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INTROLUCTION

Deepite the current wide use of Cortisone both clinicelly and ex-
porimentally, little ie known concerning its effect on mother and fetus when
adminletered during pregnuacy. The extensive use of Cortisens in the field
of mediclne, and the range of the ohserved effects heg lead to an imwense
asount of investigative work involving msny of the cemuonly used experiment-
2l snimsls., The complexity of the sdrenccorticel eteroids heth structuslly
snd funetionally, their mede of setion and their range of effects serve te
make the problem particulsrly diversified, In view of the wide interest in
snd ite ready avaliability and the lmpertence of gaining more infermesticn
concerning its behavior in pregnoney, we decided te study the effects of
Certissne on mother snd fetus vhen aduinistered prior to and during various
stagee of pregnuncy =e well -8 on the young when adminsisred in the necnmetsl
perisd,

Cortisene is a crystalline steroid compeound, originally fraction-
sted from extracts of the adrenzl sertex. It 1s now prepared syntheticelly.
It ie supposedly similer to one of the hermones produced by the adrensl
cortex, There is evidence to indicate that come adrenecortical compeunds
heve androgenic preperties, since hiresutlem and other mssculinizing effects

have been cbeerved following prelenged inlections.
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If Oortisone has endrogenic propartie‘, then there is the pesaibility
that sufficiently high doees may affect the testes se well as other sex cher-
acters., What then would be the affect on such structures of fetuses in utere
where Cortisone is adminietered o the mother? There is the possibility that
Cortigene does not pase the placental barrier or if it doee that the amount
that gets scrose iz toc smell to ceuse notlceable or significartchanges in the
Tetus. There is slsc the pesaibility that Cortisone iw metsbolized by the
mother snd that the metsbolite mmy not pass the placentsl barrier or that the

metabslite has been modified to the extent that it 1s no longer effective.
REVIEY OF THE LITERATURE

Gertisone is one of a group of orystalline steroid compounds iso-
lated from extracte of the adremsl cortex by Lr, . U, Kendsll and his se-
workers at the Mayo Foundation., Thise sudctance, originelly called compeund
B, wae described by itason, Hyers, snd Kendall in 1956. It wes slee describ-
ed by ¥interstelner snd Pfiffner as their compound P, (1936) snd independ-
ently by Heichsteln as substance Fa, GCortisone was firet used on patients
by Dr. Phillip 8. Hench and his sescciates at the Mayo Olinie in 1948,

Cortisone is & steroid hormone thought to be like substances
preduced by the cells of the zona fssiculats of the adrenal cortex. Being
s etorold-gterld it is e phenanthrene type derivitive or more correctly it
hes a cyclapentsnoperhydrophensnthrene structure, Chemically s is shown
e8! T=hydroxy ll-dehydrc corticesterone.

Although there is ne positive experimental evidence &s show that
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the adrenccerticotropic horuone (ACTH) from the snte-ier pituitary (beta
cells) incresses the liberation of a Usrtleone-like substance from the adrenal
cortex, it appears from the experimente of Ingle snd Kendall (1957) that a
high level of certin in the body fluids suppresses the secretion of ACTH,

Thie is evidenced by the cortiecal strophy which occurs when lorge doses of
Uortisone sre adzinistered tc albine rats.

An analysis of the chemlcal strueture of Cortisene indicates the
great similarity between its chemical structure «nd the chemicsl structure
of some of the sex horsones, Some of the lstter hove been imolated from
steroid compounds and through ths use of bis-assay it has been found thst
some of them are preduced by the adrensl cortex. Becsuse of the aimilarity
in cheunlical structure which exlets between Cortisone snd the sex hormenes
it ie not surprising thst some of the effects of adrenal hyperplasia, nee-
plasia, snd strephy, (Addisens iisease, Gushings Syndrome, ete,), are re-
venled in the secondary sexual charascteristics of the {ndividual,

The studies of Wells and Kendall (1940) showed that compeund &
sxorts e profound inhibitory effect on the growth and developmens ef young
rats. In studying the relstionships of Cortisone when adsinistered in preg=~
naney, Yourrier «nd Uelonge (1951) found that the administration of Certe
isene o pregnant radbite in high dosezes (2% mg,) causes resorption, abort-
ion and death of fotuses, DeUosta snd Abelman (1952) chserved that Cort-
ieene interferes with pregnancy in the rabbdit by causing fetal degeneration,
Tetsl sbortion <nd nee-natal desths. They also reperted that Cortisonme does

not interfere with the normsl mating urge of the mature female rabbit snd




that it decreases fortility especinlly when sdminlstered prier to mating.

Demm and Leroy (1951) alsc cheerved thet high dossges of Cort-
isone injocted in preynant rats hed a noticeable effect on fetuses, causing
increased mortslity end lese of weight, whereus lower dosages had little or
noe effect. &1l injections were begun on or sfter the 10th day of pregnancy.
Lerey snd Demm (1951) 2le6 showed that s direct subcutanesus injectiocn of
500 gamsa of Corticone into the fetus bHstween the 11th snd 16th days of
geetation killed nll the fetuses, whereas fellowing injections made betvesn
the 16th and 19th days, fetuses usually survived and were normal in sise,
This .xpariment was unique in that injeoticns were msde directly into the
fetus through the semi-iraneparent uterine wall,

