SELECTED PAPERS
ON

Steroidal Hormonal
Contraceptive Agents

SN O A



Selected Papers on Planned Parenthood

Vol. 4

Steroidal Hormonal
Contraceptive Agents

March 1975



Abstracts
B 0=

Physiology of Menstruation 2
A&l
AXHEARTAH ﬁmmwgmm&mﬁmmﬁ ﬁmmm,#mﬂm
ASAMRERSELRREBE N, CPREMMNBT Markee G FEANRALABHE
FRBNH LMK LI :

Regulation of the Human Mensirual Cycle : 22
AR ERBNEY
AXGRT EN ALRAMDI LS S BRNRME TN, #%%ﬁﬁlﬁﬂéﬁﬁ/sﬁ#ﬁ
L AEARE: DIWRNIFEL K, 2)PIBRRASHAS, )HMM, 4)RBLSHRE,
FRAM P ORREM LS HEARE: DWRKBPELER, 2)PREHRSAL EEER,
WM, ORIERAESTIET. XA5IA TRBKETRLE T 8RR RHI8UE,
KEREBSERBNAT —FFOFLERS: 5 RIABRAOWTIER TS K
ERDIRAERTHSERREER (FERRT —FA LSRG TR, AIERENR
BEERMS T E, RS AR E R SHE R NGE.

25

ott mucom; 9! Ovmlatlon Sbirasel 31
ﬂus&u
mﬁmmaﬁsﬁa (ﬁﬁmﬁms&&_ﬁ)mmwwmﬁ AbBEE
TR 22 440 59 S T BRI 1A B v B D R 7 I R BE BT AL R e BT
HOR R, AT SRR AT, CRARMUMIFLE, HERR KIS ER
MABREM. TAMEE PR SR RS AP ATBRET YN T XME
L, 2= e AR oM

Pituitary & Gonadal I-lorpones In Women During Spontaneous & Induced Ovulatory
Cycles 47
Ak ER SRRHBENDAMNTEESENR
REEEHAMBRITRE. RANBEXALRAMMEA LA M F W FSHu
LH pi 72500, PARABRAY 1725 3006, R, EMEIRNZEK.
WL TERAMSERMzE FSH, LH, RHENSBEAMLR L2,
{EBIE R ERR 17-2E RIKEIEN A RHEIREE X, v
BREFEEERT FRB, S84, SREEZEAGAFTAR, BiheT BRI REEER.
FSH fn LH ik A — SR M,

Hormonal Regulation of Sperm Capacitation ! 109
MTRBHMRED
$KﬁﬁT%ﬂ?Rﬁ%%ﬁ&RZﬂ%*ﬁoﬁﬁﬂﬁ?ﬁ&ﬁﬁﬁﬁ%ﬂ?ﬁﬁ

MR R T, PR SBRBRATFERNIKLE BFERERLBEINRTFERR
%, RERREEMASRERT—B, B FLIEXHETERPRFMLELN
RTERNERZEMHIMMA. Hh R TFERIPENKE FLERFARELRPR
T MR RN R ESTRR, EEEMRTIASTERLENR LI/
e PEXEREMEHER. FEITREANKEIY Lit— ST R FREBIOBTER
e

v -



Hormonal Requirments for Egg-implantation 131
LS 23:F § 31
ACHIR T KB FA P BRI T A AP S RN . TERAREE
ZRE/D 48 /MR ENER b, THERSE 4 REMBEEROERAT, ARRERSD,
ZRROABURRANFS T RRNENRLBEORS DR FE—HENENFEXER
RIEASER T EAB#E —HaBEA RNA 84K,
MIE R FEEERERS BN EIRE KE CERANT D, ENEESNR, T
BERBENERRE X WEER.
RESBERTT EEREFEORRLENNRD, SH—-HREENMINARNRT
BEIER; RNA HSHH e E F.

Developments in Steroidal Hormonal Gontrlceptlon 149

HEARBEZHORR

AXERT HGEMROMBRHOMEEN, EREERFRERFENLER, RS
R P53 U, B 1R A U BB A — 2t R BESMETHE BIX 2 350038 R R RO TR,

New Developments in Anti-Fertility Drugs: Clinical Perspectives 155
RERHMOFER: HRNR
AXEARTHHBRG ENH—ERAERRRRATNNSETERRNETH.
FOBSHEOER: OREGHENERNSNE. EHEANENETNREE, OR
X ERIEX. FEARESZER, REERS, TERFERETFOME. WRME X
FH AW THHED. KB EEEMBEEEE.

