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Cleft Palate in the Mouse: 
A Teratogenic Index of 
Glucocorticoid Potency 

. Abstract. Clinically equivalent doses 
of hydrocortisone, prednisolone, and 
dexamethasone have progressively in- 
creasing teratogenic activity as judged 
by their ability to induce cleft palate 
in the offspring of pregnant mice treated 
with these drugs during the middle pe- 
riod of gestation. Mole for mole, dex- 
amethasone is at least 300 times more 
teratogenic than hydrocortisone. The 
enhanced teratogenicity of dexametha- 
sone probably does not result from its 
relatively decreased mineralocorticoid 
activity. 

A dose of 2.5 mg of cortisone ace- 
tate in suspension given intramuscu- 
larly to inbred A/Jax mice on each of 
days 11, 12, 13, and 14 of gestation 
will produce cleft palate (without cleft 
lip) in 100 percent of the offspring (1). 
The purposes of our study were: first, 
to observe the relative teratogenic ac- 
tivity of certain glucocorticoid drugs 
with cleft palate as the indicator; and 
second, to compare teratogenicity with 
other known laboratory parameters of 
glucocorticoid effect. 

Water-soluble preparations of hydro- 
cortisone, prednisolone, and dexametha- 
sone (2) were used to avoid variations 
in preserving and suspending agents. 
The stability of these solutions was 
tested by comparing their teratogenic 
activity when injected within /4 hour 
to 4 days of preparation and after 2 
weeks of storage at 5?C; no differences 
were observed. Comparable doses of 
each steroid were derived from the 
schedule of therapeutically equivalent 
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standard dose of cortisone acetate (4), 
the treatment groups were selected so 
that each had a comparable range of 
maternal weights between 20 and 25 g. 
The mice were mated overnight; the 
morning a vaginal plug was observed 
was taken to be day 0 of gestation. The 
drugs were administered intramuscularly 
in the thigh; animals treated on succes- 
sive days, or with two drugs, were in- 
jected in alternate thighs. On day 18 
of gestation, the fetuses were removed 
for external examination. 

Cleft palate (without cleft lip) has 
a spontaneous incidence of 0.3 percent 
in the A/Jax strain (5). It is to be dis- 
tinguished from cleft lip (with or with- 
out cleft palate) which occurs spon- 
taneously in approximately 10 percent 
of newborn mice of the A/Jax strain. 
Preliminary trials with the aqueous hy- 
drocortisone solution revealed that in- 
jection of 2 mg on each of 4 days pro- 
duced a very low (3 percent) frequency 
of cleft palate in the offspring of A/Jax 
(A) females mated to C57B1 (C) 
males. The amount of hydrocortisone 
used subsequently was increased to 4 
mg per day, and this was compared 
with 1 mg of prednisolone and 0.15 
mg of dexamethasone. Another group 
of animals was treated with 0.5 mg of 
deoxycorticosterone acetate (DOCA) 
and dexamethasone, simultaneously, in 
order to assess the effect of a sodium- 
retaining agent on the process of dexa- 
methasone-induced cleft palate. 

The results of treating A/Jax fe- 
males, bred to C57B1 males, with 
therapeutically equivalent doses of hy- 
drocortisone or dexamethasone on days 
11, 12, 13, and 14 of gestation are 
presented in Table 1. Dexamethasone 
was particularly effective in producing 
cleft palate. The unequal teratogenic 
effects observed after a single injection 
of hydrocortisone or dexamethasone on 
day 13 are compared on lines 7 and 8 
(Table 1). These observations indicate 
a progressive increase in specific terato- 
genic activity of hydrocortisone, pred- 
nisolone, and dexamethasone as the 
glucocorticoid potency of these steroids 
increased without commensurate en- 
hancement of their mineralocorticoid 
effect (6). Walker has demonstrated 
with triamcinolone a similar dissocia- 
tion between experimental cleft palate 
activity and relative anti-inflammatory 
potency (7). 