Jones, Lloyd end Whatt (1952) provided eignificant infermstion by
showing th«t aduinletration of Corticone in pregnant rate produced a riee
in fetal adrenal cholesterol., It 4is felt by wost workers today that the
cholesterel nucleus is the precurser of the adrenecortical compeunds. These
vorkers concluded that Uortisene, or a metahbolite of Uortiscone freely enter
ed the fetal ciroulation in rate when injectiocns were msde during pregnancy.
Davis snd Plotz (1954) ueing the albine rat showed that Ucrtiscne sdminist-
ration in pregnancy ceueed e high mortality rate umeng the newdborn «nd a
decrease in the fetal adrenal weight, They foumd that some contrsl animels
geined more then %0% in body welght during‘ge-tatioa. whereas adainistration
of 3.0 mg. of Oertieons produced a etriking inhibitory effect on the normsl
weight increase of pregnant rate. They ebserved no effect on welgzht gain

when only 1.0 mg. of Cortisene was sdsinistered dally.
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Robson and Sharsf (1951) utilizing % nice, 11 or 12 deys pregnant,
injected 2.0 mg. of Usrtisone per day, in 2 doses, tor vserieds up to 5 deys.
In four of thees resarptien of sll fetuses sccurred,

The lack of agresement on the sffecte of Cortisene in preghuuncy
reporied in previcus experiments indicatied a need for further informsticn

on this subject vnd prompted the present investigation.
HATLAZALS AND METHCODS

Albine rate of the Spregus-Dawley etrain were selected as the ex-
perimental animal for thie investization. An inbred colony was etarted in
April 1953 and the coleny was enlarged by appropriate matings to approxi-
mafely350 reate frem which almost sny sge animal wes available for experie
mentation. Femalec were wated with specifically chosen males of good eturdy
stock. All animsls were given water und "Fox-chew® pellets "ad-libitum®,
The Cortisone employed in these experiments was Cortone Acatate
gensrously eupplied te Usetor L. Y. Doms through the ccurtesy of Merck and
Compeny, ins. All injections were mede subcutanesusly in the inguinel reg-
lon utilizing a finely graduated tubdbersulin eyringe and e number 2% needle.
Because of the pessible androgenie properties of ssme of the
|sdrenccortical compounds, the fetal testie was chosen ss cne of the srysns
likely to show modiffcaticne if Cortisone or some metabolite of Cortisene
Eu:nad the plscental barrier. The testes of Cortisone~iniected néwborn

ere sleo studled micrescoplcally in order to deteramine if there was any

rinilarlty in structure between these testes snd those of roung born of




methers having reveived injections of Cortieone during the gestsiicn peried,

The tester were remcved under s binceular dissecting micrescope
with the sid cf two dissecting needles =snd a fine eye forceps. Uare was
faken to lesve s part of the epididymie snd ductus deferans sticched to the
testes 80 28 net to injure them in manipulations with the forceps, which
because of thelr very camsl) size was ctherwise #ifficult teo avoid., The
testes were fixed in either Bouin's or s 10% calojum-formalin sslution, They
ware dehydrated in a graded seriee of alcehols and ifmbedded in paraffin,
Becticne were cut st 7, 8, and 10 mierons snd subsequently stained with hem~
stoxylin »nd ecein.

The resulte of aduminietering Csrtiscne in valous dosapes and for
varying periods before mating as well ss during various stages of pregnency
weres cbrerved. Weighte were tsken on rome cf the animels %o check pessible
welght changes during pregnency. Some obeervations were «lso usde on nee-
natal voung injected with Corticone for verying -ericds of time and the
welphte recorded. The young were ¢carefully exsmined st birth for ancmelies
and soue of them sacrificed for histoclogical etudy, Thoee remsining were
sllowed toc meture in order to obeerve pescible medificstione in growth and
survival rate,

Before being pleced in fixetive the calwaril of fetuses snd new-
bern were incised snd the anterior ebdominal walle opened form the xipheid
process tc the pubic eymphyeis by weans ¢f e number 11 Zard Parker scalpel
blede. The fixative employed wae sither Bouin's or a 10% calcium-formalin

fluld., A totsl of 112 pregnant rets were employed in these experiments snd




687 fetuses snd newborn were recovered and utilized in our study.
EXPERALMENTAL RESILYS

1. #

In & esries ¢f 17 mature fesale rats, Cortisone (2.5, 3;5. 5.0 mg.)
wae administerod delly for varying periode (21 to 5B dsyae) prior to sn& dupr-
tng muting. (Teble I) Cbesrvations were mede on metiing response and copul~
ation., Ne diminution in the meting reeponse :f female snim:le recelving
Jertiesum vrier t¢, and during mating was observed. These animals sppesred
to resct toward the aale andﬁieeeiva the male in a manner similur to the
femsles of the contrel group.

Theee cstudlies would sesm io indicate that the prelenged admin-
istration of Cortisene hae no effeet on the mating responee cf the mature

femele rat. The sexual behavior ana recepgivity of treated fem:les epp~

eared to he essentielly neramsl,

2, Pertility

¥e were sleo interested in the effect of Cortlsone on fertility.
A study wae made in a series of 1l mature femnle animsle in which Cortivone
(5.5, and 5.0 mg. dosages) had been sdministered prier tc copulation end
for perieds of from 22 to 58 days. UCopvlations eneued but pregnancy did
net fellew. Vaginal smeare were not made but vaginel plugs were noted in
4 of the 11 animels (Teble II). Varicus metiode were ewployed té promote

pregnancy. This included chunging wmales snd in putting as meny ss four




TA3LE I 8

SHUWING THn EFFLCTS OF PROLONGED CCATISCNE ADMINISTRATION

ON THL HATING <EGOONZE OF THL Pilales RAT

Rat No, Mg. inj. No. of Total Day of Total Lays
per day injs. A?;;jnj. E;pt. Male gohgbitagizn.
1. R6 2,50 21 52.% 1 10
2. R 2,50 27 67.5 5 22
5., ’RUM 2.50 5n 7.5 7 24
A, 218 2,%0 50 125.0 9 5
5. R18Y¥25 2.50 21 7%.5 1 20
é. R 3.50 26 126.0 1 35
7. R10 3.50 58 205.0 7 51
8. R18Y20 5.5 46 161.0 1 45
9. R2CY11 350 26 126,0 5 z1
10. R20Y12 .50 36 126.0 5 3
11. R20Y1% 3¢50 26 126.0 5 3
12, R20Y14 .50 36 126.0 5 b2}
1%, Raan5 5450 36 126.0 5 31
14, R20Y16 3.50 %6 126.0 5 31
15, R18 .00 22 110.0 5 17
16 R .00 27 135.0 15 12