Endacrine Properties & Mechanism of Action of Oral Contraceptives ., 189
ARR2HNANBERSHERNY
XhBAORBEHPRYRRAMEUENRASEHFERE. AMEANEIRAR
A v 44 O O RS2 B 00 1 8 58 o (2 e DRI 057 0B DR B EE L, )¢
PEEBCRME FSH 3 Bm0, RETHRRE, 2RRERAHIFKS LH KeN%, B
FSH fyioil R R K.

The Effect of Drugs oa Egg Transport 169
KHNWFETOEH. s
BFEMPEANES, URBE—EEBNTE—SREELOEALTRENNR
BT, P RDE SRR R — S AR SRR RN, 208 SR
EHER. WARENNCENEENSYH GrRiL¥) 3 EFaTaEmtTT e,
B YRR —SIEE FET EARPAATE, BRI FEE, MH—EUER
PBFELT, HZAMIP AL, X# (EAER R AT —TRELL. B—LeH
FfE B8 IR F 2 T2 AW BN, MA MT R 255 I K ERAT (A w1shi f . )
3 ATE T TLAL A RfE A L, ’lﬁﬂ?ﬂ&ﬂﬁﬂﬂﬁ?!ﬂ?ﬁm

Oral Contraceptive Activity of Danazol in the Rhesus Monkey 185
R BR#75 Danazol SHEFRABRR/ER
Danazol Tk &izhdy, EAEREARNEKRERS Y, L RFHREANNEH, T
BERZREHEAEREE, ANRARSANETRES NN OREZ2E5H,
$—KE: 6 FURMMMEIR, £ 2M 1116 XXE, 6 REE—RAMDER B ¢
RRES AR, SoXL3HRNRERENREERZY N0 RBZBR,
FT58. 18 R EMRERA Danazol , 553K 800—400 WITIL 00 K, ML MWRI,
mFi ks 100 T, W 6 R 1 RZEW 1 MMER, 09 60 R, W 6 RAZEN1 2.8
BB ¢ REER, 14 RNBES, 12 RTE 1 BRSIER 1 RES 2 AR 3—RN
FES 3 RMIER. HIBRAIL 200 iE;TFﬂﬂ:ﬁﬁﬁi% EALTERRSZREE, L3
ARHDRBRSHEA G EE,

. VI -




Pityitary’ Gonadotropin Inhibitory Activity of Danazol ; 189
¥% Danazol 38 {R1E MAYIDMFER

Danazol R RER KA. WhXHWORE, MEEREMIHEH H#BHODH K
A, ZRRREER. R FOREBENRSBIES.

RBRBARE, SRERA RARBHREE S RENRYATRD, FIRHELE,
BFIRERRD, KRR EE MRS, MRS, FHERERR, RIPEM
FPoRE|E], MDA AN K B2 B0M. RBERABENH, ZIAWFIRE,
ERE REASHERRR, MACERANEN LRI ERIBGR/N, TIXILIN
ERUAMN, RRBOBBARE, FTEERTAMN. 39S IRE R, RN
EAAE, MK Danazol 5, fiClarberg (M, B REM. EZMELXR, &
KPR 200 BT, 3t 6 K, MATSE2PH 1L IR,

[k Danazol 5, BH B/ —MRMOPEER. ZAHTHRRSZREE. HR
ABHREEE. MBENEH, LREAENAR, (FERNTERRERE A,

. Ofal Contracepiives: Therapeutics versus Adverse Reactions, with An Outleok for
the Future. | & II. 197
RERB2H. THSEYE (HWRE) ;
ATHFES. E—4 BENER, B4k, BH=ENHEXZBRTEXEYS
ZEMNBETL, MATEEGEORBRGALREN, RAMIAERRE R 8%
AHERhR MR EE T R EMNOEE. B85 R T HMOAER, SEMETMNA
T, NS HRIRERMEURFANERS, REEHT HEkE2HNRE,

Cobrdinated Studies of the Effects of Oral Contraceptlvu 233
N RBIREANZETR
AXRBEXATORBBZEZEHG—~MAERE, BRETRE, EXORBS
BT MmN b R T AR, W T4 SRR A T ARk B K. IRA DRBE TS
WELLIEN ETERAREBUAR. b, E3 18,000 ZREMEKRSNELETTE
RN, i B O BR B2 25 L PR T MO 4B A A, (BRA B XAE .

