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ABSTRACT: The present study aimed to investigate the possible morphological and skeletal fetotoxicity of the new
antiepileptic drug, gabapentin (GBP) during the organogenesis phase of the rat embryonic development and to ex-
amine the possible ameliorative role of ginger (Zingiber officinale). Morphologically, there was evident growth re-
tardation and a high frequency of malformations in the skin, head, trunk, limbs and tail of fetuses maternally in-
jected with GBP. Skeletal investigation revealed that rat fetuses of the GBP group exhibited delayed ossification
and various skeletal malformation. Limb deformities was the most prominent feature observed followed by coastal
malformations, vertebral deformities, skull anomalies and sternal defects, respectively. The most evident skull mal-
formation was maxillary and mandibular hypoplasia. Ginger extract caused an evident decrease in GBP-induced
fetotoxicity at the investigated parameters. In conclusion, treatment with GBP should be approached with highly
caution during pregnancy and ginger is recommended to be taken in parallel for its ameliorative role in this regard.
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INTRODUCTION: Epilepsy is a commonly encoun-
tered serious chronic neurological problem which
affects millions of people worldwide. Due to relapsing
and severity of epilepsy, many women cannot stop
using medications even during pregnancy [1]. It is a
well-documented fact that teratogens affect the devel-
opment of embryo, mostly during the process of orga-
nogenesis, which starts on GD 6 in rats and continues
to GD 15 [2]. Currently, management of epilepsy
mainly depends on antiepileptic drugs (AEDs), which
are notoriously known for their adverse side effects
and this explains the reason for their several genera-
tions. Infants of mothers treated with AEDs during
pregnancy were found to have a greater incidence of
congenital malformations than those of either normal
control or non-treated epileptic women [3]. Therefore,
it is strongly believed that AED therapy rather than
the maternal disease or convulsions are the cause of
malformations identified at birth [3]. It has been re-
ported that AEDs should be chosen to be effective,
safe and free from fetal toxicity as possible as it can

[4].
Gabapentin (GBP) was originally introduced for the
treatment of epilepsy but has achieved greater popu-

larity as an adjunctive therapy for chronic pain [5].
There is a little information on the teratogenic effects
of GBP [6]. It has been labelled category C on the
basis of the adverse effects produced in rodent fetuses
[7]. Despite expanding data on the usage of GBP,
there is little information, so far, on its teratogenic
effects [8]. It is well known that AEDs belong to the
drugs which have traditionally been considered as
bone damaging [9]. Administration of AEDs may lead
to the development of osteomalacia or osteoporosis
[10]. Studies on rodents have shown that oral con-
sumption of GBP caused delayed ossification of sev-
eral bones in the skull, vertebral column, upper, and
lower limbs during the organogenesis period [8].

Traditionally, ginger has been applied for treating
colic, indigestion, stomach ulcers, rheumatism and
joint problems. Furthermore, ginger has anti-cancer,
anti-inflammatory  properties as well as anti-
nausea/vomiting properties [11]. Moreover, no toxic
effects on the morphology or endoskeleton of rat em-
bryos maternally administered ginger were observed
[12]. Weidner and Sigwart [13] examined the effect of
oral administration of three different doses of ginger
extract to pregnant female rats from GD 6 to 15 and
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found no signs of embryotoxicity. The present study
was designed to investigate the ameliorative role of
ginger against morphological and skeletal malforma-
tions induced by GBP in rat fetuses.

MATERIALS AND METHODS:

Animals and grouping: Principles of animal care and
use were carefully followed during the conducting of
all experiments. Healthy mature virgin females and
fertile males of Wistar albino rats (Rattus norvegicus),
weighing 135 = 159 and aged 17 + 1 weeks, were
obtained from Hellwan Animal Breeding Farm, Min-
istry of Health, Cairo, Egypt. Animals were kept in the
laboratory for at least one week before initiation of the
experiments for acclimatization. They were housed in
specially designed plastic rodent cages at Faculty of
Science, Menoufia University. They were maintained at
25 + 2°C in 12h light: 12h dark cycle. Free access of
water and standard diet composed of 50% ground
barely, 20% ground yellow maize, 20% milk and 10%
vegetables were supplied.

Mating was achieved by housing virgin females with
fertile males at a ratio of one male with two females
overnight. Females were checked daily in the morning
for the presence of a copulatory plug and the presence
of sperms in unstained native vaginal smears. There-
fore, vaginal smears were carried out to give a precise
determination of the onset of gestation. The day at
which vaginal smear was positive has been considered
as day zero of pregnancy. Day 20 was determined as
the end point for experimentation. A total of 36 rats
were used for the present study. The pregnant rats
were divided into four groups, six rats each, as fol-
lows:

e Control group, administrated distilled water.

e Ginger group given oral injection of ginger (200
mg/kg).

e Experimental GBP group given intraperitoneal
injection of GBP (162 mg/kQ).

e Combined GBP and ginger injected group, re-
ceived intraperitoneal injection of GBP first fol-
lowed by oral injection of ginger one hour later.

