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Abstract
Introduction: Neural tube defects (NTDs) are common congenital malformations that cause lifelong disabilities, high medical costs, 
and significant mortality. This study aimed to evaluate the effects of citric acid, a widely used food additive, on neural tube development 
in chick embryos. 
Methods: Fertilized, specific pathogen-free chicken eggs were randomly assigned to two groups (n=15 each). Group A (control) received 
no treatment, whereas Group B received 0.5 mM citric acid injected beneath the embryonic disc at Hamburger–Hamilton stage 9. After 
72 h of incubation, embryo survival was recorded, and surviving embryos were examined macroscopically and histopathologically for 
NTDs. Statistical analysis was performed using Fisher’s exact test. 
Results: All embryos in the control group survived (15/15, 100%) and showed normal neural tube development. In the citric acid group, 
only 10/15 embryos survived (66.7%), and 9/10 (90%) of these exhibited NTDs, mainly cranial and caudal closure failures. Citric acid 
significantly reduced survival (p<0.05) and increased NTD incidence (p<0.001). 
Discussion and Conclusion: Citric acid significantly reduced embryo survival and increased the incidence of NTDs in chick embryos. These 
findings suggest that citric acid may have embryotoxic and teratogenic effects, highlighting the need for further studies on the safety of 
widely used food additives during early pregnancy.
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Neural tube defects (NTDs) are among the most com-
mon congenital anomalies. They lead to lifelong dis-

abilities and substantial medical care costs. Moreover, they 
represent a major public health problem that can cause 
perinatal and childhood mortality [1].

NTDs are clinical conditions that occur as a result of im-
proper development of the neural tube. They rank second 
among all congenital anomalies in terms of frequency 

and may present with different clinical entities such as 
spina bifida and anencephaly. Anencephaly is character-
ized by the complete or partial absence of the cerebral 
hemispheres and cranium, whereas spina bifida results 
from the failure of the neural tube to close properly in the 
vertebral region [2,3].

Congenital anomalies, particularly during the 1st year 
of life, are among the leading causes of infant mortality. 
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Among these anomalies, NTDs constitute the second most 
common group after congenital heart diseases [4].

A review of the literature reveals that the global incidence 
of NTDs is approximately 1–7/1000 live births, and they 
occur more frequently in females than in males. In Türkiye, 
the incidence of NTDs has been reported as 2.75/1000 live 
births [5].

The etiology of NTDs involves complex, multifactorial in-
teractions between genetic and environmental factors. De-
spite their high incidence, the underlying causes of these 
defects are not fully understood [6,7].

Experimental studies have shown that exposure to alcohol, 
carbamazepine, salicylates, insulin, clomiphene, valproic 
acid, and chemotherapeutic agents may induce NTDs. Sim-
ilarly, interaction with various teratogenic agents has also 
been found to increase the incidence of these disorders [8].

Citric acid (C6H8O7) is a tricarboxylic acid found in the me-
tabolism of aerobic organisms. It is widely used in many 
industrial fields, with approximately 70% of global produc-
tion utilized in the food industry. Besides food manufactur-
ing, citric acid is also used in the pharmaceutical, agricul-
tural, cosmetic, chemical, and other industrial sectors. In 
the food industry, it primarily serves as a preservative, an 
acidity regulator, a flavor enhancer, and a synergist of anti-
oxidant activity [9-11].

In this study, we aimed to evaluate the potential effects of 
citric acid on the development of NTDs in chicken embryos.

Materials and Methods

Study Design

This study was conducted in collaboration with the De-
partment of Histology and Embryology, Hamidiye Faculty 
of Medicine, University of Health Sciences. In this experi-
mental study, fertilized, pathogen-free chicken eggs were 
used for incubation and injection (Bornova Veterinary Con-
trol and Research Institute, İzmir, Türkiye). The eggs were 
randomly divided into two groups:

•	 Group A (Control): No treatment (n=15)

•	 Group B (Experimental): Injected with 0.5 mM (0.096 
mg/L) citric acid (n=15).

Physiological saline was used as the vehicle for citric acid 
administration in the experimental group. The control group 
received no injection or treatment. Therefore, the study de-
sign did not include a sham-injected vehicle control group.