With 4 mg of hydrocortisone injected 
on each of days 11 to 14 of gestation, 
the increased frequency of cleft palate 
in the offspring of A/Jax females 
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Table 1. Frequency of cleft palate (without cleft 
lip) in offspring of pregnant mice treated daily 
with hydrocortisone (4 mg), prednisolone (0.5 
mg), or dexamethasone (0.15 mg) during the 
middle period of gestation. One group was 
treated with dexamethasone and deoxycorti- 
costerone (0.5 mg) simultaneously. 

No. of 
early No. Fre- 
and of quency 

Drug (l viable of cleft 
(late) em- palate 

resorp- bryost ( 
tions* 

A/Jax females mated with C57BI males 
Hydrocortisone 4 34 3 
Dexamethasone 3 41 93 

A/Jax females mated with A/Jax males 
Hydrocortisone 56 18 
Prednisolone 1 (t) 53 77t 
Dexamethasone 4 33 100t 
Dexamethasone 10 (5) 21 100 

+ deoxycorti- 
costerone 

Hydrocortisone II 6 51 4 
Dexamethasone l! 4 55 55 
* Differentiated placentae or bits of tissue recog- 
nizable as residua of implantation sites are de- 
fined as early resorptions. t Excludes those 
with spontaneous cleft lip and palate. t p value 
for significance of difference between prednisolone 
and dexamethasone is less than 0.01. 11 Drug 
injected on day 13 of gestation; in all other in- 
stances the drugs were injected on days 11 
through 14. 

mated with A/Jax males (18 percent) 
over that in the offspring of A/Jax fe- 
males crossed with C57B1 males (3 
percent) confirms the influence of ge- 
netic factors (8) in determining sus- 
ceptibility to the effect of glucocorti- 
coids. 

Deoxycorticosterone, a potent min- 
eralocorticoid with sodium-retaining 
properties, does not produce cleft pal- 
ate in susceptible strains of mice even 
in doses large enough to kill the preg- 
nant female (7). The concurrent ad- 
ministration of deoxycorticosterone and 
dexamethasone did not reduce the 
incidence of cleft palate in viable fe- 
tuses (Table 1, line 6). Moreover, an 
unusual proportion of resorbing fetuses 
with developmental ages characteristic 
of day 14 to day 16 of gestation were 
found when the mother was killed on 
day 1 8. Since the stage of palate de- 
velopment attained by the older re- 
sorbing fetuses was delayed relative to 
other morphological criteria, it is as- 
sumed that these also would have had 
cleft palates if they had not resorbed. 
Thus, a dose of deoxycorticosterone, 
lethal to some fetuses, was unable to 
protect against the cleft palate-inducing 
ability of dexamethasone. This suggests 
that the enhanced ability of dexametha- 
sone to induce cleft palate is not a con- 
sequence of its relatively decreased so- 
dium-retaining activity. 

Various assays of steroid potency are 

performed in laboratory animals to 

provide estimates of clinical efficacy. 
Measurements of granuloma inhibition, 
liver glycogen deposition, and thymic 
involution in the adrenalectomized male 
rat suggest that dexamethasone is 104, 
90, and 47 times, respectively, as potent 
as hydrocortisone (9). By contrast, in 
man, the eosinopenic and hyperglycemic 
effects of dexamethasone indicate that 
it is about 30 times more active than 
hydrocortisone (10), a value which cor- 
relates well with its relative clinical 
anti-inflammatory efficacy. While dexa- 
methasone produces 20 times as much 
liver glycogen deposition as does hydro- 
cortisone in the mouse (11), its "cleft 
palate activity" is several hundredfold 
greater than that of hydrocortisone. 
The data presented here suggest that 
the comparative activities of dexametha- 
sone and of hydrocortisone as inducers 
of cleft palate are probably unrelated 
to their relative glycogen deposition 
activity. 

It is proposed that the pharmacologic 
characterization of all glucocorticoids 
should include induction of cleft palate 
in the mouse as a simple assay of tera- 
togenic activity. Additional studies 
which correlate teratogenicity both with 
alterations in molecular structure and 
with other indices of corticoid activity, 
may yield clues to the mechanism 
whereby glucocorticoids interfere with 
normal closure of the secondary palate 
in the mouse. 
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