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ABSTRACT: 
All antiepileptic drugs (AEDs) are either known or suspected of being teratogenic. 

The possible teratogenic mechanism is likely to be multiple even for the same drug. 

Treatment of females with epilepsy in the childbearing period raises questions due to 

interactions between epilepsy, antiepileptic drugs (AEDs) and different forms of 

reproductive life. The use of AEDs in these females is a balance between seizure 

control and adverse effects of these drugs, which are both potentially harmful to the 

developing fetus, neurological development, growth and subsequent pediatric progress, 

which presents unique challenges to both the clinicians and their patients. Recently, 

number of commercially available AEDs has steadily increased. This work is a 

randomized single blind control trial that aims to study the possible teratogenic effects 

of AEDs by comparing carbamazepine (old generation) with lamotrigine (new 

generation) in order to detect the drug that can be used safely by epileptic pregnant 

females.  Pregnant female albino rats (120 in number) were used. They were randomly 

classified into six groups (2 control and 4 treated groups) each contained 20 pregnant 

rats. Animals were killed on the 20th day of gestation, dissected and fetuses were 

exposed and randomly classified into two subgroups: The first (1/3 of fetuses) were 

eviscerated and preserved in 95% ethyl alcohol for skeletal staining, using Alizarin red 

stain. Examination included: bones of axial skeleton (skull, vertebral column, sternum 

and ribs) and appendicular skeleton (clavicle, scapula, forelimbs and hind limbs). The 

second (2/3) were fixed in Bouin’s solution for visceral examination.   

Examination of the axial skeleton: craniofacial bones showed highly significant 

reduction in complete ossification centers (OCs) of all treated groups in comparison 

with the control with no significant difference between lamotrigine and carbamazepine 

in therapeutic doses. Other parts of axial skeleton were not affected in therapeutic 

treated groups. Appendicular skeleton, except metacarpal OCs, showed no difference 

from control in therapeutic doses. There was a highly significant reduction in complete 

metacarpal OCs of both doses of carbamazepine and ¼ LD50 of lamotrigine, in 

comparison with the control, but there was a highly significant increase in both doses 

of lamotrigine in comparison with corresponding doses of carbamazepine. Similarly, 

there was a highly significant reduction in complete metatarsal OCs in both ¼ LD50 

doses in comparison with the control. No significant difference was recorded in 

complete metatarsal OCs of therapeutic dose of lamotrigine and a highly significant 

increase in ¼ LD50 dose in comparison with corresponding doses of carbamazepine. 
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Visceral findings: no abnormalities were detected among fetuses in therapeutic doses 

of treated groups. Fetuses of ¼ LD50 treated groups showed internal abnormalities in 

heads cross sections, while other levels showed no difference from control.  

Conclusion: lamotrigine in therapeutic dose can be used safely by epileptic pregnant 

females. 
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INTRODUCTION 
Antiepileptic drugs (AEDs) are 

used in the treatment or prevention of 

convulsions. They are designed to 

modify the structures and processes 

involved in seizure development 

seizure (neurons, ion channels, 

receptors, glia and inhibitory or 

excitatory synapses) which are 

modified to favor inhibition over 

excitation to stop or prevent seizure 

activity. They are also used 

extensively to treat multiple non-

epilepsy disorders, both in neurology 

and psychiatry (Landmark, 2008). 

 

Number of commercially available 

AEDs has increased steadily. 

Although this may complicate 

management choices, but it also offers 

new options to individualize treatment 

more effectively. Each of the available 

AEDs differs in many clinically 

relevant properties (spectrum of 

efficacy in different seizure types, 

adverse effects, pharmacokinetics, 

susceptibility to cause or be a target of 

clinically important drug-drug 

interactions, ease of use and cost) 

(Perucca, 2005). 

Conventional or old generation of 

antiepileptic drugs generally inhibit 

sodium currents e.g. carbamazepine 

(Czapinski et al., 2005). 

Carbamazepine (CZB) reduces the 

propagation of abnormal impulses in 

the brain by blocking sodium 

channels, thereby inhibiting the 

generation of repetitive action 

potentials in the epileptic focus 

(Farber et al., 2002). Novel or new 

generation of antiepileptic drugs e.g. 

lamotrigine (Czapinski et al., 2005). 

Lamotrigine (LTG) is a triazine 

compound that is chemically unrelated 

to any of the other AEDs. It was 

developed as an antifolate agent based 

on a theory that the mechanism of 

some AEDs is related to their 

antifolate property (Aldenkamp et al., 

2003).   

Skeletal ossification is generally 

considered to be an indicator of 

developmental maturity. In rats, it 

normally begins during the 17th day 

after conception rapidly followed by 

the ossification of the mandible and 

ribs, adhering to a precise time 

schedule (Walker and Wirtschafter, 

1957). The skeletal system develops 

from mesoderm either in membrane 

(intramembranous osteogenesis) or in 

cartilage (endochondral osteogenesis). 

Several investigators studied skeletal 

ossification during pre-and postnatal 

development in rats (Fritz and Hess, 

1970 and Aliverti et al., 1979).                
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Ossification of the axial skeleton 

at birth is used as an indicator of the 

degree of developmental retardation. 

Delayed ossification at a given time 

near term indicates none specific 

retardation of fetal growth and 

development. Thus, evaluation of 

skeletal maturity is an important 

criterion in teratological studies as 

well as persistent anomalies in 

ossification which are best observed 

several days after birth (Fritz and 

Hess, 1970). Unlike other 

medications, AEDs cannot be 

withdrawn even when pregnancy is 

planned, since uncontrolled seizures 

may be harmful to the mother as well 

as to the fetus. This risk must be 

balanced against the teratogenic risk 

(Tomson and Battino, 2008).  

 

AIM OF THE STUDY 
It was designed to study possible 

teratogenic effects of AEDs by 

comparing one of the old 

(carbamazepine) with one of the new 

generation (lamotrigine) to detect 

AEDs that can be used safely by 

epileptic pregnant females. 

 

MATERIAL & METHODS 
This study is a randomized single 

blind control trial. 

A. Antiepileptic drugs: 

Carbamazepine (Tegratol) 

 Is an old generation AED 

obtained from NOVARTIS -Egypt 

 It is present in the form of 

syrup 20mg /ml. 

 Human therapeutic dose  15-

25mg/kg/day; adults can tolerate a 

daily dose of 1-2 grams in two divided 

doses (Porter and Meldrum, 2004). 

IIa group received the therapeutic 

dose = 18 mg/day ≈ 0.9ml (0.45ml 

twice/day) (Paget and Barnes, 1964). 

 IIb group received ¼ LD50 =97 

mg/kg ≈ 5 ml (2.5 ml twice/day) 

(Anon, 2013a). 

Lamotrigine (lamotrin): 

 Is a new generation AED 

obtained from APAPEX for 

pharmaceuticals - Egypt. 

 It is present in the form of 

tablets 100mg. 

 Human therapeutic dose  

225-375 mg/day in two divided doses. 

 IIIa group received therapeutic 

dose = 5.4 mg/day of lamotrigine 

dissolved in 0.5 ml normal saline (0.25 

ml twice/day) (Paget and Barnes, 

1964). 

 IIIb group received ¼ LD50= 32 

mg/kg of lamotrigine dissolved in 3.2 

ml normal saline (1.6 ml twice/day) 

(Anon, 2013b). 

 

B. Chemicals: 

 Distilled water and picric acid 

70% (Morgan chemical works - 

Egypt) were obtained from the lab of 

Forensic Medicine and Clinical 

Toxicology Department, Faculty of 

Medicine, Assiut University. 

 Glycerin 100% (El-Naser 

Company, Egypt). 

