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Abstract- Valproic acid is one of the main antiepileptic drugs. There is an increased risk of neural tube
defects and axial skeletal malformations among infants born to women who had received valproic acid.
There is a hypothesis that one biochemical abnormality underlying the teratogenicity of valproic acid is a
drug-induced reduction in maternal plasma zinc .In the present experimental study mated rats were
divided into four groups of 8 animals each [control, valproic acid (VPA), valproic acid + zinc (VPA+ Zn)
and zinc (Zn) groups]. The VPA group received 300 mg/kg valproic acid, daily.The control group
received an equal volume of 0.9% NaCl. The VPA+ Zn group received 300 mg/kg VPA and 30 mg/kg
zinc sulfate and the Zn group received 30 mg/kg zinc sulfate, daily. Valproic acid, NaCl, and Zn were
administered intraperitonealy from day 6 through day 15 of gestation. On day 16, six rats of each group
were authanized and the other rats were scarified on gestational day (GD) 20 to evaluate the skeletal
system among the elder fetuses. Blood was drawn to determine plasma zinc. The data were analyzed by
using analysis of variance (Kruskal -Wallis test). The zinc concentration in the plasma of rats treated with
valproic acid was significantly lower than those of the other groups on 16 GD (P=0.004). Some
anomalies such as hydrocephaly, spina bifida, hemivertebrate, and rib malformations were seen in VPA
treated group. Low percentage of rib anomalies and spina bifida were observed in the VPA+ Zn treated
group while no skeletal anomalies were seen in Zn and control groups. The results from the present
experiment support the hypothesis that one of the biochemical abnormalities causing the teratogenicity of
VPA is a drug–induced maternal plasma zinc deficiency, and possibly, it may also result in reduction of
embryonic Zn.
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INTRODUCTION
Epilepsy is a chronic neurological disorder
characterized by recurrent seizures. It contains sudden
and unprovoked attacks that usually associated with
altered awareness and involuntary movements (1).
Antiepileptic drugs are the mainstay of treatment for
most patients with epilepsy. Valproic acid, one of the
main antiepileptic drugs used today, has been used in
both generalized and partial seizures (1,2). New
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approved indications of valproic acid consist of the
treatment of bipolar disorders, neuropathic pain, and
migraine prophylaxis (1-5). Congenital malformations
have been reported among infants born to women who
had received antiepileptic drugs including valproate
during pregnancy. There is an increased risk of neural
tube defects such as spina bifida and anencephaly
among infants exposed to valproate, and variety of
syndromes such as craniofacial and digital
abnormalities, cleft lip, cleft palate as well as axial
skeletal malformations have been described (3,5-11).
Keen et al. have demonstrated that the teratogenicity
of a number of drugs can be linked partly to druginduced alterations in maternal and fetal trace mineral
status (12). Although some of the researchers believe
that there is a relation between valproic acid
teratogenicity and the decrease of plasma zinc level
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among the elder fetuses. Blood was drawn by cardiac
puncture using heparinized syringes. The uterus was
removed, and the number of live, dead, and resorption
fetuses were recorded. The live fetuses were weighed
(by the rate of 0.01 gram, Sartorius balance), and
crown-rump lengths were measured (by the rate of
0.1mm).According to toxicological studies, the usual
practice is to evaluate half of the fetuses in each litter
for microscopic and macroscopic alterations and the
remaining for clearing and staining of skeletal system
by the alizarin red-s; therefore, we performed this
method for skeletal assessment.

(12-14), the other researchers do not agree with them
(15,16). Zinc (Zn) is an essential element in the
nutrition of human beings, animals, and plants. Zinc is
a constituent of over 200 metalloenzymes and other
proteins involved in immune function, antioxidant
protection, and membrane stabilization. Zinc is
needed in all DNA and RNA synthesis and is required
at every step of the cell cycle (3,8,17-21). Zn is
essential for normal growth and development. In
1976, Jameson observed that low maternal serum zinc
was associated with congenital malformations and
fetal dysmaturity. Several groups reported that
mothers of infants with congenital anomalies had
lower plasma Zn concentrations than that among other
mothers. Zinc deficiency has been implicated
specifically in the development of two neural tube
defects, anencephaly and spina bifida (20). Based on
the aforementioned issues, we investigated the
hypothesis that one biochemical abnormality
underlying the teratogenicity of valproic acid is a
drug-induced reduction in maternal plasma zinc level.

Zinc analysis
Blood samples were centrifuged at 3000 g at 4 oC
for 15 minutes and plasma was transferred into
separate tubes. Plasma zinc was determined (by the
rate of 0.04 ppm) by atomic absorption
spectrophotometry (Spectra AA - 220, Varian) in
Iranian Atomic Energy Organization.

