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Summary. Norethynodrel administered to adult female rats in a daily
dose of 0\m=.\2mg for a period of 22 days did not consistently inhibit
ovulation or lead to refusal of the male. Acceptance of the male, however,
was not always synchronized with follicular rupture. Fertilization
occurred in animals mating at the correct time with respect to ovulation,
although fewer eggs were fertilized than in control rats. There was

some indication that the passage of the free ova through the oviduct is
more susceptible to the action of norethynodrel than are the processes
of either ovulation or fertilization.

In animals mating up to 22 days following the cessation of treatment,
acceptance of the male was always synchronized with ovulation although
the number of fertilized ova was lower than in the controls.

INTRODUCTION

Prolonged administration of norethynodrel to adult female rats is known to
induce functional sterility (e.g. Pincus, Chang, Zarrow, Hafez & Merrill, 1956;
Saunders, 1958a; Holmes & Mandl, 1962). This effect, however, is not neces¬

sarily due to either a complete blocking of ovulation (Holmes & Mandl, 1962)
or to refusal of the females to accept the male (Pincus et al., 1956; Holmes &
Mandl, 1962).

Saunders (1958b) suggested that norethynodrel may induce sterility in female
rats by interfering in some way with the processes of fertilization, ovum trans¬
port, nidation and/or endometrial differentiation; but he provided no experi¬
mental evidence indicatingwhich of these functions might be the most vulnerable.

Davis (1963a) observed that the administration of norethynodrel shortly
after conception inhibits nidation; if given later, the drug may also induce
foetal résorption. It has not been established, however, whether prolonged
treatment with norethynodrel inhibits fertilization. The present experiments
were, therefore, designed to discover what effects, if any, norethynodrel exerts
upon the tubai eggs of rats mating during a treatment period of 22 days.
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2 A. Wakeling
MATERIALS AND METHODS

Animals
Ninety-one virgin females derived from twenty-three litters belonging to the

Birmingham colony of albino rats were used. At the start of the experiment
their ages ranged from 90 to 250 days, and their body weights from 157 to 261 g.

Design of experiments
The rats were divided into four experimental groups (see Table 1). In order

to ascertain that they were experiencing regular oestrous cycles, vaginal smears

were taken daily for 1 week before treatment was started. Animals were

injected with a daily dose of 0-2 mg norethynodrel dissolved in 0-2 ml arachis
oil for a period of 22 days. Control animals were injected with the same amount
of solvent.

From the 7th day onwards, the animals in Experiment 1 were injected early
in the morning, allowed to remain in their own cages until late afternoon and
then housed for the night with males of proven fertility. In Experiments 2, 3
and 4, the animals were housed with males in the same manner, but from the
3rd day of treatment onwards. The injections were continued each day until
the morning of autopsy.

Vaginal smears were taken daily and the occurrence of coitus determined by
the presence of a copulatory plug or spermatozoa in the smear. The animals in
Experiments 1 and 2 were killed on the morning (9.30 to 10.30 a.m.) following
coitus (Day 1 post coitum). The rats in Experiments 3 and 4 were killed at the
same time on the 2nd, 3rd or 4th day post coitum (see Table 1 ).

Such animals as did not mate during the treatment period of 22 days were
thereafter housed with males each night for a further 22 days (recovery period).
Animals which mated during this interval were killed on Day 1, 2 or 3 post
coitum.

Experimental procedures
Vaginal smears. The slides were fixed in a modified Schaudinn's solution and

stained with Mann's eosin blue.
Administration of norethynodrel. The compound was dissolved in arachis oil

heated in a water bath to a temperature of 80° C. The solution (1 mg/ml) was

injected subcutaneously.
Autopsy. The animals were killed by means of chloroform vapour. The

ovaries with oviducts attached were weighed and fixed in Bouin's aqueous fluid.
Histological studies. All the ovaries with their Fallopian tubes attached were

serially sectioned at 7 µ and were stained with Weigert's iron haematoxylin
and 'chromotrop 2R'.

The serial sections were projected on to paper at a magnification of  57-5.
The most recent generation of corpora lutea was drawn and measured. In
animals possessing recently ruptured Graafian follicles, measurements were also
made of the preceding generation of corpora lutea, where identifiable.

The numbers of fertilized, unfertilized and degenerating eggs located in the
Fallopian tubes were recorded.
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4 A. Wakeling
RESULTS

VAGINAL SMEARS

None of the animals receiving norethynodrel experienced typical and regular
oestrous cycles. After the first two injections, the smear invariably consisted of
a mixture of cornified and large uncornified cells ; shortly thereafter all the
animals entered a phase of prolonged vaginal cornification.

Cessation of treatment was followed either by the establishment of irregular
cycles after a variable period, or the animals passed into a prolonged dioestrous
phase extending over the recovery period of 22 days.