 Potassium hydroxide (KOH) 

1% (El-Gomhoria company, Egypt). 

 Potassium carbonate 1% (El-

Gomhoria company, Egypt).. 

 Alizarin red (Merck, Germany).  

 Ethyl alcohol 95% (El-Naser 

company, Egypt).                       . 

 Formalin 10% (El-

Gomhoriacompany, Egypt).  

 Normal saline 0.9% (El-

Gomhoria company, Egypt). 

C. ANIMALS: 
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120 pregnant rats were purchased 

from animal house of faculty of 

medicine, Assiut University. They 

were housed in capacious cages with 

natural ventilation at room 

temperature (37oC). They received tap 

water and food (rodent pellets) ad 

libitum. 

Day zero of gestation (GD0) was 

identified after a successful mating 

which was known by vaginal redness 

and slight swelling on the following 

morning (Padmanabhan et al.,2003). 

They classified randomly into six 

groups; each group contained 20 

pregnant female rats. 

 Control groups (I) further 

subdivided into Ia and Ib (20 rats 

each) according to intake as follows: 

 Ia  -ve control, received 

nothing. 

 Ib  +ve control, received 

normal saline. 

 Treated groups: 

-Carbamazepine group (II) further 

subdivided into IIa and IIb according 

to dose as follows: 

 IIa  received therapeutic dose 

(18mg/kg). 

 IIb  received ¼ LD50 

(97mg/kg). 

-Lamotrigine group (III) further 

subdivided into IIIa and IIIb according 

to dose as follows: 

 IIIa  received therapeutic 

dose (5.4mg/kg). 

 IIIb  received ¼ LD50 

(32mg/kg). 

Saline or drugs were given using a 

gastric tube from 6th day up to the 19th 

day of gestation. They were then killed 

by cervical dislocation (after 

inhalation anesthesia) on the 20th day 

of gestation, dissected and fetuses 

were exposed. 

1. SKELETAL SUBGROUP: 

were eviscerated and preserved in 95% 

ethyl alcohol for skeletal staining. 

According to modified Dawson’s 

technique, fetal skeletons were stained 

as follows: (Richmond and Bennett, 

1938): 

 Fetuses were eviscerated 

through a small midline abdominal 

incision and fixed in 95% alcohol. The 

incision permits the free access of 

reagent. 

Specimens were rinsed in 1% 

potassium carbonate for 4 weeks. 

 Soft parts were cleared by 

immersing the specimens in 1% KOH 

for 10 days, until the bones were 

clearly visible through the soft tissue. 

 Staining was done by 

immersing the specimens in freshly 

prepared 0.1% aqueous solution of 

alizarin red S to which 6-10 drops of 

1% KOH were added. 

 Specimens were depolarized by 

immersion in an aqueous solution of 

20% glycerin and 1% KOH until the 

soft tissues became entirely 

transparent showing the ossified 

skeleton stained deeply red. 

 When bones were clearly 

visible, specimens were transferred 

through several concentrations of 50, 

70, 80 and 90% solution of glycerin in 

water, and lastly was preserved in 

100% glycerin to which few drops of 

formaldehyde solution were added to 

prevent fungal growth. Skeletal system 

was then examined. 

Skeletal system examination 

included the following: 

I. Bones of axial skeleton: 

 Skull (craniofacial bones). 

 Vertebral column (thoracic, 

lumbar, sacral and caudal vertebrae). 

 Sternum. 
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 Ribs. 

II. Bones of the appendicular 

skeleton: - 

 Clavicle. 

 Scapula. 

 Forelimbs (humerus, radius, 

ulna and carpal, metacarpals and 

phalanges). 

 Hindlimbs (coxal bone, femur, 

tibia, fibula and tarsal, metatarsal and   

phalanges). 

Ossification was considered 

complete, incomplete or absent. 

Incomplete ossification was identified 

when the center was either small or 

faintly stained (Kimmel et al., 1982). 

For statistical analysis, Ossification 

centers (OCs) (complete, incomplete 

or absent) of craniofacial bones, 

vertebral centers (thoracic, lumbar, 

sacral and caudal), metacarpal and 

metatarsal of all fetuses of each group 

were counted. In addition to the total 

number of complete, incomplete and 

absent OCs in each group that were 

recorded and expressed as a percent 

from the total number of centers. 

Mean and standard deviation 

values for the number of complete 

OCs being an index for proper 

ossification were calculated according 

to Ibrahim (2003), as follows: 

Number of complete OCs % = 

Total number of complete OCs / 

total number of OCs X 100). 

Mean complete OCs = 

Total number of complete OCs in 

each group / number of fetuses in each 

group. 

Number of incomplete OCs % = 

Total number of incomplete OCs / 

total number of OCs X 100). 

Number of absent OCs % = 

Total number of absent OCs / total 

number of OCs X 100). 

2. VISCERAL SUBGROUP: 

were fixed in Bouin’s solution 

(aqueous saturated solution of picric 

acid 70% formalin 25%, glacial acetic 

acid 5%) for visceral examination 

(Drury and Wallington, 1980). Internal 

organs were studied by using the 

Wilson’s razor blade technique. The 

whole fetuses were sectioned (3-5mm) 

in cranio-caudal direction (cross 

sections) as in figure (A) and the slices 

sequentially examined under the 

microscope (connected to digital 

camera) for any gross visceral 

abnormalities (Wilson, 1964).     
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Figure (1): A diagram showing the sites of the Wilson’s sections taken in a 20-days 

old rat offspring (Wilson, 1964). (a) through the eyeball; (b) through the ear and 

mouth; (c)   cranial to the forelimbs; (d) caudal to the forelimbs; (e) in the 

abdomen cranial to the umbilicus; (f) in the abdomen caudal to the umbilicus.  

 

Statistical analysis:  
The Statistical Package for Social 

Sciences (SPSS) version 16.0 was 

used in data analysis.  

Comparisons for the means and the 

significance were made by t-student`s 

test. The level of significance was set 

at P < 0.05. 

 

RESULTS 
This study detects the 

teratogenicity of 2 antiepileptic drugs 

(AEDs); Carbamazepine (old 

generation) and Lamotrigine (new 

generation). G II a and GIII received 

Carbamazepine and Lamotrigine their 

therapeutic dose respectively. GII b 

and G III b received ¼ LD50 of 

Carbamazepine and Lamotrigine 

respectively. 

Skeletal anomalies: 

Fetal skeletons were examined 

where OCs were used as indicators of 

fetal development. Examination 

included the following: 

I. Bones of axial skeleton: 

 Table (1) and figure (2) 

represent the effect of AEDs on 

craniofacial OCs (13 bones were 

examined in each rat) a highly 

statistical significant reduction 

(P<0.001) in the mean of complete 

craniofacial OCs of all AEDs treated 

groups in comparison with the control 

was observed, incomplete centers 

were detected in all groups (photos: 1, 



59 Farghaly et al.                                                                                                          

   
 

Egypt J. Forensic Sci. Appli. Toxicol                                    Vol 17 (1) June 2017 

2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 and13), 

while absent centers were recorded 

only in group III b (photo.14). 

By comparing the mean of 

complete craniofacial OCs in groups II 

a and III a, no significant difference 

was revealed. On the other hand, the 

comparison between groups II b and 

III b revealed a highly significant 

decrease (P <0.001) 

 Table (2) and figure (3) 

represent the effect of maternal AEDs 

administration on vertebral OCs (25 

bones were examined in each rat). 

There is a highly statistical significant 

(P<0.001) reduction in the mean of 

complete vertebral ossification centers 

of II b and III b groups, in comparison 

with control group, while there is no 

statistically significant difference in 

those of G II a and G III a when 

compared with control group, 

incomplete centers were not detected 

in all groups except in groups II b 

(photo. 15 and 16), while absent 

centers were recorded only in groups 

III b (photo.14). 