GBP administration: GBP, with the trade name Gap-
tin, (Delta Pharma Company, Egypt) was employed
for the study. The applied dose was 162 mg/kg per day
during the organogenesis phase of gestation, i.e. start-
ing on GD 6 and ending on GD 15 [7].

Water extraction of ginger: Fresh rhizomes of ginger
(Zingiber officinale) were purchased from a local
market at Shebeen EIl-Koom, Menoufia, Egypt and
processed as described in our previous study [14].

Embryotoxicity estimation: On GD 20, the pregnant
females were anaesthetized using ether and then sacri-
ficed. A ventral incision in the abdomen was made,
and then the whole uterus was removed, weighed and
photographed. Fetuses were removed individually
from each horn and living fetuses were anaesthetized
by ether and examined grossly for investigating the
morphological abnormalities under a dissecting mi-
croscope. A total of 187 fetuses were included in the
present study. Embryotoxicity were initially assessed
morphologically by counting the number of implants,
live, resorbed and dead fetuses. Morphometric para-
meters were recorded. 59 of the fetuses were evisce-
rated and kept in 10 % formalin for detection of endo-
skeletal malformations.

Investigated parameters:
Morphological parameters:

e Crown-rump length: The crown rump length
(cm) of the fetuses of different groups was rec-
orded.

e Body weight: The weight (g) of the fetuses of
different groups was recorded.

Skeletal investigation: For endo-skeletal prepara-
tions, double staining technique was applied as de-
scribed in a recent study emerged from our laboratory
[15].

Data evaluation and statistical analysis: All data
sets were expressed as mean * standard error of the
mean (SEM). The data were analyzed statistically for
normal distribution (student’s T test) and homogeneity
of variances (Levene test) using statistical package of
social sciences (IBM SPSS) statistics software for
Windows, Version 22 (IBM Corp., Armonk, NY,
USA). Differences were considered insignificant
whenever P>0.05. The significances of the obtained
data were classified into three categories, i.e.
P<0.0001, P<0.001 and P<0.05 according to P values.

RESULTS AND DISCUSSION:
Morphological investigation:

Body weight gain of mothers: The differences in
mothers’ weight gain of control and experimental
groups are summarized in Figure (1). The dams that
were administered ginger exhibited a gradually pro-
gressive increase in body weight gain similar or even
more than that of the control group starting with 5.38
gm in GD 8 and ending with 64.70 gm in GD 20.
Contrarily, there was reduction in body weight gain of
GBP injected mothers just before the end of injection
at the GD 15 then the weight gain increased slowly
until GD 18 after which the body weight gradually
increased in lower values until GD 20 (-3.52, -1.93, -
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0.48, 5.23, 8.30, 13.83, 27.23 gm). The mothers of
GBP plus ginger group exhibited a gradual increase in
the body weights but in low values when compared
with the control group (3.72, 8.25, 11.07, 17.27,
25.98, 36.28, 47.50 gm).

Mother weight gain
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Figure 1: Graph showing changes in the body
weight gain of mothers in different groups.

Average weight of uteri: No significant difference
was recorded in fetal resorptions among different
groups. Table (1) shows the difference of uterus
weight in different groups. The average weight of the
uteri of pregnant rats injected with ginger only
showed insignificant difference (51.33+0.30) com-
pared with control (52.03+0.28). On contrast, the av-
erage weight of uteri of pregnant rats injected with
GBP exhibited a highly significant decrease
(35.37+0.31) compared with that of the control group
(52.03£0.28). The average weight of uteri of pregnant
rats injected with both GBP and ginger exhibited a
low significant reduction (46.52+0.32) compared with
the control group and a highly significant increase
when compared with the GBP group (35.37+0.31).

Table 1: Weight of uteri of pregnant rats at the end
of experimentation, i.e. GD 20.

Average weight o
Groups of uteri C%
Control 52.03+0.28 0%
Ginger 51.33+0.30 -0.7 (-1.35%)
GBP 35.37+0.317 -16.66 (-32.02%)
GBP + ginger |  46.52+0.32" -5.51 (-10.60%)

C% = percentage of change compared with control; Aste-
risks (*-***) refer to the P values compared with the con-
trol group; c= highly significant (P<0.0001) compared with
GBP group; * P<0.05; *** P<0.0001

It has been accepted that when embryos or fetuses
become maternally subjected to a potentially terato-
genic agent, developmental alteration occurs due to
their interaction. The final result of this interaction can
lead to a number of abnormalities including morpho-
logical, skeletal, anatomical, delay in intrauterine
growth and development or even fetal death [15, 16].
Susceptibility of teratogenicity in an organism to-
wards any teratogen depends on many factors such as
critical developmental stage at which the organisms
are exposed, the teratogen nature, the dose and route
of teratogen and also on the types of initiating me-
chanism of teratogenesis [17]. It has been known that
administration of higher dosages of old AEDs is asso-
ciated with higher risks for anatomical teratogenesis
in the embryo [18]. However, there is no sufficient
knowledge concerning teratogenic effect of newer
AEDs and few studies have assisted their teratogenic
risks [18].