MATING BEHAVIOUR

Forty-eight of the seventy norethynodrel-treated females mated during the
injection period. Only five of the eighteen used in Experiment 1 (access to
males not granted until the 7th day) did so. The proportion was higher in the
remaining experiments, where the males were introduced on the 3rd day of
treatment, and in which forty-three out of fifty-two mated.

The incidence of coitus was highest during the early part of the experimental
period, particularly during the first night of cohabitation (when twenty-one
rats mated).

EVIDENCE OF OVULATION AND FERTILIZATION
Control animals

The most recent crop of corpora lutea in animals killed on successive days
up to Day 4 post coitum {p.c.) could be readily differentiated from the others
both by histological appearance and mean volume. The present observations
on the growth and development of the corpora lutea of ovulation (see Table 1 )
were similar to those previously reported by Boling (1942) and Mandl (1959).
The mean volume of corpora lutea aged about 5 days (i.e. the penultimate
generation in animals killed on Day 1 p.c.) was 0-610 mm3 (range 0-485 to

0-790). The cells in these corpora lutea were clearly regressing.
The numbers ofcorpora lutea/animal corresponded closely with those reported

on larger numbers of rats of the same strain by Mandl (1963).
In animals killed up to Day 3 p.c., all the eggs shed were found in the oviducts

and some 90 % of them were fertilized (see Table 1 ). By Day 4, however, only
71-4% of the expected numbers were present in the oviducts (as blastocysts).
Animals mating in the course of treatment

A total of forty-eight animals mated during the experimental period. Of
these, twenty-four possessed a recent crop of corpora lutea comparable in size
and structure to those in controls killed at 1 to 3 days p.c. Corpora lutea of the
preceding generation, where identifiable, appeared to be regressing normally.

As judged by the size of the most recent set of corpora lutea, coitus occurred
at the 'correct' time with respect to ovulation in twenty-one of the twenty-four
animals (three in Experiment 1, eight in Experiment 2, four in Experiment 3
and six in Experiment 4). The total number of corpora lutea in these animals
tended to be somewhat lower than in the controls. The trend was not, however,
correlated with the length of the treatment period prior to autopsy. Nearly all
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Fertilization in norethynodrel-treated rats 5
the expected numbers of eggs were found in the oviducts of rats killed on the
1st day/>.c, though not all were fertilized (82-6 and 52-2%; see Table 1). In
animals killed on Day 2 p.c., only 9-1 % of the eggs shed were located, and all
were degenerating. In rats killed on Day 3, 17-9 % of the eggs were found, but,
again, all were degenerating.

In the remaining three animals (two in Experiment 2 and one in Experiment
4), the size of the corpora lutea was atypical for the post-coital period. One
animal apparently ovulated some 2 days after mating, the ovaries containing
freshly ruptured follicles at 3 days p.c. Five ova (none fertilized) were found ;
four in the Fallopian tube and one in the ovarian bursa. The last two animals,
killed 1 àay p.c., possessed no recently ruptured follicles; the most recent crop
of corpora lutea were apparently some 2 to 3 days old (see Table 1 ). No ova
were located in these two animals.

Of the remaining twenty-four animals that mated during the experimental
period, four (killed between the 10th and 18th days of treatment) possessed no
recent corpora lutea, one contained unusually large corpora lutea more like
those ofpseudopregnancy than ofovulation (killed on the 11th day of treatment;
Experiment 3), and nineteen had corpora lutea equivalent in size and structure
to those in control rats killed on Day 4 p.c. (five killed on Day 1, eight on Day 2
and six on Day 3 p.c.). No tubai eggs were found in any of these twenty-four
animals (see Table 1).
Animals mating after the cessation of treatment

Twenty-two animals failed to mate during the treatment period (thirteen in
Experiment 1, four in Experiment 3 and five in Experiment 4). Eleven of these
mated subsequently (six, two and three, respectively) at intervals of 4 to 16
days after cessation of treatment. All possessed a recent crop of corpora lutea
equivalent to those in controls killed at corresponding times after coitus. Again
the mean numbers of corpora lutea/animal (8-7, 10-0 and 10-0) tended to be
lower than those in untreated rats (cf. Table 1 ).

Nearly all the expected numbers of eggs were found (96-2%, 100% and
93-3%). The incidence of fertilization was, however, considerably lower (70%,
60% and 50%) than in the controls (cf. Table 1).

DISCUSSION
The present results confirm Holmes & Mandl's (1962) findings that continuous
treatment with norethynodrel (1 mg/kg/day) does not consistently inhibit
ovulation. They also indicate that the longer the treatment period (up to 22
days), the more marked the inhibition. When ovulation did occur, the subse¬
quent development of corpora lutea appeared normal. Although none of the
animals experienced normal oestrous cycles, forty-eight out of seventy mated.
Acceptance of the male was not always synchronized with follicular rupture.
Fertilization occurred only in animals mating at the correct time with respect
to ovulation ; in these circumstances, transport of both ova and spermatozoa
appeared to proceed normally. Nonetheless, fewer eggs were fertilized in treated
than in control rats. Treatment with norethynodrel appears to have the greatest
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6 A. Wakeling
effect on ovulated eggs as they pass down the tube on Days 2 and 3 p.c. Thus,
only few of the expected numbers of eggs were found in the oviducts of animals
killed on Days 2 and 3, and all were clearly undergoing degeneration. The
effects of norethynodrel persisted to some extent during the 22-day 'recovery'
period. Although acceptance of the male was always synchronized with
ovulation, the incidence of fertilization was lower than in the controls.