By comparing the mean of 

complete vertebral OCs in groups II a 

and III a, no significant difference was 

revealed. On the other hand, the 

comparison between groups II b and 

III b revealed a highly significant 

decrease (P <0.001) 

 Table (3) and figure (4) 

represent the effect of maternal AEDs 

administration on thoracic OCs (12 

bones were examined in each rat). 

There is a very highly statistical 

significant reduction in the mean of 

complete thoracic OCs in G IIb and G 

IIIb (p<0.001) in comparison with the 

control group, while there is no 

statistically significant difference in 

mean of II a and III a groups when 

compared with control group. The 

incomplete centers were not detected 

in all groups except in group IIb 

(photo.15 and 16), while absent 

centers were recorded only in group 

III b (photo.14) 

By comparing the mean of 

complete thoracic OCs in groups II a 

and III a, no significant difference was 

revealed. On the other hand, the 

comparison between groups II b and 

III b revealed a highly significant 

decrease (P <0.001). 

 Table (4) and figure (5) 

represent the effect of maternal AEDs 

administration on lumbar OCs (6 

bones were examined in each rat). 

There is a very highly statistical 

significant (P<0.001) reduction in the 

mean of lumbar ossification centers of 

IIb and IIIb groups, in comparison 

with control group, while there is no 

statistically significant difference in 

mean of II a and III a groups when 

compared with control group. There 

are incomplete centers were detected 

in group II b (photo.15 and 16), while 

absent centers were recorded in IIIb 

(photo. 14). 

By comparing the mean of 

complete lumbar OCs in groups II a 

and III a, no significant difference was 

revealed. On the other hand, the 

comparison between groups II b and 

III b revealed a highly significant 

decrease (P <0.001) 

 Table (5) and figure (6) 

represent the effect of maternal AEDs 

administration on sacral OCs (4 bones 

were examined in each rat). There is a 

very highly statistical significant 

(P<0.001) reduction in the mean of 

complete sacral ossification centers of 

IIb and IIIb groups in comparison with 

control group, while there is no 

statistically significant difference in 

mean of II a and III a groups 



60 Farghaly et al.                                                                                                          

   
 

Egypt J. Forensic Sci. Appli. Toxicol                                    Vol 17 (1) June 2017 

compared with control group. The 

incomplete centers were not detected 

in all groups except in group II b 

(photo.15 and 16), while absent 

centers were recorded only in group 

III b (photo.14). 

By comparing the mean of 

complete vertebral OCs in groups II a 

and III a, no significant difference was 

revealed. On the other hand, the 

comparison between groups II b and 

III b revealed a highly significant 

decrease (P <0.001) 

 Table (6) and figure (7) 

represent the effect of maternal AEDs 

administration on caudal OCs (3 bones 

were examined in each rat). There is a 

very highly statistical significant 

(P<0.001) reduction in the mean of 

complete caudal ossification centers of 

II b and III b group, in comparison 

with control group, while there is no 

statistically significant difference in 

mean of IIa and IIIa groups when 

compared with control group. 

Incomplete centers were detected in 

groups IIb (photo.15 and 16), while 

absent centers were recorded only in 

group IIIb (photo.14). 

By comparing the mean of 

complete caudal OCs in groups II a 

and III a, no significant difference was 

revealed. On the other hand, the 

comparison between groups II b and 

III b revealed a highly significant 

decrease (P <0.001) 

The sternum: 

The Sternum was completely 

ossified in all groups except III b 

where 6 out of 37 fetuses (16.2%) 

showed complete absence of OCs. 

The ribs: 

All ribs (13 pairs in each fetus) 

were completely ossified in groups I, 

IIa and III a; while in group IIb, 

incomplete ossifications were noticed 

in 8 out of 60 fetuses (13.3%) 

(photo.15, 16 and 17). Other 

anomalies were recorded in group IIb 

in the form of angulations in 6 fetuses 

(10.0%) and short ribs in 4 fetuses 

(6.7%) and in group III b absent OCs 

was noticed in 6 out of 37 fetuses 

(16.2%) (photo.14). 

II. The Appendicular Skeleton: 

1. The clavicle was completely 

ossified in all groups except in group 

IIIb where absent OCs was noticed in 

6 out of 37 fetuses (16.2%) (photo.14). 

2. The scapula was completely 

ossified in groups I, IIa and, IIIa, 

while IIb showed incomplete 

ossification in 8 out of 60 fetuses 

(13.3%) (photo.18), and IIIb showed 

absent OCs in 6 out of 37 fetuses 

(16.2%) (photo.14). 

3. The forelimbs: 

The humerus, radius and ulna 

were completely ossified in groups I, 

IIa and IIIa; while IIb showed 

incomplete ossification in 8 out of 60 

fetuses (13.3%) (photo. 18 and 19) and 

IIIb showed absent OCs in 6 out of 37 

fetuses (16.2%) (photo. 14). 

 Table (7) and figure (8) 

represent the effect of maternal AEDs 

administration on metacarpal OCs (3 

bones were examined in each rat). 

There is a very highly statistical 

significant (P<0.001) reduction in the 

mean of complete metacarpal 

ossification centers of IIa, IIb and III b 

groups, in comparison with control 

group, while there is no statistically 

significant difference in mean of III a 

group when compared with control 

group, incomplete centers were 

detected in groups II a, II b (photo. 18 

and 19) While, absent centers were 

recorded in groups II b and III b 

(photo.14). 
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By comparing the mean of 

complete metacarpal OCs in groups II 

a and III a, there is a highly significant 

difference (p< 0.001) was revealed.  

However, the comparison between 

groups II b and III b revealed a highly 

significant decrease (P <0.001). 

4. Hind limbs: 

Ileum and ischium were 

completely ossified in all groups 

except IIb where 6 out of 60 fetuses 

(10.0%) (photo.19) showed 

incomplete ossification and IIIb where 

6 out of 37 fetuses showed absent 

ossification (16.2%) (photo. 14). 

Femur, tibia and fibula were 

completely ossified in groups I, IIa 

and IIIa. In IIb 6 out of 60 fetuses 

(10.0%) (photo.17) showed 

incomplete ossification of femur 

(photo.19) and 11 out of 60 fetuses 

(18.3%) showed incomplete 

ossification of tibia; while in group 

IIIb 6 out of 37 fetuses (16.2%) 

showed incomplete ossification of 

fibula. 

 Table (8) and figure (9) 

represent the effect of maternal AEDs 

administration on metatarsal OCs (3 

bones were examined in each rat). 

There is a very highly statistical 

significant (P<0.001) reduction in the 

mean of complete metatarsal 

ossification centers of II b and III b 

groups, in comparison with control 

group, while there is no statistically 

significant difference in mean of II a 

and III a groups when compared with 

control group, incomplete centers 

were detected in groups II b(photo.18 

and 20), while absent centers were 

recorded only in group III b 

(photo.14).. 

By comparing the mean of 

complete metatarsal OCs in groups II 

a and III a, no significant difference 

was revealed. On the other hand, the 

comparison between groups II b and 

III b revealed a highly significant 

decrease (P <0.001) 

Visceral Findings: 

The visceral subgroup (2/3 of 

fetuses) was kept in bouin's solution. 

Internal organs were examined using 

Wilson's razor blade technique. No 

abnormalities were detected in fetuses 

of groups I, II a and III a.  Fetuses of 

groups II b and III b showed 

abnormalities in the heads only 

Abnormalities at the level of the head 

were as follows: 

 Carbamazepine 1/4 LD50 (IIb): 

 Abnormalities were detected 

in 14 out of 119 fetuses (12%). 

