
Introduction
Exposure of the developing embryo or fetus to certain
chemical agents and drugs is known to produce congen-
ital anomalies leading to in-utero death or structural
birth defects commonly termed teratogenesis.[1] Various
forms of embryonic malformation have been attributed
to oxidative stress.[2] Oxidative stress is a deleterious
process that results in damage of cellular components.[3]

It results from inappropriate production of free oxygen
radicals or failure of the cell to detoxify a normal free
radical load or both. There has been a compelling evi-

dence linking teratogens such as phenytoin (PHT) to
reactive oxygen species (ROS).[4,5]

PHT as a hydantoin derivative is used for control of
epilepsy; epileptic patients taking PHT as monotherapy
or receiving multiple drugs.[6,7] PHT therapy has been
associated with enhanced oxidative stress in experimen-
tal animals.[8–12] PHT has been documented to be a ter-
atogenic agent in both mice and rats.[13] It is believed that
PHT produces anomalies in 34% of fetuses which are
exposed to it.[14] Cleft lip (CL) is a common malformation
that has both genetic and exogenous causes. The main
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Antioxidants are effective in treating conditions associated with oxidative damage. This study investigated the possible pro-
tective effect of vitamin E maternal supplementation on oxidative damage, and the morphological and morphometric
changes induced by phenytoin in pups. 

Methods: Five groups of female rats were utilized. All the treatments were injected intraperitoneal. Groups I and II were inject-
ed with saline and olive oil, respectively. Group III was injected with vitamin E (0.5 g/kg BW/day) from day one to day 20 of ges-
tation. Group IV was injected with phenytoin (150 mg/kg BW/day) from day 6 to day 18 of gestation. Group V was injected with
phenytoin and vitamin E. The N-acetyl D-glucosaminidase, malondialdehyde, and glutathione were determined as markers of tis-
sue damage. The skeletons of pups were examined after staining with alizarin red-S. 

Results: Phenytoin significantly increased oxidative stress indices in maternal plasma and tissues and in pup tissues. This was
associated with a significant decrease in the weight, length and number of pups. Moreover, there were maxillary hypopla-
sia and skeletal anomalies. Co-administration of vitamin E with phenytoin reduced oxidative damage with significant increase
in the weight, length and number of pups. Reduction in maxillary hypoplasia and skeletal anomalies were observed. 

Conclusion: Vitamin E maternal supplementation has significant effect in the reduction of the anomalies induced by pheny-
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pharmaceutical cause of CL is exposure to PHT during
early facial development in the 5th to 6th weeks of ges-
tation.[15] PHT administration in the pregnant rats has an
effect on the growth of the upper lip of their fetuses that
result in maxillary hypoplasia (short upper lip). In these
fetuses, the maxillary processes appear reduced and meet
in the midline to a reduced extent.[16]

Previous studies suggested that PHT teratogenicity is
induced by embryonic hypoxia with vascular disruption
and tissue necrosis as a result of ischemic damage and/or
ROS generation at reoxygenation.[9] PHT causes brady-
cardia in rat embryos.[17] There is considerable evidence
that PHT-induced birth defects in the rat are a conse-
quence of a period of bradycardia and hypoxia in the
embryos.[16]

PHT is thought to cause chronic intrauterine hypox-
ia / ischemia and embryo - fetal toxicity via oxidative
stress.[18] ROS can oxidize molecular targets such as
DNA, proteins and lipids in a process referred to as
oxidative stress, resulting in-utero death or teratogenici-
ty. The pathology of oxidative stress can be prevented by
antioxidants known to be effective in treating conditions
associated with oxidative damage.[19]

Vitamin E (Vit E), a natural antioxidant, is believed
to help in amelioration of diseases associated with oxida-
tive stress.[20] Vit E supplementation is able to ameliorate
the PHT-induced oxidative stress in the brain of rats.[11]

Toxicity of Vit E is very low and adverse effects are
rarely observed at dosages up to 2000 mg/day in human
subjects. At much higher dosages, side effects and intol-
erance have been noted. The only consistent side effect
of Vit E treatment was coagulation abnormalities in indi-
viduals with previous vitamin K deficiency.[20] Vit E is
considered safe in pregnancy, although experiments
evaluating the safety of high-doses of Vit E treatment in
pregnancy have not been reported.[21] The fact that pre-
mature infants have poorly developed antioxidant sys-
tems lends special relevance to the study of antioxidant
protection in preterm rat.[9,22,23]

The present study was conducted to evaluate the
changes in the oxidative stress indices induced by the
anticonvulsant PHT on the pregnant rats and their pups’
tissues. The relationship between these biochemical
changes and the morphological and morphometric
changes in the pups were also assessed. Moreover, this
study also aimed at assessing the protective effect of
maternal Vit E supplementation on the status of oxida-
tive stress indices; and the morphological and morpho-
metric changes in the pups. 

