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ANTIHOBMONE FORMATION 70 SHIEP FOLLICLE STINULATING HORMONE IN MEN:
I. PROPRERTIES OF THE ANTIHORMONES

Frolonged admimistration ¢f gomadotrephic hormones derived from
one species to an individual of a differsnt species can elicit form—
stion of substances in the plasma capable of preventing the action of
the administered hormones, These substances have been named anti-
bormones, or more specifically, sntigonadotrophing. Such terminology
infers a similarity between antihormone and antidody formation; how-
ever, it is not the purpose of this report to consider the immuno-
loglcal properties of antihormones. This subject hes been amply re-
viewed by Zondek and Sulmen (1),

Antigonadobrophins, besides being effective against the sdminlae~
tered hormons, may aleo be effsative against other gonadotrophis
borEonss. Yz axperimental animale, 1% has bhesn demonstrated that
non-specific antigonadetrophine mey even be effective egainst the
normal, olreulsting gonsdotrophine. For example, Rowlands (2) found
that non-specific antihormones were formed in the serum of rabbits

injected with an ox anterior pliuitary extrect. Administration of
thiz serum 40 male or female rates was followed by atrophy of the
gonade, similar %o that ogeurring after hypephysectomy.

The prodlem of antihormone formation 1s therefere of considersble
importance in olinicel therapy with gonadotrophic hormones. Besldes
vitiating the effects of the administered hormene, the formmbtion of
non=gpecifico antlhormones could also nullify the actions of the patient'’s

endogenous gomadotrophic hormones. This possibility hes been recognized,



but as yet has not been demonstrated (3),

Antihormone formation in human s‘xzh.;aietabbmg followed adminige
~ tration of pregnant mare serum gonsdotrophin (%4¢5:6), norse pitultery
gonsdotrophin (7), and a mixture of human chorionis gonsdotrophin and
sheep pitultary gomadotrophin (Synspotdin) (8). The sntinormones
forming against pregnant mare serum were specific (%8), 1,e., they were
effective only against pregnant mare serum gonadotrophin. The antie
bormones formed mgainet "Synepoidin® anmd againet horse pltuitary
gonadotrophin were non-specific, as they wers sffective against pregnant
mare serum as well as against the sdministered hormones (8:7), There
wag no evidence that the antihormones ‘wa;rn affestive against the
patients’ endogemous gonadotrophic hormones (6),

It ir the purpose of this commumication %o rveport the resultes of
studying antigonedotrophin formation in seven sterile men receiving a
sheep anterior pltuitery extrast rich in follicle stimulating hormone®
(hereafter referred to as sheep FSH). The follawing probleme were
investigated:

1. RBate, incidence and amount of antihormene formation.

2, Specificity of the antibormones. ,

3. Effects of the antihormonee on the patients' endogenous

gonadotrophins,

4. Mechanimm of action of the antihormones.

Method of sntihormons assay: Twenty-four day old female Sprague-

Ievley rats were used sms assay aninmale. A sample assay is presented

*@enerously eupplied by the Schering Corporation throungh the
gourtesy of Dr. Bdward S. Henderson. (This preparation also contained
small amounts of interstitisl-cell stimulating hormone.)



*egep ouy iTe o3 Lyddw pue fessw yose
Ul POPRIONT SIOIUCD WAL POUTELQO eJes £TOIUOD pesoeluTER J0J SONTEA 080ULgee
‘woysoefuy °H'S°f TPILIRT Supner(oy sdep g8 *w°y tewsud JO 80IN0g,
sfep ¢ xo0g
£L1yep eoay pedejsiulmpe SesOp (eube g Ojuf POPIATP eJea wusEld PUS 'H gL OUle

o see® [0I3UOD
£ 1 og (4] pesoefutupn
£ L4 1 &8 ae8°1 ¥
2 81 %1 e ¥
e 28 801 L] ¥
s9El “Bu “Fu °29 2391 Jed
3o Jugrea @ rea pesoefuy *H°§°g deous Jo s4yug
o gy TETIGAS gugIeqn susw i
sgex Avesy &0
S@NRIOH

SHINJOEIONVHODIZNY 0 ROXIIO¥IMG 1 WTEAVL



in Table 1, Rach rat reseived a total of 4 wnits” of sheep FSH die-
solved in 6.0 cc. of water, 1.0 co. being injected suboutaneously

| twice daily for 3 days, One group of rats received only FSH, whereas
others received in addition varying amounts of plasma suspected of
contalning antihormones {obtalned from patient E. H. 83 days aftey
initiating therapy). The plaeme was divided into slx equal doses and
injected eubeutaneously a@eﬁmﬁrentl:r with the hormons, but at a sep=
arats site. 7The rats were kdlled 24 howrs after the last injection,
and the weights of ovaries and fluld-frse uteri were taken as the sssay
snd-pointd. (Controls recelving only PSH were included in esch asssy,
because 1t was found that the amowmt of hormone varied from ampule to
ampule. It should be streseed, however, that in each assay sll rats
received exactly the same amount of hormope from the sane stook sol~
ution, :t"rnhly prepared prior to each assay.)