Padmanabhan et al. [19] observed much less weight
gain in mice mothers treated with vigabatrin. A study
of Etemad et al. [3] showed that pregabalin adminis-
tration in mice decreased mother weight gain accom-
panied by reduced uterus weight. Morse et al. [20]
also showed that oral injection of pregabalin resulted
in reduced maternal body weight gain. The present
study revealed that pregnant mothers injected with
GBP during organogenesis exhibited a reduction in
the uterine weights, though the number of implanta-
tion sites and resorption of most fetuses from the dif-
ferent groups were similar to that of the control group.
Thus, changes in maternal weight gain in treated dams
could be due to an effect on the uterine compartment
rather than on the maternal weight.

Morphometric analysis: The reproductive toxicity
data from the control, ginger, GBP and GBP plus gin-
ger injected groups are presented in Table (2). The
fetal growth parameters evaluated in this study were
fetal crown-rump length and body weight. The results
revealed that GBP led to proportionate intrauterine
growth retardation relative to the control group as it
affected the growth parameters of the fetuses with no
mortality. On the other hand, a marked improvement
in fetal growth parameters was recorded in fetuses
maternally injected with GBP and followed by ginger
compared with the GBP group.

Fetal crown-rump length: As Table (2) shows, the
crown-rump length of fetuses exhibited insignificant
increase in ginger group compared with that of the
control group. The length of fetuses maternally in-
jected with GBP displayed a significant shortening
compared with control group. On the other hand, the
fetuses maternally injected with GBP followed by
ginger displayed a significant increase in the length
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compared with GBP alone. This in return, led to a low
significant difference between GBP plus ginger group
when compared with the control group.

Fetal body weight: Table (2) illustrates the changes in
body weight of fetuses in both control and experimen-
tal groups. The fetuses of the control and maternally
ginger injected group had somewhat similar values
(5.47 £ 0.17; 5.32 + 0.07 for the two, respectively).
There was a highly significant decrease in the body
weight of fetuses of the maternally GBP injected
group (3.53 = 0.18). Administration of ginger after
GBP injection led to a marked amelioration of body
weight compared with fetuses of GBP group. This
significant amelioration of body weight led to a low
significant difference towards the control group.

Marchi et al. [21] reported reduction in body weight
when lamotrigine was administered in rats at four
times the median effective dose during the organoge-
nesis period. Offspring of lamotrigine treated rat dem-
onstrated relatively lower length and body weight
[22]. Significant reduction in fetal body weight and an
increase in the frequency of intrauterine growth retar-
dation (IUGR) were evident in mice fetuses prenatally
exposed to vigabatrin [23]. Fetal weight was signifi-
cantly reduced when pregnant rats was administered
topiramate orally [24, 25]. Of the old generation,
AEDs, valproic acid was the most known drug to in-
duce fetal growth retardation [26-28]. Decrease in
fetal body weight may be due to its lower mitotic
growth rate because of chemical administration to
embryos [29].

Table 2: Crown-rump length and body weight of
fetuses aged 20 days in different groups.

Groups Fetal Growth Param_eters
Length Weight
Control 5.02 +0.06 5.47+0.17
Ginger 4.72 £0.05 5.32+0.07
GBP 358+0.05° | 3.53+0.18"
GBP + Ginger | 412+0.05° | 4.93+0.10°

Data are represented as mean + SEM; Asterisks (* - ** -
***) refer to the P value compared with the control group;
c= highly significant (P<0.0001) compared with GBP
group; b= significant (P<0.001) compared with GBP
group; a= low significant (P<0.05) compared with GBP
group; * P<0.05, ** P<0.001, *** P< 0.0001

Morphological abnormalities: Fetuses of control and
ginger injected mothers taken on the day of scarifying,
i.e. GD 20 displayed normal size, length and morpho-
logical appearance (Fig. 2A&B). However, there was
a low incidence of subcutaneous hemorrhage and thin
skin (2.6 %; 3% for the two groups, respectively)
(Table 3). On the other hand, various malformations
were detected in fetuses maternally injected with GBP.

4

There was a high frequency of malformations in the
skin, head, trunk, limbs and tail of fetuses of this
group (Table 3). Co-administration of GBP and ginger
resulted in an evident reduction in the incidence of the
malformations observed in GBP injected group (Table
3).

