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SECTION I
ORIGINAL ARTICLES

The waoy I went Aboust Timing Ovulation and Conception

By Prof. Dr. H. . KNALLS,
Vicnrna, Atstric.

In the autumn 1924 I had the privilege of going to England for 15
months as a Rockefeller-Fellow to work there in the Prepartment of
FPharmacology of University College, London, under Prof. A J- Crarx
who inspired me to study the conduction of contractions in the rat’s
uterine muscle at the different stages of the ocstrous cycle and during
Pregnancy. For this purpose the uterus was fixed to cork by pins and
leads were taken from three points of the uterus and attached to Very

light levers, and the movements of these levers were recorded optically
on bromide papcer (Fig. 1). Using this new mecthod of recording the
contractions of the horizontally placed uterus T have found that in the
diocestrus there is a slow conduction between the ovarian and the middle
part of the uterus, and that the vaginal part contracts independently
of the other two, which turned out to be the type of uterine movement
which demonstrates the inhibitory action of the corpus luteurn hormo-
ne upon the uterine muscle. A remarkable change takes place under
the action of pitaitary (Fig. 2). All three rarts of the muscle now
contract practically simultaneously. It seems that pituitary has induced
the same effect in the uterus at the diocestrous period as that which
cccours naturally at oestrus and during pregnancy.

Approximately at the same time Drxorn and Marsirarr., both of
whom became my teachers in Clambridge in April 1925, have shown the
existenice of a relation bertween the cyclic acrivity of the ovary and the
pituitary zland. They state that the pituitary gland secretes into the
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records were taken of the rmoverrenits
of the ocvarian, the middle and the vaginal part of the uterus. 1. Uterus
during diocestrus. T he cvarian and middle poare contract in seguenrce, while
the paginal port moves independentiy. 2. The same uterus under HIEuitary
action which causes a shorf wwarve of confraction to travel rapidly dozon the
whole nterus. F. lternus inn destrus. Contracticons pass down the wwhole wuterwus
as under pifuitary. . Titerus in second wesk of prescnancy. Strong cor-
tractions pass gquickiy domwwn the whole uterwus.

Fig. 2. Fn all 44 cases simulitanecus
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upon whether corpora lutea are absent or present, that is to say, the
secrction of the ovary in the absence of fully formed corpora littea has
a specific stimulating effect in promoting pituitary secredon. Finally,
they came to the conclusion that, as the corpus luteum is supposed
o undergo retrogression shortly before the close of pregnancy, the re-
vival of the ovarian secretion causes a sudden increase of pituitary
secretion, which by its action on the more sensitive uterine muscle
brings about labour. Thus, it is the increase of the pituitary sccretion
thatr was looked upon as an important factor in starting parturitior.
These two independent observations suggested that the change of
the movements of the uterine muscle that occurred from the dioestrous
period to ocstrus might be due only to a varying decrease and increase
of pituitary secretion; and in pregnancy it would be due to a steady
increase, or even as DIxorn and MARSIHALL suggested, te a sudden in-
crease, of pituitary secretion at the end of pregnancy, finally bringing
about labour. If this should be the case., then it scemed reasonable to
assume that it might be possible, by creating these conditions artificially,
that is by injecting an appropriatec quantity of pituitary into the body
of a rabbit, to induce parturition at any time of pregnancy.

The results of this investigation carried out in the Institute of
Animal Nutrition of the University of Cambridge under Prof. F. F. A.
Marsrrarr. and Dr. J. HaninmoNp may be divided into three Zroups,
namely, those concerning the time from the 32nd backwards to the 29th
day of pregnancy, from the 28th to the 18cth day of pregnancy and
from the 17th to the lst day ot pregnancy (3).

Growur 1.

In short, it was possible to induce parturition by injecting a cer-
tain quantity of pituitary on the 32nd, 3l1st, 30th and 29th day of
pregnancy - The minimuim dose of pituitary strong enough to cause
delivery on the 32nd and 31st day appeared to be eqgual to only 0.0075
mgrm. of moist gland per kilo rabbit, rising to 0.3 mgrm. on the 30th
day, and to 0.6 mgrm. on the 29th day of pregnancy. The complcte
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delivery of the litter could always be induced, and this depended only

on the amount of pituitary injected.

Grour 2.

