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ABSTRACT Swiss Webster female mice weighing 25-30 gm were injected 
subcutaneously on days 6-15 of gestation with the synthetic sex steroid Dela- 
lutin (17a-hydroxyprogesterone caproate). Treatment was given daily in doses 
ranging from 42 to 833 mgkg body weight, or 10, 100, and 200 times the 
human therapeutic dose. On day 18 fetuses were removed from the uterus and 
examined for malformations and other fetotoxic effects. Prenatal treatment 
with the two higher doses resulted in 8 and 13%; maternal deaths, and all doses 
resulted in a slight increase (4-12'% above control) in resorption frequency. 
Treatment with Delalutin did not significantly affect intrauterine growth, sex 
ratio, or malformation rate of the offspring. The results of the present study 
confirm other reports that Delalutin is not androgenic, and that it, like proges- 
terone and certain other sex steroids, does not alter the development of nonre- 
productive organs. 

During the past two decades Delalutin (17a- 
hydroxyprogesterone caproate), because of its 
progestational activity (Junkmann, '57; Kes- 
sler and Borman, '57; Wu and Allen, '59; 
Pickworth and Lamming, '67; Terenius, '74; 
Ainslie and Kohrman, '77) and low andro- 
genic activity (Junkmann, '54; Kessler and 
Borman, '58; Suchowsky and Junkmann, '61; 
Lerner et al., '62; Johnstone and Franklin, 
'64; Jung and Peters, '67; Foote et al., '68; 
Neumann, '781, was administered to preg- 
nant women as hormonal support for threat- 
ened abortion. Since the Food and Drug 
Administration issued the warning in 1978 
that exogenous progestational agents may be 
linked to birth defects, use of Delalutin dur- 
ing pregnancy has been discontinued. Today 
it is used primarily in treating amenorrhea, 
advanced uterine adenocarcinoma, and other 
endocrine problems in nonpregnant women 
(Delalutin package insert, 1978). 

As with most exogenous sex hormones, the 
issue concerning teratogenicity of this pro- 
gestogen has been raised (see reviews by 
Schardein, '80; Wilson and Brent, '81). Since 
there are few published teratological studies 
on Delalutin (Courtney and Valerio, '68), the 
present study was undertaken to determine 
the teratogenic potential of this drug in mice. 

MATERIALS AND METHODS 
Animal dosing procedure 

Prima gravida female mice of the ARS 
Swiss Webster albino strain (Sprague Daw- 
ley Laboratories, Madison, Wisconsin) 
weighing 25-30 gm and 60 to 100 days old 
were mated with males of the same strain 
and comparable age. One male was housed 
overnight with three to five females; the day 
a copulatory plug was observed was recorded 
as day 0 of gestation. All mice were given 
Wayne Breeder Blox and water ad libitum. 
The pregnant females were randomly as- 
signed to one of six groups, viz., untreated 
control, vehicle control, low-dose Delalutin 
(42 mgkg body weight), intermediate-dose 
Delalutin (416 mgkg body weight), high-dose 
Delalutin (833 mgkg body weight), and reti- 
noic acid (100 mgkg body weight). The doses 
of Delalutin were derived from pilot experi- 
ments which showed some maternal lethal- 
ity in the high dose range. Based on body 
weight, the amounts of hormone given daily 
to mice were approximately 10, 100, and 200 
times the human therapeutic dose of 4 mg/ 
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kg. The dose and time of administration of 
retinoic acid were chosen because this regi- 
men was shown to cause limb defects in 100% 
of the offspring (Kochhar, '77). The solvent 
for the low and intermediate doses of Dela- 
lutin (125mg/ml stock solution) and the solu- 
tion administered to the vehicle-control group 
was a mixture of sesame oil, 30% benzyl ben- 
zoate, and 2% benzyl alcohol. The solvent for 
the high dose of Delalutin (250 mg/ml stock 
solution) was a mixture of castor oil, 46% 
benzyl benzoate, and 2% benzyl alcohol. The 
vehicle and the test material, obtained from 
E. R. Squibb and Sons (Princeton, N. J.), were 
administered via subcutaneous injection (3.5 
pl/gm body weight) on days 6-15 of gestation. 
Retinoic acid (Sigma Chemical Co., St. Louis, 
Mo.) was suspended in vegetable oil and 
given by gavage (15.2 pl/gm body weight) on 
day 11 of gestation. 

