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Rem ni scences in the field of reproductive physi ol ogy

Sanuel L. Leonard
Presented at Cornell University, Feb. 27, 1979
For sone tine, ny colleagues at Cornell University, nanely
Doctors Ari Van Ti enhoven, Robert Foote and Willian Hansel have been
urging ne to record in sone way what it was like in the days of
research in Endocrinol ogy and reproductive physiol ogy when | was
a young graduate student and shortly thereafter. They wanted to
know sonet hi ng of the personality of those scientists who were in
the forefront in research in these fields and sonething on the state
of know edge in which these scientists worked. In general, | would
say that the decade between 1925-1935 was nost exciting al t hough
others mght not agree. M own introduction to serious studies
began in 1927 as an entering graduate student at Wsconsin. It was
an exciting tine because so nany distinctly new di scoveries were
made in this decade. Many of the basic facts of reproductive endo-
crinol ogy and physiol ogy which are accepted to-day were newsworthy
at that time. | use the word "newsworthy" guardedly because the word
"sex" and anythi ng suggesting the subject was taboo in popul ar print
as the Victorian era was still present. However, once there was
published in one of the Madi son, Wsconsin' s newspaper in 1928 a note

stating that Prof. H saw discovered howto relax the "public" |igaments!.

It must be bourne in mnd, | worked closely only with tw of
the many people active in research in this field and only certain
points of possible interest can be called forth at this tine. | hope

| amnot in error inny over-all recollections.



How I cane to study reproductive physiol ogy

A fewwords on this subject is put inwiting, nore for ny
children and grandchildren in case some day they might be interested
Wil e an undergraduate at Rutgers University, Dr. Thurlow C. Nelson
did most to stinulate ne to be a biologist. H's mpjor interest was
in invertebrate zoology with a side interest in parasitology. Wen
in ny senior year, he suggested a problemto investigate a peculiar

3-flagellated Euglena that lives in the intectine of Rana clamitans

tadpol es as a commensal . VWen netanor phosis occurs, the Eugl ena

di sappears fromthe gut. | found that as the tadpole becane I|arger
and the skin thicker, less light gets through the body wall and the
chloroplasts in the Euglena lose their color. Then, when | gave
thyroid powder to speed up met anor phosis, the Eugl ena di sappeared

qui ckly which | presume is due to the changes in the secretory
nature of the intestine. Tadpoles eat plants, frogs eat neat. It
was at least exciting to witness the tail disappear and little |egs
appear and these effects of a hornone inpressed nme. Upon graduation
Dr. Nel son who had received his Ph.D. fromW sconsin reconmended that
| go there to study parasitol ogy.

Not long after starting to teach as a lab. assistant and to
study, ny interest in parasitol ogy waned precipitously, not because
of any personality quirks in the professor but possibly by the type
of research he was pursuing and the presentation of the subject.
Meanwhil e, Dr. Charles K. Weickert, who | knew previously at Rutgers,
was studying under Dr. Frederick Hisaw in the sane departnent. He
urged me to change ny major interest to reproductive physiology under

H saw. This | did with no trouble and thus entered this field of research



| would like to nention some of the graduate students who maj ored
under Dr. H saw during the four years | was at Wsconsin and who
continued to be active in the fields of endocrinology and reproduction:
Charles K Weickert, Roland X. Meyer, Roy 0. Geep, Robert Kroc and
Roy Hertz.

A brief statement on each of the above as to their contribution
to the field is in order.

Charles K. Wichert did research on deciduomata, delayed inplantation
and mammary gl and devel opment and becanme Dean at the University of
G ncinnati .

Rol and k. Meyer continued in Hisaw's position when the latter
nmoved to Harvard. He not only published many papers in all phases
of the subject but trained nunerous other scientists in the H saw
tradition.

Roy 0. Geep not only published countless research papers in
endocrinol ogy but also edited nany books in the field, and is an
active international |eader in the profession. He also founded a
special |aboratory for the study of reproduction at Harvard.

Robert Kroc continued work on relaxing and thyroid hormones and
Is nowdirector of the Kroc Foundation in California supported by his
brother, Ray Kroc, founder of the MacDonal d's Food Chain.

Roy Hertz followed up his Ph.D. with an M D. and published
excel lent fundamental work in Qinical Endocrinol ogy.

Concerning the state of know edge, in general,

on the endocrine glands about 1927-1928.

Adrenaline - was wel|l known and chemcally determ ned.

