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Since their synthesis nearly three dec- 
ades ago, corticosteroids have been the 
treatment of choice for such life-threat- 
ening disorders as lupus erythmatosus, 
Addison's disease, and asthma to less se- 
rious complaints such as dermatitis and 
tennis elbow (1). Serious threats to ma- 
ternal well-being, at times, necessitate 
corticosteroid therapy during pregnancy 
(2-4). Moreover, adrenocortical hor- 
mones have been used expressly to in- 
duce ovulation and support pregnancy in 
women suffering from infertility. Specifi- 
cally, steroid therapy is administered 
when the suspected etiology of the dis- 
order is a mild abnormal elevation of ad- 
renal androgen levels (5). Thus, both the 
incidental and deliberate treatment of 
pregnancy with corticosteroids have re- 
sulted in the exposure of large numbers 
of fetuses to augmented adrenal hor- 
mone levels. 

The paucity of reports on the possible 
effects on the human fetus of these pow- 
erful substances is surprising. Those re- 
ports which do exist are based on small 
numbers of individuals and fall into one 
of two categories. In one type of study, 
subjects received relatively large 
amounts of corticosteroids for the alle- 
viation of severe symptomatology unre- 
lated to pregnancy (2-4). In the second 
type, the offspring were evaluated during 
clinical trials in which low doses of corti- 
costeroids were administered over long 
periods for infertility and subsequent 
maintenance of pregnancy (5, 6). In both 
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types of experiments, little risk of ex- 
posure was noted for either mother or 
offspring, although somewhat higher fre- 
quencies of stillbirth and spontaneous 
abortion as well as isolated instances of 
cleft palate occasionally were reported 
(4, 6). 

These reports of negligible effects on 
the human fetus are in marked contrast 
to data derived from animals in which 
exposure to corticosteroids during ges- 
tation apparently produces deleterious 
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Group 

Fig. 1. Mean birth weight of male and female 
human infants exposed or not exposed pre- 
natally to prednisone. (Prednisonea) based on 
data from all prednisone-exposed offspring. 
(Prednisoneb) based on data from only those 
subjects that did not qualify as "light for 
dates" (weighing 2500 g or less at birth); only 
one subject in the untreated group was "light 
for dates." 
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effects. Such effects as resorption, 
stillbirth, reduced weight and length, 
cleft palate, and decreased thymus 
weight have been observed in chick em- 
bryos and mouse, rat, and rabbit fetuses 
exposed to corticoids (2, 7, 8). However, 
the dosages administered in most of 
these investigations were proportionally 
higher than those used for therapeutic 
treatment in humans. To our knowledge, 
no studies have been conducted with ani- 
mals subjected to long-term treatment 
with low doses of corticosteroids analo- 
gous to the treatment used frequently for 
human infertility. 

Since no study of human offspring ex- 
posed to low dosages of corticosteroids 
throughout gestation could be found, we 
studied a large sample of offspring of 
women who were treated with cortico- 
steroids for infertility and for mainte- 
nance of pregnancy. In any study of the 
offspring of women treated with drugs 
during pregnancy, the most serious con- 
founding variable is the maternal disease 
or malfunction which necessitated the 
initiation of therapeutic intervention. 
This makes it difficult, if not impossible, 
to extricate the effects of the treatment 
from those of the maternal complaint. 
Therefore, we undertook a simultaneous 
study of laboratory animals treated with 
corticosteroids in dosages proportional 
to those given humans. Thus, if similar 
effects were obtained from the human 
and animal subjects, any observed con- 
sequences could be more confidently as- 
cribed to the treatment. Furthermore, by 
terminating pregnancy in mice at various 
intervals during adrenocortical hormone 
administration, we could make a time-re- 
lated assessment of drug exposure. 

