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Cleft palate has been produced in mice
and rabbits following cortisone administra-
tion to pregnant mothers (1, 2). Utilizing the
more potent adrenal steroid dexamethasone,
Nanda et al. (3) and Walker (4) recently
produced cleft palate in rats, a species con-
sidered genetically less reactive than mice to
the teratogenic action of cortisone (1, 4).
Since it remained to be shown whether corti-
costeroids produced their effects as a result of
direct action on fetal tissue in vive (5),
intraamnijotic (ia) injections (6, 7) were em-
ployed in testing the efficacy of dexameth-
asone to affect rat development as well as
to provide protection against the nicotina-
mide antimetabolite 6-aminonicotinamide
(6-AN) (6-8).

Methods and Materials, Normal female
rats (Long-Evans), averaging 100 days of
age and 225 g in weight, were bred with
normal males and fed a stock diet of natural
foodstuffs.? The morning of finding sperma-
tozoa in the vaginal smear was considered
day zero of pregnancy. On day 15 of gesta-
tion, one day before palate closure,? uteri
were exteriorized and amniotic sacs were in-
jected with 120, 80, or 40 ug of dexameth-
asone sodium phosphate?® at 40 pg/10 pl.
Control sites were given corresponding vol-
umes of the diluent* or distilled water. Vari-
ous combinations of the corticoid plus diluent
or water were administered in order to ob-
serve the effects of volume per se. Mothers

1 Supported by U.S. Public Health Service HD 01
503-06.

2See Ref. (9) for composition of the diet and
timing of palate closure in the Long-Evans rat.

3 Decadron Phosphate, Merck, Sharp and Dohme,
West Point, Pa. 19486.

4 See Table I for manufactured composition of the
diluent.

were sutured, revived, and returned to the
stock diet until day 21 of pregnancy. They
were then Kkilled, resorbed fetuses were
counted, and the living young were weighed,
fixed in Bouin’s fluid or 95% ethanol and
macroscopically (3-70X) examined for con-
genital malformations, Study of the skeletal
defects were based upon alizarin red S-
stained specimens (10). Several day-21 con-
trol and experimental adrenal glands were
embedded in paraffin, sectioned at 8 p and
stained for histological examination. In the
countertherapy studies, utilizing dexameth-
asone as a protective agent, 100 pg/10 ul
of 6-AN® was injected ia together with 80,
40, or 20 pg of dexamethasone; 138 sites
representing 29 litters were thereby doubly
injected.

In order to compare the effects of corti-
coids administered to the mother with those
produced by ia application, 16 additional rats
were injected subcutaneously (sc) with 0.4
mg of dexamethasone on days 13, 14, and 135
of gestation and the fetuses were similarly
examined.

Results. The results are presented in Table
I. Since the various parameters of fetal de-
velopment following ia injection of distilled
water or diluent were not significantly differ-
ent, control data were combined. Injection of
control volumes of 10-30 ul did not affect
fetal or placental weight gain, yet 14 to 26%
of the young had retarded skeletal develop-
ment, 4 to 9% had full cleft palate and 16 to
30% of the embryos were resorbed. Under the
experimental conditions employed, sc or ia
injections of dexamethasone notably affected
subsequent fetal development; in the case of
amniotic application, direct action of the hor-

5 California Biochemicals, Los Angeles, California.
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mone on fetal tissues appears to be demon-
strated. The most significant observation ob-
servation was growth retardation of the
skeleton, including cleft palate. At autopsy,
experimental young were reduced in size and
weight and appeared edematous with pale,
smooth skin, some showing small hematomas.
In addition, signs of steroid effects on the
viscera such as exomphalos and Meckel’s
diverticulum also were observed. Several fe-
tuses had lens vacuolation, missing digits,
kinked tail or clubfoot, the latter defect per-
haps representing a myopathic effect of the
hormone.

Injections of dexamethasone produced
marked decrease in fetal and placental
weights (p = .01) and high incidence of
cleft palate (>90%). Virtually all embryos
treated ia with 120 ug of the hormone showed
retarded skeletal ossification by term. Al-
though the steroid did not significantly in-
crease fetal mortality, the percentages of
both full and partial cleft palate in surviving
young were five times higher than the con-
trols. Comparing the data, the incidences of
fetal mortality could be accounted for by the
ia technique itself; dexamethasone appeared
to adversely affect fetal morphogenesis but
not toxicity. It is interesting to note that
adrenals from control and experimental
young were not significantly different histolo-
gically by day 21 of gestation, i.e., 6 days
after treatment.