17. R12Y22 5.00 27 1%5,0 4 24




TABLE II

SUOWING THZ EFFRCTS OF PROLONGED DAILY ADGINISTRATION

OF CURTISBONE ON FERTILITY

Ret Ho. Mg, Inj. No. of Totel amt, Day male Days foll. No. of young
per day Injs. 1inj. (mg.) introd, last 1n?3 . _born

1. R0 5.5 58 203.0 7 0 o o
2. R18Y25 3.5 A6 161.0 1 Ly n o
5. R0YI1  3.% 36 126.0 5 57 é 0
4, RaoMI2 3.5 36 126.0 5 42 7 o
5. R20Y1%  3.% 56 126.0 5 L))} 9 >
6. RaoM 3.5 36 126.0 5 38 8 o
7. R20Y15 3.8 26 126.0 5 % 2 b
8, nabns 5.5 36 126,0 5 42 1r o
9. RISI  5,0 22 110.0 9 8 5 o
10, R1 5.0 27 135.0 15 51 7 1
N, REY2z 5.0 27 135.0 5 3 12 1

In emch of these rats copulation wes observed during period Uortisons wae admin
tetered, but pregnancys d1d not ensue until after the injections were discon-
tinued, FKote the time lapse fcllowing terainstion of injections when young
were delivered,
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males with & single fawale. It is interesting to note howewer, that all
animals with but cne exception beceme pregnent within 10-2% days =zfter

cessation of injecticne, and delivered normally,

Do rvat L] )

A decrease in the normsl weight gain was observed in our rats
following the sdministr:tion of Certisene during pregnuncy. Daily welights
were kept on pregnant animsls raeoiving varying doseges of Cortisens (2.%,
3¢5, nnd 5.0 mg.) and a etriking decresse in welght gain wae obeerved,
(Figures 1, 2, 3). Cur observations show that injections of Cortisene
net only caused a definite decreass inm weight galn during pregnency bdut
ales a noticeable fluctuatien in weight., The lower weight gain of trested
rats 1 appsrently nct caused by a decresse in the size of litters, nor a
decrease in the weight of the aversge fetus, but by e lese in body flulde

of the mother through an as yet unknown mechenisa,

4, Hortality Rates In Utero

Another finding of interest was the effect of Jortisons adminis-
tration cn the mortality rate of fetuses of the pregnant rat. Davis and
Plots (1954) working »ith the albine ret showed that the administration of
Certisone in pregnant rats csused a high mertality rste smeng newborn, They
edministered 2.0 mg. of Cortisoms for 16 to 19 days and obererved s mortal-
ity rate of 47.70%,

¥e were interested in deterzining whether mortality rotes vary

with different dossges, hence we injected 2,5, 3.5, 5.0 mg. of Certisene
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for varying periocds during the geetation pericd. The data (Table III) indi-
cate that Lortieone increased the mortnlity rste of fetusce bornm ¢f Cort-

sone trested méthere, Although some inconsietency occurs, cur data indicnte
thnt the morislity rste is in genersl proportionsl to the periocd of adminie-
trsticon, ?ntq/;:rticularly evident in troee animsls which received Cortiecne

for a period of from 14 to 21 daye., This evidence naturslly does not tnke

intc coneideration sny fetuses which may b .ve died in uterc,

Se Grose Ano&}igg

All newborn rate vere carefully examined for signs of enomalies.
Ro evidence of any groee ancmalies was cbserved in any cf the voung. PFraser
(19%2) working with specliel strnins of wice found th«t trestment with 1,25
to 2.%0 mg. of Cortieone begun on the 10th or 1lth day cf seetaticn caused
cleft palate in 79% of the offspring. The eticlogy of this snomaly ie un-
known, Fainetat (1954) aduinistered 2%,00 »nd 20,00 mg. of Cortieone daily
for 4 deye to pregnant rabbits. He obrerved median post-slveolar cleft
palates in 17 of 25 erbryoe whose sothers hed reseived vortisone., In 36 con-

trol embryoe no indications of thie condition were chbserved,

€. Birth-¥eish

Some of the young were weliphed st birth snd no difierence wae ncted
in the birth weight of experimentnls when comp.red with the birth weight of
the controla. Davis and Flotz (1954) found that 3,0 mg. - f Cortleone inject~
ed dally for 21 days in pregnant rate did not affect the average body welght

of young at birth. Uomm und Leroy (1951) in elwiler experiments found but a




TABLE IIX

SHOWING HOATALITY RATES OF YOUNG AT BIRTH IN

SERIES OP CCRTISONE TREATED AND KORMAL RATS

12

Mg, inj, No. of Total No. Avg, per “# born % born
per day litters born —ditler alive dead
Last 2.50 9 82 9.11 91.5 805
seven 350 ¢} 4] 000 00.0 0.0
days 5.00 1 11 11.00 91.0 9.0
S
Last 2.50 2 21 10,50 42,8 57.1
fourteen 3,50 7 75 10,43 79.4 2.0
d‘y. 8.00 5 29 9066 21.9 62,0
Over four- 2.5 1 7 7 .00 100.0 00.0
teen days Z.50 4 %8 950 55.2 44,7
%o whole 5.03 4 % 5025 42-“ 57&5
gestotional
period (21 days)
Sontrols 0.00 24 229 9.54 9%5.0 5.00

The majority of these were cbserved and recorded ot birth,

was thie sericd more than 14 houre.