The full-term offspring of all women 
who received prednisone (9) during preg- 
nancy (N = 119) at a private southern 
California infertility clinic between 1955 
and 1975, served as the experimental 
subjects. The women in this group re- 
ceived 10 mg of prednisone per day for 
infertility and treatment was continued 
throughout pregnancy. No other steroid 
hormone therapy was administered to 
women in this group during these preg- 
nancies. The comparison group was 
composed of the offspring of 67 women 
from the same clinic population who did 
not require prednisone or any other hor- 
monal therapy during pregnancy. Thus, 
mothers of offspring from both the ex- 
perimental and comparison groups were 
comparable in that they were subject to 
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problems of infertility sometime during 
their reproductive lives. 

Length of gestation in most cases was 
calculated from temperature charts and 
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Prenatal Exposure to Prednisone in Humans and Animals 

Retards Intrauterine Growth 

Abstract. Prednisone treatment for infertility and subsequent pregnancy mainte- 
nance in humans resulted in a significant decrease in the birth weight of full-term 
infants and a marked increase in the percentage of newborn infants wveighing 2500 
grams or less, that is, 'light for dates" in comparison to control offspring. A parallel 
experiment with mice indicated that the reduction of birth weight was caused by 
exposture to corticosteroids rather than to maternal disease or malfunction. 
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was therefore measured from the day of 
conception. In all cases, the deliveries 
were full-term (38 + 2 weeks). In the 
few cases for which the last menstrual 
period was the landmark, gestation was 
calculated from 2 weeks after this date so 
that all gestation lengths would be com- 
parable. Birth weight was obtained from 
both hospital and doctors' records re- 
corded at the time of delivery. 

A factorial analysis of variance re- 
vealed that offspring exposed prenatally 
to prednisone weighed significantly less 
than control offspring (P < .0001). No 
difference was found between the birth 
weight of male and female neonates (see 
Fig. 1). 

As mentioned above, we undertook an 
experiment with animals to add support 
to the assumption that the lowered birth 
weight of offspring exposed prenatally to 
prednisone was mediated by the hor- 
monal intervention and not by the clini- 
cal condition for which it was given. In 
addition, this experiment permitted a de- 
termination of the time course of the ef- 
fect of prednisone on the fetus. 

Male and female Rockland-Swiss mice 
(10) were maintained on a cycle of 12 
hours of light and 12 hours of darkness 
and provided with unlimited access to 
food and water. After mating had oc- 
curred, as evidenced by the presence of 
copulatory plugs, the females were sepa- 
rated and housed in groups of four or five 
in 28 by 18 by 13 cm translucent poly- 
propylene cages until day 12 of preg- 
nancy, at which time they were housed 
singly. The day a copulatory plug was 
found was designated as day 0 of preg- 
nancy. Animals were assigned to one of 
four groups on day 13 of pregnancy (11): 
one group received no treatment; a sec- 
ond group received 100 [kg of predni- 
sone; those in the third group received 
400 utg of prednisone; the fourth group 
received vehicle only. Based upon body 
weight and surface area, the 100-,tg dose 
was calculated to be proportional to that 
which the women received. Prednisone 
was suspended in 0.05 ml of steroid sus- 
pending vehicle (12). Each animal re- 
ceived one subcutaneous injection per 
day between 0900 and 1000 hours com- 
mencing on day 13 of pregnancy. 

Each group was then divided into four 
subgroups. Those in the first subgroup 
were killed by cervical dislocation be- 
tween 1900 and 2000 hours on day 14 of 
gestation after having received two injec- 
tions of prednisone. Mice of a second 
subgroup were killed on day 16 after hav- 
ing received four prednisone injections, 
and animals of the third subgroup were 
killed on day 18 after six injections. The 
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Table 1. Mean weights of 14-, 16-, and 18-day-old mouse fetuses and 1-day-old pups exposed to 
100 or 400 tig of prednisone. Control animals either were exposed to the vehicle only or left 
undisturbed during gestation. 

