
white matter became more hypoxic than 
gray matter. In a model of cerebral 
oligemia Welsh et al. (15) observed 
a disproportionately greater accumula- 
tion of lactate in white matter compared 
to gray matter. These authors postulated 
that this "failure" of white matter 
metabolism resulted from a relatively 
greater reduction in blood flow to white 
matter. During severe hypoxia, cerebral 
blood flow may increase up to fourfold 
(16), thereby promoting the delivery of 
oxygen to the tissues. However, Gins- 
berg et al. (17) demonstrated in mod- 
erately hypoxic, normotensive "Levine" 
rats that the rise in blood flow to several 
gray matter structures was variable, 
ranging from 40 to 100 percent. Al- 
though blood flow data for white mat- 
ter are presently unavailable, it is 
conceivable that regional cerebral blood 
flow to white and gray matter during 
hypoxia is altered disproportionately 
to their metabolic needs and that white 
matter may sustain the more severe 
insult. 

The present findings of regional dif- 
ferences in cerebral glucose metabolism 
during hypoxia may be relevant to hu- 
man stroke and other clinical conditions 
of cerebral hypoxia-ischemia. Post- 
anoxic leukoencephalopathy in man is a 
condition that is characterized by edema 
and necrosis of white matter with rela- 
tive sparing of gray matter structures 
(18). The precise hypoxic insult or com- 
bination of insults necessary to repro- 
duce this clinical condition experimen- 
tally are unknown. Further elucidation 
of the biochemical and physiological fac- 
tors responsible for the greater sensitivi- 
ty of white matter metabolism to hypoxia 
may lead to the understanding of the sus- 
ceptibility of white matter to hypoxic in- 
jury. 
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Clomiphene citrate (Clomid) is used 
extensively for the induction of ovula- 
tion in women with secondary amenor- 
rhea (1). Injection of Clomid to neonatal 
rats causes extensive abnormalities of 
the reproductive tract in adult rats (2). In 
this report we demonstrate that, in rats, 
a single injection of Clomid during preg- 
nancy results in the development of ab- 
normalities of the reproductive tract in 
the pups when they become adults, as 
well as in the mothers. These results in- 
dicate the potential danger which may be 
inherent in the use of this drug in wom- 
en. 

Rats of the Sprague-Dawley strain 
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were mated, and the morning that copu- 
latory plugs were found was designated 
as day zero of pregnancy. Clomid (2.0 
mg/per kilogram of body weight) was in- 
jected on days 0, 5, or 12 of pregnancy 
(3). At birth, the number of pups was ad- 
justed to eight per mother rat. The pups 
remained with the mother rat until the 
day of weaning (day 21) without further 
handling except for weekly determina- 
tions of body weight. At weaning, males 
and females were separated and caged in 
groups of four and checked daily for pre- 
putial separation or vaginal opening. 
Once this was determined, rats were 
kept undisturbed until they were killed at 
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Table 1. Incidence of epithelial abnormalities in the organs of rats treated with Clomid during 
pregnancy. The rats were injected with Clomid (2.0 mg/kg body weight) on day 1, 5, or 12 of 
pregnancy. Rat mothers (N = 12) and offspring (N = 28) were autopsied 100 days postpartum. 
Control females received either no treatment or 0.1 ml of oil. Results are expressed as percent- 
ages. 

Highly Extensive 
Highly hyperplastic Extensive Degen- Sloughing 
disor- of non- Group i vacuolated metaplastic erating Cysts cornified 

ganized atypical epithelium epithelium epithelium epithelium epithelium 

Vagina 
Control 0 0 0 0 0 0 
Mothers 0 10 0 10 24 31 
Offspring 0 0 0 0 8 21 

Cervix 
Control 0 0 0 0 4 8 
Mothers 12 35 35 12 0 12 
Offspring 14 21 18 0 0 14 

Uterus 
Control 0 0 0 0 8 0 
Mothers 12 47 47 0 12 12 
Offspring 14 46 68 0 25 14 

Oviduct 
Control 0 0 0 0 0 0 
Mothers 0 6 0 47 18 18 
Offspring 0 11 0 14 0 0 

.... 07171t5 . ,690.5/ Coyih . 197 AAA 629 _... . 
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Clomid Administration to Pregnant Rats Causes Abnormalities 
of the Reproductive Tract in Offspring and Mothers 

Abstract. In rats, a single injection of clomiphene citrate (Clomid) during preg- 
nancy causes multiple abnormalities of the reproductive tract in the offspring and 
mothers. These abnormalities probably result from the ability of Clomid to cause 
long-term estrogenic stimulation. 
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6, 8, or 15 weeks. The experiment was 
terminated at 15 weeks. The rat mothers 
were also killed at 15 weeks. Vaginal 
smears were obtained on the day the rats 
were killed, and the ovaries, oviducts, 
uteri, and vaginas were removed. These 
were placed in Bouin's fixative for sub- 
sequent sectioning and staining by rou- 
tine hematoxylin and eosin procedures. 