Matcrrial and fetal examination 
Weights of dams were recorded on gesta- 

tional days 0, 6, 12, and 18. The dams were 
sacrificed by cervical dislocation on day 18 
and the uterus and ovaries were removed 
and weighed. The number of live fetuses, 
number of early and late resorptions, and 
their location in each uterine horn were re- 
corded. All fetuses were weighed, measured 
for crown-rump length, sexed, and examined 
for external anomalies. Approximately half 
of the males and females of each litter were 
preserved in Bouin's fixative and subse- 
quently sectioned and examined for anoma- 
lies of internal organs according to Wilson's 

method ('65). The remaining fetuses were 
prepared for examination of the skeletal sys- 
tem according to Kimmel and Trammell's 
method ('81). 

Statistical analysis 
The effects of Delalutin on fetal weight, 

fetal length, maternal weight gain, and preg- 
nant uterine weight were tested for signifi- 
cance with the F and t tests. Differences in 
sex ratio, resorption frequency. and nialfor- 
mation frequency were analyzed with the 
standard chi-square test. In each analysis the 
effects of the various doses of Delalutin were 
compared with that  of the vehicle-control 
group. A probability of less than 5% was 
considered significant. 

RFSU1:I'S 
Number of implants and resorption 

frequency 
The mean number of implants per litter for 

untreated- and vehicle-control groups were 
11.3 and 10.8, respectively. The mean num- 
ber of implants per litter for the Delalutin 
treatment groups ranged from 8.9 to 12.7 
(Table 1). Comparing treatment and control 
groups for differences in mean number of 
implants per litter, only the intermediate- 
dose group was significantly different. 

The average resorption frequency for the 
untreated- and vehicle-control groups was 
3%. The average resorption frequencies 
ranged from 7 to 15% for litters treated with 
Delalutin. Only the difference between the 
Delalutin intermediate group and control 

TABLE 1. Effect of Delnlutiii on resorption frequency 

No. ~ litters 
Implantations Live fetuses No. Resorptions' 

litters No. Avg f SE No. Avg SE affected No. 1% 

Untreated 13 147 11.3 f 0.6 142 10.9 0.6 4 5 3 
. 

control 

con t r o 1 

low 

intermediate 

high 

acid 

Vehicle 14 152 10.8 f 0.8 148 

Delalutin 11 130 11.8 f 0.8 119 

Delalutin 12 107 8.9 f 1.0 '  91 

Delalutin 13 166 12.7 f 0.6 155 

Retinoic 8 103 12.9 f 0.7 75 

0.6 0.8 4 4 3 

0.8 k 0.7 8 11 9 

7.6 k 1.0' 6 16 15" 

1.9 0.6 7 11 7 

9.4 * 0.9 8 28 27 

'Includes embryonic and  fetal deaths .  
'Comparing Delalutin-treatment and  vehicle-control gruups. the difltrences i n  I'lcquency of resorptinn, nurnhrr of live 
fetuses, and numher of implantations were significant only lor t he  intermediate-dose gmup t f  < ,051. 
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was statistically significant (Table 1). Three 
litters in the intermediate-dose group had 
above-average resorption frequencies of 33, 
54, and 100%. All other litters from treat- 
ment and control groups showed frequencies 
of 20% or less. Treatment with retinoic acid 
resulted in a mean resorption frequency of 

Fetal weight and length 
The average fetal weight per litter for the 

two control groups was approximately 1.25 
gm. The average fetal weights for those 
treated with Delalutin ranged from 1.20 to 
1.24 gm (Table 2). The differences in mean 
fetal weight per litter between treatment and 
control groups were not significant. The av- 
erage fetal crown-rump length per litter for 
the untreated and vehicle control groups was 
2.65 and 2.57 cm, respectively (Table 2). The 
average length per litter for all Delalutin 
treatment groups was approximately 2.60 
cm. The differences between treatment and 
control groups for fetal length were not sig- 
nificant. Weight and length also were not 
affected by retinoic acid treatment. 