Contraceptive Use——Efticacy Study Utilizing Niedroxyprogesterone Acetate Admini-
stered As An Intramuscular Injection Once Every 90 Days 247
S=ANE-XRRP2EBR4ABR
A AT 1966 £ 2 A 19714E 10 B, ENSRHANERPEFEBRH T K
Fi R RNMAER. SBEMEF 3,857 LREERAK,FAMET 72,216 ~AZLBM,
FRMERER 12 48 1—70 MA). KA ER 0.26%/BEE, IMEHBFHE
WEAAS B, B2 R — L RRE, LS DRERHRENE RELL,

Contraception by An Injectable Long-acting Oestrogen-Progestogen Agent. II: Eva-
luation of Cycles, Menstrual Flows & Side Effects 257
KER-2RXBRHNALNAZENY. SRAK MR BN
AXRET 22 LREFNOKES Deladroxate if—Z 8 2R 341 8 3 1
“R, ERREBNMASANE SR (T~9K) #iTH. EENWERBRET2AAN
AR 28 2R, BiERBHOTESASANN 8.4 K ABEN 8.8 K, 46T
8.1K; 450 820 AMth, & 71.6Z B RN ¢~8 K, FHENY 7.8 X; 60515
REEXN, RAKS KNS RIEBHINRD.
(FRERHE, 22 ZRBAKHAE 17 AWK 1~2 BRHARMNEE 094 K 8.
AL B, T, MRS L, R EIAEHR,
#HE 1 ANTRUED A AR,

Post-"plil" Amenorrhea 1213
BSENEe

YRR SRABANE, ERRERAEMS 6 MAUENEERK 2.2%5(2.8%, &
XAt 89 BT THRIRS 7, S0BMBEERBIWATRMNAZE, NRARTRPHREL

“ 1K 4



ERERTRFRANGE. 17.080H28 838 (Galatorrhea), X% Ry ik by
ﬂgﬁi;&.tﬁ. REREDE, MRIPRERIVELBERS  BITHRBRER PR
ZRBPANE.

ERTRIEL REMMEERBRNERPN, 55 RERIE 1M i,
WIAR A Clomid ¥7T, %8 IR 7T e 50 232/ H x 6 XM/ 200 EF/H x 5K, HIF|
HIRHESP, JERCERERM, WEHERT 1~2 A BSE-REROBARLGT, W&k
i gl;r:;d, HUZBEARRYK, ABSRERMR. X4 U X BEFTELSTNR T,
12 Bl %2,

Effect of Pyridoxine Hydrochloride (Vitamin Bg) upon Depression Associated with
Oral Conrtraception 281
4% By MO RBR2H A S RAMMIDIENATRR
OREHAE—-BEERRHE5 R ERNELR BRI ¥ 2 R0XR, WEERFT
BB AT 22 AR MHINEAZ (GHHRERRERBETRARZ ST T B,
ENNELERERELER B T2 RZTER 11 6], AR LFENE 2 X1 a5 F 4
& Be IR R BEF. B4 11 GINEMIR . RAZENE e, l’FZ’ﬁrﬁT’E
RO RBZZ5F 40 DA S FT SR V151 R 44 X Be 097557 A1, g

Early Incidence Rates of Precancerous Cervical Lesions in Women Using Con-
traceptives 290
ABZERNALPHNNETRGNEHRER
ANRAAHTNETRE IS AP TFETEITMEALEST l’lﬂ%%%*?fiﬂ@&w
BT, EOEHATEYRSETRASESREOCHEINERENE TN ABER
Biak, #—FHRENETREEREASHBRLGREFET RN LR R,
ERRPZERS IS~ EEEENRARE; BIEER, k. 0r-E8. 45
KB FREETEME; L STAENRERE, £ 78098 WEALHERT 13018 A
NS AREY, REREREANERS, B 1706 \ES 2 ERERREREE N
EXIT AT . 62 3046 AFAAERIE 1016 ARCHT, bEBh 8:1, k%54 2738
AFIERTE R 911 AR, th#lh 8:1,
Geit s AR 8 250 B A [ AL R R RTINS AR R AR R R B BN YT
HRNFEASEITNERELSH E LA RXEHR S, ﬁmzykmm. kK
H TR A S5 %R S BTN KRR MM,




