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Unzxpecied and interesting biological activity
in ¢he field of reproductive physiclogy, was encouni-
erec while evaluating clomiphene (MRL 41}, an analoguc
o7 the synthetic, non-stgeroidal estrogen compound
chlorotrianisene (TACE) (Greenblatt et al,,1%6l). In
the rat, clomiphene hcs been shown to have pituitary-
gonadotrophin inhibiting and antifecundity properties
(Holtkanmp et al., 1960), while in the human it was

found to possess a surprising potential for the in-

duction of ovulatory type cycles in amenorrheic patient

(Greenblait et al,, 1961). A related compound,
ethamoxytripheotol (MER-25) had also been reported

to inhibit ovulation (Kistner and Smith, 1961).

Alzhough the induction of ovulation with clomiph-
eas is an important breakthrough in this defficult
field of endewvour, the advances in this field dated
back with the studies of the compound chlorotrianisenc
(7ACE) {Thompson and “erner, 1951). This weakly est-
rogenic compound uniiika most estrogens was noted no-
T2 cause enlargement of the pituitary whgn given in
Fats in high doscs { Segal and Thompson, 1956) i.e.

while eciradiol nornally causes pronounced enlargemenc
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iy W pituliary gland, o8 gificct was areatly roduced

when chlorotiianisenc wos civen concurrently with it.

Modific:tion of the chemical structure of chloro-
trianisene (TACE), hud led to a varied spectrum of bio-
logical activitiss o Soveral related compounds have been
investigated in ierrel laboratories. The specific biglo-
gicel effects produced by these modified substances arc
inhibition of cholesterol synthesis by Triparanol (MER=-29 )
(Blohm et 2l,1952 ) and estrogen antagonism by aethamoxy-
triphetol (MER -25) ( Lerner et al. 1958) ., Ethamoxytri=-
phetol (MER.Z25) is triphenyl cthanol derivative of chlo~
rotrianisene ( 1 " P ~ 2 - diethyl aminocethoxyphenyl” 1 -
phenyl - 2 -F anisyl ethanol ) . It was found to be
strongly antiestPogenic ( Lorner ot al. 1958). MER - 25
inhibits ondcgenous estronnns as well as estrogen given
in the form of natural ccupounds, or diethyl stilbesterol
o chlorotricnisene. This inhibition was seen in o variety
ot effocts ©s well os in saveral species (Meyceson and
iindsirom 1968). Yhoen female rats are treated for a brict
posi=copulatery ouriod with an adequate dose of this comp-
ound, implantation nover occurs, Theso animale enter o
poriod of pscudoprognoncy characteriscic of rats folleowing
storile mating and upon rosumpiion of ostrous cycles, arc

completely canable of having normzl litters(S»gal and
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welsen 19BE) o DeUrogc. ot ogunaGsE Lciyuaiy of NER-2T
had Been domonstrated 1o .0t .o snd casirarod rars
mice and monkeys and in chiels ~nd rabbits ( Lerngr
et ¢l, 1858). The cstrogen toirget organs cmployed for

the measurement of the csirogen antagonism activity of

4
-

o
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~25 , were the utcrus, vagina and pituitary gland in
the mammals, and the oviduct in chicks. An additional end
point employed was the chick plasma phospholipids(Lerncr

et 9101958) -

Ethamoxytriphatol (MER 25) antagonises the activity

of

both endogenous and éxogenous estrogens, sverocoidal and
non-steroidal (Meycrson and Lindstronm 1968) . The pituita=-
ries of 'rats to which MER=25 wns ndministercd were smaller
than thoso of control animals and it prevented estragen and
castration induced pituitary hypertrophy ( Lo nor ot al.
1958). Weak gonadotrophin inhibition was evidant in the
treated male rats and in itho parabiotic femzle rats.,.