It may be said at once that this period is characterised by the fact
that no quantty of pituitary was ever found sufficient to induce abor-
tion during the day in which the experiment was carricd out. As a
result of this over 10 hours prolonged pituitary action, however, the
foetuses were killed inside the uterus, and were cast some days after-
wards. To sum up, it may be explained thar the effect of pituitary
actrtion upon the pregnant uterus during this period consists of some de-
struction of the tissue of the spongy layer, and that this increases con-
siderably with the advance of pregnancy and causes a corresponding
armount of bleeding which finally brings about foetal death and abortion.

Grour 3.

This group of experiments 1s characterised by the fact that what-
cver rcasonable quantity of pituitary extract was injected into a rabbaiat
it this period of gestation it was mnever possible to disturb pregnancy.

ALy ocrernn interpretation of these facts is as follozes: there is no in-
crease of pituitary secretion towards the end of pregnancy, but there is,
corresponding to the growth of ecach muscle cell with every day, a reg-
ular rise of comntractility of the muscle. The larger the muscle cell grows,
the greater its ability to shorten itsclf. It is in consequence of this fact
that the effect of pituitary extract upon the uterine muscle increases
steadily the further pregnancy is advanced.

At the end of my researches in Cambridge T made an important
observation which enabled me to record directly the increase' of corn-
tracrtility of the uterine muscle during pregnancy., It was a piece of
good fortune to open two rabbits and to find that they were pregnant
in one horn only while the other was empty and strikingly shortened
by its contraction. Under the impression of this extraordinary obscrva-
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Fig. %

Fig. I

T his picture illustrates the growmith of the
stevilised horn of the rabbit’s wuterws Jdwuring an
wunilateral pregnancy. The increase of mueight of
this horn is I:5 cawssd by rhe hormones froduced
irne the pregrnanit horr.

Fig., 4.

Frg., 3F, Linilateral pregnancy in the rabbit after
trebal sterilisatiorn on one horrn of the utertes.

tion T thought at once of the possibility of using these empty horns of
pregnant rabbits for experiments in vitro and of studying upon them
a'' the changes of the uterus taking place duvring the course of preg-
nancy. With this plan in my mind T returned to the clinic of gynaccology
and obstetrics of the university in Graz, Austria, and built up there a
new laboratory with the assistance of the Rockefeller Foundation. When
this laboratory was equipped in the autumn 1926 I began to sterilize
a large number of rabbits by cutting the Fallopian tube on one side
and letting them become pregnant in the uterine horn of the other side
(fig. 3). Shortly after I had begun to cxperiment on this sterilized
horn which grows considerabls (fige. 4) under the influence of the
hormones produced by the pregnant uterus of the other side, I observed

P
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Fig. 5. Pituitary Teaction 2T howurs after ovulatiorn.

Fig. 6. T he uterus shows no Pituitary reaction 22 howrs after ovulation.

f pituitary 2 hours after

Fig., 7. T he rwteriis does nor shomw any itnfliuence o
rTemoval of the rorpora luteo.

on the 31st January 1927 for the first time that the urerus odid not react
to pituitary. This poeculiarity of the uterine muscle in early pregnancy

seemed to me of particular interest and led me to discover that it was
caused by the hormone of the corpus luteum. As scon as the corpus
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Iuteurm begins to act the utrerus of the rabbit loses its sensitivity for

pituitary within 22 hours after ovulation (Fig. 5 and 6) and regains its
reactivity to pituitary 10 hours after the corpora lutea are removecd
(Fig. 7 and 8). All these and many other facts were found ocut on the
urerus of the pseudopregnant rabbit which secemed particularly suited
for the investigation of the function of the corpus Iuteurn: in the absence
of pregnancy. .

When I had completed my researches on the uterus of the Preg-
nant and pseudopregnant rabbit T read a paper on the causes of the
onset of labour before the Gynaccological Society of Berlin in May
1928 and had thereafterwarcds for the firse time the opportunity of see-
ing a hysterosalpingography which was demonstrated to rmie by Dr. G.
P F. ScrRurTtzeE. When I saw these strong movements of the hurman

to pituitary lo Rowurs after the rermoval
of the corporag [wuteea.

Fig. 8. T he wuternus begins to reoct

uterus on that day and T heard that sometimes the uterus could be seen
quite motionless and sluggish I said to mysell that this change of behawv-
iour of the human uterus must also be due to the action of the Ccorpus
lurcum upon the uterine rmuscle after ovulation. With this new expe-
rience in my mind I returned to Gra=z and began at once to construct
an apparatus for the registration of the movements of the hurman rterus
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T he apparatus for the registration of the movements of the human
wuterus in situ.