The date of Table 1 demonstrate that rats receiving only FSH
showed marked uterine snd overian stimalation. Rats receiving in
addition 0.9 ce. plasme showed only uterine stimulation, wheress rats
recoiving 1.8 ¢o. of plasma showed neither gverian nor whterine stin-
ulation,

Certain details concerning tho response of the immature femals
rat to gonadotrephic hormones should be emphasized. The first response
of the ovary to @nadotmphi&hammn iz seoretion of estrogem, which
is detected By an increase in welight of the uterus. Only after the
uterine weight incresse has reached a maximum does the overy increase

*“Unite® refers to the manufscturers' stated potensy. This also
eppliee to the other hormones used. v



in weight (8), mme 1mrtaﬁee of $his concept is illustrated by in-
spection of the data in Table 1. Compare first the data for rats re~
ceiving only FSH with those for rets recelving in addition 0.9 ce.
plasma. If only uterine weight is considered; no difference between
the two groupe osn be detected, bYecause both 109 and 146 mg. ocan de
coneidered as spproximately maximal uterine weights (8), However, &
clear-out difference is found by comparing ovarian weights, 83 vs. 16
Bg. Similerly, compare the figures for rate recelving 0.9 cc. plasma
with those of rats receiving 1.8 co. plasma, Overlan welights show no
detectable difference as both are at uninjected control levels. How-
ever, uterine weights now show a olear~cut difference, 146 ve. 37 nmg.
The individual assay resulte for esch patient are tabmlated ia

Tables A to & in the sppendiz, and suwmarized in Table 2.

RATE, INCIDENCE AND AMOUNT OF ANTIHOBMONE FORMATION

Aatibormone titers before therspy: Antihormons titers were de-
termined in 5 of the 7 patients before initiating therapy by assaying

0.9 ¢o. plasna against 2 units of sgheep FSH. In 2 normal students 6.0
co. of plasme ﬁi assayed against 4 units of P84 {Table H, appendix).
In no lastance were santilormones detected in untreated individuals.
Duration and smount of therapy: Tach patient received 50 units
of sheep FSH dafly {self-administersd, intramascularly) ezcept patients
K. f. snd G. M. Patient K. H. received 50 units twice dally for 12
days and then 50 units once dafly for 54 days. Patlent G. M. received

50 units twice dally for 45 days and then 50 units once daily for 11
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days. Duration of therapy ranged from B8 to 104 days. Duration of
therapy for sach patient iz tabulated in Table 2. Pretreatment intre-
dermal sensitivity tests to the sheep FSH were negative in each patiemt.
Ingidence of antihormone formation: Antihormone formstion ocourred
in each of the 7 patients, By determining antibormone titers at approx-
imately 2 to 4 week intervales i$ was found that all 7 patients davglopd
entihormones within 456 to 60 days after initiating therapy (Table 3).
At this time, antibormone titers were sufficiently gralat to nullify

nmany times the administered daily dese of sheep FSH.
Amounts of antihormone prement in the circulation: The amounte of

P S,

antibormone present in the clreuiation can be roughly estimaied as

follows: from Table 1, i1t can be ceen that 0.9 ¢c. of E. H.'s plasna
almost, tut not completely, prevented the action of 4 units of FSH. It
can be estimated that approximately 3 units of FSH were inasctivated.
Defining an "entihormone wnit" as thet amount just sufficlent to prevent
the action of 1 unit of hormone, them 0.9 co. of K. H,'s plasma con~
tained aﬁout 3 unite of antibormone. Agsuming totel plasma volume as
3,000 gc., then there are 3,000/0.9 x 3 or 10,000 units of antihormone
in the total plasma. This is emough to neutralize 200 times the admin-
istered daily dose, or almost 3 times the totsl amount of hormone
edministered. Similar estinations for the other patients showed that
at the time of maximal antihormone formation there were 3,000 to 10,000
mwits of antihormone present in the plasma (Table 2).