Materials and Methods
Chemicals
Thiobarbituric acid, butylated hydroxytoluene, reduced
glutathione, sodium sulphate, epinephrine, 5',5'-dithiobis-
2-nitro-benzoic acid; 5,5-diphenylhydantion (phenytoin)
and vitamin E were purchased from Sigma (St. Louis, MO,
USA). All other chemicals used were of analytical grade. 

Animal treatment
Fifty healthy adult virgin female Sprague-Dawley rats
(about 175-200 g body weight) were utilized in this study.
The rats were housed in the animal facility, Faculty of
Medicine, Qassim University, Saudi Arabia. The experi-
mental protocol followed the “Guide for Care and Use of
Laboratory Animals” prepared by The National Academy
of Sciences. All animals were conditioned at room tem-
perature at a natural photoperiod for one week before
experiment execution. A commercial balanced diet and tap
water ad libitum were provided. 

The female rats were mated with adult male rats of the
same strain in a ratio of three females with one male rat in
one cage.[24] Next morning each female rat was examined
for any sign of mating in the form of blood stained vagina
or a vaginal plug.[25,26] The presence of any sign of mating
is considered as day zero of pregnancy. Absence of any
apparent sign of mating led to vaginal wash which was
obtained on glass slide and observed under microscope for
presence of spermatozoa. Their presence was again con-
sidered as day zero of pregnancy.[16]

The pregnant rats were separated from male rats and
randomly divided into five groups (each containing 10
rats). The rats received all treatments (PHT, Vit E, olive
oil and saline) via intraperitoneal (IP) injection. PHT was
dissolved in saline and Vit E was dissolved in olive oil. The
extra virgin olive oil was purchased from Al Jouf region,
Sakaka, Saudi Arabia. 

Group I (Control group) rats were injected IP with
normal saline in a dose 0.1 ml/day from day 1 to day 20 of
gestation. Group II (oil group) rats were injected IP with
olive oil in a dose 0.1 ml/day from day 1 to day 20 of ges-
tation. Group III (Vit E group) rats were injected IP with
Vit E in a dose 0.5 g/kg body weight (BW)/day, dissolved
in 0.1 ml of olive oil from day 1 to day 20 of gestation.
Group IV (PHT- group) rats were injected IP with PHT
in a dose of 150 mg/kg BW/day dissolved in 0.1 ml saline
from day 6 to day 18 of gestation. Group V (PHT+Vit E
group) rats were injected IP with PHT in a dose 150
mg/kg BW/day from day 6 to day 18 of gestation and Vit
E (0.5 g/kg BW/day) from day 1 to day 20 of gestation. 

The mothers of different groups received light anes-
thesia just after delivery. Blood sample from each rat was
collected from the orbital vein in heparinized tubes. The
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blood samples were centrifuged at 5000 rpm for 10 min for
plasma separation. The obtained plasma was divided into
aliquots and kept at -26 °C until biochemical analyses. The
animals were sacrificed and the livers and brains were
excised immediately for biochemical investigations. The
tissues were homogenized in ice-cold 100 mM phosphate
buffer (pH 7.4) using a Potter-Elvehjem homogenizer fit-
ted with a Teflon Plunger. Tissues homogenates were
centrifuged at 11,000 g for 20 min and resulting super-
natants were divided into aliquots and stored at – 80  °C. 

The living pups received light anesthesia just after
delivery and were examined regarding their number,
weight and crown-rump length. The total number of pups
born to each of the studied groups was 101 for group I,
104 for group II, 101 for group III, 87 for group IV and
97 for group V. The crown-rump length was measured
using a Vernier Swiss caliber with 0.01 mm accuracy, and
the weight was measured using an electric balance. The
pups were sacrificed and their livers, kidneys and hearts
were excised immediately for biochemical investigations.
Each studied organ was taken from all pups of each moth-
er of the same group, pooled as one sample and homoge-
nized in ice-cold 100mM phosphate buffer (pH 7.4) using
a Potter-Elvehjem homogenizer fitted with a Teflon
Plunger. Tissue homogenates were centrifuged at 11,000
g for 20 min and the resulting supernatants were divided
into aliquots and stored at -80 °C.

