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as neural tube closure anomalies, neural tissue losses, and 
bone anomalies contribute to mortality cases (2,5,12,15,28). 
In addition, anomalies during secondary neurulation due to 
caudal bud anomalies become clinically apparent as spinal 
dysraphism and tense spine syndrome. These are also related 
to distal bowel and urogenital system anomalies, such as 
bladder exstrophy (5,7,16,22).

█   INTRODUCTION

Neural tube defects (NTDs) are very complicated and 
multifactorial, with an incidence of 1/1000 across the 
world. The cellular and molecular disorders causing 

NTDs are virtually unknown. These anomalies include cranial 
anencephaly and caudal spina bifida. Comorbidities such 
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ABSTRACT

AIM: To evaluate the effects of dexamethasone (Dex) treatment on neural crest cells and primary and secondary neurulation in chick 
embryos.   
MATERIAL and METHODS: Sixty fertilized eggs with an average weight of 65 ± 2 g were incubated in 60%–70% humidity at 37.2°C 
± 0.1°C. After 26 hours of incubation, the control group (n=12) received 0.1 mg/kg physiologic saline (S), group 1 (n=12) received 0.1 
mg/kg Dex, group 2 (n=12) received 1 mg/kg Dex, and group 3 (n=12) received 5 mg/kg Dex into each embryonic disc. The eggs 
were incubated until Hamburger–Hamilton stage (HH) 15, HH18, and HH20. Then, the embryos were dissected and evaluated both 
macroscopically and microscopically.
RESULTS: The mortality rate in the control group, group 1, and groups 2 and 3 was 27%, 48%, and 100%, respectively. The 
neural tube thicknesses in group 1 significantly increased in HH 15 and HH20 (p<0.05). The mitosis number in group 1 significantly 
decreased in each stage (p<0.05).  Wnt-1 expression was significantly lower in group 1 in HH15 (p<0.05) and HH18 (p<0.05), but 
there was no significant difference in HH20 (p>0.05). Fibroblast growth factor (FGF) expression was significantly lower in group 
1 in HH15 (p<0.05). The expression of N-cadherin was significantly higher in group 1 in HH20 (p<0.05). Fibronectin expression 
decreased in group 1 in HH18 (p<0.01).
CONCLUSION: Although the Dex treatment did not result in neural tube closure defect, the mortality rates and neural tube 
thicknesses increased, whereas mitotic activation and Wnt-1 and FGF signal pathways reduced in some stages.
KEYWORDS: Primary neurulation, Secondary neurulation, Neural crest cells, Dexamethasone, Chick embryo
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In vertebrates, neurulation consists of primary and secondary 
neurulations. In primary neurulation, a neural plaque initially 
folds and fuses in a craniocaudal fashion (31). Then, 
secondary neurulation starts with mesenchymal condensation 
in the caudal bud formed in the caudal part of a neural tube, 
and neurulation is completed when these structures fused 
in chicken, rat, and human embryos (5,9,18,21,28,30,40,41). 
Neural crest cells (NCCs) give rise to the formation of neurons 
and glia cells of the nervous system, connective tissues of 
craniofascial structures, and pigment cells of the skin in 
vertebrates (14,32). Trunk neural crest cells (tNCCs) originated 
from the caudal region of embryos during the fusion of neural 
folds (9,13,21,38). NCCs and neural plate border cells (NPBCs) 
express signaling molecules, such as Wnt, fibroblast growth 
factor (FGF) and Notch (13,23,27,31,32). Wnt and FGF signaling 
pathways are required for NCC proliferation, differentiation, 
and migration during embryogenesis (6,29,38,42) and are 
essential for the development of the central nervous system 
and midbrain maturation (6,21,33,34,35,38,39,42). N-cadherin 
is an important adhesion molecule for neurulation and NCC 
development (14).