The brain of 7 fetuses showed 

dilatation of the lateral ventricle 

(photos. 31 and 32), shrinkage (photo. 

33) and degenerative (necrotic) 

changes (photos. 32 and 34). . 

The eyes of 5 fetuses showed 

delayed development of one eye 

(photo. 34) and both eyes (photos. 31 

and 32). 

The palate of 2 fetuses showed 

moderate degree of smoothness 

(photo. 35). 

 Lamotrigine 1/4 LD50 (IIIb): 

Abnormalities were detected in all 

74 fetuses where the brain showed 

areas of softening, indicating 

degeneration (photo. 36). 
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Skeletal Evaluation 

I) Axial Skeleton: 

 

Table (1): Effect of maternal AEDs administration on craniofacial ossification 

centers (13 bones) of albino rat fetuses 

Groups 
No. of  

Fetuses 

Total 

No. of 

centers 

Mean ±SD of 

complete   

centers 

No of 

complete 

centers 

No of 

incomplete 

centers 

No of 

absent 

centers 

No % No % No % 

I 68 884 13.0 ± 0.0 884 100 0 
0 0 0.0 

II a 61 793 12.0 ± 1.1*** 732 92.3 61 
7.7 0 0.0 

II b 60 780 11.0 ± 0.8*** 660 84.6 120 
15.4 0 0.0 

III a 47 611 
12.3 ± 0.8*** 

 §NS 
580 94.9 31 

5.1 0 0.0 

III b 37 481 
9.0 ± 1.2*** 

§*** 
333 69.2 68 

14.1 80 16.7 

Results are shown as mean ± SD.                  No: Number 

- %; The percentage calculated from number of incomplete centers / total number of 

centers X 100 

-* Comparison between control versus each treated group, 

-§ Comparison between carbamazepine versus lamotrigine in both dose 
*** p<0.001 is very highly significant         NS: non-significant 

 
 

Figure (1): Effect of maternal AEDs administration on craniofacial ossification 

centers of albino rat fetuses   
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Table (2): Effect of maternal AEDs administration on vertebral ossification centers 

(25 bones) of albino rat fetuses 

Results are shown as: mean ±SD of each group. No: Number 

-%: The percentage calculated from number of incomplete centers / total number of 

centers X 100 

- * Comparison control versus each treated group. 

-  § Comparison between carbamazepine versus lamotrigine in both doses 
***p<0.001 is highly significant                         NS: non-significant 
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IIb 60 1500 12.2 ± 0.8*** 735 49 765 51 0 0 

IIIa 47 1175 25 ± 0§NS 1175 100 0 0 0 0 

IIIb 37 925 

20.8±1.7*** 

§*** 

 

771 83.4 0 0 154 16.6 
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Figure (2): Effect of maternal AEDs administration on vertebral ossification centers 

of albino rat fetuses. 

 

Table (3): Effect of maternal AEDs administration on thoracic. ossification centers 

of albino rat fetuses. 

Groups 

No.  

of  

Fetuses 

Total 

No of 

centers 

Mean ±SD of 

complete 

centers 

No of 

complete 

centers 

No of 

incomplete 

centers 

No of 

absent 

centers 

No % No % No % 

G   

I(control) 
68 816 12.0±.00 816 100.0 0 0.0 0 0.0 

G IIa 61 732 12.0±0.0 732 100.0 0 0.0 0 0.0 

G IIb 60 720 5.2±0.7*** 315 43.8 405 56.2 0 0.0 

G  IIIa 47 564 12.0±0.0§NS 564 100.0 0 0.0 0 0.0 

G  IIIb 37 444 
10.0±1.4*** 

  § *** 370 83.3 0 0.0 74 16.7 

Results are shown as: mean ±SD of each group. No: Number 

-%: The percentage calculated from number of incomplete centers / total number of 

centers X 100 

- * Comparison control versus each treated group. 

-  § Comparison between carbamazepine versus lamotrigine in both doses 
***p<0.001 is highly significant                         NS: non-significant 
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Table (4): Effect of maternal AEDs administration on lumbar ossification centers of 

albino rat fetuses (L1-6) 

 

Groups 
No. of  

Fetuses 

Total 

No of 

centers 

Mean±SDof 

complete 

centers 

No of 

complete 

centers 

No of 

incomplete 

centers 

No of 

absent 

centers 

No % No % No % 

G I 

(control) 
68 408 6.0 ± 0.0 408 100.0 0 0.0 0 0.0 

G II a 61 366 6.0 ± 0.0 366 100.0 0 0.0 0 0.0 

GII b 60 360 2.62±0.5*** 158 43.9 202 56.1 0 0.0 

G III a 47 282 6.0 ± 0.0§NS 282 100.0 0 0.0 0 0.0 

G III b 37 222 
5.0±0.9*** 

§*** 185 83.3 0 0.0 37 16.7 

Results are shown as: mean ±SD of each group. No: Number 

%: The percentage calculated from number of incomplete centers / total number of 

centers X 100. 

-* Comparison control versus each treated group, 

-§ Comparison between carbamazepine versus lamotrigine in both doses 
***p<0.001 is highly significant                                      NS: non-significant 

Results are shown as: mean ± SD of each group. 
*** p<0.001is very highly significant.NS: non significant 
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Table (5): Effect of maternal AEDs administration on sacral ossification centers of 

albino rat fetuses (S1-4): 

Groups 
No. of  

Fetuses 

Total 

No of 

centers 

Mean ±SDof 

complete 

centers 

No of 

complete 

centers 

No of 

incomplet

e centers 

No of 

absent 

centers 

No % No % No % 

G I 

(control) 
68 272 4.00±0.0 272 100.0 0 0.0 0 0.0 

G IIa 61 244 4.00 ± 0.0 244 100.0 0 0.0 0 0.0 

G IIb 60 240 2.50 ± 0.9*** 150 62.5 90 37.5 0 0.0 

G IIIa 47 188 4.00 ± 0.0§NS 188 100.0 0 0.0 0 0.0 

G IIIb 37 148 
3.33± 0.8*** 

§*** 123 83.1 0 0.0 25 16.9 

Results are shown as: mean ± SD of each group.         No: Number 

%: The percentage calculated from number of incomplete centers / total number of 

centers X 100 

-* Comparison control versus each treated group. 

§ Comparison between carbamazepine versus lamotrigine in both doses 
***p<0.001 is highly significant                                      NS: non-significant 
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Figure (4): Effect of maternal AEDs administration on lumbar ossification centers of albino rat fetuses  
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Figure (5): Effect of maternal AEDs administration on sacral ossification centers of albino 

rat fetuses  

 

Table (6): Effect of maternal AEDs administration on caudal ossification centers of 

albino rat fetuses (C1-3): 

Groups 
No. of 

Fetuses 

Total 

No of 

centers 

 

Mean ±SD of 

complete 

centers 

No of 

complete 

centers 

No of 

incomplet

e centers 

No of 

absent 

centers 

No % No % No % 

G I 

(control) 
68 204 3.00 ± 0.0 204 100.0 0 0.0 0 0.0 

G IIa 61 183 3.00 ± 0.0 183 100.0 0 0.0 0 0.0 

G IIb 60 180 1.88 ±0.7***  113 62.8 67 37.2 0 0.0 

G IIIa 47 141 3.00 ± 0.0§NS 141 100.0 0 0.0 0 0.0 

G IIIb 37 111 
2.50  ±0.5*** 

§*** 93 83.8 0 0.0 18 16.2 

Results are shown as: mean± SD of each group.        No: Number 

%: The percentage calculated from number of incomplete centers / total number of 

centers X 100 

-* Comparison control versus each treated group. 