Weight (g) 
Group 

Day 14*t Day 16t Day 18t Day 19(term)1 

Control 
Male 8 = 0.74(N = 32) 1.33(N = 17) 1.53 (N = 73) 
Female 0.73 (N = 28) 1.32(N = 14) 1.53 (N = 63) 

Prednisone 
(100 ,ug) 

Male 0 7 0.67(N = 27) 1.25(N = 34) 1.37(N = 53) 
Female 0.69(N = 30) 1.26(N = 27) 1.35 (N = 38) 

Prednisone 
(400 tg) 

Male 7 4 0.68 (N = 29) 0.89 (N = 16) 0.95 (N = 43) 
Female 0.67(N = 26) 0.87(N = 18) 0.95(N = 36) 

*No significant differences among groups. tFetuses at day 14 of gestation could not be assessed with 
regard to sex. tSignificant differences among groups (P < .0001 in all cases). No differences were found 
between males and females. 

fetuses were removed, cleaned, sexed 
(13), and weighed. Pregnant animals of 
the fourth subgroup were allowed to de- 
liver on day 19 after having received sev- 
en injections. Their young were weighed 
between 0900 and 1000 hours on the day 
of birth. 

Separate analyses of variance were 
performed to compare weights at each of 
the three fetal ages (days 14, 16, and 18) 
and at term (Table 1). No significant dif- 
ferences in weight were found between 
offspring of the two control groups, that 
is, the groups of mice that received only 
the vehicle or no treatment. Thus, the 
data for these groups were combined for 
each pregnancy-termination day and at 
term. Significant differences were not 
observed among any of the groups on 
day 14. However, 16-day-old fetuses ex- 
posed to prednisone (either 100 or 400 
,Lg) for only 4 days weighed significantly 
less than did controls (P < .00001). Both 
the 18-day-old fetuses and the full-term 
pups exposed to either dose of the hor- 
mone also weighed less than did off- 
spring of control mothers (P < .00001). 
Further, no significant differences in 
weight between males and females were 
obtained (13). Multiple comparison pro- 
cedures (Duncan's test) revealed that on 
days 16 and 18 and at term animals ex- 
posed to 100 Aug of prednisone weighed 
significantly less than did controls 
(P < .05). Finally, while not differing 
significantly on day 16, by day 18 and at 
term the fetuses and pups exposed to 400 
,tg of prednisone weighed significantly 
less than those exposed to 100 ,ug 
(P < .001). 

The results of these experiments in- 
dicate that the growth of offspring ex- 
posed to prednisone during gestation is 
significantly retarded and results in di- 
minshed full-term birth weight. Three 

explanations can be offered to describe 
the mechanism by which prednisone af- 
fects fetal weight. First, since corticoste- 
roids readily cross the placental barrier 
(14), the lowered weights observed may 
be the outcome of a direct effect upon 
the fetus. It is interesting that children 
treated with corticosteroids for the alle- 
viation of asthmatic symptons show evi- 
dence of severe growth retardation and 
suppression (15). Second, the effects 
may be mediated by placental abnormal- 
ities resulting from prednisone exposure. 
This possibility is supported by data 
demonstrating that adrenocorticoste- 
roid-exposed placentas show decreased 
growth (16) and, in particular, glycogen 
depletion (8) in comparison to nonex- 
posed placental tissue. Finally, it also is 
possible that a direct effect of exogenous 
corticoids on maternal physiology leads 
to a subsequent indirect influence on pla- 
cental or fetal growth, or both. These ex- 
planations should not be considered mu- 
tually exclusive since any combination 
of the three could theoretically operate 
in concert. 

In 1967 it was suggested that babies 
born at or below 2500 g after a full-term 
pregnancy be designated "light for 
dates" (17) to distinguish them from low- 
birth-weight infants who were premature 
(18, 19). Full-term babies born at these 
diminished weights have been identified 
as at-risk for the neonatal period as well 
as for later mental and physical develop- 
ment (17, 20, 21). The incidence of "light 
for dates" babies with no congenital 
anomalies has been estimated in various 
populations to lie between 1.04 and 2.0 
percent (18, 20, 22). Analysis of "light 
for dates" births in our sample reveals 
the incidence to be 1.52 percent (1/67) in 
the control group and 13.92 percent (16/ 
119) in the prednisone-exposed off- 
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spring, a statistically significant dif- 
ference (x2, P < .01). 