Thyroxin. Its general effects on netabolism was well known, but the



formul ati on was discovered in 1926 by Harrington in England. Incidentally,
in 1927, on his way to visit Kendall's laboratory in M nnesot a,

Harrington stopped over at Madison to give a lecture on his work. |
renenber the very large audi ence that came to hear himand how thrilled

W all were to hear of his brilliant work.

There was an anecdote in regards the thyroid gland —it may have
been just scientific gossip, but it is a story. It was told about
Dr. AJ. Carlson, a fanous physiol ogist at the University of Chicago
Medi cal Schoo] who was well known as a great "doubter". He was very
critical. and hard on those who did slip-shod work. He woul.d say you
nust "showne" to his students. It is said he doubted the reported
netabolic effects of ingested thyroid gland. So he obtai ned sone
fresh thyroid glands fromone of Chicago' s slaughter houses, cooked
and ate them The results, it was said, to be al nost catastrophic as
one mght expect. Carlson was a great teacher and among his students
was Dr. A.C. lvy the discoverer of chol ecystokinin. Once, |ong ago,
| presented a paper before the Cornell Veterinary Society neetings
here and found that Dr. Carlson was to be in the audi ence. Know ng
of his reputation as a hard critic, it was with fear and trenbling,
nore than usual, that | got up to speak. Talking to hi mafterwards,
he was nost kind but stated very firmy that "l talked too fast."

I felt I got off |ucky!

Before | canme to Cornell, | attended a scientific neeting in
which the function of the adrenal cortical hornone was bei ng di scussed
and A J. Carlson was presiding. A very controversial point canme up
over which the speaker and a doubter in the audi ence becane quite

bel ligerent, a scene | cannot forget. Unfortunately, | cannot recall



the participants for sure. A J. Carlson quickly cooled the situation
by saying words to the effect "let us have nore sympathin in action
and | ess adrenaline flowing and the differences will be reconciled.”
It saved the day and everyone had a good | augh

Once in the late thirties, | had the pleasure of neeting Dr. J.F.
Gudernatsch, a kindly white haired handsome nan. In 1912, he fed
thyroid gland tissue to frog tadpol es and observed for the first tine
accel erated metamorphosis. He also had fed thymus gland tissue
to todpoles and observed a del ayed metamorphosis which he attributed
to a specific thymus hornone. By his own admission in talking with
him, he acknow edged he should have used other control tissue which
also acts like the thynus. To-day it is well known that the thyroid
gland in nmeat eating tadpoles is called upon to handle the specific
dynami c effects of the high protein diet and the thyroid is unable
to respond to produce enough extra hornmone to induce netanorphosis
on schedul e.

Insulin was isolated in 1922. . | was in high school at the tine
but | renenber the banner headlines in newspapers of that event.
At that tine, diabetes was feared al nost as rmuch as cancer is to-day;
inny famly, sweets were linmted in our diet for fear of beconing
di abetic. Juvenile diabetes was and still is the one nost greatly
feared. One day in ny class in Endocrinol ogy about 1957-58, a student
(Dr. Esther McCandl ess) canme up to speak to ne at the close of the
lecture and said "I can now belong to the 25-year club." She was
i nplying that she was born with diabetes and at the tine insulin had

just becone available and she had taken insulin every day of her life.



Parat hyroid - The association of this gland with bone di seases
was known at the turn of the century but not until 1924-25 were the
first active extracts prepared by Drs. Hanson and Col lip. | knew
Dr. Collip and net himon several occasions at meetings. He contributed
to the refining processes of insulin and made fundanmental discoveries
on the pituitary hornones.

Gastro-intestinal hornones - Secretin was well known having

been discovered in 1902. Chol ecystokinin was discovered by A.C. |vy
in 1928 who was at the University of Chicago at the tine.

Adrenal cortex - During the late 1920's and early 1930's there

were many controversial di scussions as to whether or not the adrena

cortex was essential to life. For some species such as the dog, cat

and nan there was no doubt but the controversy was with the rat.
Argunents centered around surgical procedures and conpl et eness of

the operation and then strain differences were considered. Sprague-Dawl ey
strain of rats died, Long-Evans strain lived. The resolution canme

about in finding that the Long-Evans rats frequently had accessory
cortical tissue. Steven Martin, one of Hisaw's graduate students, took
sone of Sprague-Dawl ey rats to New York and net in Dr. Smith's |aboratory
where Fritz Agate, one of Snmith's graduate students and Martin operated
on both strains of rats. Thus it was not a difference in surgica
procedures and | was there when it happened. | renenber Fritz Agate

had just been married and he postponed his honeynoon, all for the cause
of science! Subsequently, Dr. Robert Loeb in Cinical Medicine at

Col unbi a about 1932-33 found that high salt diet prevented death in
adrenalectomized rats. Looking back on it, it could have been that

the diets fed rats fromdifferent laboratories contained differing



amounts of NaCl and this factor prolonged the controversy.