The pups were then eviscerated and fixed in 10% neu-
tral buffered formaldehyde for one week and examined for
cleft lip and maxillary hypoplasia.[27] The length of the
region where the maxillary processes meet in the midline
was measured in the pups of all groups using a stereomi-
croscope [Leica EZ HD (Leica Microsystems GmbH,
Wetzlar, Germany)][16] In the control group, this length
ranged from 1.67 to 2.14 mm. Pups of the other groups
were classified as having maxillary hypoplasia if this length
was less than 1.67 mm. After one week, the pups were
processed through 95% ethanol and acetone then placed
in 4% KOH for a period of 1-2 weeks for clearing.[25] After
clearing, they were bulk stained using 0.001% alizarin red

in 1% KOH.[28] This technique clearly demonstrated the
ossified bone while the unossified bone remained
unstained. Thereafter, a transparency process was imple-
mented to visualize the ossified bones. 

Stained pups were put in 1% KOH for one day, then
put in 80 ml 1% KOH and 20 ml 20% glycerin for 5 days,
then put in 50 ml 1% KOH and 50 ml 50% glycerin for 5
days, and then put in 20 ml 1% KOH and 80 ml 80% glyc-
erin for 5 days.[29–31] Thereafter, they were transferred into
pure glycerin.[13] The transparent pup specimens were
observed under a stereomicroscope (Leica EZ HD) to
determine the malformations. Photographs were taken
using the stereomicroscope camera and Sony 14 megapix-
els camera.

Biochemical analysis

Total proteins levels in tissue homogenates were deter-
mined by the method of Lowry et al.[32] using a commer-
cial kit (Sclavo Diagnostics, Sovicille SI, Italy) The levels
of malondialdehyde (MDA) were measured as described
by Thayer.[33] The reduced glutathione (GSH) levels were
determined chemically as described by Dutta et al.[34] The
lysosomal N-acetyl D - glucosaminidase (NAGA) activity
was determined using kit purchased form Sigma
Company (Cat No. CS0780).

Statistical analysis

The results were expressed as mean ± standard error (SE).
Differences between groups were assessed by one-way
analysis of variance, ANOVA using the Prism version 5
software package for Windows. The level of significance
was accepted with p≤0.05. 

Results
Biochemical findings 

Mean levels of MDA, GSH and NAGA in maternal plas-
ma and tissues are shown in Tables 1 and 2. MDA and
NAGA activities in both brain and liver tissues as well as
in plasma of PHT-treated group were elevated signifi-

Controls Olive oil- Vit E- PHT- PHT+Vit E- 
Variables group group group group

MDA (nmol/ml) 1.935±0.09689 1.735±0.1062 1.835±0.1307 3.332±0.3619** 1.866±0.04752††

GSH (nmol/ml) 4.672±0.2248 5.022±0.2159 4.195±0.2764 2.323±0.2147*** 3.192±0.1644***, †

NAGA (mM/min/ ml) 2.297±0.1838 2.512±0.1844 1.678±0.2121* 4.873±0.5109*** 1.301 ± 0.1934**, ††

*: p<0.05; **: p<0.01; ***: p<0.001 for comparison all studied groups versus controls.  †: p<0.01; ††: p<0.001 for comparison of PHT+Vit E-

treated group versus PHT-treated group. 

Table 1
Plasma levels (mean values) of malondialdehyde (MDA), glutathione (GSH) and enzyme N-acetyl-glucosaminidase

(NAGA) in different treated groups of female rats.
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cantly in comparison to controls. The MDA levels in
brain tissues and in plasma of PHT + Vit E-treated group
showed a significant reduction compared to the PHT-
treated group. NAGA activity in brain and liver tissues
and in plasma of PHT + Vit E-treated group showed a sig-
nificant reduction in comparison with PHT-treated
group. The levels of GSH in both brain and liver tissues
as well as in plasma of the PHT-treated group were
reduced significantly compared to controls. The levels of
GSH in brain and liver tissues and in plasma of PHT + Vit
E treated group were significantly higher than PHT-
treated group.

