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EXPERIMENTAL STUDY

Low dosages of vitamin A may cause a decrease in the total 
neuron number of fetal hippocampal rat cells
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ABSTRACT
OBJECTIVES: We investigated the effect of low, medium and high doses of oral vitamin A, on the number of 
fetal hippocampal neurons.
BACKGROUND: High doses of vitamin A during pregnancy may cause embryonic malformations. There are 
reports about dosages that don’t cause macroscopic malformations, but may cause mental and behavioral 
disorders. Still, quantitative morphological studies explaining this topic are lacking.
METHODS: We administered oral vitamin A to pregnant rats on the 10th–12th days of pregnancy at doses 
of 10000, 20000, 30000, 40000, 50000, 100000 and 200000 IU/kg. We collected the fetuses on the 19th day 
and removed their brains. After staining with cresyl violet and immunolabeling with Tunel and Ki67 antibody, 
we examined the hippocampi with stereological methods.
RESULTS: Vitamin A decreased hippocampal neuron numbers beginning from 20000 IU/kg. While the 
number of Ki67 positive cells increased with the dosage, the increase of apoptotic cells begun at the dose of 
50000 IU/kg.
CONCLUSION: Our study demonstrates that vitamin A, beginning from the dosage of 20000 IU/kg, is 
decreasing the total hippocampal neuron numbers during the critical period of embryonic brain development 
and that apoptosis may not be the only factor in this outcome (Tab. 1, Fig. 3, Ref. 27). Text in PDF www.elis.sk
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Introduction

The concept that vitamins are only benefi cial and have no harm 
seems to lose its validity for many vitamins. Among these, vitamin 
A is one of the most studied substances that enter the embryo (1). 
Although vitamin A is essential for survival and development, its 
high doses are teratogenic (2). 

Vitamin A is very effective in the development of the central 
nervous system (CNS) and often controls it by its oxidation. This 
control is in the form of induction of neurogenesis and the shap-
ing of the CNS (3). The metabolic active form of vitamin A is all-
trans retinoic acid (RA). RA binds to the RA receptor (RAR) in the 
nucleus. (4). Early developmental stages of the forebrain are one 
of the least studied subjects, there is not much data on the effect of 
RA on the forebrain (5, 6). The hippocampus, that develops from 
the forebrain, has an important place in studies related to vitamin 
A and its derivates (retinoids) because of its role in learning and 
memory and because of the presence of dense RAR’s in this region 

even in adult individuals (7). High concentrations of RA reduce 
the number of hippocampal neurons in cell culture (8). Because 
of the lack of suffi cient in vivo studies, this study will focus on 
the morphological effects of vitamin A on the fetal hippocampus.

There are clinical reports that concluded that daily dosages of 
above 10000 IU/day may cause malformation in the CNS (9). Dose 
of RA that causes no large morphological malformations (2.5 mg/
kg), administered toward the end of the fi rst month of pregnancy 
in mammals, is impairing the intelligence of pups (10). Conse-
quently, the role of retinoids in CNS function was a focal point in 
recent years (11). Previous studies have shown that exposure to 
retinoids during pregnancy may lead to disturbances in learning 
and other behavioral parameters, even if they’re at non-teratogenic 
doses (subteratogenic) (≤ 100000 IU / kg) (1). Thus, some studies 
emphasize the need to track retinoid levels during pregnancy (12).

While there are clinical, behavioral and immunohistochemi-
cal studies of subteratogenic dosages (13); there are not enough 
quantitative studies that could explain the effect of these dosages 
of vitamin A. Our study aimed to show the effects of orally ad-
ministered dosages of vitamin A on the fetal hippocampus using 
immunohistochemical and stereological methods.