Pi neal body. It's function as an endocrine organ not known.
Posterior lobe of the Pituitary. "Pituitrin' an extract of the

posterior |obe was known prior to 1927, nanely for its oxytocic

effect in parturition. |It's biological effects as vasopressor and
anti-diuretic action were also known. It was not until 1928 that

Aiver Kamm at Parke Davis Co. separated '"Pitocin' and "Pitressin"

fromthe posterior |obe. Provided doses of these hornmones were |arge
enough, over-lapping effects could be denpnstrated which was disconcerting.
It was nuch later that Vincent DuVi gneaud synthesized and fornul ated

t hese hor nones.

Intermediate lobe of the pituitary. The control of the melanocytes

i.n the integunent of many of the |ower vertebrates, particularly
Anphi bi a was wel | known in the 1920's. The term "intermedin' was used
However, | found this termin the index of Van Dyke's book on the
pituitary gland in the 1936 edition which was the definite work

on the subject at that tine yet not once does it appear in the text!

(CGonadal and Pituitary hornmones - see later)



My four years at Wisconsin with Dr. H saw

First, a fewwords about DOr. Hsawas | canme to knowhimin the
4 years | studied in his laboratory and listened to the stories of
his early life. He was born August 23, 1891 in the southwest corner
of Mssouri on a farmand his early schooling was obtained in a
one-room school house. The teacher was boarded around among the
nei ghboring famlies and when his time came to be with the H saw
famly he urged the ol der son to prepare for college. After a year
at a prep-school, he entered the University of Mssouri at- Col unbi a.
Apparently he had a rough time of- it the first year and had to pl ea
for another chance to stay in college. The authorities agreed and
25 years later awarded himan Honorary Doctor's degree for his
achi everent s.

Hsawwould tell us stories of his early life, renniscent of
those of Mark Twain's style particularly about the people, both black
and white and their sinple life in the commnity. He told us about
sone of the escapades he and his brother got into. For exanple, one
day he and his brother gathered di scarded enpty nitrogl ycerine cans,
the contents of which were used in nmning operations. By setting up
the can so that the residual fluid would flowinto a corner, and
placing the can on a tree stunp, they would stand off and shoot for
the corner with arifle. He said the results were devastati ng.

Hsaw loved to tell earthy jokes, always having a point to clarify
sone probl emunder nore serious discussion or to characterize the people
where he grewup and their way of life. Sonme | renenbered and passed

on to later generations of graduate students. He spent a great deal



of tinme with his graduate students, his office was al ways open to
themwi t hout going through a secretary first. |In fact, there was one
secretary for 9 menbers of the departrent including the chairnan.

Hs fund of ideas always surprised us and he coul d inprove on any
that we brought to him He wel coned the graduate students to express
their ideas and probl ens of research. Having no nore than 3 or 4
graduate students at one tinme, he could do that but later, | |earned,
he had to wall hinself off somewhat as academc |ife became nore
conplicated. He snmoked a pipe, —those that do, knowit requires
constant re-lighting. He would borrowa box of matches fromus and
absent-mindedly pocket them ne day, we nade himenpty his pockets
and we recovered 10 boxes. He |ooked chagri ned.

H saw encouraged his students to work together on projects, those
he instigated and those we thought up. He gave us carte blanc to go
off on our own to try things, such as repeating experinents of others
as a way of learning. There were no courses in reproductive physiol ogy
or endocrinol ogy and in the major course in physiology in the Medical
School which we all took, these subjects were barely touched on. Ve
all hel ped each other where nore than one pair of hands were needed.
There were no technicians nor nmuch research noney for that natter by
to-day's standards. Except for surgical instrunents, practically
everything that could be, was made in the lab. VW& did obtain our first
pHneter in 1929 and it was very tenperanental as | recall. About
this time, Hsawwas able to hire Dr. Harry Fevold, an organic chem st
as part of the permanent Zool ogy staff and he had to hel p with chem cal
problens related to those of other nenbers of the Departrent as well.

e of the first problens | participated in with other graduate



students was to determine the amount of the femal e sex hornone that

was in normal and pregnant cow uri ne. (Note - the female sex hornone
was the termfor the first ovarian hornmone and the only one at the
time which we now call estrogen. It is fortuitous that the acronym
F.S H was not coined or it would have confused us later with
pituitary F.S.H. ). The experinent required 24-hour sanples. It
happened that urine collections were made in late wnter and the
cow barn was very cold. Separate buckets and jars stood behind each
cow and when she arched her back we had to run to position the
bucket so as not to lose a drop. Since several cows were being
studied at the same tinme, we had to keep on our toes. W soon

di scovered that we could periodically rub the cow s escutcheon and
if she was near her time to urinate, we were in better control of

the situation in obtaining conplete sanples.