Sex ratio 
The number of males was slightly less than 

the number of females in the untreated- and 
vehicle-control groups (48 and 45%, respec- 
tively). The percentage of males in the Dela- 
lutin treatment groups ranged from 47 to 
55% (Table 2). The differences in sex ratio 
between treatment and control groups were 
not significant. The internal examination of 
Bouin's fixed fetuses confirmed in each case 

27%. 

the sex ratio determined by the external ex- 
amination. The sex ratio was not affected by 
retinoic acid treatment. 

Types of  malformations and frequency of 
afrected fetuses 

The untreated-control group showed no de- 
tectable malformations. In the vehicle- 
control group, 2%) of living fetuses were mal- 
formed (one with cleft palate, one with open 
eyelid and umbilical hernia, and one with 
cryptorchidism, Table 3). In the low-dose 
group, one (1%) fetus was malformed with 
ectopia of the right kidney. In the intermedi- 
ate-dose group, 2% were malformed (one with 
cleft palate and one with cranial hemor- 
rhage). In the high-dose group, 3% were mal- 
formed (one with cleft palate, one with open 
eyelid, and three with cryptorchidism). The 
differences in frequency of malformed fetuses 
between treatment and control groups were 
not significant. In the retinoic acid treatment 
group, 1005% of the offspring were mal- 
formed. All fetuses had cleft palate and limb 
reduction anomalies; one fetus had an  open 
eyelid in addition to these anomalies. 
Whereas skeletal anomalies were not ob- 
served in any of the stained and cleared spec- 
imens of treated or control fetuses, the limbs 
of all of the retinoic acid-treated fetuses 
showed decreased staining with alizarin red 
(Fig. 1). 

Muternal weight gain and uterine weight 
The mean maternal weight gain for un- 

treated- and vehicle-control groups were 23.7 
and 23.4 gm, respectively. Weight gain for 

No. Avy AW 
No. live weight/litter lengthilitter No. males: 

fetuses grams k SE cm I SE No. females ' i males 
..____ litters 

Untreated 
control 

Vehicle 

13 142 1.26 i 0.02 2.65 i 0.03 68:74 48 

66:82 45 14 148 1.25 i 0.02 2.57 0.07 
control 

58:61 49 Delalutin 11 119 1.24 k 0.02 2.61 f 0.02 
low 

i ntcrmediate 
Delalutin 12 91 1.22 f 0.04 2.61 i 0.04 44:49 

Delalutin 13 155 1.20 f 0.03 2.60 1 0.03 86:69 

47 

55 
h i,gh 

Retinoic 8 75 1.25 1 0 . 0 4  2.67 i 0.05 3857 51 
acid 

'Comparing Delalutin t r ea tmen t  and  vehicle-control gr'oups. the differences in mean weights and lengths per lltter and  ratio of 
niales to female were not statihtlcally significant ( P  > ,201. 



204 R.E. SEEGMILLER, G.W. NELSON, AND C.K. JOHNSON 

A B 
Fig. 1. A. The retinoic acid-treated fetus serves as a 

positive control for limb reduction anomalies. The micro- 
melic limbs are shown to posscss alcian blue-stained 
cartilage but relatively little alizarin red-stained calci- 

ficd bone. B. Fetus Lreated throughout the period of 
organogenesis with a high dose of Delalutin (833 mgkg 
body weight) shows no skeletal anomalies. 

low- and high-dose groups did not differ sig- 
nificantly from that of control. The average 
weight gain for the intermediate-dose group 
was 17.0 gm, a value significantly different 
from that of control (Table 4). In Figure 2, 
the patterns of weight gain for treated, con- 
trol, and nonpregnant dams are compared. 

