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Summary. A surgical technique for the selective extirpation of corpora
lutea ofpregnancy is described. Numbers of corpora lutea in the pregnant
rat were reduced to three or less on the 5th day post coitum. Although two
corpora lutea sufficed for the decidual response ofnidation, threewere the
minimum for successful post-nidation pregnancy in a majority of rats.
Vaginal cornification usually followed reduction of the numbers of

corpora lutea. If the ova implanted, no new corpora lutea were formed
at this time, but if implantation was blocked oestrus was accompanied by
ovulation and a prolonged period of leucocytic vaginal smears followed,
presumably a pseudopregnancy. The results suggest that, even when
progesterone levels from the reduced numbers of corpora lutea were
still high enough to maintain pregnancy, they did not inhibit gonado-
trophin secretion.

INTRODUCTION
The importance of the corpus luteum for maintenance of pregnancy (Ancel &
Bouin, 1924; Corner, 1928; Ancel & Vintemberger, 1929) is attributed to its
role as the secretor of progesterone (Allen & Corner, 1929; Courrier, 1945).
With the availability of pure progesterone, it became customary to study the
endocrinology of progestation and nidation by using ovariectomized, proges¬
terone-injected animals (Allen & Corner, 1929). Little is known, therefore,
about the response of the rat to corpora lutea reduction without ovariectomy;
for this study, selective surgical extirpation of luteal tissue must be performed,
leaving the other ovarian elements intact. In monovular species this can be
done by extirpation of the ovary bearing the functional corpus, the other ovary
containing a representative population ofother ovarian elements. In polyovular
species, this approach is not always feasible but it has been recorded in the
guinea-pig (Dempsey, 1937). In the rabbit, two methods have proved useful:
cauterization or excision of individual corpora lutea (Ancel & Bouin, 1924), or
ovarian resection such that the corpora lutea are removed (Corner, 1928).
McKeown & Zuckerman (1937) destroyed the corpora lutea of a small series
of pregnant rats on the 4th or 5th post coital day of pregnancy by electro-
coagulation. They noted the reappearance ofoestrus 3 to 4 days after the destruc¬
tion of the corpora lutea. Kelsey & Meyer (1950) removed all but one or two of
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the corpora lutea on the 8th day of pregnancy, at which time the ova have
already implanted. They found that two corpora lutea maintained gestation in
most rats. Less luteal tissue did not suffice.
We have used high frequency electrocautery to destroy luteal tissue on the

5th day of gestation, L4 in our terminology (L0 is the day of positive post coital
vaginal smear). A modification of the vital staining procedure of Long & Evans
(1922) was employed to distinguish between the latest generation of corpora
lutea and the older, non-functional corpora, which were not removed. The
aims of this study were to gather information on the minimal amount of luteal
tissue required for nidation ; on the physiology of the extra-luteal ovarian tissues
during gestation, especially with regard to the production of new corpora lutea
over this time; and on the response of the ovary following termination of
gestation by destruction of corpora lutea.

MATERIALS AND METHODS
The rats used were regularly cyclic virgins, 3 to 4 months old, second and third
generation offspring of Carworth Farms stock, raised in the Institute of Bio-
dynamics. They were mated with males of the same stock when they were in
pro-oestrus and were considered pregnant if spermatozoa were found in the
vaginal smear the next morning ; this day was termed Day L0 of pregnancy.
One or 2 days before mating, rats were injected intraperitoneally with 1 ml

of 1% trypan blue in isotonic saline. This causes a persistent blueing of most
tissues. Thus, when the corpora lutea of gestation form they are clearly dis¬
tinguished by their red colour against the grey-blue of the rest of the ovary.
The pink corpora lutea of this gestation were extirpated on Day L4 of