In a number of
cages mortelity was not recorded until some time had elapeed but in no case
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8light decresse in the waight of fetuses but this wae only in cases where very
high dossges hed heen administered. They utilized dosages of 6.2% ng. and

540 mgee In unother experinment they adulnistered dosages of 2.00 mg. and
observed no decrease in the weight of fetuses. UCur ¢beervatione are therefore
(1954) (1951)

in agreement with those of Davie and Plotz/ and Domn and Leroy/in that the

growth retarding effect of Cortisone obeerved in newborn rats {p not found

in the fetuseas of Cortisone trested rats,

7. Hewborn Survival Rate

Comparisons were alec mnde on the survival rate of newhorn rste,
from mothers which had received different dosages of 5ottiaono for varying
periods ¢f the gestation period. The newborn were kept under obeervation up
to 10C Bays after parturition. The findings indicate that practically all
animale not sacrificed following parturition grew to maturity, (Table IV),
In & series of 137 exparimental snimsls a survivsl rate of 94.3%0% was obeerve
ed, The survival rate of the cuntrols was 95.10%, It 1le apparent from thece
results that the voung of Cortieomm trosted mothers showed no decrease in

survival rate in cur experimente.

8.  SGrowth Pattern
In the animels observed up to 100 days of age therc was no perceptic-
le wodification of the growth pattern. The experimentnl animale appe:red

jno different from animsle in the control groups. They showed no noticesble

precceity in body habitus nor any observable retsrdaticn in body growth.




TABLE IV

14
SHOWING RELATIVE SURVIVAL RTLE CF (CUNG 30RN
OF CURTISONE TREATED ND HORMAL RATS
st No. Hg. inj, No. of Totul smt. HNo, Ho. Ve, surv,
per day inis, inje {mg.) bdorn killed* 100 days

Experimentals

1, R3 2.50 é 15.0 12 0 12
2. R12 2.50 7 17.5 14 0 11
%, R6 2.%0 21 50.5 7 & z
4, RUY12 2.5 6 15.0 10 6 4
5. R9 2.5 27 €71.5 8 é 1
é. RN 2.% 51 77.% 12 s é
7. RisY21 z,%0 10 35,0 10 6 4
8., R18T22 2,50 14 48,5 11 5 [
9. R18Y24 % .80 16 %5640 10 € 4
10, R18Y25 2,50 21 72.% 8 4 4
11. &1l %50 13 45,5 8 4 4
12, R12 2,50 10 45,0 10 6 4
13, R% 3.50 12 k2.0 12 0 12
14, R2Y12 %5400 4 20.0 11 4 7
15, R1% 5 .00 9 k5.0 10 8 2
16,  R3Y11 5,00 10 50.0 12 z 9
17. R18Y24 10,00 4 4o.0 12 0 12
18, R18Y22 10.00 4 40.0 12 ° 12
19. R9 10,00 2 20.0 15 0 14
Uontrols

1. Rleyez 10 i 6
2, A2 9 % é
%, R9 1% 4 11
h, R11Y2) 8 5 5
5. R20 11 4 7
6. Rl2v2% é 3 2
7o A%Y11-12 T 1 4
8. R1iye2 9 (¢ 9
9. R® 11 1 9
10, K12Y%% 12 1 11
11,  R3Y1l-12 8 ) 8
12. REY2® 7 e 5

* Coluun ehcws number in each litter killed at birth for histologicsl study
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9., Bffect cn the Teetes of the Fetus

Ap stated previcusly, becouee of the andropenic-likd propertles of
certain adrenoccorticsl compounds, the tertes were chosen as one of the organe
mont likely tc show modifications if Cortieone or s metabolite of Cortisone
psesed the placental barrier. Hasculinizing effects Pfollowing prolonped
admintetration of Cortisone have becn noted in the clinical literature, leroy
(1952) obrerved that the adminietrestion of Cortisone caused an incresse in
the waizht of the testee of rate and hamaters, and he noted that khie effect
waes not modified by ndrenmleotqqy or hypophysectomy. We were in{areate& in
deteruining if there were sny histological zadif'ications in the testees of
fetuses whose mothers had been trested with Cortisone. 1In figures 4, 5, 6
are shown some of the modificstions that have ocecurrcd., In the young of
mothers receiving 3.5 mg. of Cortieone for 12 consecutive days some type of
cellular deseneration has occurred in the tectis. 7The tubules sp;eared tc
be abaent in the centrel part of the testls of euch individuals while the
comective tissue siroms and loose célle remnrined, The peripheral tubules
mainteined their normsl structure and showed no evidence of degeneratizn,
This medin) degenarative or necrotic ares did not show evidence of leuco-
cytic infiltration nor any gisnt cells. The supporting connective tiscues
appesred the same e thoce in the control group. There is no evidence of
hyperchromatisnm of any of the cells. ihe testes of fetusea uwhose mothers
received 5.0 mg. of Uortisone for the last 18 daye of gestation showed a
much vider area of degeneration. The tubules appeared td& be widely separated

and degeneration extendad -ore peripherally with larze aress lagking con-
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voluted tubules, ¥hether any effect on spermatozendels or u wodiflcntion
in the Sertoli or Leydig celle cececurred was not detcrzined. From the above
it would seem that some type of celluler modificsation hae occurred in esome
cf the testes of fetuses of Cortisone treated mothers having received inj-
eotions for mout of the pestation pericd., On the other hsnd however, there
te the possibility that thls so-cslled srea of degeneration may be the med-
inatinug of the teelis, snd that the arese thet ere devold of sexinifercus
tubules represent the stroma of the medisetinum coursing longitudinelly
through the testis. Further experimants will be undertsken to clarify

this point.