Materials and methods

We brought 40 female Sprague-Dawley albino rats from the 
Eskisehir Osmangazi University Animal Care Facility. After over-
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night mating with male rats, we considered females with sperms 
in their vaginal smears as pregnant (G0) and divided the pregnant 
rats into eight equal groups comprising fi ve rats. Between G10-12, 
the period where the CNS is most affected by retinoids (14), seven 
groups received 10000 IU/kg, 20000 IU/kg, 30000 IU/kg, 40000 
IU/kg, 50000 IU/kg, 100000 IU/kg and 200000 IU/kg of oral vita-
min A (retinyl palmitate-Merck) diluted in corn oil, respectively. 
The control group received only 0.5 ml of corn oil on these days. 
At G19 we anesthetized the pregnant rats with Halothane. Before 
scarifi cation with exsanguination, we removed their fetuses via c-
sections. After macroscopic evaluation, we fi xed the fetuses with 
cardiac perfusion (Paraformaldehyde 4 %-Merck with Peristar Pro 
Perfusor). Afterwards we removed the brains of the fetuses, and 
post fi xated them for 24 hours. We embedded the fetal brains in 
paraffi n (Merck) and took 30μm thick sections with a rotary mi-
crotome (Leica RM 2125RT) and stained these sections with cre-
syl violet (CV; Atom Scientifi c). We evaluated all sections with a 
Leica DM3000 microscope coupled to a Stereoinvestigator (MBF) 
unit to estimate the total hippocampal neuron numbers by using the 
optical fractionator method (15). We used the same paraffi n blocks 
for immunohistochemical staining. For this purpose, we cut every 
10th and 11th section in 10 μm and stained them with immunohis-
tochemical techniques. We marked the 10th sections with a Ki67 
(Abcam) and the 11th sections with a Tunnel (Abcam) kit to esti-

mate the number of immunopositive cells per unit area (NA) of the 
hippocampus (16, 17).

We performed all experimental procedures by protocols ap-
proved by the Eskişehir Osmangazi University Local Ethics Com-
mittee on Animal Experiments (Protocol #2016/465-1).

Results

Morphological examination
CV stained samples revealed that the hippocampus of nineteen-

day rat fetuses was not fully developed. The still-developing Am-
mon’s horn was visible, the developing CA1 region distinguish-
able. Medially to the Ammon’s horn was a thick layer of Ammon’s 
horn neuroepithelium followed by subicular neuroepithelium. We 
could recognize the primordial dentate gyrus, and also the Fimbria 
extending into the lateral ventricle. We made all identifi cations 
on the sections according to the atlas of Altman and Bayer (18).

Stereological fi ndings
We found no difference between the number of neurons in the 

control group and the number of neurons in the 10000 IU/kg group. 
Total neuron numbers of the other groups were signifi cantly lower 
than the controls. We saw that the 200000 IU/kg group had the 
lowest neuron number and the 100000 IU/kg group had followed it. 
There was also a signifi cant difference between these two groups. 
The 20000 IU/kg, 30000 IU/kg, 40000 IU/kg and 50000 IU/kg 

Dosages IU/kg 0 10000 20000 30000 40000 50000 100000 200000
Total Hippocampal Neurons 98329±1239 101139±2121 87843±1331 86905±1333 87789±5413 87522±2052 72871±2155 53933±2852
Tunnel + cells (mm–2) 39.8±3.5 39.5±5.9 39.6±2.9 44.1±3.4 45.4±5.6 54.9±2.1 60.4±3.6 57.3±4.1
Ki67 + cells (mm–2) 223.6±13.4 346.0±11.9 342.9±6.4 326.8±31.4 262.2±18.9 285.4±3.3 255.4±9.2 215.0±6.4

Tab. 1. Table summarizing the mean values of stereological measurements with ± standard deviation (SD). We evaluated seven fetal brains 
from each group.

Fig. 1. Graph representing total hippocampal neuron numbers and 
statistical signifi cances between groups. Error bars are representing 
SEM. Comparison of control group with other groups, *; Compari-
son of 10000 IU/kg group with higher doses, +; Comparison of 20000 
IU/kg group with higher doses, x; Comparison of 30000 IU/kg group 
with higher doses, #; Comparison of 40000 IU/kg group with higher 
doses, Ω; Comparison of 50000 IU/kg group with higher doses, π; 
The comparison of the 100000 IU / kg group with 200000 IU/kg dose 
is shown by ∆. One symbol means p < 0.05, two means p < 0.01, three 
means p < 0.001.