CONTENTS

Physiology of Reproduction
T HE %R

Physiclogy 6f Menstruntion seesses s ssssissssnsssivsisssusns sovsnissssipiosivns ansosssasassans &

Y-8
(Clinical Obstetrics & Gynecology, V. 13, N. 2, p. 365-385, 1970)

Regulation of the Human Menstrual CFcle coueueues cee cereee cos sssons snsses one snease ave e ees 22

AEARZRAMAY
(American Journal of Obstetrics & Gynecology, V. 109, N. 2,

p. 234-247, 1974)
The Hypothalamus & Control of Ovulatxon W S-SRI TR o . RRPVRPORPI. |
ERSHEPEH
(British Medical Bulletin, V. 26, N. 1, p. 3-9, 1970)
Pituitary & Gonadal Hormones in Wonen During Spontaneous & Induced
Ovulatory Cycles... B T L ATp————————_ ¥
Eﬂﬂ#ﬁﬁ%ﬁ@ﬁ”ﬂﬁ%*%ﬂﬁ-f"ﬁﬁ Eﬁ‘.ﬁ(i
(Recent Progress in Hormon Research, Vol. 26, Part 1—Proceedings
of the 1969 Laurentian Hormone Conference, 1-62, 1970)
Hormonal Regulation of Sperm Capacitation ...ceeuieesciesniieesersenensees sessescenees 109
BT RN R AT
(Advances in the Biosciences 4—Schering Symposium on Mechanisms
Involved in Conception, p. 13-33, 1969)
Hormonal Requirments for Egg-Implantation ...ccceveeeiuuennnaneeeisisvneereene seesennes 131

NERNBMRTE

(Advances in the Biosciences 4—Schering Symposium on Mechanism
Involved in Conception, p. 275-290, 1969)
The Steroidal Hormonal Contraceptive Agents & Thier Pharmacology
HERRR2HMEHE

Developments in Steroidal Hormonal Contraception......eueesees cecoesssssneseeveenes 149

HHEMRBBHORR
(British Medical Bulletin, V. 26, N. 1, p. 39-44, 1970)

sas
< 111



New Developments in Anti- Fertility Drugs: Clinical Perspectives...esoeuenrve. 155
NAEHHMOTER. ERNE

(Biochemical Society Transactions, V. 1, N. 2, p. 539-542, 1973)
Endocrine Properties & Mechanism of Action of Oral Contraceptives ......... 159
AREZ G H P itk R S RN

(Federation Proceedings, V. 29, N. 3, p. 1211-1219, 1970)
The Effect of Drugs on Egg Transport ....ccccceecevereeseeeseenesssncesssssssesssssssess 169
BRI F BTN

(Advances in the Biosciences 4—Schering Symposium on Mechanisms
Involved in Conception, p. 165-180, 1969)
Oral Contraceptive Activity of Danazol in the Rhesus Monkey .......cercueeee 185
IR #7 25 Danazol FHE FI%R M 2 i F
(Fertility & Sterility, V. 25, N. 4, p. 363-366, 1974)
Pityitary Gonadotropin Inhibitory Activity of Danazol .........eceeesseeens waeses 103

Danazol &k H4: BRIV HI/ER
(Fertility & Sterility, V. 25, N. 4, p. 367-372, 1974)

Side, Effects & Thier Therapeutics

BRATERRLET
Oral Contraceptives: Therapeutics versus Adverse Reactions, with an
Outlook for the Future I.. AP vt SO 0 ol | |

ORBEZEE, ﬁﬁ%ﬁﬁ.(mﬁﬁ) % ﬁ!fﬁ
(Journal of Pharmaceutical Sciences, V. 62, N. 2, p. 179-200, 1973)