Rats that were injected on day 0 did 
not become pregnant. This is in agree- 
ment with the observations of others (4); 
however, when the rats were autopsied, 
6, 8, or 15 weeks later, the uteri showed 

extreme stromal and glandular develop- 
ment with hyalinization and small angu- 
lar nuclei, an almost obliterated lumen, 
and severely metaplastic and disorgan- 
ized luminal epithelium. Two of the 
five animals had follicular cysts while 
three had many very large corpora lutea 
showing a peculiar fatty degeneration or 
vacuolization. Oviducts of these rats 
showed fluid distension with destruction 
of the epithelium in some areas. The in- 
cidence of atypical or abnormal epithe- 
lial tissues in these animals is shown in 
Table 1. 

A,, 

ut ~ ~ ~ ~ d 

/4'~~~~~~~~~~~~~~~?r 

A/i 

Fig. 1. Abnormal epithelial tissue in Clomid-treated rats. (A) Vacuolated luminal epithelium of 
the uterus in offspring (x430). (B) Hyperplastic disorganized epithelium at the utero-cervical 
junction in offspring (x 100). (C) Hyperplastic epithelium which appears to be invasive in uterus 
of rat mother (x 100). (D) Cornification in deep layers of vaginal epithelium with apparent 
sloughing of noncornified cell layers in vagina of mother (x 100). 

Three of the rats treated on day 5 be- 
came pregnant and delivered normal lit- 
ters on day 21. When the rats were killed 
15 weeks later, the reproductive tract of 
both offspring and mothers showed a re- 
markable array of abnormal or atypical 
conditions (Table 1 and Fig. 1). The in- 
cidence of disorganized and vacuolated 
epithelium in the vagina and cervix of the 
offspring is reminiscent of the vaginal 
adenosis that has been observed in 
young girls whose mothers received die- 
thylstilbestrol during pregnancy (5). 
These abnormalities of the epithelium 
were also observed in the uterus and ovi- 
duct of both offspring and rat mothers. 
Disorganized hyperplastic epithelium, 
which appeared to be invasive, was ob- 
served in the uterus and vagina of off- 
spring and mothers (Fig. 1C). The high 
incidence of sloughing of noncornified 
cells (Fig. ID), cysts (both uterine and 
ovarian), degenerating epithelium, ex- 
tensive metaplasia, and hyperplastic 
vacuolated epithelium indicate the ex- 
tent of the abnormalities which can be 
produced by Clomid. In addition, leuco- 
cytic infiltration of the intercellular 
spaces and glands of the stroma and epi- 
thelium of the uterus was observed. This 
was occasionally seen in the follicles and 
corpora lutea of the ovaries of both off- 
spring and mothers. 

In addition to the abnormalities shown 
in Table 1, the uteri of the two rats that 
did not have litters contained extremely 
wide glandular stroma with a few glandu- 
lar cysts and low atrophic luminal epithe- 
lium. 

Of the six females injected on day 12, 
only four had litters successfully. One 
mother bore only three pups, two of 
which were stillborn and one which died 
2 days later. A second female went 9 
days beyond normal delivery date at 
which time a laparotomy revealed that 
one uterine horn, ovary, and oviduct was 
grossly abnormal and contained no con- 
ceptuses while the other side had a very 
large ovarian tumor with adhesions to 
the oviduct, uterus, intestine, and body 
wall. This tumor measured 7 by 10 by 6 
cm and contained the necrotic remains of 
at least three pups. Histological exami- 
nation of the other uterine horn revealed 
disorganized and possibly invasive epi- 
thelium with nests of degenerating 
stromal cells. The uterine luminal epithe- 
lium was metaplastic and cornified 
throughout the lower half of the uterus. 
The female pups of these mothers ap- 
peared normal at 3 weeks of age, but by 7 
weeks areas of luminal epithelial meta- 
plasia had appeared in the uterus. At 15 
weeks, the epithelial metaplasia and gen- 
eral extensive stromal development with 
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glandular hyperplasia was marked. In 
two females the cervical epithelium 
showed proliferation, downgrowth, and 
glandular invasion of the stroma. The 
ovaries seemed normal, but the oviducts 
were distended with fluid and contained 
cysts without epithelium. One of nine 
male pups had testicular tubules in which 
spermatogenesis did not proceed beyond 
secondary spermatocytes. Interstitial 
cells were abundant. The epididymis was 
filled only with fluid and cell fragments 
and showed local cysts with inflamma- 
tory reaction. The remaining male off- 
spring appeared normal. 