pregnancy (see Table 1). The rats were anaesthetized by intraperitoneal in¬
jection of 1 ml/100 g body weight of tribromoethanol solution. (The anaesthetic
is a fifty-fold dilution in isotonic saline of two parts of tribromoethanol dissolved
in one part of tertiary amyl alcohol by weight.) Ether could not be employed
because of its fire hazard. The ovaries were exposed through lumbar incisions.
The ovarian bursae were opened with electrocautery or blunt dissection with
forceps, care being taken to avoid opening a blood vessel. The ovary with the
larger number of corpora lutea was removed. The pink corpora of the second
ovary were fulgurated, using a high frequency electrocautery (Elektrotom 40,
Gebr. Martin, Tuttlingen, West Germany) ; the electrode was a steel needle,
0-2 mm diameter. During fulguration a small gap remained between the luteal
tissue and the electrode, the tissue being combusted by an electric spark. The
extent of the destruction of the corpus luteum was easily followed and con¬
trolled. Usually there was little or no bleeding.
The uterus and ovary were examined by laparotomy or at autopsy when the

vaginal smear deviated from the normal leucocytic pattern of pregnancy, i.e.
appearance of blood, vaginal cornification, or both. Such deviations, when they
were seen, occurred 2 to 4 days after operation, and at this time the implanta¬
tion sites, if present, could be counted with ease. The ovary was also examined
and the number of corpora lutea counted. In some of the rats, examination of
the ovary at laparotomy was difficult due to massive peri-ovarian adhesions.
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Some of the rats in which nidation had obviously been prevented or had been

terminated very early were not killed in order that observations of the vaginal
smear might be continued. Rats in which gestation was not interrupted were
killed on Ll6 or later. The uterus was studied at autopsy and the ovary was
dissected from adherent tissues under a dissecting microscope and the number of
corpora lutea present counted.
The adrenals, pituitary and pineal were also examined and weighed at

autopsy. The results are not reported because no changes in these parameters
were noted.

RESULTS
The animals are grouped according to the number of corpora lutea in the single
remaining ovary at laparatomy and/or at autopsy. Some of the results are
summarized in Table 1.

Table 1
effect of total or partial ablation
of corpora lutea on day l4 of

pregnancy

Intact
corpora
lutea

No. of
rats

11
18
15
11

Proportion of rats showing :
Vaginal cornification Nidation

1-0
0-9
0-8
0-5

0
0-06
0-7
1-0

Total extirpation of corpora lutea
None of these rats had successful nidation ; all showed appearance of pro-

oestrous vaginal smears 2 or 3 days after removal of the corpora lutea. Examina¬
tion of the uteri at this oestrus revealed either no signs of nidation or at most a
few detached scraps of necrotic tissue in the uterine lumen.
The time interval until the appearance of a second oestrous vaginal smear

was studied in eight rats. Only one of the eight had the 2-days leucocytic
vaginal smear typical of a normal oestrous cycle. The other seven had between 9
and 15 days of leucocytic smears (mean 11*5).
The absence of corpora in the ovary was confirmed in three rats which were

autopsied at the first post-surgical oestrus and in most of the other rats at

laparotomy. When autopsy was postponed to the second post-surgical oestrus,
many corpora lutea were found in the ovaries.

One intact corpus luteum
There was no successful implantation of ova in seventeen of eighteen rats

bearing only one corpus luteum. The one rat with apparently normal nidation
was killed on Day L7 when its vaginal smear was typically pro-oestrous. In¬
cluding this rat, a total of sixteen of the eighteen rats in this group had onset of
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vaginal oestrus 2 or 3 days after surgery. The other two had continuously
leucocytic vaginal smears, but no ovum implantation ; they were killed 4 and 6
days after surgery and many young corpora lutea were found in their ovaries.
This may indicate a wave of ovulation and subsequent luteinization in the
ovary which, nevertheless, was not reflected in the vaginal smear.
The time interval to the second post-surgical oestrus was measured in five

rats. Between 9 and 11 days of leucocytic smears were noted (mean 10-5 days).
Two intact corpora lutea
Normal ovum implantation was obtained in eleven out of fifteen rats. Six of

these eleven were allowed to complete their gestations or were killed 2 days
before expected parturition. All six had signs of late résorption of the products of
conception in their uteri: detached placentae or bloody tissue detritus and
metrial glands. Three of them also had some live young. One gave birth to ten
live pups, a normal size for a litter, the other two had one live pup each.
Oestrous vaginal smears were seen in twelve rats, pro-oestrus appearing