Fig., 2.

in situ (Fig. 9). With this new method which was afterwards improved
by introducing a small rubber-bag into the uterine cavity I examined
first of all 13 normally menstruating women on different dayvs of the
menstrual cyvcle. After 49 examinations of this kind I had accumulated
a sufficient number of facts to auow me to state that the human uterine
muscle loses its sensitivity to pituitary (Fig. 10 and 11) exactly the same
as the rabbit’s uterus and that there exists a regular relationship be-
tween the beginning of this action of the corpus luteum upon the uterus
and the following menstruation. Considering the fact that in the rabbit
the action of the corpus Iuteum upon the uterine muscle is already
detectable 22 hours after ovulation I came to the conclusion that in the
woman ovulation takes place spontancously on the 15th day before the
onset of menstruation quite independently of the length of the menstrual
cycle. This regularity of the relationship between ovulation and men-
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Fig 11 No pituitary reaction of the Auman wterus on tfie Sth day before
the nset of renstruaation,
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struation is caused by the constant duration of the function of the

pus luteum which lasts 14 days under physiological conditions.

As T had received a thorough knowledge of the wiability of the
mammalian germ cells from F.H. A MAarsSeEHALL and J. HamMMmom™mn in
Cambridge it was not difficult for me to conclude that when there is a
definite time of ovulation there rmust be as well a definite time of con-
ception. Therefore, T stated that a woman can only conceive during 5
dAays of her rmenstrual cycle, that is to say, during the 3 days before

1
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ovilation, on the day of ovulation and the day afterwards, and that

the best day for conception will be the day before ovulation. In other
words, a worman with a menstrual cvcle of 28-30 days can become preg—

tube and uterine cauoity during

Fig. I12. The course of esvents in the ovary, 4
the menstrual cvele of 28 dovs wwithot COoOnce PIior.

iz the ovary, tube and wuterine canity during

Fig. I83. T he course of zvents
the menstrual cyecle of 28 days when conception occiars.

nant only in the time of the 11-17th day of this cycle; all the other days
In order to explain the course of events which

are naturally sterile.
finally lead to pregnancy T produced two drawings (Fig. 12 and 13)

which should have made it easy to understand why ovulation must

[ e
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take place 14 days previous to menstruation. Considering the fact that
the ferrilized ovum needs at least 7-9 days to reach the stage of develop-
ment when it can implant itself and produce the necessary amount of
choriongonadotrophine to prevent the degeneration of the corpus luteum
in order to suppress menstruation, ovulatiorr must take place at the
time indicated by the action of the corpus luteurm upon the uterine
muscle. Im March-April 1929 T was fortunate enough to investigate a
case of sterility with this new method and discovered that this woman
always ovulated as late as on the 9th or 10th day before menstruation,
and that this habitual delay of ovulation swwas the real cause of her ster-
ility. It was the first case of corpus- luteum-insufficiency observed and
realized as a cause of sterility in a 35 year old woman with a normal
anatomy of her sex organs.

All these observartions and conclusions published in the summer
1929 (Adiinch. Med. Wschr. 1229, 1157 and Zbl. Gyndk. 1929, 2193)
aroused considerable attention becausc it was believed and taught up
to that time that a fertile woman can conceive on any day of her men-
strual cycle. A Iarge number of authors took up the bag-method and
repeated my researches carried out for the determination of the time
of ovulation. Some of them confirmed my findings, while the others olb—
tained entirely contrary results. These contradictory observation could
be easily explained by an important difference in the technigue which
two groups of authors employed for their experiments. The authors
wl.o confirmed my wbservation that the hurman uterus loses its reactivity
to pituitary in the premenstrual phasc of the cycle used exactly the same

low intrauterine pressure I recommended in the description of this

new method; the other group of authors did nort follow my recomImen-
dation and used an unphysiologically high intrauterine Pressure which
distended the uterus. TUnder these quite different experimental condi-
tions they found that the uterus gives the stromgest reaction to Pituitary
at the time when the corpus luteum is present. After I had studied. the
results and tracings of all the papers concerning this question I found
out that there is a threshold-pressure above which the reaction of the
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uterus to pituitary is reversed: all authors like myself who used a pres-
sure- as low as possible under 30mm. Hg. obtained the same results as
T described in my original paper; the other group of investigators who
made their contradictory observations employed unconsciously a pres-
sure more or less far above 30 mim. Hg. But quite independent of the
level of the intrauterine pressure employved, the uterus shows a distinct
change in its reactivity to pitnitary before and after ovulation. A critic .
of my work who did not grasp the importance of this methodical detail
made the following remarkable statement in the Briticsh Jowurnal of Qbs-
tetrics and Gynecology, April 1951 ““Indeed, it may well be that KNnaos
has built a correct theory on some incorrect observations and premises™.