Thin skin had the most prominent malformation in
fetuses of the GBP group and GBP plus ginger group
(36.1%; 14.8%, respectively) (Fig. 2C). Ear malfor-
mations came second in the incidence of teratogenic
abnormalities which was in the form of small (micro-
tia) or absent (anotia) ear pinna (Fig. 2C, D & F)
(29.5%; 9.3% for the two groups, respectively). Sub-
cutaneous hemorrhage was detected in the head and
hind limb regions (Fig. 2E & F) and came in the third
place (23%; 7.4% for fetuses maternally injected with
GBP individually or in combination with ginger, re-
spectively). The investigation showed that about
21.3% of fetuses maternally injected with GBP and
5.6% of fetuses of combined GBP and ginger group
had malformed limbs. These deformities included
malrotation and delayed development in fore and hind
limbs which appeared as syndactyly, micromelia and
angulated (Fig. 2D-H). In some fetuses, the tail was
evidently malformed (19.7%; 7.4 for GBP and GBP
plus ginger injected groups, respectively). These de-
formities can be described as angulated and short tails
(Fig. 21 & J). Another common malformation ob-
served was the evident backward deviation in normal
curvatures or kyphosis (Fig. 2C) occurred with inci-
dence of 19.7% in fetuses of maternally injected GBP
group and 7.4% in fetuses of GBP and ginger co-
administered mothers. Head malformations including
exencephaly (Fig. 2H) and unequal jaws or brachyg-
nathia (Fig. 2D), where the snout was narrow and
pointed due to the small mandible, were clearly evi-
dent. About 18% and 4.9% of fetuses of mothers in-
jected with GBP suffered from brachygnathia and
exencephaly, respectively, whereas only 3.7 % of
fetuses of combined GBP and ginger co-administered
mothers had brachygnathia and none of them had
exencephaly. Exomphalos was observed in fetuses of
GBP and combined GBP and ginger injected mothers
with incidence of 9.8% and 5.6%, respectively (Fig.
2K). Ginger extract caused an evident decrease in
GBP-induced embryotoxicity when given after GBP
injection. The fetuses of this group exhibited marked
improvement in terms of shape, size and length (Fig.
2L).

These results were consistent with the work of Pra-
kash et al. [7] in mice. Afshar et al. [8] found that
maternal injection of GBP during different stages of
pregnancy in mice caused brachygnathia, vertebral
column deformity, limb anomalies, exencephaly and
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severe trunk malformations. Vigabatrin, which is also
a new AED similar to GBP, induced similar alterations
in mice fetuses [30].

The lack of skin wrinkled appearance which led to its
thinning was the most common morphological anoma-
ly in the fetuses of the GBP group. This was also
observed in the study of Fadel et al. [31] who found
that maternal injection of diazepam during the orga-
nogenesis period induced loss of wrinkled appearance
of the skin in the growth-retarded rat fetuses. Akhtar
et al. [32] stated that valproic acid also is known to
have teratogenic effects on the development of skin.
Ear malformation was the second most observed mal-
formation in the fetuses of the present study with
29.5% of the fetuses suffering from either anotia or
microtia. In a case study, Montouris et al. [33] found
that pregnant women who received GBP and lamotri-
gine during pregnancy had an incidence of having
infants with congenital malformation in the left exter-
nal ear canal.

Subcutaneous hemorrhage came third in the overall
GBP induced gross malformations in the fetuses. Mo-
hanty et al. [22] reported widespread of hemorrhages
in offspring maternally treated with lamotrigine. Limb
deformities were common in the fetuses maternally
injected with GBP which included malrotation, syn-
dactyly, micromelia and angulated fore and hind
limbs. Prakash et al. [7] admitted that administration
of GBP to pregnant female mice during the mid-
gestation period resulted in malrotated and rudimenta-
ry limbs of the fetuses. Similar results were observed
in mice fetuses maternally injected with GBP during
the first 10 or 15 days of pregnancy [6, 8]. In the
offspring of dams treated with topiramate or pregaba-
lin during the period of organogenesis, the frequency
of limb malformations was increased [3, 25].

Caudal abnormalities of the present study included
short or angulated tails. Treatment with valproic dur-
ing pregnancy induced similar malformation in the
offspring who had reduced curled or kinked tails [34,
35]. The authors suggested that these tail abnormali-
ties could be attributed to abnormal intrauterine posi-
tion of the fetus. Deformities in vertebrae were anoth-
er anomaly that appeared as abnormal curvatures
along the vertebral column like scoliosis. GBP is
known by its effect on the vertebral column curvature
and it was proved to induce such alterations in many
studies after its intraperitoneal injection in pregnant
mice with different doses during the organogenesis
period [6-8].

Brachygnathia was the most prevalent anomaly in
mice fetuses maternally injected with GBP [8]. How-
ever, in the present study only 18% of the fetuses suf-
fered from this alteration. Exomphalos or umbilical
hernia was among the least GBP induced anomalies in
the fetuses. This was consistent with the study of Ab-
dulrazzaq et al. [30] who found a significant incidence
of exomphalos in vigabatrin treated mice and attri-
buted this to developmental defects in the abdominal
wall. Afshar et al. [8] recorded the presence of exen-
cephaly in mice fetuses maternally subjected to GBP
during the first 15™ days of gestation. Lamotrigine,
when orally administered to pregnant rats, was also
found to induce exencephaly in the offspring [22].