Levels of MDA and GSH, and NAGA activities in pup
tissues are shown in Table 3. The levels of MDA and
NAGA activities in liver, kidney and heart tissues in pups
of PHT treated rats were significantly elevated in compar-
ison with those of control group pups. The levels of MDA
in all tissues of pups of the PHT + Vit E-treated group
showed a significant reduction as compared to those in
pups of PHT-treated group. Similarly, the NAGA activi-

ties in liver and heart tissues of pups of the PHT + Vit E-
treated group showed a significant reduction as compared
to those in pups of PHT-treated group. The levels of
GSH in tissues of pups of PHT-treated group were
reduced significantly in comparison to those in pups of
control group. The levels of GSH in liver and kidney tis-
sues were significantly higher in pups of PHT + Vit E-
treated group than corresponding levels in pups of the
PHT-treated group. 

Morphological and morphometric findings

Weight, crown-rump length and number of pups are
shown in Table 4 and Figure 1. The mean weight of the
pups born to control group and PHT-treated group
were 5.60±0.10 g and 4.06±0.10 g, respectively. The
mean weight of the pups born to PHT + Vit E-treated
group was 5.31±0.10 g. The weight of the pups of PHT-
treated group was significantly lower than those born to
control and PHT + Vit E-treated groups. 

Tissues Controls Olive oil- Vit E- PHT- PHT+Vit E- 
Variables group group group group

MDA (nmol/mg protein) Liver 2.158±0.05304 1.793±0.2598 1.793±0.2598 3.162±0.1745** 2.616±0.3266

Brain 3.340±0.2435 2.700±0.3277 2.546±0.2126* 5.029±0.7115* 2.574±0.1397*,†

GSH (nmol/mg protein) Liver 29.19±2.015 34.30±3.291 28.64±1.899 18.01±1.875** 27.45±2.118†

Brain 16.20±0.6837 16.87±0.7329 16.78±0.7364 11.54±0.6846** 14.46±0.6000†

NAGA (mM/min/g protein) Liver 7.345±0.2998 8.117±0.4301 6.172±0.4975 12.58±0.6285** 8.791±0.2134 **,††

Brain 1.449±0.1618 1.795±0.2212 1.902±0.1969 3.508±0.2289** 2.780±0.1036**,†

*: p<0.05; **: p<0.001 for comparison of all studied groups versus controls.  †: p<0.01, ††: p<0.001. 

Table 2
Tissue levels (mean value) of malondialdehyde (MDA), glutathione (GSH) and enzyme N-acetyl-glucosaminidase (NAGA) in different treated

groups of female rats.  

Tissues Controls Olive oil- Vit E- PHT- PHT+Vit E- 
Variables group group group group

MDA (nmol/mg protein) Liver 2.380±0.2404 2.080±0.2011 1.782±0.1855 3.221±0.1526** 2.125±0.2202†††

Kidney 1.762±0.2741 1.582±0.2536 1.462±0.2328 2.886±0.09811** 2.191±0.2495†

Heart 2.188±0.2274 1.843±0.2911 1.775±0.2321 3.144±0.1274** 2.067±0.2378†††

GSH (nmol/mg protein) Liver 29.70±2.226 31.96±1.941 29.59±0.9847 21.44±1.837* 30.90±1.649††

Kidney 22.66±1.563 24.33±2.057 23.75±2.463 14.58±0.7571*** 20.34±2.288†

Heart 21.43±1.359 21.03±1.538 20.61±0.9074 16.52±0.4453** 17.09±0.5383**

NAGA (mM/min/g protein) Liver 6.436±0.4531 6.789±0.4765 7.231±0.3902 10.20±0.5221*** 8.566±0.2003***,††

Kidney 1.935±0.1238 1.558±0.1413 1.692±0.09722 3.313±0.2242*** 2.584±0.2777*

Heart 0.7987±0.1209 0.8544±0.05553 0.8978±0.1086 2.869±0.09676*** 1.494±0.08489 ***,†††

*: p<0.05; **: p<0.01; ***: p<0.001 for comparison for comparison all studied groups versus controls. †: p<0.05; ††: p<0.01; †††: p<0.001 for comparison of PHT+Vit E-treated

group versus PHT-treated group.