10, Effecte of Cortiecne on the Hewborn 2nt

Iﬁ ihi- experiment 14 littere coneisting of 139 newborn rats were
used, Individual littere were divided so that some of the young received
Cortiacne, =nd the rest eserved ne ocontrols. No distinction was made between
males and fem:les, Experimentals and controle were weighed en mass et each
injection snd averaged, The experimentials in five NHtters received 250 gamus
of Cortisone daily while in 9 other litters SCC gawuma was injected: The
duration of injections was € tc 14 days. In 12 of the above 14 litiere
mortality rates of experimental snimsls ren as high ae 77.70%. (Table V).
At the end of experimente it wae cbeerved that control reats cutweighed the
eurviving experimental rats by 2 tc 3 timee, (Table VI}. The zost strik-
ing effect however was the inhibition of growth in newborn rate receliving

Cortivone, %he controcl littermates wore 2 1o 3 times larger than the exper-
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imentale,

The condition of the experimentals beceme progressively more
precarisue during the course of the experiments. Uliarrhes snd clonic selz-
ures were obeerved, The fur of the experimental rats sppesred ruffled =nd
their general eppearsnce was that cf malsice and debilitation. In some
cases the experiment wae concluded sheud of echeduls hecause it was felt that
experimental animals would not survive,

¥e were able to confirm the cbeervatione of Domn and Lercy (145%)
on the precocious eruption of inclsora, These asuthors fould thet newborn
rete tranted with Cortisone showed s precocicus sruption of the incieors.
They maintain that thie is due to = decressed %evelopmant of the bones of the
face and the tiesues of the gingiva rather thgn&to the direct ncticn of
Cortieone on the dental papillae or the organ&c&conutituontn of the teeth,

We also cheerved in the course of our experiments that the eye~
11de of experimental rate opened hefore those ¢f controls,

In comparing the testes of control rate ~nd thoee recetving 2%

snd 500 gzamma of Corilrone respectively the testes of the latter appesred

to be elizhtly emaller (Figures 7, 8, 9).
LISGUSSICH

¥hether Cortiscne, or come meinbolite of Uorticone paseced the
placental barrier to bring sbout the observed teeticular modificstions, the
incressed mertality rate, nnd the other effects sbeerved in ocur experiments

remsing 4o be deternined, The effectp obeerved in the fetuses of “ortiscne




TABLE V

SHOWING MORTALITY RATE IK CORTISONE TREATED AND NORMAL (OUNG RATO

Ezperigentale
Beries  Amt. Days  Total Tnitial  Terminml  Wortality
No, inj. of amt. inj. no, of  no, of rate %

{camea) _ expt, (mg,)

Experimentals

)

1, 10 2.50 5 2 €0.0
2. 250 13 5.2% & 2 5040
z. 2%0 8 2.00 5 4 20.0

. 250 10 2.5 ) 2 0.0
’o’ 2% 6 1050 5 “ 20.0
é. 500 é 3,00 8 8 00,0
76 5“) B “.00 5 8 O0.0

. 800 8 4,00 & 2 66,6
9. 500 8 2,00 7 2 71.4
10. 00 11 2.50 9 2 1.1
11, 500 12 2.%0 7 é 14,2
lz‘ 500 14 3.00 8 L4 62,%
14, 500 7 2.00 8 2 75.0
Soptrole

1. 10 3 2 53.3
2. 13 3 3 00,0
. z, 8 5 ] 00,0

. 10 x 3 00.0
5. é 4 4 00.0
é. & 2 2 00.0
T. 8 00.0
8. 8 5 5 00.0
9. 8 ] 3 00.0
10, 11 & 4 00.0
11. 12 x 5 00,0
12, 9 2 2 00.0
13. 14 2 3 00,0
14, 7 & 00.0




TABLE VI
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SBHOWING WEIGHT DIPFERENUES IN CORTISONE TREATED AND NORMAL OUNG RATS

Series Amt, ¥o., Total Days
no, %nj. 221‘4 u?&. inj, eof
L 250 10 2.%0 10 %.62
2. 230 13 323 13- 8.05
. 18 2% 8 2,00 8 6.56
&, 250 10 2.%0 10 5.80
Se. 2% é 150 6 8,54
6 0 6 300 6 6.0
7. 500 8 4o 8 9.%0
8. %00 8 hoo 8 6.54
éu. 500 & 2,00 8 7.69
‘10w 500 o hg 2.%0 11 6.09
11, 500 5* 2,% 12 7.09
12, %00 4 2,00 9 8.60
15. 500 6* 300 1 7.8
W, %0 A 2,00 7 698

Average
init%al welght

530
7.60
7.47

B

6.40
6.50
9.56
6.1%
7.80
6.28

1.2

8,50
8.2%
7.50

* 41l injecticne except these were made daily

In each experiment controls end treated were littermstes

of animals-

The weight/above ir represented in grame

Average
Q;;E:%nalgvolght
8.4 29,00
9.80 28,47
7.05 .13
8.40 18,00
7.13 12,00
7.19 1.6