This new method also enabled me to prove the existence of the
anovulatory cycle in the woman. ITn the summer 1933 I had the oppor-
tunitry of applying this method to a 20-year old woman 9 times during
the first 3 cycles after a normal delivery. Fler uterus showed in the ante
and in the post-menstruum the same reactivity to pituitary .and reveal-
ed by this attitude the absence of ovulation and corpus-luteurn-forma-
tion during the time of lactation as confirmed on the endometrium by
Lass, SMELSER and KUrRzrROCEK.

At the end of this story about the way I went to work to find the
tme of ovulation and conception it might be of interest to learn some-—
thing of the acceptance of this provocative doctrine by the medical
world. It was curious to observe that my statement that the ovurm is
liable to be fertilized only for a few hours after ovulation experienced
no contradiction and was at once accepted. But no one would ar first
.believe that the spermatozoa do not retain their fertilizing power in the
female genital tract longer than 30-40 hours after they are deposited
there. Tt was necessary to do much more work on this question to prove
the corectness of this statement and it took 10 years until it was finally
accepted. I had to publish more than 80 papers in German, English,
French and Ttalian, dealing with many details of these researches, .and
I had actually to fight for more than 20 years for the acceptance of the
fixed time of ovulation wumtil so much practical experientce had been
accurnulated that the number of sceptics, at first very large, gradually
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diminished. Today, as many other merhods introduced for the determin-
ation of the time of ovulation have confirmed my findings, the 15th
day previous to ménstruation is widely recognized as the time of ovula-
tion. FEvervone who can read German or Spanish will find all the de-
tails of this rescarch work and the corresponding world-literature of
the last 100 years (more than 2000 items) in my book: T he Physiology
of Tuman FProcreation (Die Physiologie der Zevugung des Adenschen,
4. Auflage, Wilhelrm Maudrich, Wien, and ZLa Fisiologia de la Repro-
duccion en el Hombre, Segunda edicidn, Espasa-Calpe, Madrid).

The practical value of my doctrine is best shown by the fact that
M orman®s fertile and sterile

there are 20 German editions of my work :
days and their accurate calculation, meant for the general public, besides

editions of this book in English, French, Italian, Spanish and Norwegian.

S uwmmar y

A chort description is given of the course of the author’s owwrn researches o hich
e began as a Rockefeller Felloreo and Physiologsist in 1924 in England and which
enabled him in summer 1929 po state that there is a ““safe poriod™ Jduring the
menstrual cycle wwwhich can be accurately calcwulated if the individual type of the
menstrual oeyele is knowwrn. T his progress in the pLhysiology of hwurman procreéatiorn

fhias beern already zvidely wntilized for deliberate or planned conceprion (artificial
insermination) as well as for the natrural contrel of conception all ocver the world.

Sumariao

Se hace una breve descripeidn del curso de Fas nvestigaciones hechas por o2
aunior, las cuales inicid cormo miembro de la Institwcidrn Rockefeller v como fisiclogo
en ITngloaterra en 1924 osto le Permitid establecer ern &I verano de 1929, gue hay
un “pericde seguro® durante el ciclo mmernstrual Qre puede serv prrecisamente calcic-
lado, si se conoce el tipo individual del ciclo menstrual. HEste progreso er la fisiologica
de Ila procreecidn hurntana ha sido yva ampiiarmente wutilizado en todo el mwundo
Para le concepeidn deliberada o Plancada (inseminacidn artificial), asi como tarmn-

biern para el control natiural de Ia CoOncepicn.,
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Orn donne une courte déscriplion du cours des investigations propres de Fawuiewnr,

de I Institution Rockefeller, ei comrmme
Péid de 1929,
gue peut Eire
Cet progres

mermbre
T owut celd Iui a fait capable, d
bendant le cyele menstruel,

il commenca comrie
Physiologist en Angleterre en 1924
drétablir gu’il Yy o une “pHriode siive™
priécisement calculd, si le type individuel de cycle mmernstruel est conni.
& la physioclogiec de la procreation hueumaine o eté dé7a wuitiliséd amplement, par toul
le monde, por la conception deliberde owu plande (insemination artificielle). comme

porur le contrdle naturel de la concepitiorn.
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