Table 3
Tissue levels (mean values) of malondialdehyde (MDA), glutathione (GSH) and enzyme N-acetyl-glucosaminidase (NAGA) in different treated

groups of rat pups.  
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The mean crown-rump length of the pups born to
control group and PHT-treated group were 4.43±0.04 cm
and 3.88±0.08 cm, respectively. The mean crown-rump
length of the pups born to PHT + Vit E treated group was
4.21±0.04 cm. The crown-rump length in the pups born
to PHT-treated group was significantly lower than those
born to control and PHT + Vit E-treated groups. 

The number of the pups born to each mother in con-
trol group ranged from 8 to 12 with a mean of 10.1±0.43.
The number of the pups born to each mother of the
PHT-treated group ranged from 8 to 10 with a mean of
8.7±0.26. The number of the pups born to each mother
in the PHT + Vit E-treated group ranged from 8 to 11
with a mean of 9.7±0.39. The number of the pups born
to the PHT-treated group was significantly lower than
those born to control and PHT + Vit E treated groups. 

Maxillary hypoplasia was noted in the pups born to
the PHT-treated group, observed in 12 pups out of 87
(13.79%) (Figure 2). In the pups of the PHT + Vit E-

treated group, maxillary hypoplasia was found in five
pups out of 97 (4.6%). There was no maxillary hypopla-
sia in the pups of olive oil and Vit E-treated groups. 

Examination of the skeleton of the pups in the control
group showed that the maxilla, premaxilla, nasal, frontal,
parietal and occipital bones; mandible were mostly ossified
and stained red in all pups (Figures 3a and b). The main
body of the scapula was ossified (Figure 4a). The body,
arch and part of the spinous processes of all the vertebrae,
except the caudal ones, were ossified (Figures 4 and 5a).
All ribs were mostly ossified (Figures 5a and b). Diaphysis
of long bones of the extremities was ossified (Figure 6).
The calcaneus, pisiform, the four metacarpal and the five
metatarsal bones, the proximal and distal phalanges were
ossified (Figures  7a and b). There were 6 ossified sterne-
brae (Figure 8a). The skeleton of the pups in olive oil and
Vit E-treated groups was similar to that of pups in the con-
trol group. 

Figure 1. (a) A photograph of the pups of different treated groups of female rates showing growth retardation of the pup of the PHT treated
female rat. A: Pup born to control group; B: Pup born to olive oil treated group; C: Pup born to Vit E treated group; D: Pup born to PHT treat-
ed group; E: Pup born to PHT + Vit E treated group. (b) A photograph of the skeletons of a pup born to control female rat (A) and a pup born
to PHT treated female rat (B) stained with alizarin red-S showing much less crown-rump length of the PHT treated skeleton.

Controls Olive oil- Vit E- PHT- PHT+Vit E- 
Variables group group group group

Total number of pups 101 104 101 87 97

Weight of pups (gm) 5.599±0.1049 5.686±0.09848 5.689±0.09818 4.062±0.1036** 5.317±0.1039††

Crown-rump Length (cm) 4.429±0.04173 4.502±0.02869 4.355±0.03976 3.880±0.08018** 4.212±0.0361**,††

Number of pups 10.10±0.4333 10.60±0.4269 10.10±0.3480 8.700±0.2603* 9.700±0.3958†

*: p<0.05; **: p<0.001 for comparison all studied groups versus controls.  †: p<0.05; ††: p<0.001 for comparison of PHT+Vit E-treated group versus

PHT-treated group. 

Table 4
Mean values of the weight, length and number of pups for different treated groups of female rats.

a

A

A

B
B C D E

b
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In the pups of the PHT-treated group, the skull
bones showed mild ossification in 39 pups out of 87
(48%) (Figure 3c). Costal anomalies in the form of sep-
aration between the ribs and fusion of the posterior ends
of the shaft of two adjacent ribs were observed in seven
pups out of 87 (8%) and in four pups out of 87 (4.6%),
respectively (Figures 5c and d). Delayed or lack of ossi-
fication was observed in the bones of the hand and foot

in 23 pups out of 50 (26.4%) (Figures 7c and d). In six
pups out of 87 (6.9%), there were five ossified sternebrae
(Figure 8b). Lumbar scoliosis was seen in five pups out
of 87 (5.7%) (Figure 9).