- § Comparison between carbamazepine versus lamotrigine in both doses 
***p<0.001 is very significant                                      NS: non-significant 
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Figure (6): Effect of maternal AEDs administration on caudal ossification centers of albino 

rat fetuses   

 

Metacarpal centers: 

Table (7): Effect of maternal AEDs administration on metacarpal ossification 

centers of albino rat fetuses (Mc 1-3)  

Results are shown as: mean ± SD of each group.           No: Number 

%: The percentage calculated from number of incomplete centers / total number of 

centers X 100 

-* Comparison control versus each treated group. 

-§ Comparison between carbamazepine versus lamotrigine in both doses 
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Groups No. of  

Fetuses 

Total 

No of 

centers 

Mean ± SD 

of complete 

centers 

No of 

complete 

centers 

No of 

incomplete 

centers 

No of 

absent 

centers 

No % No % No % 

GI 

(control) 

68 204 3.00  ±  0.0 204 100.0 0 0.0 0 0.0 

G IIa 61 183 2.53  ± 0 .5*** 154 84.2 29 15.8 0 0.0 

G IIb 60 180 1.31 ± 0.5*** 79 43.9 68 37.8 33 18.3 

G IIIa 47 141 3.00 ± 0.0§*** 141 100.0 0 0.0 0 0.0 

G IIIb 37 111 2.50  ±  0.5*** 

§*** 

93 83.8 0 0.0 18 16.2 
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***p<0.001 is highly significant                                      NS: non-significant 

 

 
Figure (7): Effect of maternal AEDs administration on metacarpal Ossification 

centers of albino rat fetuses.  

 

Metatarsal centers: 

Table (8): Effect of maternal AEDs administration of metatarsal ossification centers 

of albino rat fetuses (Mt 1-3) 

Groups 
No. of  

Fetuses 

Total 

No of 

centers 

 

Mean± SD of 

complete 

centers 

No of 

complete 

centers 

No of 

incomplete 

centers 

No of 

absent 

centers 

No % No % No % 

GI (control) 68 204 3.00 ±0.0 204 100.0 0 0.0 0 0.0 

G IIa 61 183 3.00 ±0.0 183 100.0 0 0.0 0 0.0 

G IIb 60 180 1.62 ±0.5*** 98 54.4 82 45.6 0 0.0 

G IIIa 47 141 3.00 ±0.0§NS 141 100.0 0 0.0 0 0.0 

G  IIIb 37 111 
2.50 ±0.5*** 

§*** 93 83.8 0 0.0 18 16.2 

Results are shown as: mean ± SD of each group.           No: Number 

%: The percentage calculated from number of incomplete centers / total number of 

centers X 100 

-* Comparison control versus each treated group. 

-§ Comparison between carbamazepine versus lamotrigine in both doses 

icantsignif-p<0.001 is highly significant                                      NS: non*** 
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Figure (8): Effect of maternal AEDs administration on metatarsal ossification centers of 

albino rat fetuses  

 

 

PHOTOS: 
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Photo. (1):  Dorsal oblique view of 

fetus in group II a (therapeutic dose 

carbamazepine) (Alizarin specimen), 

showing: 

1) Mild delayed ossification of parietal 

bone with inter-parietal fissuring 
(Alizarin stain X10) 

 

 

Photo. (2): Lateral view of fetus in group II a 

(therapeutic dose carbamazepine) showing: 

1) Moderate ossification delay of parietal with 

ill-defined posterior margin. 

2)  Defective alveolar margin of mandible.  

(Alizarin stain X10) 

Photo. (3): Lateral view of fetus in group 

IIa (therapeutic dose carbamazepine) 

showing (numbers not accurately in place): 

-Marked ossification delay of:  

1) Parietal and interparietal bones. 

2) Exocciptal bone. 

3) Lacrimal. 

4) Maxilla. 

5) Mandible. 

6) Metacarpal bones.  
(Alizarin stain  X10) 
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Photo. (4): Lateral view of fetus in 

group IIa (therapeutic dose 

carbamazepine), (Alizarin specimen), 

showing: 

-Delayed ossification of: 

1) Parietal and interparietal. 

2) Supraoccipit and exoccipit. 

3) Lacrimal bone. 

4) Posterior aspect of mandible.      
(AlizarinstainX10) 

 Photo. (5):  Dorsal view of fetus in group IIb (¼ 

LD50 carbamazepine) showing: 

1) Mild delay in ossification of parietal bones 

with irregular rarified margin and persistent 

narrow inter parietal fissure. 

-Moderate delay in ossification of:  

2) Interparietal.  

3) Supra exoccipit. 

4) Exoccipit bones. 

(Alizarin stainX10) 

 

Photo. (6):  Dorsal-oblique view of fetus in 

group IIb (¼ LD50 carbamazepine) showing 

marked delay in ossification of: 

1) Frontal bones. 

2) Parietal and inter parietal bones. 
(Alizarin stainX10) 

 

Photo. (7):  Dorsal view of fetus in group II 

b (¼ LD50 carbamazepine) showing:  

1) Defect of the right parietal bone with mild 

ossification delay in interpareital bones. 

Mild delay in ossification of: 

2) Supraoxccipit. 

3) Exoccipit. 
(Alizarin stainX10) 
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Photo. (8):  Lateral view of fetus in group 

IIb (¼ LD50 carbamazepine) showing 

marked ossification delay in: 

1) Frontal bones. 

2) Suproccipit.  

3) Exoccipit. 

4) Mandible (microganthia). 
(Alizarin stainX10) 

 

 

Photo. (9):  Lateral view of fetus in 

group III a (¼ LD50 Lamotrigine) 

showing: 

1) Mild delayed ossification of maxilla. 

2) Delayed ossification of posterior part 

of parietal bones 
(Alizarin stainX10) 

 

Photo. (10):  Dorsal view of fetus in 

group III a (¼ LD50 Lamotrigine) 

showing: 

1) Interparietal fissure. 

2) Severe ossification delay of 

exoccipit bones. 
(AlizarinstainX10) 
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Photo. (11):  Lateral view of 

fetus in group III b (¼ LD50 

Lamotrigine) showing delayed 

ossification of: 

1) lateral aspect of parietal bone. 

2) Maxilla. 

3) Body of mandible. 
(Alizarin Stain  X10) 

 

Photo. (12):  Lateral view of fetus in 

group III b (¼ LD50 Lamotrigine) 

showing delayed ossification of:  

1) Posterior aspect of parietal bone. 

2) Maxilla. 

3) Lacrimal bone. 

4) Tympanic bulla. 
(Alizarin stain X10) 

 

Photo. (13):  Dorsal view of fetus in group 

III b (¼ LD50 Lamotrigine) showing: 

1) Widening of interparietal fissure. 
(Alizarin stain X10) 

 

 

 

 

 

. 

 

 

 

Photo. (14):  Dorsal-oblique view 

of fetus in group III b (¼ LD50 

Lamotrigine) showing: 

-Complete absence of ossification 

centers. 

 
(Alizarin stain X10) 

 

 

 

 

. 
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Photo. (15):  Dorsal view of 

fetus in group IIb (¼ LD50 

carbamazepine) showing: 

   1) Marked ossification delay in 

both vertebral bodies and arches 

down to the caudal vertebrae 

with scoliosis. 

   2) Moderate ossification delay 

in all ribs. 

 -Moderate ossification delay in: 

   3)  ilium. 

   4)  Ischium.  

   5)  Femur. 

   6)  Tibia. 
(Alizarin stainX10) 

 

 

Photo. (16):  Dorsal view of fetus in  

group IIb (¼ LD50 carbamazepine) 

showing: 

1) Smaller centers of ossification in 

thoracic and lumbar region. 