Dexamethasone (Dex) is a glucocorticoid frequently used 
during prenatal period for the treatment of arthritis, allergic 
reactions, asthma, autoimmune diseases, chemotherapy, 
and fetal lung maturation to prevent premature birth. Dex, 
which pharmacologically falls into class C, has significant side 
effects if administered during pregnancy, causing encephalo-
cele, meningocele, and minor skeletal defects. Previous stud-
ies have shown that these effects are related to the prolifer-
ation, migration, and differentiation of NCCs (4,20). Although 
these side effects of Dex therapy are known, its effects on 
primary and secondary neurulation are unclear, including the 
underlying mechanisms. To explain the cellular mechanisms 
of NTDs that emerge frequently with distinct manifestations, 
it is necessary to determine the signaling molecules and oth-
er proteins released during neurulation that regulate cellular 
behavior. The aim of this study was to evaluate the effects of 
Dex treatment on NCCs and primary and secondary neurula-
tion in chick embryos.

█   MATERIAL and METHODS
Experimental and Animal Design

All experiments were approved by the local animal ethics 
committee of the Acibadem Mehmet Ali Aydinlar University 
(ACUDEHAM, HDK-2017-48). Sixty fertilized, pathogen-free 
eggs (Gallus gallus domesticus) were used (Bornova Veterinary 
Control and Research Institute, Izmir, Turkey), with average 
weight of 65 ± 2 g. Then, these eggs were incubated for 26 
hours in 60%–70% humidity at 37.2°C ± 0.1°C. The position 
of each egg was changed on its axis every 90 minutes (min). 
The embryos staged as Hamburger–Hamilton (HH) grade 8  
[26–29 hours (h) and four segments] were classified into four 
groups, with 12 embryos in each group (10). Control group: 
0.1 ml saline; group 1: 0.1 mg/kg Dex (Dexamethasone-Water 
Soluble, D2915 Sigma Chemical, St. Louise, Missouri, USA); 
group 2: 1 mg/kg Dex; and group 3: 5 mg/kg Dex. Eggshells 
were opened over the embryonic pole; then, embryonic discs 

were identified. For each embryonic disc, 0.1 ml of saline 
was administered, and the shells were covered with sterile 
adhesive tapes (18,21). The eggs were incubated until they 
reached stages HH15 (50–55 h), HH18 (3 days), and HH20 
(3–3.5 days) (21,36,41).

Histopathological Analyses

At the end of the incubation period, the embryos were 
dissected and evaluated macroscopically for mortality rate, 
embryonic membranes, and vascularity (1,10,21). Then, the 
embryonic membranes were removed, and the caudal regions 
of the embryos were fixed in formal acetic acid for 2 h. After 
the fixation, the embryos were dehydrated for 15 min by 
passing through an alcohol series (70%, 95%, and 100%). 
The embryos were cleared in xylene before being embedded 
in paraffin. Using a microtome (Leica RM2125RT), 5-µm-thick 
serial sections were cut out of the obtained paraffin blocks. 
A hematoxylin-eosin dye was stained in one out of every six 
sections (36,37).