In the pups of the PHT + Vit E-treated group, there
was mild ossification in the skull bones in 9 pups out of
97 (17.5%). Delayed or lack of ossification were

Figure 2. (a) A photograph of a pup born to control female rat showing the normal extent of the contact between the two maxillary processes
in the midline (double-headed arrow). (b) A photograph of a pup born to PHT treated female rat showing maxillary hypoplasia; the two max-
illary processes have only small area of contact in the midline (double-headed arrow). 

a b

Figure 3. Lateral (a) and posterior (b) views of the
skull of pups born to control female rats stained
with alizarin red-S showing ossified maxilla (m),
premaxilla (pm), nasal (n), frontal (F), parietal (P)
bones, interparietal (IP), superoccipital  (So), exoc-
cipital (Eo) parts of the occipital bone and atlas ver-
tebra (At). The mandible (mb) is also ossified. (c)
Lateral view of the skull of a pup born to PHT treat-
ed female rat stained with alizarin red-S showing
mild (faint) ossification of the skull bones.

a

c

b
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observed in some of the bones of the hand and foot in 8
pups out of 97 (18.2%). Ossification of the skeleton of
the remaining pups was almost similar to that found in
control group.

Discussion
Existing knowledge about the impact of antiepileptic
drugs such as PHT on free radical / antioxidant system is
poor and controversial. In vivo and in vitro studies indi-

Figure 4. Posterior view of pups born to control female rats stained with alizarin red-S showing. (a) Ossified body of the scapula (BS), atlas ver-
tebra (At) and humerus (H). (b) Ossified body (b) and arch (a) of the vertebrae, ilium  (IL), ischium  (IS) and femur (F). 

Figure 5. Lateral (a) and posterior (b) views of pups born to control female rats stained with alizarin red-S showing ossi-
fied part of the spinous process (SP) and ossified ribs (R); (c, d) Posterior view of pups born to the PHT treated female
rats stained with alizarin red-S showing rib separation (arrow) and fusion between two ribs posteriorly (arrow head). 

a

a b

c d

b
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cated that PHT-initiated teratogenesis may involve, at
least in part, peroxidase-catalyzed bioactivation of PHT
to a reactive free radical intermediate. If this intermedi-
ate is not detoxified, it may initiate oxidative stress lead-
ing to oxidation of embryonic lipids, proteins, and

DNA.[35] The authors hypothesized that highly ROS,
such as hydroxyl radical, could be generated by the PHT
free radical. However, it is known that if these ROS are
not detoxified by cytoprotective enzymes or antioxi-
dants, they can cause lipid peroxidation, and protein oxi-

Figure 6. (a, b) Lateral views of pups born to control female rats stained with alizarin red-S showing ossified diaphysis of the humerus (H), ulna
(U), radius (R), femur (F), tibia (Ti), fibula (Fi), and body of the scapula (BS).  

a b

Figure 7. Posterior (a) and anterior (b) views of pups born to control female rats stained with alizarin red-S showing
ossification of the pisiform (Pi), the four metacarpals (mc), distal phalanges (arrow heads) and part of the proximal
phalanges (short arrows) of the hand; and ossification of the center of the calcaneus (C), ossification of the five
metatarsals (mt), the distal phalanges (arrow heads) and part of the proximal phalanges (short arrows) of the foot.
Posterior (c) and anterior (d) views of pups born to PHT treated female rats stained with alizarin red-S showing in
Figure c faint ossification of the pisiform (Pi); and ossification of the four metacarpals (mc), all distal phalanges (arrow
heads) and part of the proximal phalanges (short arrows) of the 2nd and 3rd fingers of the hand. (d) Ossification
of 2nd, 3rd, 4th and 5th metatarsals (mt); and mild (faint) ossification of the distal phalanges (arrow heads). 

a c

b d
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dation and degradation. These changes can lead to struc-
tural and functional changes and also to injuries at the
biochemical level.[35] Understanding of the biochemical
and molecular changes associated with oxidative stress
may promote establishment of experimental models for
testing drugs protecting tissues from injury.[36]