The mean uterine weights for the un- 
treated- and vehicle-control groups were 18.2 
and 17.2 gm, respectively. The mean uterine 
weight for the low- and high-dose groups did 
not differ significantly from that of control. 
The mean uterine weight for the intermedi- 
ate-dose group was 12.5 gm, which was sig- 
nificantly different from that of control (Table 

4). The differences between treatment and 
control groups for initial and final net mater- 
nal weight (final maternal weight minus 
uterine weight) were not significant. 

Maternal viability 
There were no maternal deaths in the un- 

treated- and vehicle-control groups nor in the 
low-dose Delalutin group. One (8%) dam died 
after 9 days of treatment with the interme- 
diate dose of Delalutin, and two (138) died 
after 6 days of treatment with the high dose 
(Table 5) .  There were no maternal deaths in 
the group treated with retinoic acid. 
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DISCUSSION 
Of the three doses of Delalutin only the 

intermediate dose (412 mgkg body weight) 
was associated with a significant reduction 
in maternal weight gain. The reduced weight 
gain was due to an effect on the uterine com- 
partment rather than on maternal body 
weight since the average final maternal 
weight minus uterine weight for this group 
was not statistically different from that of 
control (Table 4). Factors contributing to the 
decreased uterine weight were an increased 
number of resorptions coupled with a slight 
reduction in number of implantations, both 
of which contributed to the decreased num- 
ber of living fetuses for the intermediate-dose 
group (Table 1). Intrauterine growth retar- 
dation of the offspring was not a factor in 
decreasing uterine weight since fetal weights 
and lengths were not altered by treatment 
with Delalutin (Table 2). 

The resorption frequencies following pre- 
natal treatment with Delalutin were 4-12?? 
above that of control. Although the magni- 
tude of the fetotoxic effect was not large, this, 
coupled with 8 and 13% maternal deaths in 
the intermediate- and high-dose groups, re- 
spectively (Table 5) ,  suggests that chronic 
administration of Delalutin a t  100 and 200 
times the human therapeutic dose is some- 
what toxic to both dam and offspring. A 
higher-than-average resorption frequency in 
three litters of the intermediate-dose group, 
and a relatively higher frequency of mater- 
nal death in the high-dose group, may have 
accounted for the absence of a dose-response 
effect on resorption frequency. 

The unaltered sex ratio and absence of ef- 
fects on female reproductive organs following 
treatment with Delalutin (Tables 2, 3) con- 
firm previously cited reports that Delalutin, 
unlike some exogenous sex hormones (Whar- 
ton and Scott, '64; Prahalada and Hendrickx, 
'821, does not possess androgenic properties. 
Although we observed an occasional mal- 
formed fetus among offspring of treated 
dams, the types of malformation and fre- 
quency of occurrence were not significantly 
different from those of control. Certainly the 
limb reduction anomalies observed among 
retinoic acid-treated fetuses and occasionally 
among historical controls (unpublished ob- 
servations) were not present among Delalu- 
tin-treated fetuses. Thus, despite the 
administration throughout the period of or- 
ganogenesis of high, moderately toxic doses 
of the drug, the progestational hormone De- 
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Fig. 2. The similarity in pattern and extent of mater- 
nal weight gain (means of approximately 23 gm) for 
treated (low and high dose) and vehicle-control dams is 
shown. The reduced weight gain for the intermediate 

dose group (18 gm) was due to decreased fecundity (see 
Table 1). Dams treated but later shown to be nonpreg- 
nant gained an average of two gin over the 18-day pe- 
riod. 
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TABLE 4 .  Effect of Delalutin on maternal weight gain 

Grams (avg. f SE) 
Final 

maternal 

No. maternal maternal weight Uterine excluding 
Initial Final Maternal weight 

dams weight weight gain weight uterus 

Untreated 13 27.6 f 0.4 51.3 f 1.4 23.7 f 1.3 18.2 k 1.1 33.1 0.9 

Vehicle 14 27.2 f 0.3 50.6 f 1.5 23.4 f 1.4 17.2 k 1.2 33.4 f 1.0 
control 

control 
Delalutin 11 27.4 f 0.4 51.3 f 1.6 23.9 f 1.3 17.5 f 1.0 33.8 f 0.7 

low 

intermediate 
Delalutin 12 27.4 f 0.4 44.4 f 1.9*' 17.0 1.3'b 12.5 f 1.2* 31.9 f 0.8 