Immunohistochemical Analyses

The embryo sections were incubated overnight at 60°C. 
When the sections were deparaffinized in xylene, they were 
rehydrated through a series of ethanol solutions. First, the 
sections were washed with distilled water and phosphate-
buffered saline solution (PBS, P4417; Sigma–Aldrich, St 
Louis, MO) for 10 min. Then, these were treated with tris-
EDTA (pH: 7.6) for 10 min at 90 W and for 15 min at 360 W in 
a microwave oven. Afterward, the sections were delineated 
with a Dako PAP pen (Dako, Glostrup, Denmark). The sections 
were incubated in 3% hydrogen peroxide for 5 min to inhibit 
endogenous peroxidase activity. After washing with PBS for 
5 min, protein blocks were applied into the sections. After 
washing with PBS, the sections were incubated with primary 
antibodies FGF (1:200, B-3, Santa Cruz Biotechnology) 
and fibronectin (1:200, EP5, Santa Cruz Biotechnology) 
overnight at 40°C in a humidity chamber. The sections were 
washed with PBS twice for 5 min and were incubated with 
Post Primary (rabbit anti-mouse IgG) and then with Novolink 
Polymer (anti-rabbit poly-HRP-IgG; Novocastra, RE715K, 
Newcastle, UK) for 30 min each. After washing them with 
PBS twice, the sections were incubated in a NovoLink DAB 
substrate polymer detection system (RE715K, Novocastra) for 
10–15 s. After washing them with distilled water, the sections 
were counterstained with Mayer’s hematoxylin and washed 
with distilled water. After 3 h of deparafinization and 25 min 
of antigen retriveal, the embryo sections were incubated with 
primary antibodies Wnt-1 (1:100, N/A, Spring Bioscience) and 
N-cadherin (1:100, monoclonal, Leica) for 30 min using Leica 
Bond-Max and Leica Refine detection kits (Leica Biosystems, 
USA). After incubating them with polymers and post-polymers 
for 15 min each, the DAB substrate applied for 10 min in 
the sections was counterstained with Mayer’s hematoxylin 
and washed with distilled water. The immunoexpressions of 
antibodies were evaluated using an Olympus BX53 bright-
field microscope (Olympus, America Inc., USA). The presence 
of brown staining was considered positive for the antibodies. 
A semi-quantitative analysis was performed to determine 
the immune reactivity of the tissue sections. HSCORE was 
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calculated using the following equation: HSCORE = ∑Pi (i + 1), 
where i is the intensity of labeling, with a value of 1 (weak), 2 
(moderate), or 3 (strong), and Pi is the percentage of labeled 
cells for each intensity, varying from 0 to 100% (37).

Histomorphometric Analyses

Five serial sections were used for all histomorphometric 
analyses. A minimum of four different points in each section 
were quantified at a magnification of ×100 to determine the 
thicknesses of the neural tube borders. The rate of mitosis 
was evaluated using a ×400 objective lens in all neural tube 
surfaces via semiautomatic image analysis system using 
the University of Texas Health Science Center At Santorino 
imaging tool for Windows version 1.28 program. The results 
were evaluated statistically. The measurements were 
performed by two independent researchers who were blind to 
the experimental groups (37,41).

Statistical Analyses

GraphPad Prism 8.0 (GraphPad Software, San Diego, CA, 
USA) was used for statistical analyses. All data are expressed 
as mean ± standard error. The data of the groups were 
compared using non-parametric tests, such as Mann–Whitney 
U test and Student’s t-test. P values of <0.05 were considered 
statistically significant.

█   RESULTS
Histopathological Analyses

A total of 96 fertilized eggs were incubated. In the control 
group, seven out of 25 eggs applied with saline died. In group 
1, 17 out of 35 eggs treated with 0.1 mg/kg Dex died. In groups 
2 and 3, 36 out of 36 eggs treated with 1 and 5 mg/kg Dex, 
respectively, died. Because of these reasons, the mortality rate 

in the control group, group 1, and groups 2 and 3 was 27%, 
48%, and 100%, respectively. Although vascular structures 
developed in groups 2 and 3, no embryonic development 
was observed. There was no difference between the control 
group and group 1 in terms of embryo size, macroscopic 
appearance, embryonic membranes, and vascular structures 
(Figure 1).

Histomorphometric Analyses

When we compared the neural tube border thickness in the 
control group and group 1, it increased in group 1 in stages 
HH15 and HH20 (p<0.05), but it decreased in stage HH18 
(p>0.05) (Figure 2A, Figure 3–5 a1–a2). The number of mitoses 
in the neural tube borders in group 1 decreased in stages 
HH15, HH18, and HH20 compared to the control group 
(p<0.05), but no NTDs were found (Figure 2B, Figure 3–5 a1–
a2).