In response to the discovery of the sig- 
nificant number of "light for dates" 
births in the prednisone-exposed group 
of human infants, a second analysis of 
variance was performed to determine if 
the significant difference between the ex- 
perimental and control groups would 
persist with the extremely low-weight 
subjects removed. The analysis, with 
"light for dates" subjects eliminated 
from both prednisone and control 
groups, showed that the hormone-ex- 
posed subjects were still significantly 
lighter than controls (P < .0001) (see 
Fig. 1). This finding indicates that, al- 
though only 16 prednisone-exposed sub- 
jects were born at weights which fit the 
strictly defined criterion for "light for 
dates," the majority of the experimental 
subjects were stillborn at weights lighter 
than would be expected. To illustrate the 
magnitude of intrauterine growth retar- 
dation in the prednisone-exposed off- 
spring, it was determined that with "light 
for dates" subjects removed from both 
conditions, 60 percent of the remaining 
hormone-exposed individuals fell below 
the 25th percentile of the unexposed 
group. 

The retardation of intrauterine growth 
after exposure to prednisone indicates 
that exogenous adrenocortical hormones 
can have a marked effect on fetal devel- 
opment. We therefore suggest that phy- 
sicians be alerted to the possible at-risk 
status of babies born to prednisone- 
treated mothers, regardless of apparent- 
ly normal birth weights and lengths of 
gestation. 
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Hepatic fibrosis may be initiated by a 
variety of insults, including toxins and 
infection, and can result in portal hyper- 
tension and gastrointestinal hemorrhage. 
In infections due to the trematode worms 
Schistosoma mansoni and S. japonicum, 
hepatic fibrosis is the major cause of 
morbidity and mortality. The develop- 
ment of hepatic fibrosis in schistoso- 
miasis is preceded by formation of gran- 
ulomas surrounding the trematode eggs 
which become trapped in the portal ven- 
ules of the liver. The development of 
these granulomas is similar in humans 
and mice infected with S. mansoni. In 
mice the granulomatous reaction has 
been shown to represent a delayed hy- 
persensitivity response to soluble egg an- 
tigens (1). Here we report results of our 
investigations that suggest that products 
of schistosomal granulomas can stimu- 
late fibroblasts in vitro and therefore 
may play a role in the development of he- 
patic fibrosis in schistosomiasis. 

Lymphocytes elaborate soluble sub- 
stances in vitro that are capable of inhib- 
iting (2) or enhancing (3) fibroblast prolif- 
eration, and of stimulating collagen syn- 
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thesis in vitro (2, 3). Macrophages also 
influence fibroblast growth and protein 
synthesis (4, 5). Since lymphocytes and 
macrophages constitute the predominant 
cell population in the prefibrotic gran- 
uloma, we investigated whether these 
granulomas might also regulate fibro- 
blast activation in vitro. To do so, we 
prepared isolated schistosomal gran- 
ulomas by a modification of the tech- 
nique described by Pellegrino and Bre- 
ner (6). This technique separates gran- 
ulomas . from liver homogenates by 
repeated sedimentation at lg; free hepat- 
ic parenchymal cells, cell stroma, and 
cell debris remain in the supernatant and 
are discarded. 

Outbred white mice (National Insti- 
tutes of Health general purpose) were in- 
fected subcutaneously with approxi- 
mately 500 cercariae of S. mansoni 
[Puerto Rico I strain (7)] obtained by 
passage through the snail vector 
(Biomphilaria glabrata). Seven weeks 
later, livers from individual mice were 
homogenized in a Waring blender for 1 to 
2 minutes in Hanks buffer (Hanks bal- 
anced salt solution) and granulomas 
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Hepatic Fibrosis in Schistosomiasis: Egg Granulomas 
Secrete Fibroblast Stimulating Factor in vitro 

Abstract. Cytosol extracts and culture supernatants of isolated egg granulomas 
obtained from livers of mice with Schistosoma mansoni infection stimulated fibro- 
blasts to incorporate tritiated thymidine and to proliferate in vitro. This finding sug- 
gests that hepatic granulomas may play a role in regulating hepatic fibrosis in 
Schistosoma mansoni infections. 
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