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Abstract

Objective: To assess the effects of prenatal administration of valproic acid on the survivability and day of hatching
of chick embryo in comparison with age-matched controls.

Methods: The experimental study was conducted at the Department of Anatomy, Regional Centre of College of
Physicians and Surgeons Pakistan, Islamabad, from February 2010 to February 2011. Fertilised chicken eggs were
divided into two groups, labelled as experimental group-A and control group-B. Group-A eggs were injected with
valproic acid, incubated and hatched. Group-B eggs underwent sham treatment using normal saline. The fully
hatched chicks were then evaluated for the day of hatching and survivability, on hatching or on day 22 of incubation
whichever was earlier. Outcome was statistically compared with the controls using SPSS 10.

Results: The two groups had 30 eggs each. In Group-A 23(76.66%) chicks hatched out, while there were 7(23.33%)
dead chicks. In Group-B, 28(93.33%) chicks hatched out and 2(6.66%) were dead. Chicken embryos exposed to
valproic acid in ovo showed increased mortality (p<0.001) and delayed hatching (p<0.001).

Conclusion: Prenatal exposure of chick embryos to valproic acid decreased embryo survival and also delayed

hatching compared to age-matched controls.
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Introduction

Epilepsy is a commonly encountered serious neurological
problem faced by obstetricians, gynaecologists and
primary healthcare physicians. Its importance lies in the
fact that most of the epileptic women need to continue
taking medication during pregnancy, since uncontrolled
seizures may be harmful to the women as well as to the
foetuses.

Valproic acid (VPA; 2-n-propylpentanoic acid; chemical
formula: C8H1602) was approved as an antiepileptic drug
in 1967 in France.! It is one of the most frequently-
prescribed anti-epileptic drugs worldwide due to its
broad spectrum and good tolerability.23 It is considered
the drug of first choice for the treatment of generalised
and focal epilepsies in adults and children. Both the usage
and the therapeutic indications of VPA are increasing.
Now in addition to epilepsy, it is also employed in the
treatment of different pathologies, including
schizophrenia,# bipolar disorders,> and different forms of
headache It is also currently under experimental and
clinical investigation as an anti-cancer drug,” in treating
the patients of retinitis pigmentosa (RP),8 autoimmune
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neuropathies,® and human immunodeficiency virus (HIV)
infection.10

Valproic acid is used in increasing numbers of pregnant
patients not just for epilepsy, but also for psychiatric
diseases and migraine headaches. Previous studies have
shown that the VPA readily crosses the placental barrier to
the foetus.’" It has been shown to be teratogenic in
animals and humans. Its human teratogenic effects have
been reported since 1980.12 Teratogenic effects include
neural tube defects (NTDs), heart, craniofacial features,
urogenital structures and limbs leading to identification
of a distinctive Foetal Valproate Syndrome.!3 It has been
assigned to pregnancy category D by the US Food and
Drug Administration (FDA).14

Many animal studies have been carried out in order to
mimic the effects of valproic acid on human embryo.
Teratogenic effects of VPA have already been established
and the current study was planned to investigate the
effects of VPA on the survivability of chick embryos on
hatching, and the day on which chicks hatched, by
comparing it with the number of alive chicks on hatching
in the control group and their day of hatching, because
these effects are still being investigated. The chick embryo
was selected as the experimental model because it
offered obvious advantages such as small size, rapid
embryonic development, and can be used in experiments
that require synchronised embryo subjects in order to
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assess the extent to which all embryos are or are not
equally affected by the same drug exposure.

Materials and Methods

The experimental study was carried out at the
Department of Anatomy, Regional Centre of College of
Physicians and Surgeons, Pakistan (CPSP), Islamabad,
from February 2010 to February 2011.

It was carried out on two groups labelled as experimental
Group-A and the control Group-B. The freshly laid
fertilised chicken eggs, belonging to 'Rhode Island Red'
breed of Gallus domesticus, were collected from Poultry
Research Institute (PRI), Punjab. Cracked eggs and eggs
stored for more than 03 days were excluded. The
specimen was randomly selected by using the random
selection table.

The egg shells were sterilised with 70% alcohol swabs.
They were then placed in the racks with the blunt end
facing upwards and the pointed end downwards. The
eggs were left in this position for 5 to 15 minutes to let
them dry. This also allowed the blastoderm to rotate and
come to lie above the blunt end, which protected it from
getting damaged while the drug was being injected at
the lower end. The drug was injected by drilling two holes.
The first hole was just one finger above the lower pointed
end for injecting the drug and the second one was at the
top of the blunt end to allow escape of air (which is
normally present at this end) during injection of the drug,
otherwise the drug would not stay inside, and leak back.
By using insulin syringe, the eggs were injected with
0.4mg valproic acid in 20pl normal saline, in the yolk.4
Similarly, the same volume of normal saline was injected
in the eggs of the control group. Soon after the
administration of drug and normal saline, the holes in the
shell were sealed with melted wax and the eggs were
placed in the incubator (manufactured by Memmert
Electric Company, Germany). The temperature was
maintained at 38+0.5°C, relative humidity was kept
between 60-70% and adequate ventilation was
maintained. The day when eggs were placed in the
incubator was taken as day 0. Daily, the eggs were
manually rotated ¥ turn twice. The chicks were allowed to
develop till hatching or day 22 of incubation, whichever
was earlier. The day of hatching was recorded. Afterwards,
on day 22 of incubation the remaining chicks were
manually taken out by breaking the shell. The number of
alive and dead chicks was recorded. Statistical analysis of
the data was done with SPSS 10. Chi-square test was
applied to detect any significant difference in the
survivability of embryos in the control and experimental
groups. To detect any significant difference in the day of
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hatching, Fisher exact test was applied and p<0.05 was
considered statistically significant.

