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Cortisone acetate produced cleft nalate in 
off spring of treated pregnant mice ( 1 ) , in vari- 
ous frequencies depending on genetic and cer- 
tain non-genetic variables involved ( 2,3 ,4) . 
Supplemental treatment with riboflavin, folic 
acid, protein: or carbohydrate did not infu- 
ence the incidence of the defect ( 5 ) .  The fol- 
lowing study was undertaken to investigate 
the effect on fetal development of restricted 
daily food intake and smaller doses of corti- 
sone than have usually been used in the past. 

Materials and methods. Mice were young 
adult B6AFl females, from the cross C57BL ’ 
6J x A/J $. They were bred to A/J males 
and put into individual cages upon olbserva- 
tion of a vaginal plug, a sign to indicate that 
,TA day had passed since conception. Females 
were weighed at this time and divided into 5 
groups of approximately similar weight com- 
position. The  groups were treated as follows: 
Group 1, 0.5 mg, Group 2 ,  1 mg, cortisone 
acetate,/day for 4 consecutive days, beginning 
11% days after conception (called 0.5 and 1 
mg cortisone, respectively). Group 3, given a 
pellet of 2.5 g food/day for 5 consecutive days, 
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beginning 1 0 s  days after conceptioii (called 
restricted diet). Group 4, 0.5 mg cortisone + 
restricted diet. Group 5 ,  1 mg cortisone + 
restricted diet. Cortisone (Merck) was ad- 
ministered intramuscularly in the thigh. The 
food, Purina Lab Chow, was fed ad lib. at all 
times, except to females when on restricted 
diet. Fresh tap water was available always. 
Females were killed a t  1 7 f i  days after con- 
ception, i.e., about 2 days prepartum, resorp- 
tion sites counted, and young removed, dried, 
weighed to nearest hundredth of g, and exam- 
ined. 

Fig. 1 shows mean weights of 5 
groups of females during pregnancy. Females 
treated only with cortisone continued gaining 
weight throughout treatment period, but mice 
fed the restricted diet lost weight early in 
treatment period, then became stabilized in 
weight, until ud lib. feeding was resumed, and 
animals given both treatments concur- 
rently lost more weight and for a longer period 
than those of Group 3. The Fig. also) shows 
that females given the restricted diet attained 
a t  time of sacrifice about the same weight as 
those given cortisone alone, but that animals 
given combined treatments did not catch up 
(mean weight in g, a t  1 7 s  days after concep- 
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DAYS AFTER CONCEPTION 

FIG.  1. 

tion, for groups 1-3 = 33.2 -c_ .5;  for groups 
4 and 5 == 31.1 -+ .6; P<.Ol). 

Table I contains various relevant data. In 
view of the inverse association (3,4,6) between 
frequency of cortisone-induced cleft palate 
and maternal weight a t  conception, and the 
results to be presented, it should be noted that 
mean maternal weights a t  day after con- 
ception of the 5 groups were greatly alike 
and that decrease in mean litter size was 
roughly proportionate to increase in resorp- 
tion rate. 

Number and frequency of abnormal young 
are found in Table 11. It is seen here that 
0.5 mg cortisone produced a minute incidence 
of young with cleft palate, namely 1.470, 
whereas 1 .O mg cortisone produced 12% cleft 
palate. A quite unexpected result (Table 11) 
is that 5.6% of young had cleft palate after 
their mothers were fed the restricted diet dur- 
ing pregnancy. Further, this Table shows 
that the restricted diet plus either dose of cor- 

tisone greatly increased frequency of cleft 
palate over that’ produced by that dose of 
cortisone or by the restricted diet, alone, to 
36.8 and 50.7% respectively. 

It is also seen from Table I1 that per- 
centage of litters containing abnormal young 
increased with greater incidence of cleft pal- 
ate, indicating that the increased rate of the 
anomaly was not due to greater numbers of 
abnormal offspring per defective litter, but 
that the malformation occurred in more lit- 
ters. Finally, Table I1 shows that there oc- 
curred for most groups a decrease in mean 
fetal weight with increasing cleft palate fre- 
quency. 

Discussion. Several points of interest have 

TABLE 11. Fetal Weight and Incidcnce of Cleft 
Palate ( C P ) .  