Tinme required for sntihormones to disappear: Repeated sntihormone
assaye performed after stopping therapy demonstrated that antihormones

dissppeared from the plaesma within 3 to 55 months after the last



injection of PSH in 6 of the 7 patients (Table ). At the last dnte

tested, 6.0 cc. of plasma of each of these patients did not alter the
effecte of 4 units of sheep FPEI. Antihormonestifers were still prese
ent in the cther patient 283 days ms’r gessation of therapy; at this

time the titer was approxzimately one~fourth of the maxinmal walue.

SPECIPICITY OF THE ANTIHORMONES

in grdeé to test the specificity of the antihormonse, plasma
containing nn%uwmma against sheep FSH was tested agalnst the fol-
lowing gonadotrophic hormones:
1. Chorionic gonadotrophin derived from humen pregnancy urine.
2. Pregnant mare serum gonadotrophin,
3. Anterior pitultary gonadotrophin derived from horse pitul-
taries (mainly ¥SH),
4. Urinary gonadetrophin derived from the urine of a eastrated
man {mainly FSE),

The assays were carried out as previoualy described.

fwo commercial preparations were tested: "Pranturon" (Schering) and
"A.P.L." (Ayeret, McKenna and Harrison). In both instances, 1 unit of
hormone elicited a definite gonasdotrephic response which was completely
prevented by the injection of 1.8 and 3.0 cc. of plasme of patients

L. D. and C. G., respectively (Table 3).

ntigonedo trophl

Three cc. of patient C. G.'s plasma completely prevented the sction
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of b units of pregnant mare serum ("Antex®, Ayerst, McKenna and Har-
rison) (Fable 4).

aingt horse FSH: The antihormones

falled to alter the effect of 1 unit of horee pituitary gonadotrophin
(*Gonatrope”, Forbes). Although 1.8 co. of patient D. B.'s plasma
collected 66 days after initianting FSH therapy was capable of preventing
the response of about 2 unite of sheep FSH, ﬂl.‘lllﬁ amount of this
plaena falled to affect the reaspouse of 1 unit of horee pituitary
gonadotrophin., Similerly, 3.0 ce. of patient C. 0.'s plasma collested
264 days after initlating therapy prevented the effect of approximately
2 units of sheep ¥, but 3.0 and 6.0 ee. of this plasma were without
effect on 1 unit of the horse pitultary preparation (Table 5). Thus,
plasme contalning sntihormcnes againet eheep FSH was not antigonado-
trophic against horse gi:tnituy gonadotrophin,

Ths urine

was concentrated by the ultrafiltration technigune (9), A twoehour
aliquot gave a definite gonadotrophis response whioh was pertially
prevented by 0.9 ec. of plasma and completely prevented dy 6.0 ge.
of plasma {ccllected from patient K. H. 87 days after initiating ther-
apy) (Table 6). |
Antihormones that form in response to administration of sheep FSIH
are effoctive againet hormones from sheep, horse, and humen sources,
and therefore mre not species spesific. The antihormones are effective
againgt anterior pituitary, humen chorionie, and pregrnent mare serum
hormones, and therefore are umot hormone specifis. However, this lack

of specificity is not complete, becsuse the antihormones ars not
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sffestive againet horse pitultary gonmdotrovhin.

EFFECTS OF THE ANTIHORMONAS ON THE PAYIENTS* ENDOGENOUS GONADOTEOPHINS

B8ince the sntihormones were sufficiently mn—-sptéi.ﬁa to he
gstive against human castrate male gooadotrophing, the gquestion arose
whether or not they were effective against the patients' own urinary
gonadotrophing, Antihormones were tested againest endogencus gonadoe
trophine in 4 of the patients. Urine, colleoted after stopping therapy
{in order to avold recovering ada:lni;tnru sheep FSH), was concentrated
by sltrafiltvation, Hach rat in 2o given zseay recelved ap equal
aliquot of the wltrafiltered urine concentrete. One growp received
only urine concentrate, whereas oﬂ}us regeived, in addition, plasms
from the same patisnt. For example, patient L. D. colleeted urine
from day 2 %o day 7 after stopplng therspy. The hormone concentroted
from & twalv%nur urine gpecimen alicited definite uterine and
ovarian stimulation; this was completely prevented by the addition of
3.0 ce. of hig own plasma (Table 7). Similar results were obtalned
on the other 3 patients (Table 7).