Endo- skeletal investigation: In developmental stu-
dies, the fetal skeleton is an important indicator of
embryonic development health and changes in skeletal
development commonly reflect changes in the mater-
nal-fetal environment [36]. Fetuses maternally in-
jected with GBP had various skeletal malformations
including mandibular hypoplasia, malformation in the
ribs and delayed ossification of the vertebrae, skull
and limbs. Table (4) summarizes the different skeletal
malformations in the fetuses of different groups.

Table 3: Percentage of fetuses with morphological abnormalities (%) recorded at the end of experimenta-
tion, i.e. GD 20 in different groups.

Groups
Malformation Control Ginger GBP GBP + Ginger
n=39 n=33 n=61 n=54
Thin skin (1) 2.6% (1) 3% (22) 36.1% (8) 14.8 %
Ear malformations 0% 0% (18) 29.5 % (5) 9.3 %
Subcutaneous hemorrhage (1) 2.6 % (1) 3% (14) 23 % (4)7.4%
Limb deformities 0% 0 % (13) 21.3% (3)5.6 %
Tail abnormalities 0% 0% (12) 19.7% D 7.4%
Kyphosis 0% 0% (12) 19.7% (4) 7.4%
Brachygnathia 0% 0% (11) 18 % (2)3.7%
Exomphalos 0% 0% (6) 9.8% (3) 5.6%
Exencephaly 0% 0% (3)4.9% 0%

The percentage of every abnormality was calculated according to each group.
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Figure 2: Photographs of representative fetuses
sacrificed on GD 20 showing (A) control, (B) gin-
ger, (C-K) GBP and (L) GBP + ginger groups.

Control group: Examining the double stained endo-
skeletal system of the 20-day-old control fetuses re-
vealed that most of the calvaria bones are well ossi-
fied. In particular, at the level of the sternum, just six
ossified parts (sternabrae) were visible. At the level of
the ribs, only the portions articulating with the verte-
brae were ossified, while those connected to the ster-
num were cartilaginous. The vertebral column was
composed of number of vertebral segments, subdi-
vided depending on their location and morphological
characteristics into 7 cervical (Cv), 13 thoracic (Tv), 6
lumbar (Lv), 5 sacral (Sv) and caudal (Cav) vertebrae
with variable number. Each vertebra was formed by a
ventral corpus, two lateral arches and by the dorsal
neural spine. Intervertebral discs and caudal vertebrae
were mostly cartilaginous in nature and therefore
stained blue. In some cases, however, the first two-
three caudal vertebrae were partially ossified.

The anterior girdle was formed by the scapula and the
clavicle. The scapula possessed a red-stained main
body and a cartilaginous dorsal margin. Humerus,
radius and ulna were partially ossified. Commence-
ment of the ossification of metacarpal bones was no-
ticed in a proximo-distal direction. The rest of the
hand endoskeleton was still cartilage in nature.

The pelvic girdle was composed of a dorsal ilium,
anterior pubis and posterior ischium. The ilium
formed the typical iliac crest and articulated with the
sacral vertebrae, fused together forming the sacral
bone. The femur was articulated proximally with the
pelvic girdle at the level of the acetabulum and distal-
ly with the tibia, fibula and the patella. Tibia and fibu-

la articulated at their proximal ends but were sepa-
rated along two-thirds of their length by a wide cleft
and joined together distally. Femur, tibia, and fibula
were only partially ossified (diaphysis), while the
tarsal bones were in the shape of a cartilage draft and
stained blue. Ossification was determined to begin in
the diaphyses of the metatarsal bones. The proximal
and medial phalanges were yet completely cartilagin-
ous in nature. The endo-skeletal elements were well
formed with no deformity and the ossification went on
a proximo-distal direction (Fig.3 A).

Ginger group: Comparing the skeleton of the fetuses
of the ginger group with that of the control group re-
vealed no significant difference. The skull, vertebral
column, sternum, ribs and limbs showed normal ske-
letal structure and had the same degree of ossification
like that of the control group (Fig. 4 B).

GBP group: Fetuses maternally injected with GBP
showed various skeletal abnormalities (Table 4; Fig.
3C-K). Malformation of calvaria bones constituted
40.9% of the endo-skeletal malformations. The most
evident skull malformation was mandibular and max-
illary hypoplasia (88.9% and 77.8%, respectively)
(Fig. 3C, G & H) followed by delayed ossification of
calvaria bones (Fig. 3C-F).