Ethical Approval

This study was conducted in accordance with the “Regula-
tion of the Local Ethics Committee for Animal Experiments 

of the Health Sciences University of the Republic of Türki-
ye.” According to Official Gazette No. 28914, dated February 
15, 2014, chick-embryo experiments conducted before the 
last one-third of incubation are exempt from animal ethics 
approval.

Citric Acid Dose

The dose was determined based on the safe range (0.1–
1.0 mM) reported in the literature for embryo culture. 
During the preliminary phase of the study, the drug was 
tested at low (0.1 mM), medium (0.5 mM), and high (1.0 
mM) concentrations. The findings indicated that the min-
imally effective dose corresponded to the medium dose 
(0.5 mM); therefore, this dose was selected for use in the 
main experiment. Citric acid (C6H8O7·H2O, ZAG Kimya, CAS 
No: 5949-29-1, purity 99.5%, molecular weight 210.14 g/
mol) was dissolved in sterile saline to prepare the desired 
concentration.

Incubation and Injection

The average egg weight was 65±2 g. Eggs were incubated 
for 24 h at a temperature of 37.2±0.1°C and 60–70% hu-
midity. The study consisted of two groups, each contain-
ing 15 embryos. After 24 h of incubation, the embryos had 
reached stage 9 according to the Hamburger–Hamilton 
classification.[12] The eggshells were carefully opened un-
der ×4 magnification, and the embryonic discs were iden-
tified. A volume of 0.1 mL of the prepared solution was 
injected beneath the embryonic disc using a 24-gauge 
syringe. After injection, the opened eggshells were sealed 
with sterile adhesive tape and incubated for an additional 
72 h. At the end of this period, the eggs were reopened, 
and the embryos were carefully dissected from the extra-
embryonic membranes. Embryo survival was recorded as 
intact vasculature and a visible heartbeat. In the control 
group, 15 embryos survived (100%), whereas in the citric 
acid group, 10 embryos survived (66.7%). All surviving em-
bryos were examined macroscopically and histopathologi-
cally for neural tube development and closure.

Histopathological Evaluation

At the end of the incubation period, the eggs were opened, 
and the embryos were carefully transferred into 4% neutral 
buffered formalin for fixation. Following 48 h of fixation, 
the embryos were dehydrated through a graded ethanol 
series (70%, 96%, and 100%), each step lasting 15 min. The 
samples were then cleared in xylene and embedded in 
paraffin. From each paraffin block, serial sections of 5 µm 
thickness were obtained and mounted on glass slides. The 
sections were deparaffinized in xylene, rehydrated through 
a descending ethanol gradient, and subsequently stained 
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with hematoxylin and eosin. After staining, the slides were 
covered with coverslips using Entellan® (Merck) for perma-
nent mounting. Microscopic evaluation was performed us-
ing a Zeiss Axiocam light microscope. Particular attention 
was given to the morphological organization of the neural 
tube and surrounding structures. Any disruption, disconti-
nuity, or malformation observed in the neural tube organi-
zation was defined as an NTD.

Statistical Analysis

Analyses were performed using the Statistical Package for 
the Social Sciences v28.0 (IBM Corp., Armonk, NY). Fisher’s 
exact test was applied. Survival rates and NTD incidence 
were analyzed independently. P<0.05 was considered 
statistically significant. A post hoc power analysis was per-
formed using the observed difference in proportions for 
NTD incidence between the control and citric acid groups, 
with α=0.05. The analysis indicated sufficient statistical 
power to detect the observed difference in NTD incidence. 
However, because no a priori power analysis was per-
formed, this issue was acknowledged as a limitation. All 
evaluations were double-blinded.

Results
Chicken embryos treated with 0.5 mM citric acid were com-
pared with controls for survival and neural tube develop-
ment.

Macroscopic Findings

•	 Control group: All 15 embryos survived and showed 
normal neural tube development. No anomalies were 
detected (Fig. 1a)

•	 Citric acid group: Of 15 embryos, only 10 survived 
(66.7%). Among survivors, 9 (90%) showed NTDs, most-
ly as cranial and caudal closure failures (Fig. 1b-d).