In the present study, PHT injection showed significant
higher levels of MDA and NAGA activity and significant
lower levels of GSH in maternal plasma and tissues and in
their pups' tissues than corresponding levels in controls.
Previous studies showed a high teratogenic potential of
PHT and neuro-behavioural alterations, accompanied
with a broad spectrum of biochemical changes in NAGA
activity and GSH level.[37–39] The enhancement of oxidative
stress indices in the PHT-treated rats and their pups in our
work is in agreement with the findings of Reeta et al.[40]

who have reported significantly higher levels of MDA, and
significant reduction in the GSH levels in the brain tissue
of the rats treated with PHT. Earlier findings found
enhanced oxidative stress in the female epileptics receiving
PHT compared to controls.[7,41] Oxidative stress due to
PHT has been implicated as one of the mechanisms of
PHT-initiated toxicity and the fetal hydantoin syn-
drome.[8,41] Reeta et al.[40] reported that the increase in
oxidative stress in the PHT-treated animals may be one of
the mechanisms of PHT-induced cognitive impairment
observed in their study. 

Wellfelt et al.[42] have hypothesized that the damage
effect of the PHT-induced hypoxia in the embryo possi-
bly occurs during the subsequent period of re-oxygena-
tion which is associated with extensive production of free
radicals that can damage cellular systems. Findings of
Navarova et al.[9] support this hypothesis, since they have
reported a decline in oxygen saturation of the blood

(about 20%) in the common iliac artery on the 20th day
of gestation in the rats after single intravenous adminis-
tration of 150 mg/kg of PHT. 

Decisions making about treatment of pregnant epilep-
tic women is difficult due to conflicting risks. These
women are at increased risk of complications during preg-
nancy, and their children are at increased risk of poor out-
comes.[43] Females treated with antiepileptic drugs during
pregnancy are at increased risk of prematurity, low birth

Figure 8. (a) Anterior view of a pup born to control female rat stained with alizarin red-S showing six ossified sternebrae (I, II, III, IV, V, IV). (b)
Anterior view of a pup born to PHT treated female rat stained with alizarin red-S showing five ossified sternebrae (I, II, III, IV, VI) with no ossi-
fication of the 5th sternebra. H: humerus; R: radius; U: ulna.  

a b

Figure 9. A photograph of the skeletons of a pup born to control female
rat (a) and a pup born to PHT treated female rat (b) stained with alizarin
red-S showing lateral deviation of the vertebral column at the lumbar
region of the skeleton of the pup born to PHT treated rat (short arrows).

a

b



10 Essa TM et al.

Anatomy • Volume 9 / Issue 1 / April 2015

weight neonates, increased fetal and neonatal death rates,
congenital malformations and developmental delay.[44] The
most common major anatomic abnormalities associated
with antiepileptic drugs are orofacial defects (e.g. cleft lip
with or without cleft palate), skeletal abnormalities, neural
tube defects, heart malformations and urologic defects.[44]

In the present study, there was significant reduction
in the weight, crown-rump length and number of pups in
PHT-treated group compared to the control group.
This is in agreement with the finding of Abela et al.[16]

and Ata and Sullivan[45] who reported that prenatal treat-
ment of PHT leads to a decrease in the number of fetus-
es and fetal weight in rats. Likely, many investigators
reported that mouse embryonic growth was reduced
after maternal administration of PHT.[46–48]

Moreover, our study showed maxillary hypoplasia in
13.79% of pups in PHT-treated group. This is in agree-
ment with the finding of Abela et al.[16] However, Sulik et
al.[49] reported that PHT increased incidence of cleft lip
(CL) of strains of mice with genetic predisposition to mal-
formation. Furthermore, it has been reported that genet-
ic predisposition is enhanced by maternal hypoxia and
reduced by maternal hyperoxemia.[50,51] CL was not seen in
our study; the only explanation put forward, this may be
due to the absence of genetic predisposition in the strains
of rats used. 

In the present study, ossification deteriorations were
observed in the skeleton of many pups in PHT-treated
group. Most of the skull bones were mildly ossified as
compared to the controls. Eluma et al.[46] and Sullivan
and Mcelhatton[52] have reported exencephaly in mouse
fetuses after giving 125 mg/kg and 120 mg/kg PHT
respectively, whereas Soysal et al.[13] reported ossification
malformations mainly confined to the frontal bone in the
rat fetuses treated with PHT. 