11.00  20.00
8.00 18,20
6,25 10,00
7.9 24,00
10,00 24,77
.80 2170
.32 32,00
5.0  15.70
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treated pregnant rote would appesr to support the assumpiion thut Cortiscne
d4d croee the placentsl berrier, OCther workers have nlso obtained substan-
tial evidence in favor of this assumption, Uavie and Plotz (1954) showed
that the adrensle of fetuses in which the mother had besn trented with 3.0
ng. of Oortisone scetate deily showed & decreuse in the width of the adrenal
cortex end s decresse in fetal sdrenal weight. Additionsl support ie obaain-
ed from the findings of Jones, Lloyd and Whatt (1953) who showed that Cort-
isone administration im pregnant rats caused an incresse of 70% in fets)l ad-
renal cholestercl. In eoxplaining their results these investigators maintain
that Cortisons or some metsbolite of Cortisone freely passed the placental
barrier causing suppression of the pituitary-adrenal axis and thereby csueing
the observed rise in the fetal adrenal cholesterol. Schmidt and Hoffmen
(1954) working with pregnent monkeys sdministered ACTH and found that the mat-
ernal sdrensle responded typically by hypertrophy of the taoclculaf zcne and
n loss of their cytopleaemic vasuolation., Petal ndrenals cn the contrary were
amell with neemingly enlarged glomerular sones snd atrophic fescioulsr zones,
changes similar to thoce produced in adult adrenale by Cortiscne adminietra-
tion, This they believed showed that an excessive amount of cortical ster-
oide from the enlarged maternal adrensls pareed into the fetel circulation
aﬁd inhibited the sctivity of the fetsl adrenals.

Cn the other hand, it is believed at the present time thet Cort-
isone may be freely ndminietered in humens during pregnamoy without delet-
ericus effects. Katzenstein and Horris (1953) maintain that, deepite the

contradictory experimental evidence from animnls, their few clinical obser-
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vations suggest th«t Cortisone therapy during pregnancy doee not result in
any dsmage to the infant. Abelman and DeCosta (1952) 2lso ctate thet in
their opinion Cortisone ney be administered freely during pregnsncy in the
humen. In other wibrds, sn incrdased mortality and other modifications were
found in the rat and cther sxperimental snimsls while in the human, accord-
ing to thess investiigetors, no noticeable effects were noted in the fetus
when mothers were treated during pregnancy. If the above oheervations sare
correct what then ie the basis for the differences in response between the
humen ond lower mamsale * The following le suggested ae & possible explan-
ation for the differences cbserved,

It e known that the human hae » placenta (Haemochorialie) in which
the chorionic villl sre free snd flost in cavernous spaces and are bathed
by the maternal blood, Hossman (19%7) working with various rodente obeerved
that ﬁho rats' placenta appeared to be hemochorial, probably becominz hamo-
endothelial,If ‘this istrus then the plmcenta of the rat ie the closest app-
roaeh 1o an sctual intermingling of fetsl and maternal blood, The fetal
capillaries sre separated from maternal trophoblost channels in the laby-
rinth by an endothellsl layer, Hence possibly Cortiaone, or ~ne of tte
metabolites may pass more readily from mother to fetus in the rat thue mcc-
cunting for thé modifications nnd effects chrerved.

Cn the other hand, haowever, Wislocki, Jnnne,;gf@pnay {1545) obaer-
ved in ‘their work on the rat thet a beoemsnt membrune existed sround each
of the fetal caplllaries, snd this would indicate thut the rate' placmste

ie not hemoendothelisl In the strict sense of the term, Bridgasn (1948)
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substantiutles these findings by observing that the cytoplasm of the laby-
rinthine trophoblast persiste until term and does not Lresk down ln esections
leading to a hemoendothelisl type of placenta. Recently, nowever, Wislocki
und Uempeey (1955) utillzing the electren microscope studied the placentce
of rots. They cbserved that the placents of the rat throughout geetation
possesees & plicental barrier which ie composed of * (1) Two or three thin,
cverlapping rsheots of cytoplusa of fndividual treph;blaatic cells, (2) o
basement membrane supporting the tropheblest snd (3) the wall of a fetal
capillary coneisting ¢f a basement membrane bearing a lining of endothelial
cells, Thue the placentel barrier is not hemoendothelial but hemochorisl

in charsoter, nnd the trophoblast is nlso cellular instead of synoytisl in
structure.® Thie would seem to indicate then thet the human and rat would
have the same type of placenta (hemochorial) smd vassage of subatances adrose
thege placentsl barriers amight be essentinlly sistlar.

Flexner end Gelhorn (1942) working with different compounds have
shown that the passage and rate of transfer of substances from the bdlocd of
the mother to thet of the fetus increnses ss the layers to be passed de~
creased. Even if the irophoblast layer psreists in its entirety, the plac-
ental barrier in the rat 1s one of the thinneet encountered. Thus it would
appear poseidble thet asubstances could pase its placenta more readily than
the humsn placents, Cn the other hand the overlapping cellular character
of the trophoblast of the r:t placenta ss shown by the electron aleroscope
studies may hove far diffsrent transfer properites than the single layer

syncytium of the himan placenta. B3ut does Uortisone follow this patternl
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Ite chemical siructure 1s infistiely different than 2ny of the compounds
heretofore ueed in tranaference studies., Besides, the eubstances used in
rlacental ‘ranefsronce studies §if’used acroee » zradient which Cortisone
could prodably nct do. Werk with radio-cctive Cortisone ehould provide
interesting res:lts here,