Histopathological Findings

Control embryos exhibited intact neural tube morphology. 
In contrast, citric acid-treated embryos showed closure de-
fects, notochord irregularities, incomplete ectodermal in-
vagination, and impaired somite formation (Fig. 1a-d).

Statistical Findings

Table 1 summarizes survival and NTD incidence. Citric 
acid significantly reduced survival (p<0.05) and increased 
NTD incidence (p<0.001). Data are presented as the num-
ber of embryos and percentages. Survival was recorded at 
72 h, and NTD incidence was calculated among surviving 
embryos. Fisher’s exact test showed significantly lower 
survival (p<0.05) and higher NTD incidence (p<0.001) in 
the citric acid group compared with controls (Fig. 2 and 
Table 1).

Figure 1. Macroscopic and histopathological evaluation of neural tube development in chick em-
bryos. (a) Control embryo showing intact neural tube (Nt) with notochord (n) and somites (s). Scale 
bar=100 µm. (b) Cranial neural tube of a citric acid-treated embryo; the red star indicates closure 
failure. Scale bar=100 µm. (c) Citric acid group embryo; black circle corresponds to the magnified 
region in (b), red circle corresponds to the magnified region in (d). Scale bar=500 µm. (d) Caudal 
neural tube of a citric acid-treated embryo; the red star indicates closure failure. Scale bar=100 µm.

Figure 2. Outcome at 72 h: Non-survivor versus normal versus neural 
tube defect.
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Discussion
NTDs, which arise from abnormal neurulation, are congen-
ital malformations that can cause severe medical problems 
both prenatally and postnatally, often resulting in lifelong 
disability or even death. They also have significant financial 
and social implications [13].
All types of NTDs are characterized by defective midline 
closure of the neural tube. In these cases, the organization 
of neural tissue, surrounding bone, mesenchymal tissue, 
and skin is disrupted. However, embryogenesis involves 
highly complex and diverse processes [14].
Globally, the incidence of NTDs varies between 1 and 
10/1,000 live births. Despite their relatively high frequency, 
their etiology is not fully elucidated [3].
Nutritional, genetic, and environmental factors play im-
portant roles in the development of NTDs [13,14]. Environ-
mental contributors include socioeconomic status, mater-
nal folate deficiency, maternal hyperthermia, and the use 
of certain drugs such as carbamazepine, valproic acid, di-
uretics, antihistamines, and sulfonamides [14].

Among these factors, the most significant cause of NTDs 
is folic acid deficiency before conception. Early folic acid 
supplementation can reduce the recurrence of NTDs by 
up to 71%, with a recommended daily intake of 0.4 mg for 
women without a history of NTDs and 4 mg for those who 
are carriers or who have had an affected child. Conversely, 
folate antagonists such as carbamazepine can double the 
incidence of myelomeningocele [15].

Since the introduction of periconceptional folic acid sup-
plementation, the global prevalence of NTDs has markedly 
decreased. The American Academy of Pediatrics recom-
mends that women of reproductive age consume 400 µg 
of folic acid daily to minimize NTD risk. Research indicates 
that preconceptional folic acid supplementation can re-
duce the incidence of NTDs by approximately 50% [4,16,17].

Genetic factors have also been implicated in NTD etiology, 
particularly polymorphisms of the 5,10-methylenetetrahy-
drofolate reductase gene. The common C677T polymor-
phism causes substitution of valine for alanine at position 
222 of the enzyme, reducing enzyme activity and tissue fo-
late levels while increasing plasma homocysteine concen-
trations. This polymorphism occurs in homozygous (TT) or 

heterozygous (CT) forms in approximately 10% and 38% 
of the population, respectively. The homozygous TT geno-
type shows a more pronounced effect, associated with an 
increased risk of NTDs and a modestly elevated risk of car-
diovascular disease [15,18].

Several experimental studies have investigated the impact 
of environmental factors, food additives, and pharmaceu-
ticals on neural tube development in chicken embryos [19-

23]. However, despite the widespread use of food additives, 
there is limited literature exploring their potential effects 
on NTD formation. For instance, Emon et al [19]. investigat-
ed the effect of sodium benzoate on chicken embryos and 
reported that it did not induce NTD formation. In contrast, 
Ovalioglu et al [23]. found that tartrazine, a synthetic dye, 
caused neural tube closure defects in chick embryos. These 
findings underscore the importance of further studies in-
vestigating commonly used additives.