The abnormalities observed in this re- 
port may arise from the early and intense 
estrogenic stimulation of developing fe- 
tal tissues by Clomid. Continuous ex- 
posure to high concentrations of estro- 
gen during fetal or neonatal life is known 
to increase the incidence of preneoplas- 
tic and neoplastic changes in the repro- 
ductive tract (5, 6). Clomid belongs to a 
class of compounds that has the ability to 
cause long-term estrogenic stimulation 
of certain cell types. Clomid causes long- 
term retention of the estrogen receptor in 
the nucleus of uterine cells, and this is 
accompanied by a sustained stimulation 
of uterotropic activity (7). This stimula- 
tion is primarily due to the ability of Clo- 
mid to stimulate the epithelium of the 
uterine lumen, whereas, estradiol, a 
physiological estrogen, causes all tissues 
of the uterus to grow (8). Therefore, Clo- 
mid can be a long-acting estrogen in 
some cell types and may cause hyper- 
estrogenization of fetal tissues which ul- 
timately leads to the expression of ab- 
normal growth. 

The abnormalities that were observed 
in the maternal tissues may also result 
from a similar hyperestrogenization. We 
have observed extensive epithelial cell 
stimulation in adult cycling rats (9) and 
assume that this takes place in the preg- 
nant rat. 

The long-acting effects of triphenyleth- 
ylene derivatives and their ability to 
cause differential cell stimulation have 
obvious implications for the use of these 
drugs in humans. Clomid has been wide- 
ly used for the past 15 years to induce 
ovulation in anovulatory women (1). For 
treatment a dose of 50 to 100 mg of Clo- 
mid is taken orally for 5 days. If the ini- 
tial trial fails and no signs of pregnancy 
are present, the treatment is resumed the 
following month, about 40 days later. 
This treatment regimen is often contin- 
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mid is taken orally for 5 days. If the ini- 
tial trial fails and no signs of pregnancy 
are present, the treatment is resumed the 
following month, about 40 days later. 
This treatment regimen is often contin- 
ued for many months, hence the ex- 
posure of a woman to Clomid can be ex- 
tensive. Under these circumstances, 
Clomid may be stimulating some cell 
types while acting as an antagonist in 
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others. The eventual effects of such stim- 
ulation may remain unknown for many 
years. It is possible that Clomid and oth- 
er triphenylethylene derivatives could 
cause hyperestrogenization of certain 
cell types in humans and hence great 
caution should be applied when these 
drugs are used in humans. 

SHIRLEY MCCORMACK 

JAMES H. CLARK 

Department of Cell Biology, 
Baylor College of Medicine, 
Houston, Texas 77030 
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fusion of the cell surface membrane with 
underlying perigranule membranes (1). 
As a result of mast cell degranulation, 
histamine stored in the secretory gran- 
ules is released and is capable of increas- 
ing vascular permeability and stimulating 
smooth muscle contraction (2). Phos- 
phatidylserine (PS) potentiates histamine 
release from mast cells exposed to dex- 
tran (3), antigen (4), or concanavalin A 
(Con A) (5). Other phospholipids-phos- 
phatidylcholine, phosphatidylglycerol, 
phosphatidylinositol, phosphatidic acid, 
and phosphatidylethanolamine (PE)- 
have no effect on mast cell secretion (6, 
7). 

We sought further information on the 
chemical specificity of the effect of PS on 
mast cell secretion by examining the 
properties of N-substituted derivatives 
of PS. Three such compounds were syn- 
thesized (8) and studied for their effects 
on mast cell secretion: N-acetyl phos- 
phatidylserine (acetyl-PS), N- 1-dimeth- 
ylaminonaphthalene-5-sulfonyl phospha- 
tidylserine (DNS-PS), and N-4-nitroben- 
zo-2-oxa- 1,3-diazole phosphatidylserine 
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