. It te duportant to note that the amcunt of Cortisone sdministered
in pregn:nt animale is much higher on a body weight bLaels than the equivalent
smounte administered to pregnant women. (Human %0-1%0 mg. per day). Abelman
and ﬁoﬂo:ta/éiffzgaily dosages of 15,0 mg. of Cortirone Lo rabbits weigh-
ing from 3.% to 5.0 kilograms. On the bhasis of weight the equivalent dosage
in a preznsnt woman (40 kilo) would be in the range of 180 to 250 mg. per
dey. Courrier aduinietered 25 mg. dally in rabbits which on = weight busis
would be 300 mg, deily, for a £0 kilogram womsn,

In our work on the rat we injected s maximm of 5.0 mg. daily
which on a weight basis would be the equivalent of 1500 mg. of Cortisone
daily for s €0 kilopraez woman, There sxiste the poseibility therefors that
the dosage uced in cur experiments was beycnd the therapuetic level, and that
some of the results odbtsined may be more pathological then phveiolegical.

If this is true it would appesr tehn that hirh dosages of Uortiszone in the
rot act e @ lethsl subetance causing the high mortality rate of fetuees.

The positive esite of this lethal actior has not been identified, It ie posa~
ible that the metabolic depradation products of Cortisone may cause adv&?ao
effects on the eensitive fetnl tiiauos. There i8 nlec the poesibility that

Cortiscne acts on the placenta itself, or on the placentsl-fetsl relationship.
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Great welght lces and inability to gain much welght, plus extreme debilit-
stion results in newborn when large asmounts of Cortisone are adninlstered
directly. Thie {» not esen in the fetuses whose mothers had received Cort-
isone, Thie.would lead one to postulate that Cortisens in {t2 oririns) fora
does not pres the plecental barrier, but rather a metabolite of Cortisone.
If thie is true then the metabolite is capable of caueing fetal adrenal
suppreseion snd fetal mortality as well ~s other effects, but {t le not cap-
able of cauning welght loss and fetel debilitetion, Howsver, whethor Cort-
ieone, or ite metabolites aot directly on the fétus to cauee death, ss in
the case whese Domm snd Leroy {19%1) injected fetuses directly in utero or
whether it cruees chunges in the placental-fetal relotionehdp remalne tc be
determined

The decrease in weight gain obeerved in our pregnant rats gave evi~-
dence of the occurrence of some type of Cortisone effect on electrolyte bal-
[ance within the tiassues of the body, Apparently Cortisone causer sodiun
jexcretion which in turn would remove water from the bedy thue causing s da-
crease in welght, The menifestations of this electrolyte imb:-lance could
EBisturd metsholic pethwave,

Several theories have been advanced to account for the loss of
peizht observed in Cortisone trested snim=ls. Gaunt, and Svérecle (1949)
falntain that Cortisone suppresses posterior pltultery =etivity th s ore-
fonting the «ction of ASH on acdium and water retention, thereby caueling

Felzht lose due to sodium »nd waeter diuresis,
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Bland (1952) explains veight lcss following Cortliscne adminietra-
tion by essumlng thet Cortiscme inaidite the pltuitery relecce of ACTH and
consequantly the production of -drenccerticsl cempounds ir suppressed, This
would mesn th-% desoxycorticcetercne, which =ote sovewhat ae an antodliuretic
substznce, could no longer help control ecdlom and water preserveation 1n the
kidney tubuler sid thersfore an excees renzl loss cf esdlim snd waler would
ecccur caueing the obrerved decresse in welght. This theory seems to be in-
validated by other workers whe find that ACTIH has no control over the pro~
duction sof descxycorticosterone by the mone glomerulosa of the rat adrenal
sland but rother that the amount of eodium =nd weter presamt in the body
{ sutoncmouely) helpe contrsl desoxycorticostarcne producticn nd therebdy
helpe control sodium -nd water retention and excretion.

It 12 slee the cantention of some workers th:t the lose of welght
due to Cortisone adminietration e due to body water deing removed from the
pesenchysal-derived tisesuen, resulting in on incrense in sodium nd water
diureein. The obrervations m.de =n the cauee of welght loes und gein are
quite conflicting, The opinione on eticlozy by varicus authcore on this
gubiect are diverse., it thls time no conclusivé evidence can be presented
to subetantiste any cne clalm,

The relationship between Cortisones and the testes presente sn inter-
eating srodlem. It le true thet a direct relationship exlrets between the
testes nnd the -drenal cortex. Removal of testes in n rewborn rat or mouse
resulte in pereistence of tha X-gons of the sdrensl cortex. The aduinle~

tration of sndrogen causes dissappearance of the X-zone., Hyperplastic, or
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necplastic growths of the adrensl cortex are associated w»ith a masculine
izetion in hotn meles and femnles. This Adrencgenital Syndrome may be
reversad by extirpating the ndrenal cortex which produces the exceesive
amounts of hormone. Another proof of the existing relationship of adremsl
gland =nd testie is found in the phyeical findings asscclated with Cuehing'e
Syndrome,

Yet experimental evidence is far more contradlctory concerning
‘androgenicity 'nd estrogenicity of adrenccortical compounds, Talalay, Dobeon,
Eberscle, and Hugzine (1952) in thetr work on the albino rat found that
* Cortisone scetate is neither sndrogenic, nor is it an antagoniet to teet-
oesterone propionate with respect tc the prostate epithelium of the dag. We
were able to confirm earlier obeerveations that Cortisone acetste iz without
effect cn the weight of the uterus cf the castrate immaturs femule rat. ¥hen
given in conjmnction :1th diethyptilbestrcl, Cortisone scetate psrtially eup-
presees the stim:leting effect of this estrogen on the uterus in what eppears
tc Ye a competitive manner."