MER=25 interfered with normcol pregnancy in the rat, The
male offsprings of animals to which the drug was adminis-
tered during lactation wore fortile but the ‘emale off-
springs were infervilc. On the othor hand, MiR=25 docs

not have estrogenic, wnurogenic, antiandrogeiic, proges=
totionzl, antiprogestational or gonadotrophii=like acti-

vities { Leirnor ot ol. 1958) . When MER-2 was adminis-
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tered uvrally o feomals rots on tha day of m~ting nc
centinued throughout the normal period cf oviducr-l
passage of ova, implontation did not occur. Restric-
ting the treatment period to only onc day poste-coitur
was also effective in preventing nidation { Segal and
Nelson 1988). The cntifertility effocts of MER-25
according to Scgal and Nelson (1958) appear to be
exerted prior to exit of ova from the oviducts. The
compound does not act by preventing decidua develop=-
ment, nor by interfering with post-copulatory maintce-
aance of luteal body function, Histologic evicdence
indicates that ova of fomalee trented with ME! =25
undergo degeneration aftor oxtrusion of socond polar
body ( Segal and Nolson 1953),

soon MER-25 was removed from further clinical trinls
bocause of its toxicity. However,successful iaduction ¢
ovulation in six out of 18 anovulatory women was ro-
ported with MER-25 by Tyler and Coworkcrs (1w0) .
Kistner and Smich (1261) roported on 4 patiei ts with
Stein~Leventhnl syndrome who were tronted wi h MER-25.
All c¢f them ovulated and 2 became pregnant,  his comp-

ound led to the imtroduction of clomiphcne,
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Clomiphene (MRL-41) is (1= P B dicthyl amino

cthoxy" phenyl ) 1-2 diphenyl -~ 2 - chloroethylene).

Chiorotrignisene
? s oH X
MER=25 OCHy
Cl
N~ H,Cy0 C =¢C O P
H5C3 |
Cloemiphene

Animal tests with clomiphence showod veory slight
gstrogenic activity and moderate nntigstrogenic actie-
vity { Murad and Gilman 1975) . Also , the striking
cffect wos inhibition of the pituitary gonadotrophin
formation ( Holtkamp ot al. 1960). Small doses stopped
the cgirous cycle of normnl rots, reduced the size of
the ovary. Somowhat larger doscs, inhibited spermato=-

genosis nlso by inhibition of gonadotrophins. Thes in
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both sexes, the compound initinlly wis © potent contro-
ceptive ( Murad and Gilmon 1275), Holtkomp ot al, (1960)
started the work in animals, Thoy concluded that the

major bieological activity rcofors to pituitary gonadeotro-
phin inhibition and antifccundity,. Clomiphene produced a
dose depondent reduction in the weight of reproductive
organs of intact rats: cvarics and uteri in femalos and
testes, seminal vesicles and ventral prostate in males

( Holtkamp ct al, 1960). It prevented the ovarian hyper=-
trophy induced by joining cestrate and intact rats in
parabiosis. Such results are indicative of pituitary
gonadotrophin inhibition. Clomiphene ,however, did not
chonge pituitary gonadotrophin content =nd produced no
change or a2 slight deocreosc in pituitary weight., Estradiol,
on the other hand, produced pituitary hypertrophy (Veraldo
1958). Administration of clomiphcne to maturc female rats
interrupted normal estrous cycles and produced a loss of
fecundity ( Holtkamp ¢t 2l., 1260).Both thege effects warce
revorsible after drug adninistrntion wes stopped, while
administration of clomiphcne to immoaturc femole rats gava

n doubling of utcrinc weight indicative of a wenk estrogen=-
like activity. Howover, i: antagonised the indirect utero-
trophic effect of PMS which suggests an antiestrogen action

of clomiphene { Holtikamp ct al. 1960).
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Thus tho vnginnl smcrr picturc, ©he mild uterotrophic
effect and antngonism to uterine weighe increase
indirectly induced by PMS, indicate that clomiphone
o8 o gecondary mild or atypical estrogen like and
gstrogen antagonising effecis. Troatment during co=
hobitation produced & loss of foecundity which was
reversible after cessation of treatment in rats .
Also clomiphene failcd to block exogencus gonado -

trophins ( Holtkamp ¢t al, 19G0).

In the human, uncxpected and astonishing results

worg obtoined . Groenblatt et ol, (1961) were the first

to report that clomiphcno was responsible of inducing
cvulation in a high percentage of amcnorrheic women,
Although inducticn of ovulation in tho human has baen

of considerable resecorch interest for several decadas,

for the clinician, however, tho problem of ovulatory
failure remains o frustrating dilemma, Clomipheone is

the most welcome dovelopment in this field .