2)  Tiny ossification centers in sacral 

and caudal vertebral arches. 

3) Moderate ossification delay in the 

ribs with angulation of the left 10thand 

wide space between right 10th and 

11thrib. 

4) Tiny ossification centers of metatarsal 

bones.   
(AlizarinstainX10) 

 

 

. 

 

 

 

Photo. (17):  Lateral view of fetus in 

group IIb (¼ LD50 carbamazepine) 

showing: 

1) Shortened ribs. 

-Delayed development of leg bones in 

form of shortening: 

2) Femur. 

3) Tibia. 

4) Fibula.  

 
(Alizarin stain X10) 

 

. 
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Photo. (18): Ventral-Oblique view of 

fetus in  group II b (¼ LD50 

carbamazepine) showing: 

- Delayed ossification in vertebral bodies 

and arches. 

- Moderate ossification delayed in: 

1) Humerus. 

2) Radius and ulna. 

-Severe ossification delayed in: 

3) Ilium. 

4) Ischium.  

5) Femur. 

 
(Alizarin stainX10) 

 

. 
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Photo. (19):  Dorsal view of fetus in group 

IIb (¼ LD50 carbamazepine) showing: 

-Moderate delayed ossification in: 

1) Scapula 

2) Humurs. 

3) Radius and ulna. 

4) Angulation of ribs with wide space.  

- Severe ossification delay in: 

5) Metacarpal. 

6) Metatarsal. 

7) Absence calcaneus. 
(Alizarin stainX10) 

 

 

 

. 

 

 

 

Photo. (20):  Dorsal view of fetus in 

group II b (¼ LD50 carbamazepine) 

showing: 

1) Delayed ossification in metacarpal 

bone. 

2) Tiny ossification centers of metatarsal 

bones. 
(Alizarin stainX10) 

 

 

. 
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Photo. (21): Transverse section in the head 

of group II b fetus (¼ LD50 carbamazepine) 

showing: 

 i) mild dilatation of the lateral ventricle 

and ii) delayed development of both eyes.  

(Bouin’s solution   X10) 

 

Photo. (22): Transverse section in the 

head of group II a fetus (¼ LD50 

carbamazepine) showing: 

i)  dilatation of the lateral ventricle and 

ii) degenerative change of posterior 

aspect of brain  

iii) delayed development of both eyes.  

(Bouin’s solution   X10) 

 

Photo. (23): Transverse section in 

the head of group II b fetus (¼ LD50 

carbamazepine) showing: 

i)  shrinkage of the brain.  

 

(Bouin’s solution   X10) 
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Photo. (24): Transverse section 

in the head of group II b fetus (¼ 

LD50 carbamazepine) showing: 

i)  degenerative change of brain, 

ii) delayed development of left 

eye.  

 

(Bouin’s solution   X10) 

 

 

Photo. (25): Transverse section in 

the head of group II b fetus (¼ LD50 

carbamazepine) showing: 

i)  moderate smoothness of upper 

palate.  

 

(Bouin’s solution   X10) 

 

 

Photo. (26): Transverse section in 

the head of group III b fetus (¼ LD50 

lamotrigine) showing: 

i) degeneration of brain.  

 

(Bouin’s solution   X10) 
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DISCUSSION 
The teratogenic effects of 

antiepileptic drugs (AEDs) were 

noticed 40 years ago when an 

association between their use and an 

increased risk of birth defects was 

observed (Tomson and Battino, 2008). 

Estimates were reported that exposure 

to AEDs raised the risk of 

malformation 2-3 folds (Speidel and 

Meadow, 1972) which was confirmed 

in human and animal studies (Gaily 

and Granstrom, 1992; Fisher et al., 

2005). The risk increases with higher 

dosages, higher serum levels and/or 

polytherapy. Exposure to AED 

monotherapy leads to 4.5% major 

malformations in children while the 

exposure to polytherapy leads to 8.6% 

(Holmes et al., 2001). 
Potential teratogenic effects are a 

major concern for all pregnant females 

with epilepsy. Unlike other 

medications, AEDs cannot be 

withdrawn, since uncontrolled seizures 

may be harmful to both the mother as 

well as the fetus. Risks associated with 

uncontrolled seizures have to be 

balanced against their teratogenic risk 

(Tomson and Battino, 2008). For this 

reason, the possible teratogenic effects 

of AEDs were studied in this research 

by comparing carbamazepine (old 

generation) with lamotrigine (new 

generation) in a trial to detect the AED 

that can be used safely by epileptic 

pregnant females.  

Mechanisms proposed for AEDs 

teratogenicity included folate-related 

actions, ischemia, neuronal 

suppression, reactive intermediates 

(free radicals), and AED-induced 

neuronal apoptosis. All of these 

mechanisms remain hypothetical 

(Meador, 2008). 

 

SKELETAL FINDINGS  

Aliverti et al. (1979) and Ariyuki 

et al. (1982) established a relationship 

between low body weight and retarded 

ossification induced by teratogenic 

agents. They found that the stage of 

skeletal ossification in rat fetuses 

provided a reliable quantitative index 

for evaluating retarded fetal 

development in addition to 

conventional somatometric 

measurements such as body weight and 

crown-rump length.    

All AEDs used in the present study 

clearly affected the fetal skeletons of 

AED-treated mother rats. Findings 

detected were as follows:   

Craniofacial centers:  

Fetal OCs showed a highly 

significant decrease in ossification in all 

groups as compared to the control. By 

comparing the therapeutic dose of both 

drugs, no significant increase in the 

mean of complete OCs was observed; 

While by comparing the 1/4 LD50 of 

both drugs, lamotrigine showed a high 

significant decrease in the mean of 

complete OCs as compared to 

carbamazepine.  In the fetuses of the 

group treated by¼ LD50of lamotrigine, 

the parietal bones were the most 

affected bone in the craniofacial region, 

showed widening of interparietal 

fissure. 

The current findings agreed with 

Padmanabhan et al. (2003) who 

reported skeletal findings in fetal skulls 

in the experimental group exposed to 

lamotrigine, where skulls were smaller 

in size as compared to controls, their 

vaults were poorly ossified; the 

maxillae were split laterally. Maxillary 
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and mandibular hypoplasia were 

invariably present. 

 

 

 Vertebral centers:  

By comparing the 2 drugs 

(therapeutic dose) and the control, fetal 

OCs in different regions of the vertebral 

column showed no significant change 

in the mean of complete OCs. 

Therefore, all AEDs (old and new 

generations) in the therapeutic dose are 

considered safe as regards their effect 

on the vertebral centers. These results 

are in agreement with Gerenutti et al. 

(2008) who found no delay in the 

ossification of vertebral centers in a 

study of the possible effects of 

carbamazepine in pregnant female rats. 

By comparing the 2 drugs (¼ LD50), 

a highly significant decrease in the 

mean of complete OCs was recorded. 

The current findings agreed with Soysal 

et al.(2011), in their study conducted on 

albino rats to study the skeletal effects 

of phenytoin, noted that the intensity of 

the ossification gradually decreased 

from the mid thoracic vertebrae through 

caudal direction (completely 

cartilaginous), with no ossification in 

lumbar and sacral vertebrae. 

Phenytoin and carbamazepine have 

been associated with patterns of 

malformation that are quite similar. The 

mechanism by which carbamazepine 

exerts its teratogenicity is largely 

unknown, but the study on mice 

indicated that it could be bio 

transformed to a reactive teratogenic 

metabolite that might be responsible for 

the observed fetotoxicity (Hanson and 

Smith, 1975; Jones et al., 1989; 

Finnell et al., 1995). 

