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Abstract : Phenytoin is clinically used as an anti-epilepsy drug and also is known as an inducer
of cleft palate in the craniofacial area. It may be suggested that phenytoin cause cleft palate
through the glucocorticoid receptor in the same fashion as does steroid hormone in mouse
embryonic palates.

In order to investigate the teratogenic mechanism of phenytoin on the cleft palate, the present
study examined immunohistochemically with anti-glucocorticoid receptor antigen and the
incorporation of *H-thymidine into the embryonic palate in which phenytoin (75 mg/kg} had been
intraperitoneally injected twice : on the day 12th and 13th of pregnancy of ddY mice.

The results obtained are as follows : In the control group, palatine shelves were fused on the 14
th day of pregnancy. On the other hand, in most of the phenytoin-treated animals, palatine shelves
were fused on the 15 day pregnancy one day later than the control group. At this stage, the failure
of the adhesion of the palatine shelves caused the cleft palate. Intense immunostaining of
anti-glucocorticoid receptor was observed on the cleft palates of phenytoin-treated group. Also,
incorporation of *H-thymidine was completely inhibited in the cleft palates of the phenytoin-
treated group. These results indicate that phenytoin can induce the cleft palates by inhibition of
DNA synthesis initiated via glucocorticoid receptor.
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Histochemical study of phenytoin-induced cleft palates in mice.
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Table 1. The appearance of cleft palate by double injection of phenytoin on the 12th and 13th day of

pregnancy.

Fetuses were removed on the 14th, 15th, 17th day of pregnancy and one day after birth.

The day of pregnancy 14 15 17 one day after birth
Total number of pregnant mice 15 14 9 8
Total number of fetuses 141 125 63 o8
Total number of dead or resorbed fetuses 24 21 5 6
Total number of pregnant mice with cleft (10(1)%) (98 GL%%) (33 g%) (37 53%)
palate fetus (pregnant mice with - ) )
cleft palate /total number of pregnant mice) average 32.3%
Total number of fetuses with cleft palate (8(}17%/0) (40/3) «“ 83:%) (6.9[‘1%)

(cleft palate fetuses,“total number of fetuses)

average 4.9%

Table 2. The appearance of cleft palate by continuous injection of phenytoin from 12th to 15th or from

12th to 18th day of pregnancy.

Fetuses were removed on the 15th day of pregnancy and one day after birth.

The day of pregnancy 15 one day after birth
Total number of pregnant mice 9 10
Total number of fetuses 63 66
Total number of dead or resorbed fetuses 8 11
Total number of pregnant mice with cleft palate 2 3
fetus (Pregnant mice with cleft palate total (22.29%) (30%)
number of pregnant mice) l average 26.3% -
2 3
Total number of fetuses with cleft palate

(cleft palate fetuses,/total number of fetuses)

3.17%> (4.5%)

average 3.9%
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Fig.1. Palate of a 14-day embryo in the control group.
The palatine shelves were almost fused on the 14th day of pregnancy in the control group.
Epithelial seam (arrow) can be clearly recognized in the fused central portion.

Fig.2. Palate of a 14-day embryo in the phenytoin-treated group.
None of the palatine shelves in phenytoin-treated groups were closed on the 14th day of

pregnancy. Short palatine shelves were still in the vertical position.
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Fig.3. Palate of a 15-day embryo in the control group.
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The epithelial seam has nearly disappeared. The epithelial cells covering the nasal cavity have
differentiated into ciliated-cells (insert high magnification).
Note the intramembranous ossification advancing towards the midline (arrows).
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Fig.4. Cleft palate of a 15-day embryo in the phenytoin-treated group.
The palatine shelves were not yet closed. Both palatine shelves were still in a vertical position.
The nasal epithelia have differentiated into ciliated-cells (insert high magnification).

(RN 9 y Yi=? . »
Fig.5. Palate of a 17-day embryo in the control group.
Note the intramembranous ossification in the central (arrow heads) and lateral (arrows) side of
the secondary palate. The epithelial cells covering oral cavity have differentiated into thick

stratified squamous epithelium.
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Fig.6. Cleft palate of a 17-day embryo in the phenytoin-treated group.
The palatine shelves were not yet closed. The epithelia of the nasal and oral cavities were more
differentiated than in Fig.4.
Note the intramembranous ossification in the palatine shelves (arrows).
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Fig.7. Cleft palate one day after birth in the phenytoin-treated group.
The epithelia of both the nasal and oral cavities were as well developed as in the control group,
but they were thinner than those of the control group.
The intramembranous ossification was well developed in a horizontal position (arrow heads).
Note the simple epithelia of the tip of the palatine shelves (arrow).
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Fig.8. Electron micrograph of the epithelial seam for a 14-day embryo in the control group.
Note the lysosomal-rich cells and the breakdown of the basement membrane (Insert a, b, c).
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Fig.9. Electron micrograph of the tip of the cleft palate one day after birth in the phenytoin-treated

group.
The tip of the palatine shelves was sandwiched between the ciliated-epithelia and stratified

squamous epithelia and was covered with a thin cell layer.
Note the disruption of the basement membrane in the tip area of the palatine shelves (Insert).
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Fig.10. The histograms of ‘H-thymidine labeled cells at 5 and 24 hours after the double injection of
phenytoin on the 13th and 14th day of pregnancy.
The labeled cells of *H-thymidine in control groups increased between 5 hours and 24 hours in
both the epithelium and mesenchyma. In the phenytoin-treated group, incorporation of *H
thymidine in completely inhibited in both cell types.

c-5H : Control group at 5 hours, c-24H : Control group at 24 hours
e-5H : Phenytoin-treated group at 5 hours, e-24H : Phenytoin-treated group at 24 hours



HEKMERE 20 :159-174, 1995

169

Fig.11. Palate for a 15-day embryo treated with anti-glucocorticoid receptor antibody.
11A : Palate for a 15-day embryo in the control group. Note the weak reaction product on both
sides of the epithelia of the fused palatine shelves.
11B : Control specimen, the same as in Fig.11A treated with normal mouse serum.

Note the negative reaction.

11C : Cleft palate for a 15-day embryo treated with phenytoin. Note the intensive reaction on

the palatine shelves.

11D : Control specimen, the same as in Fig.11D treated with normal mouse serum. Note the

negative reaction.
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