Vertebral column anomalies came in the third place
among the induced skeletal malformations. About
63.6% of fetuses showed vertebral defects. These
defects included kyphosis (50%, Fig. 3 G), abnormali-
ties in the cervical arches, either non-fusion, absent
parts or delayed ossification of the arches (42.9%, Fig.
3D, E, F, H&I), delayed or absent sacral vertebral
ossification (21.4%, Fig. 3 E, F & I). Malformations
of the ribs were the second most common skeletal
anomaly observed with incidence of 72.7% (Table 4).
The most prominent costal malformation was costal
separation (62.5%, Fig. 3 D, E, | & K). Other costal
defects included wavy ribs (18.8%, Fig. 4 H) as well
as costal curvature (18.8%, Fig. 3J). Delayed ossifica-
tion of sternabrae was the only anomaly found in the
sternum with incidence of 36.4% (Fig. 3 C & K).

Limb malformations were the most common skeletal
anomaly observed with incidence of 77.3% in fetuses
of GBP group (Table 4). The majority of limb mal-
formation was higher in hind limb than the forelimb
(100% and 23.5%, respectively). There were no evi-
dent malformations in the stylopodial or zeugopodial
bones in the four groups, however, some fetuses had
defects in humerus bone (Fig. 3K). Some fetuses
showed decrease in the intensity of pelvic girdle as
well as femur, tibia and fibula ossification pattern
(Fig. 3 C&l). On the other hand, an evident delayed
ossification was observed in autopod and appeared
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predominantly in the metacarpal and metatarsal bones.
Primary ossification centers in these bones and pha-
langes did not appear (Fig. 3E & I).

GBP + Ginger Group: Administration of GBP fol-
lowed by ginger caused an evident decrease in the
skeletal malformations compared with the GBP group
(Fig. 3L). Skull anomalies were reduced to 23.1%
compared with the GBP group (Table 4).

Vertebral column deformities constituted 23.1% and
varied between kyphosis (66.7%), cervical arches
anomalies (33.3%) and thoracic and lumbar vertebral
defects (33.3%). Malformations of the ribs were de-
creased to 23.1% and were in the form of separated
ribs only (Fig. 3L). Only 15.4% of fetuses of this
group had delayed ossification of sternabrae (Table 4).
About 38.5% of fetuses of this group had limb mal-
formations in the form of delayed ossification pattern,
especially in the hind limb with higher incidence in
the metatarsal and the phalangeal bones.

The present results are in agreement with the study of
Afshar and Golalipour [6] who found that intraperito-
neal injection of GBP from GD 1 to GD 10 caused
delayed ossification in some bones of the skull, verte-
bral column, upper and lower limbs. Similar results
were reported by Afshar et al. [8] where maternal
intraperitoneal injection of GBP, during the first 15"

days of pregnancy in mice resulted in mandibular
hypoplasia, malformations of calvaria and vertebral
column as well as delayed ossification, especially in
the metacarpal and metatarsal bones. In their study on
the effects of GBP on the endo-skeletal system of rat
fetuses, Singh et al. [37] reported that in utero expo-
sure of GBP induced similar skeletal anomalies in
limbs and vertebrae of developing rat fetuses.

Exposure to higher doses of pregabalin in animals
caused a reduction in ossification rate, but not dose
dependent [3, 20]. Mice and rats exposed to valproic
acid exhibited abnormal limbs including long bone
reductions and abnormal or missing digits [25, 27, 28,
38]. Similarly, rat fetuses maternally subjected to
intraperitoneal injection of phenytoin suffered from
deteriorated ossification of skull bones and costal
separation anomaly [2, 39].

Probably, significant effects observed when adminis-
tering GBP on GD 6 to GD 15 can be related to the
fact that, during days 9 and 10 of the rat embryogene-
sis, the mesoderm changes drastically. The formation
of the intraembryonic mesoderm and its differentia-
tion in regions is fundamental for the formation of
cartilaginous and membranous structures that will be
the foundations for the skeletal system [40].

Table 4: Effect of GBP on the endoskeleton of the 20-day-old fetuses in different groups (Percentage %0).

Groups
Endo-skeletal abnormality Control Ginger GBP GBP + Ginger
n=13 n=11 n=22 n=13
Skull (9) 40.9% (3) 23.1%
I I 0, 0,
Mand_lbular hypoplagla 0% 0% (8) 88.9% (1) 33.3%
Maxillary hypoplasia (7) 77.8% (1) 33.3%
Delayed ossification (5) 55.6% (3) 100%
Vertebral column (14) 63.6% (3) 23.1%
Kyphosis (7) 50% (2) 66.7%
Cervical vertebrae 0% 0% (6) 42.9% (1) 33.3%
Thoracic and lumbar vertebrae (3) 21.4% (1) 33.3%
Sacral vertebrae (3) 21.4% 0%
Ribs (16) 72.7% (3) 23.1%
Separated o o (10) 62.5% (3) 100%
curved 0% 0% (3) 18.8% 0%
Wavy (3) 18.8% 0%
Sternum 0% 0% (8) 36.4% (2) 15.4%
Limb malformations (17) 77.3% (5) 38.5%
Fore limb 0% 0% (4) 23.5% (1) 20%
Hind limb (17) 100% (5) 100%
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1cm

Figure 3: Photographs of the endo-skeletal system
of double stained 20-day-old fetuses of control (A)
ginger (B), GBP (C-K) and GBP + ginger (L)
groups. All lateral view except K. Scale bar =1 cm.