Oral Contraceptives: Therapeutics Versus Adverse Reactions, with an
Outlook for the FHLATE T1  sncs cescisssmsisntnses sostmens soesesnss aon seomsi snsussnns. 219
ARBZE. THASHEEMERR), %-ﬂfﬁ
(Journal of Pharmaceutical Sciences, V. 62, N. 3, p. 349-392, 1973)
Coordinated Studies of the Effects of Oral Contraceptives .........eesseeesecesnes 233
ARBRBEANEEHE
(Contraception, V. 9, N. 2, p. 109- 122, 1974)
Contraceptive Use—Effeicacy Study Utilizing Medroxyprogesterone Acetate
Administered As an Intramuscular Injection Once Every 90 Days ......... 247
BZA-KNENERFFFEBEROAR
(Fertility & Sterility, V. 24, N, ¥, p. 331-339, 1973)
Contraception by an Injectable Long-Acting Oestrogen-Progestogen Agent I1:
Evaluation of Cycles, Menstrual Flows & Side Effects «..eucuverereecenveecns 257

kR —ZMRBRHN Ak A BAN. S ROEWREIEROTH
(Acta Endocrinologica, V. 65, N. 4, p. 683-697, 1970)

dan e Sl o



Post- VPiIE" RIEOROIEIRE - v ivuvisser srever sevossions son ussosbinss sesisss soss susioapsssisn senseniss, SIS
RERBAZ
(International Journal of Fertility, V. 19, N. 1, p. 37-44, 1974)
Effect of Pyridoxine Hydrochloride (Vitamin B,) Upon Depression Associated
with Oral Contraception .......cc.oeisriseniniicnieniensseisannsneneninsnenesnses 281
#AER Bs X OREA SR IDERE N BT HF
(The Lancet, V. 1, N. 7809, p. 897-904, 28 April 1973)
Early Incidence Rates of Precanerous Cervical Lesions in Women Using

teemeee cen esaene 290

Contraceptives «..eeeeesses pice

mﬁ@%%&ﬁa#*ﬁﬁiﬂﬁﬁﬁﬂs&&ﬁﬁi&z
(Gynecologic Oncology. V. 1, N. 1, p. 290-298, 1973)



Physiology of Reproduction



PHYSIOLOGY OF MENSTRUATION

EDWARD E. WALLACH, M.D.

From the Department of Obstetrics and Gynecology,
University of Pennsylvania School of Medicine, Phila-
delphia, Pennsylvania

THE MENSTRUAL CYCLE AND ITS ASSOCIATED features profoundly affect
many facets of female behavior. Besides the overt signs and symptoms
of menstruation, subtle influences may relate female reproductive as-
pirations and apprehensions to the menstrual cycle. These interactions
serve to emphasize thé pervasive authority exercised by the reproduc-
tive cycle and by menstrual function.

Menstruation follows the withdrawal of hormonal support from
the uterine endometrium with consequent bleeding. The state of the
endometrium thus reflects the controlling influence of ovarian hor-
mones. Although a relationship between ovarian function and men-
struation was speculated upon in 1793 (10), it was not until the
mid-nineteenth century that investigations of the reproductive cycles
in lower animals were undertaken. Discovery of the mammalian ovum
in 1827 by von Baer, the prominent zoologist, started an enthusiastic
exploration of reproductive physiology (19), but the basic concepts
of menstruation in the human and subhuman primate were not un-
raveled for another hundred years. The framework of our current
understanding of cyclic endometrial changes was built by the pioneer-
ing work of such invesigators as Allen, Bartelmez, Corner, Hartman,
and Markee (2,3,4,5,7,9,10,13,20,21).

In this article we will: 1. Review the changes in the uterine endo-
metrium leading to menstruation; 2. Discuss endocrine factors which
govern the process of menstruation; and 3. Outline hormonal changes
occurring during the normal menstrual cycle and their physiologic
significance, to provide a background for succeeding discussions on
dysfunctional uterine bleeding which is characterized by its deviation
from the norm.

BACKGROUND

For many years concepts of menstruation in the human were based
on extensive work carried out in lower animals. Formulation of present
knowledge of menstrual physiology, therefore, was delayed because
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species differences are extensive, not only in morphology of the repro-
ductive tract, but also in physiologic patterns of reproduction. For
example, the domestic hen ovulates daily, while ovulation in the dog
occurs ‘only approximately twice per year during periods of “heat.”
The rabbit ovulates on response to coitus; ovulation in other species
is confined to intervals of increased sexual receptivity during which
copulation occurs.

