisons.
A p value ≤0.05 was accepted as statistically significant.
█

RESULTS

Three (14%) and 18 (86%) embryos were undeveloped and
intact, respectively, in group 1. Moreover, no embryo with
NTD was noted in group 1. In group 2, 4 (19%), 1 (4.7%)
and 16 (76.1%) embryos were undeveloped, developed NTD
and intact, respectively. In group 3, 3 (14.2%), 5 (23.8%)
and 13 (61.9%) embryos had NTD, undeveloped and intact
(p=0.1455), respectively. In group 4, 5 (23.8%), 7 (33.3%) and
9 (42.8%) had NTD, undeveloped and intact, respectively
(Table II). In addition, no significant relationship between NTD
and quetiapine exposure had been found.
Table I: Distribution of Quetiapine Dosages in Different Groups

Group

Quetiapine Dosages

1

Control 1

2

Control 2 (injection of 20 µL of 0.9% NaCl)

3

Acceptable effective daily dose of quetiapine

4

Acceptable maximum daily dose of quetiapine

█

DISCUSSION

The worldwide incidence of NTDs ranges from 1 to 10 per
1,000 births (11,17,33). The average of this ratio in Turkey is
about 3–5.8 per 1,000 births (29). Anti-epileptic drug use is
one of the very well-known factors in NTDs aside from folic
acid deficiency (7,11). Previous studies have repeatedly
demonstrated the negative effects of maternal age and
maternal diabetes exposure to various chemicals (food
colours, additives etc.) on neural tube closure (3,24,26).
SGA is widely prescribed to women all over the world
(2,30). Quetiapine is the most used SGA drug with a vast
indication spectrum. Major depressive disorder, bipolar
disorder schizophrenia, acute depressive episodes and manic
episodes are the main indications (6). Moreover, quetiapine is
commonly prescribed for anxiety and sleeping disorder and it
is also used with mood stabilisers such as benzodiazepines
(8,23).
No malformation pattern has been shown to link foetal
exposure to SGA according to studies. Recent data are
showing no improved congenital malformation risk (4,21).
On the other hand, many case reports and previous studies,
suggesting relationships with low birth weight, cardiac
malformations, gestational diabetes etc. also exist (4,9,16,25).
Still, quetiapine is a ‘Pregnancy Category C’ drug which
means ‘there are no adequate and well-controlled studies of
quetiapine use in pregnancy’.
A daily dose of quetiapine changes between 400 and 800
mg per day in many indications. The main principle is not
to harm the foetus while calculating the effective dose in
pregnancy. Drug bioavailability also differs in pregnancy and
the blood–placenta barrier is also an important factor in foetal
exposure (21,31). The relatively low placental passage rate
of quetiapine, among other antipsychotics, is suggested as
another key point on its safety profile (20,21). Quetiapine use
in pregnancy commonly continues under these terms (15,32).
The dosages of 400 and 800 mg kg−1 quetiapine in 20 µL
saline were used in this study. As a result, no significant
relationship between NTD and quetiapine use was found, but
the correlation in numbers creates suspicion about a dosedependent effect. Even though the idea of ‘quetiapine causes
NTD’ is not being suggested, further studies, both clinical and
embryological, are required. A higher dose could have been
tested in this study with regard to the physiological changes
in pregnancy (increased intravascular volume, cardiac output,
glomerular filtration rate etc.) (31).

Table II: Distribution of Embryo Numbers in Terms of the Development of the Neural Tube

Intact

Neural tube defect

Undeveloped

p1 value

p2 value

Group 1

18

–

3

1

0.23

Group 2

16

1

4

0.49

0.70

Group 3

13

3

5

0.34

0.51

Group 4

9

5

7

0.067

0.058

p1 value terms of NTD occurrence, p2 terms of any developmental defect (NTD + undeveloped) occurrence.
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From a different perspective, but not applicable to this
study, one of the well-known side effects of the atypical
antipsychotics is weight gain and it is known that maternal
obesity is a risk factor for NTD (14,19). Even indirectly, one can
suggest that ‘Atypic antipsychotics might cause NTD’. Thus,
the absence of any direct effects on the embryo does not
mean the drug is safe in terms of congenital malformations.
This should always be kept in mind.
█

CONCLUSION

This study demonstrated no significant relationship between
foetal quetiapine exposure and NTD occurrence in the
chicken model of embryo development. Quetiapine is a widely
used antipsychotic. In many circumstances, the treatments
continue in pregnancy as well and, with reason, many studies
exist about the foetal effects of quetiapine. Recent studies are
indicating a safer profile for use in pregnancy. Nevertheless,
many studies are suggesting that foetal exposure to quetiapine
is related to many anomalies. It is not easy to interpret the
data in these studies because many animal embryo models
are insufficient to simulate a pregnancy environment. Thus,
further phase-4 evaluations and experimental studies are
needed.
█
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