As | mentioned above, Hisaw's graduate students worked together,
di scussed problenms with each other and taught each other. In
particular, | would like to nention Roland K. Meyer who had begun
his studies a year previous to nmy joining the group. He taught me
how t o make vagi nal smears, performcastration in rats and many ot her
procedures. W were not too proficient in handling rats and | earned
together as a result of trying to repeat an experinent reported by
others. It was the one on the induction of pseudopregnhancy by
mechani cal stinulation of the rat cerivx when she was in estrus.
Anyone trying to tie a rat to an operating board knows it can be
frustrating, nore so if one does not know how to handl e them properly
as it was with us. An easy way out was to anesthetize themfirst,

whi ch we did, before tying themto the operating board. The results
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of stimulation were all negative. Repeatedly, we obtained the sane
negative results. Going over the published protocols again, we

noted nothing was said of using an anesthetic. Wth gloves on at first
and then without gloves, we tied the rats to the board along with

some bl ood fromour fingers. This time we were successful in inducing
pseudopr egnancy and wote up the results for publication - "Effect

of anesthesia on induction of pseudopregnancy” in 1929. This happens
to be one of the earliest bits of evidecnce for the union of neural

and endocrine activities which has bl ossonmed nuch later in tine.

H saw received his Ph.D. fromWsconsin in 1924, His thesis was
on the sex dinorphismin the pelvis of: the pocket- gopher. Later, he
i nvestigated the sex dimorphismin the guinea pig pelvis and observed
the l.oosening of the liganents in the pubic synphysis that occurs
during pregnancy. That the presence of corpora lutea was associ ated
with pregnancy was well known, so he tried to |oosen the |iganents
and relax the pubic bones in non-pregnant, virgin femal es by
hornonal neans. Using the bl ood serum of pregnant guinea pigs, rabbits
and sows, he found that these substances would give relaxation only
if given when the virgin guinea pigs were in heat. The principle
that corpus luteum hornones require pretreatment of the animal with

estrogen for the former to produce an effect was thus first established

H saw then began experiments to extract the hornone that caused
this relaxation frompig ovaries. Gscar Myer's slaughter house was
| ocated in Madi son so he had easy access to the raw materials. Now
it so happened that pig ovaries as they canme off the hog di sassenbly line

were saved and sold at the price of $20 a 1b., fresh weight. The high



cost, | believe, was determned by the makers of Lydea Pinkhams
Conpound or the |ike which contained an ovarian extract but of what
kind, | do not know. However, these preparations contained about 30%
al cohol and | feel sure that that amount would be sufficient to
alleviate many female troubles, real or imaginary. H sawwould tel
of a man in his hone territory who would buy bottles of this preparation,
for his own use claimng he had "female" troubles for years. | often
wondered if this was a community where the people voted "dry" and
drank "wet" as | do know this still happens in certain counties in
the west, even Kentucky.

Wth [imted research money, H saw made an arrangenent with
Oscar Mayer Co. for his students to go to the neat "cooling" room
and there snip fromthe ovaries only those corpora lutea which were
deep purplish red in color and which were nmost likely to cone from
recently ovulated follicles or pregnant sows. The cost of the corpora
lutea was still $20 a 1b. and the remainder of the ovaries was sold
to sonmeone else. | doubt if the L. Pinkham Co. ever knew the difference
Those of us doing the collecting wore overcoats at all tines of the
year; our hands would be so cold we could hardly hold the scissors

to snip out the tissue after half an hour in the cold room

H saw then |ooked for another test organ for the relaxing
hornone and investigated the changes which occur in the vagina
epitheliun{of pregnant rats during the latter part of pregnancy. What
happens is that a stratified columar cell epitheliumappears in which
the cells become filled with mucus. After many experinents in which
castrated female rats were given estrogen followed by relaxin for

several days, no conclusive results were obtained. Later, the solution
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of the problemwas made by willard Allen and R K Meyer where they
showed that very small doses of estrogen given for a week or more

are all that is needed to produce vaginal nucification in a castrated
femle rat. It should be pointed out now that the preparation of the
rel axing hormone involved an initial acid alcohol extraction and the
final product was in aqueous sol ution.