Along with different skeletal defects, the present study
showed reduced length of the ossified parts of long
bones of fore and hind limbs in the fetuses injected
with GBP during the organogenesis period. The
lengths of ossification parts of the long bones (hume-
rus, radius, ulna, femur, tibia and fibula) in the four
groups were demonstrated in Figure (4). The mean
length of the ossified part of the fore limb bones was
quite similar in both the control and ginger groups and
showed the highest values with no significant differ-
ence in-between, humerus (0.37+£0.011 cm and
0.36+£0.007 cm), radius (0.27+x0.013 cm and
0.27+0.010 cm), ulna (0.38+£0.012 cm, 0.38+0.011
cm) for the control and ginger groups, respectively.
Conversely, GBP group showed the lowest values for
the lengths of ossification centers in the fore limb long
bones with a highly significant difference compared
with that of the control (0.29+£0.005 cm, 0.18+0.005
cm and 0.21+0.005 cm, for humerus, radius and ulna,
respectively). Co-administration of ginger after GBP
injection resulted in no significant difference (in case
of humerus) or low significant difference (in case of
radius and ulna) between the control group, while it
showed low (humerus) and high (radius and ulna)
significant difference when compared with GBP group
with overall moderate amelioration in the lengths of
ossification centers in fore limb long bones
(0.33+0.010 cm, 0.22+0.004 cm and 0.31+£0.009 cm
for the three bones).

Similar results were obtained when measuring the
lengths of ossification centers in the long bones of
hind limbs (femur, fibula and tibia). The control and
ginger groups showed the highest lengths with insig-
nificant difference between the two groups, femur
(0.28£0.013 cm and 0.26+0.014 cm), fibula
(0.32£0.015 cm and 0.31+0.010 cm) and tibia
(0.37£0.011 cm and 0.35+0.016 cm) for the control
and ginger groups, respectively. The lengths showed
statistically high significant decrease in the GBP
group when compared with the control group
(0.19+0.004 cm, 0.15+0.009 cm and 0.20+0.004 cm
for femur, fibula and tibia, respectively). The lengths
of the ossification centers increased in the combined
group and showed low significant difference com-
pared with control and low (femur) and high (fibula
and tibia) significant difference when compared with
GBP group (0.23+0.013 cm, 0.28+0.006 cm and
0.29+0.005 cm for the three bones).

Administration of vigabatrin and valproic acid to 4-
week old rat pups led to decrease in the mass, length
and diameter of the isolated bones in comparison with
the control rats [10]. Injection with phenobarbital also
led to reduction in the length of the ulna, radius, tibia
and phalanges as shown in the study of Yan et al. [41].
Numerous studies suggest that patients treated with
AEDs may be at an increased risk for bone disease
including changes in bone turnover, osteoporosis,
alterations in bone quality, and fracture [42].

Yan et al. [41] assumed two possibilities to give rise to
the shortened length of long bones. First is the small
cartilage template induced by treatment as it has been
proven that the formation of a proper cartilage model
is a prerequisite for normal endochondral ossification
[43]. The other possible explanation for the shorter
long bones is that the process of mineralization was
defective due to AED treatment which causes the
blockage of calcium channels, and eventually leads to
a loss in bone mineral density [44].

It has been emphasized that one of the main mechan-
isms of teratogenic action which affects ossification is
oxidative stress [27]. Prenatal bone development is
known to be sensitive to many environmental condi-
tions, which may negatively impact fetal skeletal de-
velopment [45]. Adverse events during the rapid de-
velopment of the appendicular skeletal during mid-
gestation can result in reduced neonatal size, weight
and growth rates [46]. Changes in prenatal bone
health and fetal osteogenesis have been positively
correlated with excessively elevated reactive oxygen
species (ROS) that may lead to improper skeletal for-
mation [47, 48]. The embryonic and fetal development
periods are believed to be extremely sensitive to high
levels of ROS in part because effective free radical
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scavenging systems are not yet fully developed [27].
Tung and Winn [49] experimentally found valproic
acid exposure resulted in increased ROS levels and
attributed developmental defects in head and neck
region to these increased ROS levels.

Combined treatment of ginger and GBP in the present
study resulted in increased mother weight gain and
greatly diminished the deleterious effects of GBP.
This finding agrees with many studies which prove
the ability of ginger in regaining body weight loss.
Gastric intubation of different doses of ginger from
GD 6 to GD 15 didn’t affect the maternal body weight
gain in rats [13]. Several reports indicated the effec-
tiveness of ginger in the protection against characte-
ristic diabetic weight loss in rats as there was highly
significant increase in their body weight when com-
pared with that of the diabetic non-treated groups [50]
and they attributed this effect to the hypoglycemic
potential of ginger.