YO ab- 
Fraction ”/‘o normal Fetal 

Treatment” with C P  CP litters wt (g ,  t 
.5 mg cortisoiie 2/144$ 1.4 10.5 .86 k . 0 1  

9’ 1.0 ” 17,442 12.0 35.0 .74 ” 

Restricted diet 9/161 5.6 21.7 , , .72 ” 

R.D. + .5 mg 42/114 36.8 82.4 .67 ‘’ 

R.D. + 1.0 mg 69/136$ 50.7 90.9 .67 ” 

(R.D.) 

cort. 

cort. 

* See Materials and methods for  details. 
t Mean -C stand. error. 
$ Tms 2 and 1 young, respectively, with cleft lip 

and palate, a condition that occurs spontaneously 
in a low incidence in mice o f  this genetic composi- 
tion. 

emerged from this experiment. First, it was 
found that simple underfeeding of a whole 
diet a t  a certain time in pregnancy is in itself 
teratogenic. A past study( 7 )  showed that ad- 
ministration of 2.5 mg of cortisone/day for 4 
consecutive days ( 1 1 f/s-14% days after con- 
ception) to pregnant mice caused food con- 

TABLE I. Maternal Weight, Litter Size, and Percent Resorbed. 

r------Females-------, 7- Off spring-, 

Treatment t No. Conception Sacrifice No. Litter size” 70 resorbed 
Wt“ (g) a t  

.5 mg cort,isone 19 21.4 5 .5 33.4 +- 1.2 146 7.7 2 .4 4.6 
1.0 ” 20 21.8 -t- .4 33.1 .8 142 7.1 .4 4.7 
Restricted diet (R.D.) 23 21.8 5 .5 33.2 t .6 161  7.0 e .3 8.0 

1’ 

R.D. -t .5mgcort. 17  21.9 2 .7 31.1 2 1.0 114 6.7 +- .5 16.8 
” + 1.0 ” ’’ 22 21.6 2 .5 31.0 f .9 137 6.2 _+ .4 18.4 

* Mean & stand. error. t See Materials and methods for  details. 
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sumption to be elevated from the control 
mean for these 4 days of 5.8 g food/day to 6.6 
g/day for the same 4 days, an increase of 
14%. The amount fed in this study, 2.5 g/ 
day, is 43% of control value, and 38% of 
experimental value. I t  can be taken, there- 
fore, that the mice fed the restricted diet in 
the present study consumed about 40% of an 
ad lib. intake. 

Starvation for 24 hours on 9th day of preg- 
nancy was found to produce exencephaly and 
costal and vertebral defects in the 129 strain 
of mice(8), and for 72  hours from 9th to 12th 
days of pregnancy to produce cleft palate in 
mice of a different genetic constitution (9) .  
But these results were not preparation for the 
finding that a hypocaloric diet would be tera- 
togenic. 

The second point of interest is that 1.0 mg 
cortisone produced so much greater an inci- 
dence of cleft palate than 0.5 mg cortisone 
(1.39% US. 11.97%; x2 = 11.3, P < . O O l ) .  
Apparently a threshold of sensitivity is 
crossed in this experimental setup by a dose 
lying somewhere between these amounts of 
the hormone. 

Third, it is of great interest that a syner- 
gistic effect resulted from simultaneous treat- 
ment with the restricted diet and doses of cor- 
tisone. I n  Table 11, however, it can be noted 
that the lesser amount of cortisone plus re- 
stricted diet had a larger relative effect than 
the greater dose of cortisone plus restricted 

diet. In the first case the combined treatment 
resulted in a percentage of cleft palate 5.3 
times that of the sum of the individual treat- 
ments whereas with the second combination 
this was 2.9 times the sum of the treatments 
alone. I t  seems therefore that the smaller 
dose of cortisone, although producing by it- 
self a negligible incidence of the defect, sensi- 
tizes the maternal-fetal system to a relatively 
greater extent to a concomitant embryopatho- 
genic circumstance than does the larger dose. 

Two relatively small doses of 
cortisone acetate administered to pregnant 
mice caused 1.4 and 12.0% cleft palate, re- 
spectively, in the offspring. A hypocaloric 
diet, consisting of about 40% of ad lib. daily 
intake, given during middle 3rd of pregnancy, 
produced 5.6% cleft palate. The doses of cor- 
tisone plus the restricted diet caused 36.8 and 
50.7% cleft palate, respectively. These re- 
sults are discussed. 

Summary. 
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