Statistical analysis
Diversity of plasma zinc, fetus length, and fetus
weight between groups at three time-intervals were
evaluated by using analysis of variance. KruskalWallis test used for non-parametric analysis of
difference between all of groups. Statistical
significance was taken for p<0.05.

MATERIALS AND METHODS
Virgin female Sprague- Dawley rats (180-200gr)
were purchased from Pasteur institute. The rats were
housed in cages in a controlled atmosphere room
(temperature 23 -25 oC, 12 h light: dark cycle).The
rats were fed with the zinc adequate diet. Diet and
water were available throughout the experiment. . All
experiments on animals were performed in
accordance with UK legal requirements. After 3
weeks of acclimation to the diet and the environment,
rats were mated with males of the same strain over
night, and successful mating was determined by the
presence of vaginal plugs the next morning, which
was designated as gestational day (GD) 0. The rats
were divided into four groups of 8 animals each
[control, valproic acid (VPA), valproic acid + zinc
(VPA + Zn) and zinc (Zn) groups]. The valproic acid
group received 300 mg/kg valproic acid, daily (Rouz
Darou Co.). The zinc group received 30mg/kg zinc
sulfate, daily (Merck Co.). The control group received
an equal volume of 0.9% NaCl. The valproic acid +
zinc group received 300mg/kg VPA and 30mg/kg zinc
sulfate, daily (Merck Co.). Valproic acid, NaCl, and
zinc sulfate were administered intraperitonealy. These
injections were performed from day 6 through day 15
of gestation .On day 16, six rats of each group were
authanized with ether, and the other rats were
scarified on GD 20 to evaluate the skeletal system

Evisceration of fetuses
The evisceration of fetuses was performed to aid in
clearing and staining of the skeleton. Small scissors
were used to make a longitudinal cut in fetuses. This
cut was extended from below the umbilicus through
the midline of trunk along one side of the sternum,
and severing costal cartilage, but not ribs and avoiding
the clavicle. Evisceration was performed by inserting
the forceps into the thoracic cavity and removing
thoracic viscera, then abdominal and pelvice viscera
were removed.

Staining of fetal skeletons
Staining of fetal skeletons was a modification of
the method of Staples and Schnell (22). After the
alcohol fixation period (7 days), the fetuses were
placed into individual dishes and any remaining
alcohol was drained away. Dishes were filled with 1%
KOH solution, and fetuses were macerated for
approximately 24 h. The KOH solution was then
drained and replaced with 1% KOH solution
containing the alizarin red-s stain, and fetuses were
maintained in the stain for approximately 24 h, after
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Table 1. Plasma zinc of studied groups

that this solution was drained and replaced with a
fresh 1% KOH solution in which the specimens were
retained for another 24 h .The KOH solution was
again drained, and the fetuses were cleared with
progressively higher concentrations of glycerin (20%,
40%, 60%, and 80%). After completion of this
process, the fetuses were stored in 99.5% glycerin and
a few crystals of thymol.

Plasma Zn(ppm)
Groups

Mean

SD

SE

Min.

Max.

VPA (n=6)

2.28

1.55

.63

.96

4.73

Control (n=6)

4.43

2.70

1.10

1.15

8.86

Zn (n=6)

12.49

5.76

2.88

7.15

19.65

Zn + VPA(n=6) 8.57
2.57
1.15
5.15 12.26
Abbrevations:SD,Standard deviation;SE ,Standard Error;VPA ,
Valproic Acid.

RESULTS

Compared to control and Zn groups, VPA+ Zn and
VPA treated groups had low fetal weight and crownrump length on 16 GD (Table 2). The difference of
fetal length between Zn and control groups was not
statistically significant (P=0.186). VPA and Zn
groups showed 3.57% and 1.58% of dead fetuses,
respectively. Control group had low percentage of
resorption compared to the VPA exposed group while
there was not any dead fetus. No dead or absorption
fetus was observed in the VPA+Zn group. Some
anomalies such as hydrocephaly, spina bifida (Fig1),
hemivertebrate (Fig 2), and rib malformations (Fig 3)
were seen in VPA treated group. Compared to VPA
group, low percentage of rib anomalies and spina
bifida were observed in the VPA+Zn treated group,
but there was no anomaly in control and Zn groups
(Table 3).