Analogy Between Menstruation and Estrus Cycles in Animals

Formulation of present concepts of menstrual physiology was also
restrained by the persistent belief that merstruation in the human
female is analogous to periods of estrus in lower forms. While it
is true that estrus in certain species and ménstruation in the human
play a similarly prominent role in the reproductive cycle, menstruation
and estrus are now recognized to be quite dissimilar. Periods of estrus
or “heat” are intervals of heightened sexual activity with a propensity
towards mating, Sexual activity in the human is not restricted to
specific times in the cycle so. that coitus does not-carry the same
risk of impregnation that accompanies mating in species with estrus
cycles, 2 ‘

* Ovulation, the focal point of the reproductive cycle, is common
to all mammalian species. Ovum release may occur during estrus,
in response to coitus or other stimulation, or, as in the human, periodi-
cally without an associated interval of estrus. The onset of estrus
is accompanied by changes in the ovaries and follicular ripening.
Some species with estrus cycles, such as the guinea pig, do net demon-
strate behavioral signs of estrus; however, distinctive cytologic
changes in vaginal epithelium can be correlated with particular phases
of the ovarian cycle and with periods of estrus. In the rabbit, coitus
initiates a series of changes which result in follicular maturation and
culminate approximately 12 hours later in ovulation. In the human,
however, ovulation does not come about during a period of height-
ened sexual ‘activity, nor is it a consequence of each act of coitus.
In the absence of pregnancy, however, ovulation in the human defines
the time of the succeeding menstruation. Thus the prominent features
in all mammalian reproduction are the development of the graafian
follicle and its accompanying significant changes in the genital tract,
ultimate release of the ovum with ensuing establishment of the corpus
luteumn, and further effects on the reproductive structures brought
about by luteal secretions which essentially prepare the uterus for
possible nidation. iy
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The details and timing of these events in individual species are
related to its particular reproductive mechanism. Care must be exer-
cised in drawing conclusions about these physiologic processes in
one species from information on another species. Obviously, the ex-
perimental animal lends itself more easily than the human to the
extensive investigations required to understand reproductive pro-
cesses. The expenmental animal must be as similar as possible to
the human in reproductive habit, and the possible importance of
differences must be kept in mind when results are interpreted.

Observations on Menstruation in the Rhesus Monkey

At the turn of the century Walter Heape reported his observations -
on menstruation and ovulation in the Macaca rhesus to the Royal
Society of London (15). The report was significant for several rea-
sons: first, his work with the rhesus monkey led Heape to speculate
on reproductive cycle similarities between monkey and human; sec-
ond, at a time when it was generally felt that menstruation and ovula-
tion occurred simultaneously, Heape suggested that this relationship
need not hold true. Third, he pointed out that ovulation does not
necessarily take place in each menstrual cycle in the monkey, espe-
cially during the nonbreeding season, and that anovulatory cycles
may also occur in the human. Since further work has confirmed that
reproductive cycles in the higher monkeys and the human are similar,
the rhesus monkey has been used extensively for studies of menstrual
physiology. Comer (8) recognized a temporal relationship between
ovulation and subsequent menstruation, with menstruation occurring
approximately 12-13 days after ovulation in this species. He also ob-
served that menstruation may occur without a preceding ovulation,

and suggested a correlation between the premenstrual phase of pri-

mates and the postestrus interval of other mammals. Allen’s rhesus
monkey investigations reported in 1927 form the basis today for the
widely held estrogen deprivation theory of menstruation (2). Further
work in the same ‘species by Hisaw (16) demonstrated that with-
drawal of corpus luteum extracts resulted in uterine bleeding. Hart-
man (13) subsequently recorded data on over 7000 menstural cycles
in the Macaca rhesus, with some animals followed for more than
50 cycles. Mastering the technique of bimanual ovarian palpation,
he was able to record ovarian dimensions and diagnose the occurrence
of ovulation on the basis of his findings. These observations also sug-
gested that although regular alternation of ovulation from one ovary -
to another was the usual condition, it was not the rule. Similarities
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between the reproductive cycle of the human female and that of
the subhuman primate have opened the way for additional basic
studies in the monkey which could not have been carried out in
the human, such as Markee’s direct visualization of endometrial tissue
transplanted to the anterior chamber of the eye (21) and Sturgis’ -
studies on follicular atresia (31).