Fetal length of long bones ossification
centers

0.45
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Figure 4: Graph showing the effects of maternal
GBP administration on the lengths of ossification
centers of the long bones in 20-day-old fetuses.

Administration of ginger also ameliorated the fetal
toxic effect of GBP during pregnancy evidenced by
reduced the morphological abnormalities and growth
retardation of the fetuses. These data are in accor-
dance with many other investigations on the effect of
ginger during pregnancy. Weidner and Sigwart [13]
reported that no significant differences were seen in
fetal body weight, the external, the skeletal or visceral
examination of the fetuses maternally treated with
ginger in doses up to 1000 mg/kg body weight during
mid gestation.

Related studies have indicated that antioxidant treat-
ments can prevent or reduce growth retardation and/or

the occurrence of malformations as a consequence of
xenobiotics exposure during development [51]. In line
with the use of antioxidant and folic acid therapy for
reduction of the frequency and severity of AED-
induced teratogenic effects, it was found that conco-
mitant vitamin E administration significantly atte-
nuated valproic acid and phenytoin induced decrease
in crown-rump length, fetal weight and malformations
[26, 28, 39]. The study of Abd El-Aziz et al. [36]
showed that the co-administration of vitamin E with
MeHg was also associated with an improvement in the
fetal crown-rump length, body weight, head length,
and biparietal diameter of the rat fetuses. The study of
Abou-El-Naga [52] on pregnant mice injected with
polycyclic hydrocarbons and curcumin from the GD 6
till the parturition showed improved neonatal growth
retardation and reduced malformation rate.

All of the above mentioned ameliorative and protec-
tive effects of ginger could be attributed to its antioxi-
dant properties. Several studies reported that ginger
was demonstrated to be a strong antioxidant [53]. Its
antioxidant activity has been attributed to its major
active phenolic ingredients, especially, 6-gingerol, 8-
gingerol, 10-gingerol, and 6-shogaol [54]. In addition,
the administration of ginger has been shown to im-
prove oxidative stress by decreasing lipid peroxidation
and protein oxidation as free radical generating
sources and elevating the levels of enzymes impli-
cated in the antioxidant defense [55]. The increase in
body weight gain following ginger treatment may be
explained by the fact that ginger contains vitamin A
which contributes to regulation of body growth and fat
reserves. It also contains vitamin Bg which can result
in body weight gain by intensification of the protein
synthesis [56].

In the current study, administration of ginger after
GBP during the organogenesis phase of the rat em-
bryonic development was associated with decrease
and improvement of skeletal malformation and in-
crease in ossification at various level in the whole
endoskeleton together with improvements in the
lengths of long bones of both fore- and hind-limbs in
the fetuses towards the control figures. In support of
the present results, some in vivo and in vitro studies
showed the ability of ginger to increase bone ossifica-
tion and reduce bone turnover. Ginger administration
was found to cause improvements in bone microarchi-
tectures and structure and decrease the osteoporotic
changes in femur diaphysis and metaphysis caused by
cadmium chloride and bilateral ovariectomy in the
study of Mustafa et al. [57]. The authors explained
this ameliorating effect of ginger and improvement in
bone structure to be related to the antioxidant charac-
ters of ginger, as well as its bone protection against
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oxidative damage induced by cadmium. The ameliora-
tive effect of ginger observed in the present study
pointed to its high antioxidant ability.

CONCLUSION: In the light of morphological and
endo-skeletal outcome it can be concluded that admin-
istration of gabapentin during rat organogenesis was
found to have adverse side effects on the gross mor-
phology, morphometric parameters and endoskeleton.
On the other hand, co-administration of ginger im-
proved these adverse effects. Therefore, treatment
with gabapentin should be restricted to the necessity
and in such cases, ginger should be taken in parallel.
The evident effect of ginger demonstrated in this
study is possibly related to its antioxidant and free
radical-scavenging properties. The outcome of the
present study called for more investigation regarding
the mechanism of action of ginger.

Abbreviations: AED, anti-epileptic drugs; At, atlas;
Ax, axis; C, carpus; Cav, caudal vertebrae; Cl, cla-
vicle; Cv, cervical vertebrae; Cor, cornified cells; Eo,
exoccipital; Ep, epithelial cells; F, frontal; Fe, femur;
Fi, fibula; GBP, gabapentin; GD, gestation day; Hu,
humerus; Hy, hyoid; II, Hium; Ip, interparietal; Is,
ischium; Le, leukocytes; Lv, lumbar vertebrae; Mc,
metacarpus; Mn, mandible; Mt, metatarsus; N, nasal;
Pa, parietal; Ph, phalanges; Pre-M, premaxilla; R,
radius; Ri, ribs; S, squamosal; Sc, scapula; SEM,
standard error of the mean; So, supraoccipital; St,
sternum; Sv, sacral vertebrae; T, Tympanic; Ta, tarsus;
Ti, tibia; Tv, thoracic vertebrae; U, ulna; XP, xiphoid
process; Zy, zygomatic.
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