Yot in our woerk on the rat we chrerved the appesrance of some type
of testicular degsneration in fetuses whose mothers had received large sw~
cunte of Cortieone, The etioclogy of thie degeneration 1e rather obhscure.
Hoore (195%) in his work on rats obmerved thst the adminlestration of Cortiiscne
failed to demonstrate an effect " on the accessory reproductive glends of
castr.ted or intact malee or fem%lcu. of either voung or older agee. CGonadal
changes in relative wadzht or histelogy were indefinite in the msle, but in

the fem:le the ovatles were constantly hesvier in the treated snimsle,®
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He concluded that " Cortiscne Acetute in doses up to 5.0 mg. ver day does
not exhidit an undiogapie. estrogenic or gonadotropic effect in oung cor
adult rate."® )

4e know that in adrenslectomy sexual functions are impaired and thaet
degeneration of the testis cocurs., A possible theory then to sccount for
testiculsr modificstione is as followss Cortisone inhibits the producticn
of ACTH by the pituitary., Becsuse of thin dimbnution of ACUTH the fetal ad-
rensl strophies snd the production of adrenccortical substances is dimin~
ished thereby causing dogoneratién of testis., Another possibility i that
Cortisone inhibits the beta cells cf the pitultsry which are responsible
for the production of ganadatrapic horumonee. 7The dimibution of gonadotropioc
.ormones resultsin tecticular degensration.

In cur experiments on the mdministration of Cortisons im newborn
rats we were unable to find the type of testicular modification ¢ beerved in
the fetusws of treated mothere. 1t is poesible therefore that the substance
which caueed the fetal teeticular modifications ie a metadbolite of Gortisone
produced by the mother, eince Cortisone spparently did not csuse the same

effettes in treated newiorn as were observed in the fetuses of treated mothera,

SUMMARY
1. In 17 mature female rete adninistration of Cortisone, from 21 to ¢ days
had no orfﬁct on the mating response,
2. Cur evidence indicates that prolonged sdminietraticn of CVortisone caused
a decresae in the fertility of maturs femnle rats.

3¢ A lower gain in weight was observed in all pregnant rats trested daily
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with 2.5, 2.5, and 5.0 mg, of Cortisone

Cur resulte indicate th=t Cortisone incremsed the number of stillborn in
Cortisone trested mothers nnd that the rate increared with prolonged
Cortisone administration,

The young of Cortisone trested mothers showed no visible ancmalies,

The decresse in weight observed in Cortisone trested young rats was not
observed in the newborn of Cortisone treated mothers.

A normal postnatel survivel rste was observed in young rats whose uothers
had received daily injectione of lortisone during pregnancy,

The young of Cortiscne treated mothers showed » normsl postnatal growth
pattern.

The testee of nevborn from pregnsnt rate having received dosages of Corti=
sone beyond 5.5 mg. for periods of 12 or more days were zodified. There
sppeared to be fewer seminifercus tubules in the medisl portion of such
testes,

In comparing the testes of newborn rate receiving 25C and 500 gamme of
Cortiecne with controls the former appeared to be olightly smaller,
Cortiecne administration in newborn rate csused an increase in mortality,
A reduced growth rate and weight gain were observed in newborn rats receiv-
ing Cortisone., DUlarrhes and clonic seizures were oboerved. The fur was
ruffled and the general appearsnce wae sne of debilitation.

It is concluded that Cortisone, or a metabolite of Cortisons crossed the
placental barrier causing the effects chaerved in the young of treated

pregnant rats,
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Figure 5.

PLATE I

Teatls from newborn whcse mother hsd recelived
injections of 2.5 mg. of Ccoriisone frem: the
10th day to the 21lot day of gestation. Hewborn
wae killed at birth, Hotice the capsule, semli-
niferous tubules, and the leck of tubules in
the center of the tostis. Testis was fixed in
Boulrs fluid., Stained with hematoxylin and
eosin, Magnified, 85X, ‘

Tentis Prom newborn whoae mother had received
injections of 5.0 mg. of Cortisone from the
4th to the 21et day of gestation. Newborn

vwep killed the day of birth. Notice that the
wmedial portion of the testis showa an increased
lack of seminifercus tubules. Testlis wae fixed
in 3oulnk fluid. Stained with hemhAtoxylin
and eosin., Hagnified 85X,







Figure 6.

PLATE II

Newborn control testis. Newborn killed
on: day of birth, Notice the capsule, and
seninifercus tubules., Teotis was fixed
in Bouine fluid. B5tained with hematoxy-
1in and ecein, #Hagnified 85X,
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Pigure 7.

Pigure 8.

PLATE 11X

Testis from newborn rat that received
injections of 2% gamne of Cortisone
daily for 10 daye begluning on the
2nd day after birth., Killed age 12
deyes. Notlice the capsule and semini~
ercus tubules, Twestie was fized in
Bouin's fluld, SHtained with hematoxe
ylin, and soein. Hegnified 85X,

Testie from mewborn rat that received
injections of 500 gemse of Cortisone
daily for € deys beginning om the

5rd day after bYirth, Killed age 9

days. Hbtice the capsule and semini~
erous tubulee, Teetis was fixed in
Bouin's fluid. OStained with hemstoxylin
and eosin, Magnified £5K,
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Pigure 8




Pigure 9.

PLATE IV

Testis from newborn control sacrificed
vhen 12 days old, HNictice the capsule
ard seminiferous tubules, Tostle was
fixed in Bouin's fluld, Stained with
hematomylin and eosin., Magnified 85X,
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