Thus, our knowledge of menstrual physiology has developed largely
through relatively recent studies, in the rhesus monkey. It must be
re-emphasized, however, that any hypotheses concerning menstruation
derived from monkey investigations and applied to the human, are
conditional on the possibility of significant differences, despite strong
interspecies similarities.

PHYSIOLOGY

Cellular regression and replacement are characteristic features of
life cycles of most tissues, and the cyclic shedding of the uterine
endometrium is one of the most dramatic examples. The human endo-
metrium may undergo growth and proliferation followed by shedding
of its superficial portion some 300400 times during reproductive life!
The ‘accompanying ‘bleeding is self-limited and restoration of endo-
metrial integrity begins almost immediately after onset of desquama-
tion. Perhaps the most outstanding contribution to our knowledge
of events in the endometrial cycle was provided by Markee (21)
in 1940. Transplanting fragments of endometriai tissue to the anterior
chamber of the eye of the rhesus monkey, Markee was able to observe
the endometrium directly, continuously, and at high magnification.
His description of endometrial changes through many cycles is classic
both for its ingenious technique and for its invaluable information.

Endometrial Growth Cycle

- Four periods in the endometrial growth cycle were recognized,
beginning with ‘a resting phase of variable length from the end of
the last bleeding phase to the onset of endometrial growth. An initial
period of growth lasted 8-15 days, during which some of the ocular
transplants increased up to threefold in size. Slight regression occurred
at about ovulation time, followed by a second period of growth during
which transplanted fragments again doubled or tripled in area. Finally
a period of regression decreased transplants to their original size.
Bleeding occurred on the second to seventh day of regression when
the area occupied by each endometrial fragment had decreased 25-75
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per cent. Onset of regression varied from one transplant to another
even in the same animal. Although menstruation was always preceded
by regressive changes in the endometrium, regression was not always
followed by menstruation.

VaAscuLAR CHANGES AND BLOOD FLOW

Markee paid particular attention to the vasculature of the endo-
metrium,  having previously demonstrated rhythmic. fluctuations in
endometrial vascularity with blanching before menstruation (20). He
observed 'that regression of the endometrium was preceded by de-
creased blood flow through endometrial vessels. Two types of arteries
were recognized. The basal one-third of the endometrium receives
its blood supply from straight, short arteries, while the superficial
two-thirds derives its blood supply from coiled vessels. These two
types of vessels can be recognized histologically, coiled arteries have
thicker walls and a larger diameter. During endometrial growth coiled
arteries lengthen, and their rate of linear growth exceeds that at which
the endometrium thickens. Consequently, tips of the coiled vessels
closely approach the epithelial surface. Similarly, as the phase of
endometrial regression begins, thickness of the endometrium dimin-
ishes more rapidly than arterial length. Both of these processes result
in an increased arterial coiling and a closer proximity of vessels to:
the endometrial surface.

As a consequence of increased vascular coiling and subsequent
compression, the blood flow through coiled vessels is slowed during
the phase of endometrial regression. Stasis of flow is: accompanied:
by vasodilatation, varying in incidence, duration and degree. Men-:
struation usually begins within 4 days of vascular compression. No
extravasation of blood occurs during vasodilatation; prior to the onset
of menstruation, vasodilatation gives way to a period of vasoconstric-
tion. Coiled vessels which supply blood to the superficial two-thirds
of the endometrium contract 4-24 hours prior to bleeding producing
ischemia of the superficial portion of endometrium. The straight ar-
teries do not constrict, leaving blood supply to the basal endometrium
uncompromised. '

During the period of stasxs, leukocytes migrate through caplllary
walls, first into stroma immediately adjacent to the capillary and ulti-
mately into surrounding stroma. Bartelmez (3) considered leukocytic
. infiltration a constant criterion for histologic diagnosis of “impending
menstruation,” and even speculated that leukocytes may function to
accelerate tissue destruction.
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- After coiled arteries have been constricted for several hours, blood
escapes from their branches. In Markee’s ocular transplants 5 types
of menstrual bleeding were found: 1. Hemorrhage from hematomata
formed after breakage in a capillary or arteriole wall; 2. Direct bleed-
ing from capillaries or arterioles through epithelium without hema-
toma formation; 3. Diapedesis of blood cells through capillary walls;
4. Venous bleeding from vessels opened by shed tissue; and 5. Sec-
ondary bleeding from defects in arteriolar walls. i 0

Little tissue is lost in the first 12 hours, but thereafter tissue frag-
ments become detached and are shed. The amount of tissue lost seems
to correlate with the degree of coiling in superficial arteries: the
more highly developed the coiled arteries, the more tissue is lost.