The current findings in 

carbamazepine ¼ LD50 treated group 

regarding the vertebral column which 

showed very highly significant delayed 

in ossification agreed with Soysalet 

al.(2011), in their study conducted on 

albino rats to study the skeletal effects 

of phenytoin, noted that the intensity of 

the ossification gradually decreased 

from the mid thoracic vertebrae through 

caudal direction (completely 

cartilaginous), with no ossification in 

lumbar and sacral vertebrae. 

 The sternum: 

All treated groups showed complete 

ossification of all sternebrae, except in 

lamotrigine (¼ LD50 = 32 mg/kg) 

treated group which showed 16.2% 

complete absence of ossification 

centers. This agreed with 

Padmanabhan et al. (2003) in their 

studies on the reproductive toxicologic 

effects of lamotrigine in mice that 

reported that most sternal anomalies 

were found to have occurred in single 

high dose (50, 100 and 200 mg/kg) and 

triple dose (25, 50, and 75mg/kg of 

lamotrigine were administered at 3 hour 

intervals), these anomalies were 

hypoplasia, agenesis and 

malpositioning of sternebrae, non-union 

of the bilateral halves of sternebrae and 

supernumerary sternebrae. 

 The ribs:   

All treated groups showed complete 

ossification of all ribs, except in 

carbamazepine (¼ LD50 = 97 mg/kg), 

which showed 13.3% incomplete 

ossification, 10% angulation and 6.7% 

short ribs; while in lamotrigine (¼ 

LD50) of 16.2% showed complete 

absence of OCs. On the contrary, 

Gerenutti et al. (2008) and Afshar et 

al. (2011) did not mentioned any ribs 

anomalies in their experimental studies 

on carbamazepine at doses of (20 and 

40 mg/kg in rats) and (30 and 60 mg/kg 

in mice) respectively. These results are 

in agreement with Padmanabhan et 
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al.(2003) and Soysal et al.(2011) who 

reported the presence of rib anomalies 

in high doses of AEDs. 

 

The Appendicular Skeleton: 

 The clavicle: 

All treated groups showed complete 

ossification of clavicles, except in 

lamotrigine (¼ LD50) which showed 

16.2% complete absence of 

ossification.     

 The scapula and forelimbs 

(humerus, radius and ulna): 

They were completely ossified in 

the groups treated with the therapeutic 

dose except in the groups treated with 

the ¼ LD50 dose where carbamazepine 

showed delayed ossification while 

lamotrigine showed complete absence 

of OCs. Soysal et al. (2011) agreed 

with the present finding, he reported 

that the phenytoin can cause 

ossification delay in humerus, radius 

and ulna.  Available literature showed 

no findings concerning both the clavicle 

and the scapula.  

 Metacarpal OCs: 

Fetal OCs showed highly 

significant decrease in the mean of 

complete ossification centers in 

carbamazepine (therapeutic dose and ¼ 

LD50) and lamotrigine (¼ LD50) in 

comparison with the control. 

Lamotrigine (therapeutic dose and ¼ 

LD50) showed highly significant 

increase in the mean of complete OCs 

in comparison with the corresponding 

doses of carbamazepine treated group.  

As observed carbamazepine has an 

adverse effect, while lamotrigine in 

therapeutic dose is the best drug 

regarding metacarpal bone ossification. 

This agreed with Soysal et al. (2011), 

who reported slight metatarsal bone 

ossification and no phalangeal 

ossification in the effect of phenytoin 

on the fetal skeleton. Hanson et al. 

(1976), described the fetal hydantion 

syndrome which is characterized by 

facial anomalies in association with 

digital hypoplasia, it was described in 

infants exposed to phenytoin and 

carbamazepine. Delgado-Escueta and 

Janz (1992) showed that the exposure 

to other anticonvulsants resulted in the 

same picture (anticonvulsant syndrome) 

and it was 2-7 folds the normal 

population. These results also agreed 

with Jones et al. (1989) and Ornoy 

and Cohen (1996) who stated that 

distal digital hypoplasia occurred in 

carbamazepine exposed children 

compared to controls together with 

Holmes et al. (2005) who reported that 

children exposed to anticonvulsants 

(phenytoin, phenobarbital, and 

carbamazepine as mon and 

polytherapy) during pregnancy have an 

increased frequency of midface and 

digital hypoplasia. 

 Hindlimbs: 

Ossification of ileum, ischium, 

femur, tibia and fibula were only 

affected in ¼ LD50 of carbamazepine 

and lamotrigine (incomplete or absent 

OCs respectively) which was similar to 

the findings of Soysal et al. (2011) on 

fetal femurs and fibulas exposed to 

phenytoin.    

 Metatarsal OCs: 

The fetal metatarsal bone OCs 

showed no abnormalities in therapeutic 

doses of both drugs. On the other hand, 

a highly significant decrease in the 

mean of complete OCs was detected in 

the ¼ LD50 of both drugs. So, 

therapeutic doses are considered safe 

regarding their effect. 

Gerenutti et al. (2008) and Afshar 

et al., (2011) mentioned no defects in 

metatarsal bones.  Carbamazepine was 

given in doses of 20 and 40 mg/kg in 
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rats and 30 and 60 mg/kg in mice which 

agreed with the current results of 

carbamazepine therapeutic dose 

(18mg/kg). 

In a trial to interpret the occurrence 

of fetal skeletal defects in association 

with AEDs, LaRoche and Helmers 

(2004) reported that the antiepileptic 

drugs cause hypocalcemia, 

hypophosphatemia, reduced serum 

levels of biologically active vitamin-D 

metabolites, and elevated serum 

parathyroid hormone, but the 

mechanism of decreased bone mineral 

density in adults differs depending on 

the drug administered. Pack (2003), 

stated that drugs in the same class as 

carbamazepine (phenobarbital, 

phenytoin, primidone) cause induction 

of the hepatic cytochrome P450 enzyme, 

CYP3A4 that leads to metabolism of 

calcitriol into in-active metabolites, 

which in turn leads to the decrease of 

bone mineralization, serum calcium, 

and bone-density. Reduced serum 

calcium stimulates a positive feedback 

from the parathyroid glands, up-

regulating the amount of parathyroid-

hormone secreted (secondary 

hyperparathyroidism). 

VISCERAL ANOMALIES: 

Normal findings were observed in 

all histological sections regarding the 

therapeutic dose of both drugs while in 

the ¼ LD50 dose, findings were 

recorded only in sections at both drugs. 

Carbamazepine (¼ LD50 treated group), 

dilatation of the lateral ventricles of the 

brain was seen, this finding is in 

agreement with Sullivan and Mc 

Elhatton (1977), who reported that 

there was enlarged cerebral ventricles 

in fetal brains of mice treated with 

carbamazepine. In the current study, 

fetal rats showed smoothness of upper 

palates which agreed with Sullivan and 

Mc Elhatton (1977) who reported that 

there were abnormal palatal bones other 

than cleft palate, and also with Rosa 

(1991) and Hernandez-Diaz et al. 

(2012) who found that in utero 

carbamazepine exposure was associated 

with an increased risk of oro-facial 

clefts. Hernandez-Diaz et al. (2012) 

reported a 24-fold increase of isolated 

oral clefts compared with the 

prevalence in the general population 

(frequency of 0.19 out of 1000).  

Lamotrigine (¼ LD50 treated 

group), in the current study showed 

areas of softening and degeneration, 

Marchi et al. (2001) and Manentet al. 

(2008) reported the presence of brain 

anomalies, which agreed with the 

current results, although these types of 

anomalies were different from those 

recorded in this study.  

In the current study¼ LD50 of 

carbamazepine treated group showed 

smoothness of the upper palate, which 

is in agreement with Sullivan and Mc 

Elhatton (1977) who reported that 

there was abnormal palatal bones other 

than cleft palate, and also with Rosa 

(1991) and Hernandez-Diaz et al. 