The following contro) experinents were also performed. Six co.
of plasma from normal medicsl students R. B., L. C. and B. J. were
tested sgainst twelve-hour urine extracts from patients C. @., K. H.
asd L. D. respeciively, without materially effecting the gonsdotrophie
respounse of the sxtracts (Tadle M, aprendixz). Also, the plaegma of
normal subject E. J. was mot antigonadotrophie against hic own wrine
extracte (Table ¥, appendix).
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HECHANISH OF ACTION OF THE ANTIHORMONES

Although the antihormones are effective againet endogenous gonado-
trophiec hormones, gonsdotrophins ars belng exoreted in the urisme at
8 time when the sntihormones ii; the blood are at their highest level
{compare the time of urine collections (Table 7) with entihormone
assays tobulated in the eppendix). Aleo, urinary gonsdotrophin titers
were as high or higher than pretreatument levels (Table 1, section IX).
Therefore, antihormones do not destroy or irreversibly combine with
gonadetrophing nor de they prevent produstion or release of gonedotrophic
hormones fyom the hypophysis. fkﬂ-ﬁﬁm*ﬁ%‘mwmww
present ln ‘the uﬂn;::-:h;#;:;‘i !ﬁ: gonsdotrovhie poteney is clu.ﬂ.y

J \A}{: SRV 'V SUNIOY o SV ATV I PE SRPV “the glasne

demonstrablel TEbrefors, uymtian of aatxhnmm and hormone must
oveur. There are two possible sites where this could teke plage:

1. The kidney. The kidney could retals antihormone, tut excrete
hormone,

2. The ultrafilter concentration technique. It is possible that
tho kidney exeretes both hormone and antihormone snd that
witrafiltration recovers guly howmone from the urine.

To differentiate between these two possibilities, plasms kmown

to contain antihormones was diluted 1:100 with water and then goncen~
trated by the usual ultrafiltration teshnigus. The soncentrate was
then extracted with water to the original volume of plasme and ite
antihormone content compared with that of the originel ploema by as-
saying against sheep FSH. The date of Table 8 show that the ultra-

filtration technique ig cepablie of retaining sntihormones, and that

16
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spproximately B0% of the originsl potency is recovered. Thus, the
second poseibility ie mot in operation, and separation of antihormones

and hormoges must take place at‘ the kidnay,

DISCUSSION

Uliinionl data con~

cerning the formation of antigonafotrophine %o pituitm‘ﬂtm.ts are
nesger. leoyer and Wolfe (m), referring to the unpublished dats of |
lieyer and Sevringhaus, stated that antigonadotrophins formed in the
blood of human females after the administration of snterior pituitary
gonadotrophic prepsrations; no further information was glven. Spence,
Soowen and Rowlands (11) were unable to dstect sntihormones in the
sorum of 2 patients following trestment with 20 to 60 wmite of a pig
pituitary extract twice weekly for 16 to 33 weeks. Lesthem and

Belnet (7) reported that 6 of 13 patients treated with 300 to 400 units
of horse pitultery gonedotrophin per month devsloped antihorsones after
3 %o 4 monthe of therany.

To our kmowledge thers are no previoos data gungerning the form=
ation of antigonedotrophins in the human following the administration
of only sheep pituitary extracte. Howsver, Rakn?f and Leathem (12)
reported the resulis of treating 25 patients with a mixture of sheep
pituitary and human chorionie gonsdotrophins (Synapoidin). Antihormones
did not form in 22 patients treated for 2 tc b moaths., Antihormones
did form in 3 patients Sroated for rwore than & months with this pren-
aration. The formation of antlhormones in thelir sxperiments iz most

probably due to the sheep FSH in the extracts, since antihormonse
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formation has not been demonstrated following treatment with human
chorionie gonsdotrophin alone. (Segaloff and Parson (13) have re-
ported antihormones effective against human chorionic gonadotrophin
forming after the administration of this material. However, sz anli-
hormone sssays wera not performed prior to ireatment with shovionie
gonasdotrophin, and as this patient had previocusly received protracted
trestment with & pltuitary extract, it ig¢ most likely that these anti-
hormones formed in response to the pituitary agxtmt-;—not the chorionic
gonadotrophin. )

The low incidenss of antihormone formation encountered by Rakeff
snd Loathen (13) gompared to the 100% imcidence found by us may be
explained on the basie of the difference in dosages employsd. Vhers~
as we employed 50 units of sheep FSH daily, they used only S0 wnits of
Synapoidin monthly (186 rat synergy units...3 times weekly for the
first 2 weeks of each cycle").