3 or 4 days after surgery. Of these twelve rats, nine had normal-looking nidation
sites at the time ofvaginal cornification. In fact, one of the rats with an oestrous
vaginal smear sequence had one live foetus at term.
After total corpora lutea destruction or with one intact corpus luteum re¬

maining, the appearance of an oestrous vaginal smear marked the formation
of a new generation of corpora lutea. In the present series, we found that if the
oestrous vaginal smear appeared despite the continuation of gestation, no new
corpora lutea formed. The failure to produce new corpora lutea under these
conditions was surprising. Waves of follicular growth not leading to ovulation
are known to persist throughout pregnancy (Swezy & Evans, 1930; Greenwald,
1966), and it was considered possible that luteinization of these follicles might
occur from the gonadotrophins which stimulated vaginal cornification.
To summarize, two corpora lutea are sufficient for nidation, but usually not for

maintenance of gestation to term. Reappearance of oestrous vaginal smears is
not suppressed; if, however, pregnancy continues, the vaginal oestrus is not
associated with new luteinization.

Three intact corpora lutea
All eleven rats had normal nidation. Six of the eleven had oestrous vaginal

smears ; the onset of the pro-oestrous smear was 3 days after surgery in all six
rats. The oestrous smears were not normal since both in the pro-oestrous and
cornified stages, many leucocytes were found.
Only two of the eleven rats did not have at least one live embryo at autopsy

and both of these had resorbing embryos. Altogether in the eleven rats, fifty-
five live embryos and forty-three résorptions were counted.

DISCUSSION
The ablation of corpora lutea by fulguration has distinct advantages over the
methods which have been published. Electrocoagulation (McKeown &
Zuckerman, 1937) causes a change in the colour and consistency of the tissue
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by which lateral spread of the cauterization can be controlled, but control of the
depth of penetration is nearly impossible. Fulguration, on the other hand, leads
to complete destruction of the tissue and the progress of this destruction is
marked by the appearance of a hole. Unless a major blood vessel is breached,
little bleeding occurs. Although Kelsey & Meyer (1950) were able to remove the
corpora lutea completely with forceps, we could not. Bleeding was severe and
obscured the area under examination.
In early attempts to achieve complete removal of luteal tissue our results

were extremely erratic. However, when the vital staining procedure with trypan
blue was added we were able to identify and cauterize the functional corpora
lutea with confidence. In preliminary tests, it was verified that the vital staining
procedure described was not detrimental to the successful evolution ofpregnancy.
At the time of luteal extirpation, the ovary bearing the majority of the corpora

lutea was removed. This was done to minimize the amount of grossly injured
ovarian tissue. Since the fulguration procedure is associated with high local
temperatures, some damage to the ovarian tissue surrounding the corpus
luteum is inevitable. By leaving only the ovary with fewer corpora lutea, the
remaining ovarian tissue was as undamaged as possible. It is considered un¬

likely that the presence of only one ovary influenced the response to luteal
deprivation.
The response of the progestational rat to destruction ofall of the corpora lutea

is interruption of pregnancy with onset of oestrus, generally followed by a

prolonged period of leucocytic vaginal smears, probably a pseudopregnancy.
One intact corpus luteum left in the ovary does not have any apparent effect;
the response is the same as after extirpation of all the corpora. These observa¬
tions illustrate the two most obvious actions of luteal progesterone, namely:
maintenance of gestation, presumably by action on the uterus, and blockage of
ovulation, presumably by action on the hypothalamus or pituitary (reviewed by
Rothchild, 1965). Our interpretation of the vaginal cornification is that the
sudden decrease of progesterone causes a surge of gonadotrophic activity.
The follicular stimulation results in oestrogen secretion which, however, is not
contingent on complete withdrawal of progesterone. In the presence of three
corpora, cornification of the vaginal smear was seen in half of the rats. Since
nidation was sustained, adequate progesterone secretion for decidualization of
the nidation sites must have been present (Chambón, 1954; Chambón &
Lefrein, 1955; Yochim & DeFeo, 1962).
The production of the vaginal response to oestrogen in the presence of