Fig. 2. Graph representing numbers of hippocampal Tunel (+) cells 
(NA) estimated in unit area. Error bars are representing SEM. Com-
parison of control group with other groups, *; Comparison of 10000 
IU/kg group with higher doses, +; Comparison of 20000 IU/kg group 
with higher doses, x; Comparison of 30000 IU/kg group with higher 
doses, #; Comparison of 40000 IU/kg group with higher doses, Ω. One 
symbol means p < 0.05, two means p < 0.01, three means p < 0.001.
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dosages were not different between each other and control; their 
neuron numbers were less than controls, but signifi cantly higher 
than the 100000 IU/kg and 200000 IU/kg groups (Fig. 1, Tab. 1).

The calculations of Tunel positive cells revealed that the num-
ber per unit area of these cells increased as the dosage increased. 
But we found no difference between the groups beginning from 
the control group up to the dosage of 40000 IU/kg. There was no 
signifi cant difference in the number of apoptotic cells between 
the 50000 IU/kg, 100000 IU/kg and 200000 IU/kg doses, but the 
number of apoptotic cells of those groups was signifi cantly higher 
than with the dosages lower than 50000 IU/kg (Fig. 2, Tab. 1).

When we examined the cell numbers per unit area acquired 
from Ki67 stained tissue sections, we observed the lowest values 
in the 200000 IU/kg and Control groups; and found no difference 
between these two groups. The control value was lower than the 
100000 IU/kg group. The differences between controls and 10000 
IU/kg, 20000 IU/kg, 30000 IU/kg, 40000 IU/kg and 50000 IU/kg 
were highly signifi cant. There was no statistical difference between 
the dividing cell numbers per unit area of the 10000 IU/kg, 20000 
IU/kg and 30000 IU/kg groups, but their numbers were higher than 
of the other groups. The number of Ki67 positive cells of 40000 
IU/kg was statistically higher than in the 200000 IU/kg group, but 
was not different from the 50000 IU/kg and 100000 IU/kg groups. 
The cell numbers of the 50000 IU/kg dosage group were higher 
than in the 100000 IU/kg and 200000 IU/kg groups. The number 
of dividing cells in the 100000 IU/kg group was also higher than 
in the group receiving 200000 IU/kg (Fig. 3, Tab. 1).

Discussion

Although there are few sources about the developing rat hip-
pocampus, we have been able to access a few fundamental articles. 

Bayer (1980), made extensive studies on the developing rat hip-
pocampus. Bayer reported that the Ammon’s horn was primitive 
on G18-G19. The same study described that axons from subicular 
neurons formed the fi mbria on G18-G19 (19). The author’s obser-
vations were parallel to our fi ndings. We also defi ned the primi-
tive Ammon’s horn and fi mbria in our sections. Reznikov (1991) 
stated that on G18-G19 the primordial dentate gyrus is formed from 
ball-like subpial cells. We could also defi ne the primordial dentate 
gyrus in our sections taken from G19 fetuses (20). In the light of 
previous studies, we can confi rm that our fetuses are 19 days old.