The observation that treatment with norethynodrel does not consistently
inhibit fertilization in the adult rat is at variance with the report by Pincus et al.
(1956). These workers, however, used a single large dose (10 mg) given to only
six female rats ; these were housed with males 24 hr later. Four animals mated,
the first within 24 hr of being housed with the male, and the last after 15 days.
The animals were killed 4 days p.c. All the expected numbers of ova were
located in the oviducts, but none were fertilized. In these experimental circum¬
stances, norethynodrel apparently affected the process of fertilization, but not
that of ovum transport. In the present study, however, where a total of 4-4 mg
norethynodrel was administered over a period of 22 days, some eggs were

fertilized in the animals mating after cessation of treatment, and the mechanism
of ovum transport was again apparently not impaired. It is possible that the
capacity of eggs to become fertilized is lowered the higher the dose of nor¬

ethynodrel given.
Norethynodrel thus appears to act on ovulated ova in two ways. The first is

to impede fertilization, an effect which may be long-lasting and directly
correlated with the dose administered. The second is to interfere with the
normal mechanism of ovum transport ; this action seems to require a relatively
high concentration of the drug at a critical phase of this process. Thus, the
ovulated eggs, studied in the present experiments, not only reached the dilated
ampullae of the oviducts, but they were also grouped together and surrounded
by cumulus cells in an entirely normal manner. The ova appeared to be
vulnerable only after shedding their cumuli and passing down the oviducts.
Davis (1963a) demonstrated that 0-9 mg norethynodrel injected subcutaneously
on Day 2 p.c. rendered adult rats sterile, whereas doses of 0-1, 0-3 and 0-5 mg
given on Days 2, 3 and 4 p.c., respectively, were ineffective. Similarly, an

intraperitoneal injection of 0-3 mg norethynodrel on Day 2 p.c. diminished the
rate ofnidation in ovariectomized mice treated with progesterone and oestradiol
(Davis, 1963b). Although there was no evidence of tube-locking, no blastocysts
were recovered from the uterus on Day 4. Chang (1964) observed that doses
of 10 and 20 mg norethynodrel, fed to female rabbits on Days 1 to 3 after
artificial insemination, reduced the number of normal blastocysts on Day 7
to only 4-5 and 11 % respectively. Oral administration of a single dose was

more effective in inducing degeneration of ova when given on Days 1 or 2,
than on Day 3. This finding again indicates that a relatively high concentration
of norethynodrel on Days 2 and 3 p.c. appears to be necessary before the effects
on tubai eggs are elicited. It is unlikely that this would hold for animals mating
either some time after receiving a single large dose of the drug or after the
cessation of a prolonged course of treatment.

The deleterious effects of norethynodrel on ova during tubai transport are

essentially similar to those exerted by oestrogen. Dreisbach (1959) found that
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Fertilization in norethynodrel-treated rats 7

20 µg/kg oestrone, administered subcutaneously to rats on Day 3 p.c., prevented
the development of foetuses, presumably through an interference with normal
ovum transport. Banik & Pincus (1964) further showed that 20 µg oestrone,
given subcutaneously to rats on Day 1 p.c., expelled the eggs from the oviducts
to the uterus 20 to 24 hr later. It is interesting to note that a synthetic pro¬
gestagen (lynestrenol: 17oc-ethinyl-17ß hydroxy-oestr-4-ene) exerts a similar
deleterious effect on fertilized rat ova (Overbeek, Madjerek & de Visser, 1962),
though its efficiency was correlated with its oestrogenic activity. The norethy¬
nodrel used in the present experiments contained 0-17% aromatic impurity,
probably mostly in the form of ethinyl oestradiol-3-methyl ether. Though the
contaminating factor did not exceed 0-34 \xg daily, it is worth noting that
norethynodrel gains oestrogenic activity from in-vivo conversion (Paulsen,
Leach, Lanman, Goldston, Maddock & Heller, 1962).

The experiments reported here clearly demonstrate that the sterility observed
in norethynodrel-treated rats is due neither to refusal of the male, nor to a

consistent blocking of ovulation; moreover, the effect is not mediated by a

complete inhibition of fertilization. There is some indication that the passage
of the free ova through the oviduct is more susceptible to the action of norethy¬
nodrel than are the processes of either ovulation or fertilization. The reverse,
however, appears to hold for the rabbit; in this species, the oral dose required
to inhibit ovulation is less than 1 mg (Pincus & Merrill, 1961), whereas that
inducing a deleterious effect on fertilized ova is as high as 10 to 20 mg (Chang,
1964).
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