(2012) who found that in utero 

carbamazepine exposure was associated 

with an increased risk of orofacial 

clefts. Hernandez-Diaz et al. (2012) 

reported a 24-fold increase of isolated 

oral clefts compared with the 

prevalence in the general population 

(frequency of 0.19 out of 1000).  

 

CONCLUSION 
Lamotrigine in therapeutic dose can 

be used safely by epileptic pregnant 

females regarding skeletal and visceral 

anomalies and are dose dependent. 
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RECOMMENDATIONS 

Risk reduction should be practiced 

since even healthy parents have 2-3% 

risk of having a child with a 

malformation. 

 Management of epileptic 

pregnant females presents unique 

challenges. Confirmation of the 

diagnosis and verification of the most 

appropriate AED are the starting points. 

With effective patient education and 

careful and consistent management 

(including coordinated treatment 

planning by both neurologist and 

obstetrician) these patients have 

successful pregnancies and healthy 

offspring. 

 Monitoring free drug levels both 

before and during pregnancy permit 

accurate assessment of concentrations 

in a situation where plasma protein 

binding is in flux. Dose adjustment, 

should be made on a clinical basis. 

 Keep the dose as low as possible 

during conception and organogenesis, 

and raise it during the third trimester to 

reduce risk of seizures during labor. 

 Regular monitoring should be 

done, anatomic ultrasonography at early 

weeks to identify structural defects and 

maternal serum alpha fetoprotein. 

 In general, risks can be 

minimized by the preconceptual use of 

multivitamins (including vitamin B6) 

with folic acid, AEDs in monotherapy 

at the lowest effective dose, and by 

preventing maternal seizures. 

 Folic acid (5mg/day) should 

be taken for three months prior to 

conception and during the first trimester 

to prevent folic acid deficiency induced 

malformations (i.e., neural tube 

defects). 

 Performance of multicenter 

prospective and population-based 

studies of pregnancy outcome 

according to standardized study 

protocols and procedures.  

 We recommended the use of 

AEDs (old or new generations) in the 

effective therapeutic dose to control 

epilepsy in pregnant females.  

 New are better than old AEDs 

because they cause no major congenital 

malformation as neural tube defects.  
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 الصرع في الفئران البيضاءالمحتملة لأدويه  التشوهات الخلقية

 جزء ثاني -دراسة مقارنه بين الجيل القديم والجديد من ادويه الصرع 
 

 هدى أحمد محمد عبد العزيز** –هاله محمد فتحي*  –عفاف محمد أحمد فرغلي* 

 هدى عبد الودود محمد عمر# -سالي يحيى عبد الحميد*

 جامعه أسيوط -جامعه أسيوط** قسم التشريح كليه الطب -والسموم الإكلينيكية كليه الطب *قسم الطب الشرعي

 جامعه عدن اليمن -# قسم الطب الشرعي والسموم الإكلينيكية كليه الطب

 

ل أن تكون . من المحتمميع الأدوية المضادة للصرع إما معروفة أو يشتبه في كونها مسببات للتشوهات الخلقيةج

ى لنفس الدواء. علاج النساء الذين يعانون من الصرع في فترة متعددة حتالآلية المحتملة للتشوهات الخلقية

 .الإنجاب يثير تساؤلات بسبب التفاعل بين الصرع والعلاج المضاد للصرع والحياة الإنجابية

استخدام الأدوية المضادة للصرع في هؤلاء النساء هو توازن دقيق بين السيطرة على المرض والآثار السلبية  

لتي هي على حد سواء يمكن أن تكون ضارة لتطوير الجنين، التطور العصبي والنمو لمضادات الصرع وا

والتقدم اللاحق للأطفال، والتي تشكل تحديات فريدة لكل من الأطباء ومرضاهم. في السنوات الأخيرة، زاد عدد 

 هات الخلقيةالتشو الأدوية المضادة للصرع المتاحة تجاريا بشكل مطرد. وقد تم تصميم هذا العمل لدراسة

لمحتملة للأدوية المضادة للصرع من خلال مقارنة واحد من الأجيال القديمة )كاربامازيبين( مع 

جديد)لاموتريجين( في محاولة للكشف عن الأدوية المضادة للصرع التي يمكن استخدامها بأمان من قبل النساء 

 الحوامل مرضى الصرع. 

ي هذه الدراسة. تم تصنيف الحيوانات عشوائيا إلى ست مجموعات فئران حامل ف 120تم استخدام            

وقتلت الحيوانات في  .فئران حامل 20علاجية( تحتوي كل منها على  وأربع مجموعات)مجموعتان ضابطتان 

اليوم العشرين من الحمل. فتحت جدران البطن من الأمهات. تم تعريض الأجنة وتصنيفها عشوائيا إلى 

من الكحول الإيثيلي لتلوين الهيكل  ٪95الأولى )ثلث الأجنة( فقد تم عزله وحفظه في  مجموعتين فرعيتين:

صبغة حمراء. وشمل الفحص: عظام الهيكل العظمي المحوري )الجمجمة،  العظمي، وذلك باستخدام أليزار

ة العمود الفقري، القص والضلوع( وعظام الهيكل العظمي الزائدي )الترقوة، كتف، الأطراف الأمامي

 المجموعة الثانية )ثلثي الأجنة( في محلول بوين للفحص الحشوي. .والأطراف الخلفية(

بفحص الهيكل العظمي المحوري: أظهرت مراكز التحجر القحفي الوجهي انخفاضا كبيرا جدا في مراكز        

فرق معنوي بين التحجر الكاملة لجميع المجموعات المعالجة مقارنة مع المجموعة الضابطة. ولم يكن هناك 

في الجرعات العلاجية. لم تتأثر أجزاء أخرى من الهيكل العظمي المحوري في   والكاربامازيبيناللاموتريجين 

المجموعات العلاجية. الهيكل العظمي الزائدي، باستثناء مراكز التحجر السنعي، لا فرق عن المجموعة 

كبير جدا في مراكز التعظم كاملة السنع من كل من الضابطة في الجرعات العلاجية.  و قد كان هناك انخفاض 

جرعات من كاربامازيبين والمجموعات المعالجة بربع الجرعة المميتة لخمسين في المائة من الفئران من 

لاموتريجين، بالمقارنة مع المجموعة الضابطة، ولكن كانت هناك زيادة كبيرة جدا في كل من جرعات 

عات المقابلة من كاربامازيبين. كان هناك انخفاض كبير جدا في مراكز التحجر لاموتريجين بالمقارنة مع الجر

بالمقارنة مع  المجموعات المعالجة بربع الجرعة المميتة لخمسين في المائة من الفئران مشط كاملة في كل من

ن مجموعة الضابطة لم يتم تسجيل فرق معنوي في مراكز تحجر مشط القدم الكامل للجرعة العلاجية م

لاموتريجين وزيادة كبيرة جدا في المجموعات المعالجة بربع الجرعة المميتة لخمسين في المائة من الفئران 

   بالمقارنة مع الجرعات المقابلة من كاربامازيبين

نتائج الفحص الحشوي: لم يتم الكشف عن أي تشوهات بين الأجنة في الجرعات العلاجية من المجموعات 

المجموعات المعالجة بربع الجرعة المميتة لخمسين في المائة من الفئران وجود  لأجنة منالمعالجة. وأظهرت ا

 تشوهات داخلية فالمقاطع العرضية، في حين أظهرت مستويات أخرى لا فرق. 

 الحوامل مرضىفي الختام لاموتريجين في الجرعة العلاجية يمكن استخدامها بأمان من قبل النساء           

 .الصرع

 