07 the methods adopted, administration of human folliclce
stimulating  hormonc (F3H)} when followed by human chorio-
nic genadotrophin (HCG) hns been known to induce ovulation
(Gemzeoll ot al, 1988) . However, this method is not likely
to come into general usc becausce of the scarcity of human
FSH and adveirse renctions { Jones et al, 1953 , Buxton

and Hermon 1961 5 Greenblatt et nl, 1961),
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i hermoeg, 4 rqe follicol o ocynte g CYstic carpuar
iuten are froquently produced by chass gonadotrophins.,
Glucocorticoids haveo alsc soae merit in anovulntory
women particularly in cor. o in hirsute amonorrheic women
( Greenblatt gt ol, 1953) . Siniinrly, wedac resection
of the ovaries hos proved o vnlunble procedurc in the
management of the Stein-keventhal syndrome ( Stein and
Leventhal 1953) through tho reduction of the ovarian
mass, ( Greenblott et ol 1961). Oceasionally, cyclic
cstrogen and progesterone have been uscd successfully

in functional amencrrhen to restorc pituitary =ovarian
balonce. Alsc, striking results are fregquently obtained
with thyroid medication in the subclinical hypothyroid
patients with ovulatory failure (Greenblatt ot nl 1961).
In, addition, radiation therapy of the pituitary gland
and the ovaries has its proingonists, successes have been
reported with stimulating doscs but fear of genotic mu-

tntions restricts its usc { Rokeoff 1953), .

How clomiphecng came to induce ovulation, wos reported
in Grocnblatr own words {Greocnblate 1977):~ Clomiphenc wnn
rirst given to 4 people in the United Stoates os o centracop=
cive agent becousc in tho oxperimental animnls it suppresscd
ovulation ond spermntogencsis(Groenblatt ot al, 1961}, This

was true for the experimental animals 2s rot and the dosnge
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W el hagh g porhops i b SUTDIOS8IVE 20000,
When iried s o contracgptive in the human |, sgtnriing
with 10 mg o day from dry 5 ro doy 25 of the menstrual
cycle, it did not inhibi: owvulotion, Dosage was in-
cressed from 10 to 25 ¢. GO ©o 100 mg a day. After

50 mg per day for 20 days o month, many of the patients
have prolonged luteal phasc of 20~35 days., Wo soid"Ah,
we have a lutectrophic-ﬂgent, somaething thot maintoins
the corpus lutcum ! " . And, whether our thinking was
eorrect or not, we said, " Let's try it in the amecnorr-
heic patient”. Lo and behond , the first paticnts we
give it to, had been nmencrrheic for o year. We gave

her 100 mg o day for 20 days. She dovelopod two moss-
ive ovaries ond endometrinl biopsy revenled a secrctory
endometrium. The next timc we gave o smaller dose and
we were again able to siimulate ovulation. Wo tricd it
in 35 patients with ovulatory foilure and induced ovu-
lation in 27 patients .

Our report in 1961 in tho Journal of the Americaon Medicnl
Assoclation was not beloived by most gynceologists, who
rencined skepticnl.2 years lata-we published our results
in more than 250 coses with an ovulation roto of about
70% « Sence that time, I think that there have been »
thousand articles in the world literaturc supporting the

concept that clomiphone can stimulite ovulotion in the
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Lpor twvpe b poricnts UL iGreonblovt 18977

Aasc obsarvotiions hhve beoon canfirmed by many groupo

T investigotoers { Charles et al, 1962, 1$6€ ; Kistnor
et ~»l, 1962, 1965; Southam ct al. 1962 ; Peuble and
Greenblatt 1964 ; Roy ¢t nl, 1964; Thompson & Mellingar
1966; Hammersteinld67; Igarashi et al, 1967 and Jacobson,
Marshal & Ross 1968) .
Greenblatt et 21, (1962) and Roy et al, (1963) also ro-
ported an increase in urinary excretion of gonadotrophing
and estrogens in patients treated with clomiphene. 'xco-
ssive enlargement of ovarics and the formation of ovarisn
cysts were common features of the trsatment when dosce of
100-200 mg daily were given for 2-3 weeks but with doscs
50-75 mg daily, this complication was loss frequent
and the ovaries returnced to normal size after trectmens
nrs becn completed ( Murad & Gilman 1975).

The substance gave evidence of antiestrogenic effects,
Greenblatt et ol (1961) tried the drug in precocious-
puberty in three girls. They received clomiphoene anily
for 4=5 months. They ultimately showod lessening in th.
cmount of the menstrunl flow, regression of the vaginnl
cvtologic response and some decronse in breast sizo.
an anticstrogenic property of MRL-41 is suggested nlsc
by hot flashes in geverel cascs which is due to compe-
totion with estrogen reccpiours ot tho hypath:lamus rosulo-

ing in disturbance of autonomic netivities.
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