Compared to ia administration, sc injec-
tions of the steroid reduced fetal mortality
but not skeletal retardation or palatal de-
fects. A single ia injection of 80 or 120 pg of
dexamethasone on day 15 of pregnancy was
more effective in producing full cleft palate
than the sc regime started 2 days earlier and
totaling 1200 ug; however, more young had
partial cleft palate following sc injection than
with the two highest doses of hormone given
ia. Therefore, regardless of the route of ad-
ministration, over 90% of the fetuses demon-
strated palatal abnormalities (Table I).

Direct effects of dexamethasone on fetal
development appeared to be further demon-
strated by the results of 6-AN counterthera-
py studies. Under the conditions employed,
combination ia injections of 6-AN and hor-
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mone were negative in reducing the slightly
toxic effect or preventing the marked terato-
genic action of the vitamin antimetabolite. In
fact, the adrenal steriod potentiated the ac-
tion of 6-AN. Injection of 40 to 120 pug of
hormone alone resulted in 34 to 74% full cleft
palate. When 100 pg of 6-AN was injected
ia together with 20 pg of dexamethasone, 75%
of the offspring had full cleft palate. If the
dose of hormone was increased to 40 or 80 pg
the incidence of cleft palate rose to 79 and
1009, respectively.

Injections of the antimetabolite alone pro-
duced 37% fetal mortality and 50% full cleft
palate. Although counterinjections of graded
doses of dexamethasone did not significantly
alter fetal death (39%), they progressively
increased the incidence of cleft palate to
100% and decreased fetal weight gain during
gestation. Reducing the dose of 6-AN failed
to modify the potentiation. Fetal mortality
resulted primarily from the technique itself.

Discussion. Dexamethasone produced a
high incidence of cleft palate when injected
into rat amniotic cavities 12 to 24 hr prior to
palate closure. Hydrocortisone (200 pg) in-
jected into amniotic cavities on days 12, 13,
or 14 of mouse gestation similarly resulted in
palatal defects (11). It has been suggested
that teratogens have to be administered some
time before the teratogenic effect first be-
comes visible, especially so in glucocorticoid-
induced cleft palate (12). Contrary to this
hypothesis, the present study demonstrated
the relatively short latency period in dexa-
methasone-induced cleft palate. Such effects of
the steroid may reflect rapid growth depres-
sion accompanied by inhibition of nucleic
acid synthesis as recently postulated for glu-
cocorticoid-induced cleft palate in other sys-
tems (13). Glucocorticoids are rapidly ab-
sorbed, distributed, and eliminated (13), in-
hibiting chondrogenesis and myogenesis iz vi-
tro (14). It has further been reported that
corticosteroids act on bone growth by directly
inhibiting precursor cell proliferation, espe-
cially with high doses (15).

Although the present investigation did not
assay the hormone in the fetuses, the num-
ber, variety and types of changes observed
in the young strongly suggest a direct action
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of dexamethasone; it appears to be highly
teratogenic but of low toxicity. Lack of corre-
lation between fetal death and malformation
has been also observed with 6-AN (7) and
5-bromodeoxyuridine (16).

The results further demonstrate a failure
of ia administered dexamethasone to reduce
or prevent the teratogenic effects of 6-AN
(6). This is noteworthy and in contrast to
the therapeutic effects of adrenal steroids and
6-AN in adult tissues (8). Adrenocortical
steroids have been reported to prevent the
symptoms of nicotinamide deficiency both in
rats and in dogs (8, 17). Several glucocorti-
coids, including dexamethasone, protected
against fetal death following administration
of 6-AN to pregnant rats and delayed or
prevented antimetabolite-induced toxic effects
in dogs; adrenal steroids are thought to sta-
bilize tissue levels of nicotinamide-adenine
dinucleotide (NAD) under nicotinamide
deficient conditions (8, 17). Although this
may be true in adult tissues, the potentiation
of 6-AN by dexamethasone, as herein report-
ed, may reflect an inability of the hormone to
maintain adequate levels of pyridine nucleo-
tides in embryonic tissues; further work is
needed to substantiate this hypothesis.

Summary. Direct intraamniotic injections
(ia) of the glucocorticoid dexamethasone pro-
duced low fetal mortality and a high inci-
dence of cleft palate in rat fetuses. Adminis-
tration of 120 pg/30 pl of the hormone 12 to
24 hr before palate closure (day 15 of preg-
nancy) resulted in 100% retarded skeletal de-
velopment and 91% cleft palate in term fe-
tuses. Subcutaneous maternal injections of
04 mg daily for 3 days prior to palate
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closure resulted in a similar incidence of
palatal defects. Intraamniotic injections of
dexamethasone and the nicotinamide antime-
tabolite 6-aminonicotinamide (6-AN) {failed
to reduce or prevent the development of con-
genital malformations, potentiating the pro-
duction of full cleft palate.
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