Delalutin 13 28.1 f 0.4 51.2 + 1.1 23.2 f 1.0 18.4 f 0.8 32.8 5 0.8 
high 

Retinoic 
ir ir l  

8 26.5 i 0.2 49.8 5 1.8 23.3 f 1.7 16.7 f 1.3 33.1 f 0.8 

*Comparing Delalutin t reatment  and vehicle-control groups, t he  differences in final weight, weight gain, and uterine weight were 
significant only for the intermediate-dose f loup iP < ,051. 

lalutin has been shown in the present study 
to be nonteratogenic in mice. 

The teratological evaluation of Delalutin 
in this and other species of laboratory ani- 
mals (Courtney and Valerio, '68) supports the 
negative findings of Heinonen et al. ('77) con- 
cerning Delalutin teratogenicity in humans. 
Because of its strong pharmacological resem- 
blance to naturally occurring progesterone, 
and with the oocyte, zygote, embryo, and fe- 
tus being exposed to high levels offemale sex 
hormones (Kincl, '711, it is unlikely that pro- 
gesterone or its synthetic analogue Delalutin 
would have an adverse effect on prenatal 
development. Reports that  progesterone is 
teratogenic and/or androgenic in laboratory 
animals (Piotrowski, '66, 68a,b) cannot be 
relied on since neither skeletal nor internal 
nor histological examinations were per- 
formed to confirm the purported malforma- 
tions. Indeed, most teratological studies 
performed to date support the hypothesis that 
progesterone is incapable of inducing devel- 
opmental anomalies (Nalbandov, '58; Allen 
and Foote, '73; Wharton and Scott, '64; Bar- 
tholomeusz and Bruce, '76; Coyle et al., '76; 
Renden and Benoff, '80). Certainly limb-re- 
duction defects have not been documented in 
laboratory animals exposed to progesterone 
or any of its synthetic analogues, despite the 
fact that target-organ (reproductive) effects 
have been reported for some of the exogenous 
female sex hormones (Tuchmann-Duplessis, 
'75). 

TABLE 5. Effect afDelalutin on maternal viability 

No.dams No. No. 
treated survived dead 

Untreated 13 13 0 

Vehicle 14 14 0 

Delalutin 11 11 0 

Uelalutin 13 12 1 

Delalutin 15 13 2 

Retinoic 8 8 0 

control 

control 

low 

intermediate 

high 

acid 

9t 
dead 

0 

0 

0 

8 

13 

0 

~ 

Confirmation that certain sex steroids in- 
terfere with the developing reproductive sys- 
tem and are embryolethal a t  high doses 
without being teratogenic was demonstrated 
following prenatal treatment of rats with di- 
ethylstilbestrol (Wardell et al., '82). The in- 
creased incidence of cryptorchidism among 
hormone-exposed fetuses was associated with 
decreased testosterone levels, suggesting that 
cryptorchidism was a secondary effect of di- 
ethylstilbestrol. Thus it seems unlikely that 
sex steroids which are pharmacologically 
similar to naturally occurring hormones in 
pregnancy would be teratogenic to nontarget 
tissues. 

In conclusion, administration of Delalutin 
to pregnant mice during the embryosensitive 
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period (days 6-15) a t  doses up to 200 times 
the human therapeutic dose increases the 
frequency of resorption and maternal death 
without producing teratogenic or growth-re- 
tardation effects. We regard the effects on 
maternal and fetal viability as being nonspe- 
cific and toxic, but. not teratogenic. The use 
of retinoic acid as a positive control for cleft 
palate and limb reduction anomalies con- 
firms the strain's sensitivity to teratogenic 
agents. The present findings can be added to  
the growing body of laboratory animal data 
suggesting that progestational hormones are 
not teratogenic in the classical sense. 
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