Results

The two groups had 30 eggs each. In Group-A 23(76.66%)
chicks hatched out, while there were 7(23.33%) dead
chicks out of which 6(2-%) were completely formed
embryo with limb deformities and failure of retraction of
yolk sac into the abdominal cavity (Figure-1). One had
arrested growth at early vascularised blastoderm stage. In
Group-B, 28(93.33%) chicks hatched out and 2(6.66%)
were dead and had arrested growth at early vascularised
blastoderm stage (Figure-2).

The survival rate of Group-B was significantly higher than
that of Group-A (p<0.001) (Table-1). As against the normal
gestational period of 21 days, 14(46.66%) Group-A chicks
hatched on day 21 while 9(30%) hatched on day 22 of the
incubation by themselves. The remaining 7(23.33%) were
dead chicks when broken manually on day 22. In Group-B

=

Figure-1: A Group-A dead chick showing failure of retraction of intestinal loop and yolk
sac (black arrow).
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Table-1: Comparison of total number of dead and alive chicks in Group-A and
Group-B).

Group Number of chicks P-value of difference
Alive Dead Total between A& B

A 23 (76.67%) 7(23.33%) 30

B 28(93.33%) 2 (6.66%) 30 <0.001*

Total 52 (86.66%) 9 (15%) 60

Key: *= Significant

Table-2: Comparison of day of hatching in the two groups.

Group  Day of hatching of alive chicks Total alive P-value of difference

Day 21 Day 22 chicks between A& B
A 14 (60.86%) 9(39.13%) 23
B 28 (100%) 0 28 <0.0001*

Total 42 (82.35%)
Key: *= Significant

9 (17.65%) 51

100%
80%
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20%
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Figure-2: Comparison of survivability of experimental and control chicks.

28(93.33%) chicks hatched on day 21 by themselves, while
2(6.66%) did not hatch, and when broken on day 22, they
were found to be macerated early vascularised
blastoderms. Chicken embryos exposed to valproic acid in
ovo showed increased mortality (p<0.001) and delayed
hatching (p<0.001) (Table-2).

Discussion

Valproic acid is known to have teratogenic effects on the
development of neural tube, heart, limbs, genitourinary
system, eye, respiratory tract, abdominal wall and skin.

In the present study, the exposure of developing chick
embryos of experimental Group-A to valproic acid
decreased their survivability compared to control Group-
B. This is in accordance with a previous study in which
chicken embryos of stage 14-16 were exposed to valproic
acid in ovo topically on rostral region after the removal of
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vitelline membrane. The chick embryos showed increased
mortality when examined 24-72 hours later while also
increasing the dose of VPA worsened the viability of
embryos.15

Despite the fact that it is a known teratogen and is in use
since 1967,4 the exact mechanism of valproic acid-
induced teratogenicity and mortality is still not clear.
However, different clinical and experimental studies
proposed different mechanisms. In one of the previous
studies, it has been shown that valproic acid interfered
with embryonic folate metabolism.1¢ Folic acid (folate, B9)
is a vitamin required for the normal cellular functions.
Folate metabolism is important for the transfer of a
methyl, methylene, or formyl group, and in the
transformation of certain amino acids as well as in the
synthesis of purines and pyrimidine needed for the
synthesis of dioxyribonucleic acid (DNA). These processes
are required by all the rapidly growing cells and are
important for differentiation and proliferation during
embryogenesis.’” Experimental studies in a number of
animal species demonstrated that folate deficiency
causes increase the incidence of foetal loss, intrauterine
growth  retardation and  various  congenital
malformations.'® Therefore, one cause of decreased
embryonic survivability could be through the
interference of folate metabolism.

Vitamin A (retinol) and its oxidative metabolite, all-trans-
retinoic acid affects growth, differentiation and
morphogenesis of organs. Both excess and deficiency of
vitamin A can cause human embryo toxicity and
congenital anomalies.’® In infants, children and adults
treated with either valproic acid monotherapy or with
valproic acid in combination therapy significant alteration
in the retinoid metabolism was noted.20 Another
mechanism of embryo toxicity and teratogenicity might
be high serum concentration of all-trans and 13-cis
retinoic acid.

In the past, different experimental observations have
shown that valproic acid affects gene environment by the
inhibition of histone deacytylase (HDAC) and alteration of
Wnt signalling in human and animal cells.2' HDACs are
proteins with a fundamental impact on gene expression.
A study found that inhibition of HDACs may result in
interruption of cell proliferation, differentiation and
apoptosis.22 Therefore, HDAC activity is crucial for
embryonic development as is shown by the HDACI
knockout mice which die early in development due to
growth retardation and proliferation defects.23

All of these previous studies strongly suggest that
valproic acid interferes with different factors that are vital
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for the normal development of embryo and thus resulted
in the increased rate of mortality of chicks at hatching.

The normal gestational period in chick is 21 days. During
normal development, on day 20 of incubation, pipping
begins, embryo breaks into air cell and breathing begins;
allantois ceases to function and starts to dry up, and
embryo hatches on day 21 of incubation. In the present
study, the cause of delayed hatching in the experimental
group (A), was either the death of the chicks or diminished
mobility of the chicks who survived.

Conclusion

Exposure of developing chick to valproic acid decreased
the survivability of the embryos and delayed the hatching
compared to age-matched controls.
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