progesterone is puzzling. Vaginal cornification in a pregnant rat is an exceed¬
ingly rare event. During a period of progesterone dominance, the vaginal
response to oestrogen is mucification, rather than cornification, and true
cornification is usually considered a symptom of lack of progesterone. In order
to explain the cornification of the vaginal epithelium, we would propose the
following hypothetical sequence. The partial extirpation of corpora lutea leads
to stimulation of gonadotrophin secretion. Follicular tissue is stimulated and
some oestrogen is secreted. Due to the partial extirpation of the corpora lutea,
the level of available progesterone has fallen. The combination of relative
decrease ofprogesterone and increase ofoestrogen results in vaginal cornification.
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It is clear from this study that less luteal tissue is required to sustain de-

cidualization of the nidation site than to suppress oestrogen secretion. The
smallest number of corpora lutea which will allow nidation is two. Two corpora
are not sufficient, however, for completion ofgestation. Even three corpora lutea
only allow development of half of the implanted ova to term.

ACKNOWLEDGMENTS

Professor M. C. Shelesnyak has offered freely of his advice and warm en¬

couragement during all phases of this work. Dr E. S. Kisch participated in the
development of the technique of luteal extirpation and in the early experimental
work. To them are due grateful thanks. This work was supported in part by
grants-in-aid to Professor M. C. Shelesnyak from the Ford Foundation and the
Population Council, Inc., New York.

REFERENCES

Allen, W. M. & Corner, G. W. (1929) Physiology of the corpus luteum. III. Normal growth and
implantation of the embryos after very early ablation of the ovaries, under the influence of
extracts of the corpus luteum. Am. J. Physiol. 88, 340.

Ancel, P. & Bouin, P. (1924) Sur le déterminisme de phénomènes utérins préparatoires à la nidation
de l'œuf et du développement gravidique de la glande mammaire. C. r. Ass. Anat. 19, 1.

Ancel, P. & Vintemberger, P. (1929) De l'action du corps jaune sur l'évolution des œufs chez la
lapine. C. r. Séanc. Soc. Biol. 100, 825.

Chambón, Y. (1954) Le déciduome traumatique chez la ratte. Besoin progestéronique liminaire et
antagonisme oestro-progestéronique. C. r. Séanc. Soc. Biol. 148, 1775.

Chambón, Y. & Lefrein, H. (1955) Progestérone et maintien de l'ovoimplantation chez la ratte
gestante castrée. C. r. Séanc. Soc. Biol. 149, 518.

Corner, G. W. (1928) Physiology of the corpus luteum. I. The effect of very early ablation of the
corpus luteum upon embryos and uterus. Am. J. Physiol. 86, 74.

Courrier, R. (1945) Endocrinologie de la gestation. Masson, Paris.
Dempsey, E. W. (1937) Follicular growth rate and ovulation after various experimental procedures.

Am. J. Physiol. 120, 126.
Greenwald, G. S. (1966) Ovarian follicular development and pituitary fsh and lh content in the

pregnant rat. Endocrinology, 79, 572.
Kelsey, R. C & Meyer, R. K. ( 1960) Amount ofluteal tissue required for the maintenance ofpregnancy

in the rat. Proc. Soc. exp. Biol. Med. 75, 736.
Long, J. A. & Evans, H. M. (1922) The oestrous cycle in the rat and its associated phenomena.

Mem. Univ. Calif. 6, 1.
McKeown, T. & Zuckerman, S. (1937) The suppression of oestrus in the rat during pregnancy and

lactation. Proc. R. Soc. B, 124, 464.
Rothchild, I. (1965) Interrelations between progesterone and the ovary, pituitary and central nervous

system in the control of ovulation and the regulation of progesterone secretion. Vitams Horm.
23, 209.

Swezy, O. & Evans, H. M. (1930) Ovarian changes during pregnancy in the rat. Science, N.T. 71,
1828.

Yochim, J. M. & DeFeo, V.J. (1962) Control of decidual growth in the rat by steroid hormones of the
ovary. Endocrinology, 71, 134.

Downloaded from Bioscientifica.com at 05/23/2023 07:50:26PM
via free access