Our results show that 10000 IU/kg retinyl palmitate given 
between G10-12 causes an increase in the total number of hip-
pocampal neurons, and higher doses cause a decrease in the total 
number of neurons in a dose-dependent manner. As expected, at 
doses that are considered as teratogenic (100000 IU/kg and 200000 
IU/kg) neuron numbers were further reduced. We know that RA is 
stimulating cell proliferation and is a necessary substance in brain 
development (21, 22). Our study has shown that 10000 IU/kg has 
also increased cell proliferation. This suggests that this amount of 
retinyl palmitate speeds up development. Our data show that the 
total neuron numbers from dosages higher than 10000 IU/kg are 
lower than the controls. This suggests that dosages beginning from 
20000 IU/kg are affecting the cell number negatively. Previous 
studies have also reported that high doses of retinoids reduce cell 
proliferation. Maden et al (1998) have shown that excess vitamin 
A causes various disorders in the central nervous system through 
apoptotic mechanisms (23). In another study on adult Sprague-
Dawley rats, they reported that chronic RA administration severely 
suppressed adult hippocampal neurogenesis (24). Schnorr et al 
(2011) suggested that subteratogenic doses of RA in pregnancy 
causes oxidative stress in the brain of mothers and offsprings, and 
the resulting free radicals cause apoptosis (25). 

We determined the number of apoptotic cells in the hippocam-
pus with Tunel staining. Our results confi rmed the data of Schnorr 
et al (25); we observed that apoptosis increased particularly after 
50000 IU/kg and increased further at the doses of 100000 IU/kg 
and 200000 IU/kg. The increase of Tunel positive cells may explain 
the decrease in the total number of neurons as the dose increases. 
However, the Ki67 labeling, that shows cell proliferation, did not 
give concordant results with the Tunel data. The number of Ki67 
positive cells was only in the 200000 IU/kg group lower than in 
controls. Whereas the number of dividing cells of the other groups 
was greater than the control group, values of dosages of 10000 IU/
kg, 20000 IU/kg and 30000 IU/kg were higher and highly signifi -
cant compared with all other groups. A study by Appel et al (2019) 
may shed light on this phenomenon. In this study, they exposed 
female rats to a high-fat diet after weaning. They applied the same 
high-fat diet during pregnancy. The 15.5-day-old fetuses of these 
mothers presented growth retardation, whereas 18.5-day-old off-
spring of the same group displayed no differences with controls. 
The authors described this phenomenon as “catch-up growth” 
and attributed this to increased glucose mobilization regulated 
by GSK3β (26). According to our present data, we can suggest 
that a kind of catch-up growth may be present, but the regulating 
mechanisms of this occurrence need to be investigated.

Fig. 3. Graph representing numbers of hippocampal Ki67(+) cells (NA) 
estimated in unit area. Error bars are representing SEM. Comparison 
of control group with other groups, *; Comparison of 10000 IU/kg 
group with higher doses, +; Comparison of 20000 IU/kg group with 
higher doses, x; Comparison of 30000 IU/kg group with higher doses, 
#; Comparison of 40000 IU/kg group with higher doses, Ω; Compari-
son of 50000 IU/kg group with higher doses, π; The comparison of 
the 100000 IU / kg group with 200000 IU/kg dose is shown by ∆. One 
symbol means p < 0.05, two means p < 0.01, three means p < 0.001.
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When we examined the stereological results as a whole, we 
saw that the total number of neurons counted particularly in high 
dosage groups was lower than in the control group, but the cell 
division is much higher than the controls. Considering the num-
ber of apoptotic cells, we suggest that other mechanisms may be 
effective in the neuron decrease. Griffi n et al (2010) used hypo-
thalamic neuron culture in their studies. They added 10μM 13-cis-
RA to the culture and observed that it reduced cell proliferation 
for 48 hours. They showed that the decrease in cell number was 
not related to oxidative stress and attributed the reduction of the 
cell count caused by excess RA not only to apoptosis but also to 
necrosis and disruption in the cell cycle (27).

Conclusion

When we assess the data obtained from our study in the light of 
the abovementioned articles, we can suggest that doses of vitamin 
A, ranging from 20000 IU/kg to 50000 IU/kg and thought to be 
subteratogenic, may have essentially teratogenic effects during the 
critical period of embryonic brain development. Even 20000 IU/
kg of oral vitamin A applied between 10th-12th days of pregnancy 
causes a decrease in the total number of hippocampal neurons. We 
suggest that along with apoptosis other mechanisms that decrease 
cell numbers are effective in the emergence of this result.
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