Earlier studies have reported ectrodactily, syndactily and
obvious deteriorations in ossification of some phalanges,
metacarpal and metatarsal bones in the PHT applied mice
and rat.[52–56] Our study recorded deteriorations in ossification
of some phalanges, metacarpal and metatarsal bones, but
neither ectrodactily nor syndactily was observed. Harbison
and Becker[53] and Mansoor et al.[56] have reported a worsen-
ing in the ossification process of the long bones in the mouse
and rat fetuses of the PHT treated mothers, but such a find-
ing was not observed in the present work. Soysal[13] and
Mansoor et al.[56] reported costal anomalies in the form of
costal separation, while Kim et al.[55] have reported costal
anomalies in the form of absent, short and discontinuous
ribs, and absent ossification of some sternebrae in the fetus-
es of PHT treated rats. However, our study showed absence
of ossification centre of one sternebra and costal separation
in the pups of the PHT-treated mothers. Furthermore, the

present study recorded the presence of lumbar scoliosis and
fusion between two ribs in the pups born to the PHT-treat-
ed mothers. To the best of our knowledge, these results are
not reported in the earlier studies. 

It has been suggested that detoxification of a xenobiot-
ic free radical intermediate with antioxidants may provide
important embryo protection.[5] GSH may be involved in
the detoxification of a teratogenic reactive intermediate of
PHT and/or in the cytoprotection against oxidative stress.
GSH depletors or inhibitors of GSH synthesis potentiate
PHT teratogenicity in mice.[57] Winn and Wells[58] stated
that maternal administration of the antioxidative enzyme
catalase enhanced embryonic activity and inhibited PHT
teratogenicity. Vit E is believed to help in amelioration of
diseases associated with oxidative stress; in addition, it is
considered safe in pregnancy.[20,21]

In the current study, administration of Vit E with PHT
during pregnancy caused significant reduction in the levels
of MDA and NAGA activity and significant elevation in
the levels of GSH in maternal plasma and tissues and in
pups’ tissues in comparison to corresponding levels in
PHT-treated group. These biochemical changes were
associated with significant increase in the weight, crown-
rump length and number of pups in comparison with the
pups in PHT-treated group. In this respect, Capper et al.[59]

found that supranutritional Vit E supplementation of ewes
resulted in a significant increase in lamb birth weight. On
the other hand, Boskovic et al.[60] reported that consump-
tion of high doses of Vit E during the first trimester of
pregnancy does not appear to be associated with an
increased risk for major malformations, but may be associ-
ated with decrease in birth weight. Furthermore, Navarova
et al.[9] reported that administration of Vit E during preg-
nancy did not inhibit the biochemical changes induced by
PHT. In our opinion, this may be related to the duration
and route of Vit E administration. Navarova et al.[9] admin-
istered Vit E two hours prior to PHT orally from the day
7 to the day 18 of gestation, while in our study, Vit E was
injected IP from day one to day 20 of gestation. 

Several investigators stated that PHT-teratogenicity
in mice was reduced with free radical scavengers such as
Vit E.[58] Our study found that pups born to PHT + Vit E-
treated mothers have decreased incidence of maxillary
hypoplasia and much less ossification impairment of the
bones of the skull, hand and foot in comparison with pups
born to the PHT-treated mothers. However, ossification
pattern of the skeletons of most of the pups born to PHT
+ Vit E-treated group was almost similar to that of con-
trol group. In contrast, Abela et al.[16] stated that high
antioxidant diet including Vit E failed to decrease the
incidence of maxillary hypoplasia in the fetuses of PHT-
treated mothers. This difference may be due to the dif-
ference in the dose and route of administration of Vit E. 
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Conclusion 
Administration of pregnant rats with PHT led to increase
in the indices of oxidative stress in both maternal and pups’
tissues associated with morphometric and morphological
changes in the pups in the form of weight, length and num-
ber reduction, maxillary hypoplasia, deterioration of ossifi-
cation and skeletal anomalies. This may clarify that oxida-
tive stress induced by PHT affects embryonic develop-
ment. The embryo is more susceptible to oxidative stress at
key periods in development, and antioxidant defenses are
important in modulating oxidative stress-mediated events.
Our study suggests that Vit E has the ability to protect
maternal and pups organs from PHT induced oxidative
damage and teratogenicity in rat pups. Vit E may be useful
in reduction of harmful side effects of PHT therapy during
pregnancy to ensure optimal outcomes. More studies are
needed to determine the effective therapeutic dose and
suitable duration of administration of Vit E.
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