In the food industry, citric acid is a widely used additive in 
beverages, baked goods, jams, marmalades, cheeses, and 
canned foods, where it functions as an acidity regulator, 
flavor enhancer, preservative, and synergist for antioxidant 
activity [24-27].

In our study, we investigated the effects of citric acid – a com-
monly used food additive – on neural tube development in 
chick embryos. The findings suggest that citric acid exposure 
at the administered concentration may be associated with 
impaired neural tube closure in this experimental model. We 
used a single-dose protocol, which represents a limitation of 
this study. However, we believe the findings provide valu-
able insight for the literature. To the best of our knowledge, 
this is the first experimental study to suggest a possible as-
sociation between citric acid exposure and neural tube clo-
sure defects in chick embryos. Further studies are warranted 
to elucidate the mechanism underlying neural tube closure 
failure associated with citric acid exposure.

Similarly, Çelik et al [24]. reported that citric acid induced 
DNA damage at high doses, suggesting potential genotox-
icity.

Because pregnancy tests typically yield positive results 
only after the 2nd week of gestation, many women are un-
aware that they are pregnant during the critical period of 
neural tube closure. This lack of awareness makes it difficult 

Table 1. Survival and incidence of NTDs in control and citric acid groups

Group Eggs incubated Survived at 72 h Survival % NTD incidence (survivors) NTD % (survivors)

Control 15 15 100 0 0

Citric acid 15 10 66.7 9 90

NTDs: Neural tube defects
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to avoid environmental teratogens, which may lead to NTD 
development. These observations should not be directly 
extrapolated to human pregnancy; however, they support 
the need for further experimental studies evaluating the 
developmental safety of commonly used food additives.

Food additives are extensively used for purposes such as 
flavor enhancement, preservation, coloring, acidity regu-
lation, and nutritional supplementation. Given their wide-
spread and continuous exposure in daily diets, large-scale 
research is necessary to assess their potential health risks.

Limitation

This study has several limitations. First, only a single dose 
of citric acid was tested; therefore, dose–response relation-
ships could not be established. Second, the follow-up was 
limited to 72 h, preventing evaluation of later developmen-
tal stages. Third, the control group did not receive a sham 
injection, whereas the experimental group underwent 
subblastodermic injection of citric acid solution. Therefore, 
the possible influence of the injection procedure itself on 
embryonic survival or neural tube development cannot be 
completely excluded. Future studies should include a sh-
am-injected vehicle control group to distinguish the spe-
cific effects of citric acid from those potentially related to 
the injection procedure. Fourth, the sample size was rela-
tively small, with 15 embryos in each group, and no a pri-
ori power analysis was performed. Although the post hoc 
power analysis based on the observed NTD incidence indi-
cated sufficient statistical power, the absence of an a priori 
sample size calculation limited the statistical planning and 
generalizability of the study. Therefore, the present results 
should be interpreted as preliminary and should be vali-
dated in larger experimental studies designed according to 
appropriate power analysis. Finally, while the chick embryo 
is a widely used and informative teratology model, it does 
not fully replicate mammalian or human embryogenesis.

Future Directions

Future studies should investigate the effects of different 
doses of citric acid, as well as longer incubation periods, to 
determine whether the observed defects persist or prog-
ress over time. In addition, molecular and cellular analyses 
will be necessary to elucidate the mechanisms by which 
citric acid disrupts neural tube closure. Comparative stud-
ies in mammalian models may further clarify the transla-
tional relevance of these findings to human pregnancy.

Conclusion
Our findings suggest that citric acid exposure at the ad-
ministered concentration may be associated with impaired 

neural tube development and increased NTD formation in 
chick embryos. Although this study used only a single dose, 
which limits the scope of inference, it provides valuable 
preliminary evidence regarding the potential teratogenic 
effects of citric acid. To our knowledge, this is the first ex-
perimental study to suggest such an association, highlight-
ing the need for further research to clarify the mechanisms 
underlying neural tube closure disruption.

These findings should not be directly extrapolated to hu-
man pregnancy; however, they highlight the need for fur-
ther experimental research on the developmental effects 
of commonly used food additives.
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