Meanwhi | e, the work of George w. Corner on the norphol ogy of
the rabbit uterus during the estrous cycle came to to ny attention.

In 1929, Corner and Allen reported that a fat soluble extract of
corpora lutea produced changes in inmature rabbits uteri simlar to
those of early pregnancy and pseudopregnancy but not all rabbits
responded. Hsaw and | extracted corpora lutea with acetone and
this extract in oil confirnmed the work of Corner and Allen in 1930.
In addition, we showed that it is necessary for the rabbit uterus
to have been stimulated first by an estrogen in order for this corpus
luteum hornmone to produce it's characteristic effect. Corner and
Al'len reported the same observation simultaneously with ours. Thus
the "one-two" effect of those ovarian hornones, first shown by

H saw for relaxin held true for the second |uteal hornone which we
now recogni ze as progestin (progesterone).

In 1930, Hi saw, Fevold and Meyer, employing the same fat sol uble
corpus luteumpreparation used on the rabbits, were able to produce
the first pre-menstrual endometrium in a castrated nonkey after first
primng her with estrogen. This same year Dr. R K Meyer, who was
a research assistant to Hisawleft to work in Dr. Corner's |aboratory

and | inherited his position. A routine job while Hisaw's assistant,
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was to inject the nonkeys for his studies on nenstruation. One

Sunday, | was invited to a formal gathering so | dressed up accordingly
but first, on my way to the affair, | had to nmake a 4 PM injection
in the nonkeys. In a hurry, | did not put on a lab. coat. The

nonkeys disliked being caught, of course and literally flew around
the inside of their cage. For some reason on this particular day,
their bowels were very loose and not in good control. As they "boil ed"
around in their cage, | becane their target. | had to return to

my room bathe and put on a conplete change of clothes. Fromthat
time on, | never had a desire to work wi.th rhesus monkeys. Besides
that one experience, occasionally | had to chasec and hel p capture the
nonkeys in the |laboratory when they got |oose. One time, on a cold
day in winter, a nonkey escaped the |ab, diving head first through

a large pane of glass and onto the canpus. A precipitous chase

wi thout proper clothing resulted in ny catching cold w thout catching
the nmonkey. A few days later it was captured in the bedroomof a

students room ng house and in the best of health.

Research on the Pituitary

During the period of 1927-31, many exciting things were happening
in the field of reproductive physiology and rel ated endocri nol ogy.
The nanes that | mention below are but a very few of many others at
home and abroad who published stimulating works. Edgar Allen and
Edward Doi sy had prepared estrogenic extracts from nmany sources and
in 1929 Edward Doisy isolated and crystallized theelin or estrone.

Aschei m and Zondek had earlier discovered estrogenic substances in



the urine of pregnant wormen and |ater gonadotropi c hornones namned

Prolan A and The first; from worren Wit h predoni nant
effects and Prolan B from pregnant wonen with predom nant L.H

effects, nowcalled HC G. Dr. Philip E. Snith had published a

mast er pi ece entitled and repl acenment therapy in

the rat" in 1930 but prelimnary results of this study appeared as

early as 1927. Incidently, in the course in Physiology that | took

in the. Medical School in 1929, it was taught that i nvari ably

and quickly followed hypophysectony. Dr. Carl More and his group

at Chicago were reporting on male reproductive physiology and had made

extracts contai ning hormone activity from and mal e urine.

Dr. at Chicago, along with his coll eagues were contributing rmuch

new i nformation on bird reproductive physiology. Dr. Sydney Asdell

made outstanding contributions to the subject in donmestic as well as

| aboratory animals. Dr. Philip Snith and Dr. Earl made

of rat pituitaries into inmature female rats to induce precocious

ovarian devel opment with ovul ati on and corpus formation in 1927.

Evans and others were characterizing growh hornmone from

the pituitary.

Begi nning in 1929, Hi saw and his students initiated investigations
on the gonadotropic hornmones and their relation to the gonadal hornones.
They found that chronic treatnment of inmmature fermale rats for many
weeks with estrogens inhibited the normal growh of the ovaries and
they remained in an infantile state. It was also that the
pituitary glands of estrogen treated rats had a nuch reduced capacity
to induce ovarian enlargenent when inplanted into immture females

and thus was reported t he tinme what is now called the "feed-back