CHANGES IN ENDOMETRIAL LAYERS

During an ovulatory menstrual cycle, endometrium may increase
in thickness from 0.5-5 mm. or more (4). Loss of thickness during
regression and menstruation can be accounted for by dehydration
of tissue as well as by tissue loss. A number of investigators have
postulated that during menstruation the superficial compact layer of
endometrium and the intermediate stratum spongiosum are both com-
pletely sheared off, and that regeneration occurs from the basal layer.
Bartelmez (4), however, has indicated that some of the spongiosum

* remains in place and dedifferentiates to reorganize into new epithe-

lium. The persistence of residual tissue superficial to the basal layer
is supported by McClennan and Rydell who feel that, in the human,
newly regenerated endometrial surface is usually derived from active
endometrium which has already participated in secretory activity.
Even as late as cycle days 3 and 4, portions of the spongiosum are
retained, but McClennan has been unable to find remnants of the
stratum compactum during menstruation. Considerable variation,
however, can be seen from one uterus to another, as well as in differ-
ent regions of the same uterus. B eadfag o

In Markee’s studies, regeneration.of the vascular system is initiated

shortly after rupture sites in the coiled arteries are plugged. With

relaxation of the basal portions of coiled arteries, blood flow is restored,
and new capillaries sprout from the functional zone. The restoration
of an adequate circulation may be correlated with termination of
menstrual flow. ‘

Cyclic growth and regression associated with periodic menstruation
normally persists throughout reproductive life in higher primates, in-
terrupted physiologically only by pregnancy and lactation. As early
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as 1897, Heape observed that corpora lutea were not present during
every menstrual period in the rhesus monkey, and commented that
ovulation was not a consistent event in every cycle. Corner later con-
firmed these observations (8) and also found a greater cycle regularity
in late winter and spring, with cycles of excessive lengths occurring
between June and January. Such observations probably delayed recog-
nition of the now well-recognized temporal relationship between
ovulation and menstruation. They may also have provoked Corner’s
statement that the “occurrence of regular menstruation without cor-
responding cyclic maturation—of follicles and corpora lutea in the
ovary is a phenomenon beyond the scope of current theories of
ovarian physiology, and offers new complications and difficulties in
the way of continued investigation of the primate reproductive cycle.”
(8) Thus the enigmatic phenomenon of anovulatory cycles was recog-
nized. Markee was able to distinguish only a small number of subtle
dissimilarities in the behavior of intraocular implants in ovulatory
and in anovulatory cycles. In the ovulatory cycle he noted greater
development of coiled arteries, more prominent vasodilatation, closer
approximation of coiled arteries to the surface, increased blood loss,
more endometrial desquamation and larger shed fragments.

HiISTOLOGICAL FEATURES OF ENDOMETRIAL RESTORATION

In the ovulatory cycle, once menstrual flow has started, restoration-
of endometrium begins. These progressive changes in the human have
been described in detail by Noyes, Hertig, and Rock. Proliferative
changes characterize the endometrial response to estrogen in the pre-
ovulatory phase of the cycle. Initially the surface epithelium is thin,
but glands begin to become more tortuous and lining epithelium
becomes composed of tall columnar cells. Mitoses can soon be seen
in the glandular epithelium; pseudostratification is apparent (Fig.
1A); nuclei of stromal cells seem isolated and stromal mitoses can
be recognized. Later in the proliferative phase stroma becomes dense
(Fig. 1B) and degree of pseudostratification increases. Following ovu-
lation, endometrial jglandular secretory changes begin. Glandular tor-
tuosity increases further, and subnuclear vacuoles can be recognized
in the glandular epithelium. The gland nuclei seem pushed to the
center of the epithelial cells (Fig. 1C); pseudostratification decreases;
and by the third to fourth postovulatory day secretion can be seen
in the gland lumina. The vacuoles become displaced to the supranu-
clear portion of the epithelium. Secretion reaches a maximum approxi-
mately 6 days after ovulation (Fig. 1D). By the eighth postovulatory