Immunohistochemical Analyses

Wnt-1 expression in the neural tube border was significantly 
lower in group 1 in stages HH15 and HH18 (p<0.05) than 
in the control group, but it was not significantly different in 
HH20 (p>0.05) (Figure 3–5 b1–b2, Figure 6A). When we 
compared the Wnt-1 expression of NCCs in stage HH15, it 
was significantly lower in group 1 (p<0.001) than in the control 
group. The decrease Wnt-1 in group 1 in stages HH18 and 
HH20 was not statistically significant (p>0.05) in NCCs (Figure 
3–5 b1–b2, Figure 7A). In stage HH15, the FGF expression 
was significantly lower in group 1 (p<0.05) than in the control 
group. When we compared the FGF expression of the control 
group and group 1 in stage HH18, it was higher in group 1, 
but the difference was not statistically significant (p>0.05). In 
stage HH20, the FGF expression in the neural tube borders in 
the control group and group 1 was not significantly different 

Figure 1: Embryos A) Stage HH18 control group; B) Stage HH15 group 1 (0,1 mg/kg Dex); C) Stage HH15 group 2 (1 mg/kg Dex);               
D) Stage HH15 group 3 (5 mg/kg Dex) Arrow: Embryonic vessel, *Embryo.
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Figure 2: The thicknesses of 
neural tube border in control 
group and group 1. The number 
of mitosis. Compared to control 
group *p<0.05, **p<0.01, 
***p<0.001.

Figure 3: Control group stage HH15 (a1: hematoxyilene & eosine; b1: the expressions of Wnt-1; c1: the expressions of FGF; d1: the 
expressions of N-cadherin; e1: the expressions of Fibronectin) and group I stage HH15 (a2: hematoxyilene & eosine; b2: the expressions 
of Wnt-1; c2: the expressions of FGF; d2: the expressions of N-cadherin; e2: the expressions of Fibronectin). *NCC, thin arrow: mitosis, 
arrow head: positive immunostaining, #: notochord.

Figure 4: Control group stage HH18 (a1: hematoxyilene & eosine; b1: the expressions of Wnt-1; c1: the expressions of FGF; d1: the 
expressions of N-cadherin; e1: the expressions of Fibronectin) and group I stage HH18 (a2: hematoxyilene & eosine; b2: the expressions 
of Wnt-1; c2: the expressions of FGF; d2: the expressions of N-cadherin; e2: the expressions of Fibronectin). *NCC, thin arrow: mitosis, 
arrow head: positive immunostaining, #: notochord.

A B
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stage HH18, the fibronectin expression was significantly lower 
in group 1 (p<0.01). In stage HH15 and HH20, no significant 
differences in the neural tube border were found between the 
control group and group 1 (Figure 3–5 e1–e2, Figure 6D).

█   DISCUSSION
The development of NTDs is a very complex process, which 

(Figure 3–5 c1–c2, Figure 6B). In stage HH15, the FGF 
expression was significantly lower in group 1 (p<0.001), but 
no significant change was detected in stages HH18 and HH20 
(p>0.05) in NCCs (Figure 7B). In stage HH20, the expression 
of N-cadherin was significantly higher in group 1 than in 
the control group (p<0.05), but there were no significant 
differences in stages HH15 and HH18 (p>0.05) between the 
control group and group 1 (Figure 3–5 d1–d2, Figure 6C). In 

Figure 5: Control group stage HH20 (a1: hematoxyilene & eosine; b1: the expressions of Wnt-1; c1: the expressions of FGF; d1: the 
expressions of N-cadherin; e1: the expressions of Fibronectin) and group I stage HH20 (a2: hematoxyilene & eosine; b2: the expressions 
of Wnt-1; c2: the expressions of FGF; d2: the expressions of N-cadherin; e2: the expressions of Fibronectin). *NCC, thin arrow: mitosis, 
arrow head: positive immunostaining, #: notochord.

Figure 6: Immunohistochemistry 
Hscore analyses of Wnt-1, FGF, 
N-cadherin, Fibronectin in neural tube 
border control group and group 1 in 
stages HH15, HH18, HH20. Compared 
to control group *p<0.05, **p<0.01, 
***p<0.001.
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of Dex at 16 days of gestation reduced the thyroid follicular 
cell proliferation, and at 21 days of gestation, all thyroid 
components, such as follicular cells, C cells, and colloids, 
were reduced depending on antiproliferative effects in rats. 
Moreover, the volume of the adrenal glands decreased after 
the administration of Dex during the intrauterine period (20). 
Although Smith and Schoenwolf showed that neuroepithelial 
cells divide regularly to shape the neural tube of chick embryos 
(31), the mitotic rate in the neural tube decreased after the 
Dex administration in every embryonic stage compared to the 
control group.

tNCCs primarily prefer the inter-somitic field, so they migrate 
first ventrally between the NT and somites in chick embryos. 
When somites completely matured, tNCCs pass through the 
anterior region of the sclerotome and basement membrane of 
the dermomyotome. The third part is to migrate in dorsolateral 
space (2). There is a 48-h difference between the first and third 
wave of tNCC migration in chick embryos (13,21,38).