The mean of plasma zinc level + S.E.M among
VPA, control, VPA+ Zn and Zn groups was 2.28 +
0.63, 4.43 + 1.10, 8.57 + 1.15, 12.49+ 2.88 ppm,
respectively (Table 1), where the difference between
groups was significant (P=0.004). The latter findings
showed that the plasma zinc concentration of rats
treated with valproic acid were significantly lower
than those of the control rats and the VPA+ Zn treated
rats on 16 GD (P<0.005). The diversity of plasma zinc
between VPA and VPA + Zn group was statistically
significant (P=0.006).There was a significant
difference of the 16-day-fetus weight between groups;
however, this difference was mainly due to the high
fetus weight of the Zn group in comparison with
relatively equal mean weight of the three other
groups (P= 0.000).

Table 2. Data regarding weight and length of studied groups at 16th GD
Statistics
Groups
VPA
Control
Zn
Zn+ VPA
VPA
Length -16(cm)
Control
Zn
Zn+ VPA
Abbrivation:VPA,Valproic Acid.
Variables
Weight -16(gr)

Mean

Standard Error

Minimum

Maximum

0.474
0.592
0.66
0.496
1.621
1.917
1.88
1.551

0.023
0.03
0.029
0.023
0.025
0.031
0.065
0.027

0.40
0.42
0.53
0.38
1.48
1.61
1.33
1.25

0.68
0.89
0.90
0.66
1.92
2.19
2.80
1.70

Table 3. Anomalies of skeletal system in studied groups*
Groups
‡

VPA
(n =52)
Control (n =60)
Zn
(n =62)
Zn +VPA (n =57)
Incidence of anomalies in rat based on
text book §
P value

Hydrocephaly†

Spina bifida†

Hemivertebrate†

Rib anomalies†

7.69
0
0
0

7.69
0
0
1.75

3.84
0
0
0

11.5
0
0
3.57

0.02

0.67

Not reported

0.03

-

<0.0005

<0.0005
<0.0005
Abbrivation:VPA,Valproic Acid
*Data are given as the percentage
†Calculated in half of the fetuses(n /2) according to toxicological references
‡
n: number of live fetuses
§ See references ; No.17
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Fig. 1. Rat fetus of a valproic acid treated dam in day 20 of gestation. Incomplete ossification of vertebral centra (Spina bifida, T12)

Fig. 2. Rat fetus of a valproic acid treated dam in day 20 of gestation. Interrelated malformations of vertebrae (a) L1 present as a right
hemivertebra with (b) asymmetry of centra T13 and L2.

Fig. 3. Rat fetus of a valproic acid + zinc treated dam in day 20 of gestation. Malformation of ribs (present as a splitting or branching).
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DISCUSSION

the "Iranian Atomic Energy Organization" especially
Mr. Rahimi for their cooperation.

Results from the present experiment support the
hypothesis that one of the biochemical abnormalities
causing the teratogenicity of VPA is a drug –induced
maternal plasma Zn deficiency. The data obtained in
this study show that VPA administration to pregnant
rats on days 6-15 of gestation resulted in significant
reductions in maternal plasma Zn concentrations
which were probably reflected by reduced placental
Zn transfer and embryonic accumulation, similar to
observation made by Keen et al. (12,13).
Hurd et al. published the findings which showed
that administration of valproic acid for one week
produced significant depletion of zinc in the plasma of
rats (23). Cookley et al. and Daffron et al.
demonstrated that although plasma Zn was depressed
in VPA treated rats, there was no evidence of Zn
deficiency induced by VPA (15, 16). In 1997,
Altunbasak et al. observed that there was no zinc
deficiency with administration of valproic acid (24).
Considering high abnormalities and growth delays in
fetuses obtained from VPA treated dams comparing
with fetuses obtained from VPA+ Zn treated dams, it
is suggested that the transitory Zn deficiency is
induced by VPA and is developmentally toxic. A
double- blind study of 580 African-American women
in Alabama provides convincing evidence that poor
maternal Zn status may also cause intrauterine growth
retardation (20). Meanwhile, Goldenberg et al.
demonstrated that administration of zinc during
pregnancy was associated with an increase in birth
weight, which is the same as findings in our research
(25). Different studies show that the axial skeleton
system is very sensitive to the teratogenicity of
valproic acid which results in skeletal malformations
and growth retardation (9,10).
Zinc is essential for bone mineralization, and it is
bound to the mineral matrix, where this process starts.
Several studies have demonstrated that zinc
deficiency during pregnancy results in severe
malformation of the fetus, especially in skeletal
growth and calcification (26). Our results are similar
to these experiments. It is well established that Zn is
essential for normal embryo development, and
deficiency of this element can result in congenital
defects of multiple organ systems (8,18,20,21,27,28).
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