The Wnt signaling pathway, especially Wnt-1, Wnt-
3a, Wnt-6, Wnt-7, and Wnt-8a, is critically important in 
NPBC and NCC migration during embryonic development 
(13,21,26,29,33,34,42). Prasad et al. have shown that the 
expressions of the Wnt pathway induces neural plate border 
formation and NCC induction. When the Wnt signaling pathway 
was inhibited experimentally, the development of NCCs was 
damaged in chick and frog embryos (26). There is a significant 
reduction in stages HH15 and HH18, depending on the 
dose of Dex in our study. Moreover, the expressions of Wnt-
1 in NCCs were decreased after the Dex treatment, but this 
decrease was only statistically significant in HH15. Previous 
studies have shown that NCC development and maintenance 
and neural fold fusion require continuous activities of Wnt from 
NPB (15,25). Wnt expression is important for the development 
and continuation of NCCs (25,42).

FGF signaling is also important for the development of NCCs 
in chick and human embryonic stem cell-derived neural crest 
model system (17,39,42). A decline in FGF levels leads to a 
deterioration in neural differentiation in a newly formed spinal 

includes cell proliferation and migration from the third week 
onwards of the development and steer signaling pathways. It 
is also a process vulnerable to the effects of drugs, chemicals, 
and viruses, and it is a very common health problem worldwide. 
Negative results can be fatal due to an open or closed neural 
tube defect, with damages in soft and bone tissues and 
different organs. Abnormalities in primary and secondary 
neurulation process can cause NTDs with destructive effects 
on the central nervous system (32). Chick embryos, which 
are cheaper and easier to manipulate than other species’ 
eggs, are very appropriate models for the investigation of 
NTDs. Moreover, NTDs are seen in the lower spinal level of 
chicks; thus, chick embryos are the closest to human models 
(5). Because of these reasons, we investigated the effects 
of Dex treatment on NCCs and neurulation in stages HH15, 
HH18, and HH20 in the caudal part of chick embryos. In this 
study, there were no significant differences between the group 
exposed to low-dose Dex and the control group in terms of 
embryo sizes, embryonic membranes, vascular structures, 
and neural tube effects. Aden et al. have shown that a single 
dose of Dex in embryonic day (E) 16 leads to an increased 
apoptosis in cerebellar granule neurons and other parts of 
the brain (1). Glucocorticoids have hazardous side effects on 
lung and brain development because glucocorticoid receptors 
start expressing during the embryonic period (3,8,11). Gulino 
et al. claim that many regions, including the hippocampus 
and cerebellar cortex, are affected by the harmful effects 
of glucocorticoids in prenatal and neonatal periods. These 
harmful effects are at the level of cell proliferation, growth, 
and differentiation of neurons in the cranial region (8). In our 
study, a single dose of Dex in E0 leads to a high mortality rate. 
Mortality rates are increasing in a dose-dependent manner, so 
embryos were not obtained after a high-dose Dex treatment in 
groups 2 and 3. Although mitotic rates were reduced between 
the groups, the thickening of the neural tube wall was higher 
than that in the control group.

Dexamethasone, a synthetic glucocorticoid, can pass 
through the placental barrier and affect the fetal development. 
Manojlavic-Stojanoski et al. have shown that the administration 

Figure 7: 
Immunohistochemistry 
Hscore analyses of 
Wnt-1 and FGF in neural 
crest cells control group 
and group 1 in stages 
HH15, HH18, HH20. 
Compared to control 
group *p<0.05, **p<0.01, 
***p<0.001.
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