The lack of specifieity of the antihormones formed in response to
sheep FSH i in agreeament with animal experiments (14!15). The fact
that the antihormones were not effective ag.inst horse pituitary
gonadotrophin is puzeling, but not without precedent. BSimmonet and
uichel {18) gound that entinprmonss formed in rabbits following ad-
sinistration of human chorionic, pregmant mers gerum, and pogt-menc-
pansal urine gonsdotrophing were not eoffective against horse pituitary
extraots. The only antihormone effeotive against horse pituitary -
gonadotrophin wes that formed in response to horse pltuitary extracts.

Our date demonstrate that antihormonas do not destroy, irreversibly

gombine with or prevent pituitary production or relesse of gonadetrophins.



Two alternats mechanimms of action may be coneldered:

1. The antihormones have no effect on gonadotrophing, but act
directly on the gonads, rendering them incapable of responding
to gonadotrophins.

2. Antihormone snd hormone combine, in which form the hormone is
incapable of acting vn the gonade., Such & comblamation could,
by definition, be separated by the kidney.

The first mechanism of action seeme highly improbasble. It is 4if-
fieult to visuslize how an antihormone scould render the gonads incapable
of responiing to one hormone but mot another, unless the mechanism of
gonadotrophic setion varies as to the hormone employed. Okkels (17)
has shown that thyrold tissue, unresponsive to the action of thyro-
trophin, again beacmes responeive to the same thyrotrophin vhen the
thyroid gland is removed aml placed in a perfusion apparatus. Selye,
Collip and Thomeon (18.19) nave demonstrated that rats refractory to one
gonadotrophic hormone are still ocapable of responding %o other gonado~
trophins.

The second mechanism of sotion pdequately explains the data,
Whethsy or not an antibormone wes ¢ffective againet & glvea hormone
would depend upon the ability of iht two to combine. Such a theory
adequately explains the action of antihormones without assuming that
they destiroy hormones pr act directly on the gonads.

Zondek and Sulman (20) demonstrated that antigonadotrophine do
not destroy gonadotrephins in vitro. They treated s mixture of egqual

smounts of hormone and antihormone with H/10 to B/1B HaOH and found thes
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the satihormone was destroyed, leaving sctive gonadotrophin.

Zuppernan, Meyer snd Herts (22422) have coneluded from experimente
in parabiotic rate that antihormones do not sct on the pitultery gland,
but that they “neutrslize” gonadotrophins im the blood stresm. We ‘
would agree with thely conclusions and define "neutralisation” ss
the formation of a combination of gonadotrophin and sntihornone,

That sntihormcnes are not excreted in the wrine of men with high
plasma antihormone titm*s agrees with work in experimentsl snimals (23.24),
whers antihormones wers not detected in the wurine of enimals having
high titers ,of antihormones in the plasme, '

The relationghips Batwesn sntiherssnes and endngencus gonado-
trophing are summariged diegresmetically in Pigure 1. Admiaistration
of sheep FSH eliclts the famﬁén of nonespecific sntihormones that

‘mre effective agalnst the patienta’ endogemous gonedotrephins. Anti-
hormones aet by combiming with gomadotrophing in the blood stream.

The antibormone~hormone combination is separated by the kidney, anti-
hormone being retained in the cireulation and hormone being excreted in

the urine.

STMMARY AND CONOLUSIONS

The following problems were investigated in meven sterile men
treated with daily injectione of follicle stimulating hormone de-
rived from the anterior pitultary glands of sheep {sheep FSH):

1. In what proportion of men given daily doses of sheep ¥SH
does antihormone formation scour?

2. How scon after initlating therapy with sheep FEH is anti-
hormons formation sufficisntly great to neutralize the effect of the
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FSH Veing administered?

3. How much antihormone is produced in responee to the administered
hormons?

4. FHow long dose it take for the antihormomes to dissppesr from
the circulation after FSH therapy is stopped?

8. Are the antihormonss species specific end/or hormone specific?

6.. Do the antihormones formed againet sheep P8H inactivate the
pationts' endogenous gonadotrophins?

7. What is the mechaniem by which antihommonss prevent the setion
of gonadotrophic hormones? |

The following answers were obtained:

i. In each of the seven men given daily injections of sheep FSH,
antihor wne formation cccurred. |

2. Sufficlent entihormones formed within 2 momths to cowpletely
vitiate the effects of the injected PEH,

3. The maximal titer of antihormones, attained within 3 monthe
after inltiating therapy, was sufficient to neutralize the effect of
from B0 to 200 times the daily injeocted dose of FSH.

4. Antihormones diseppeared from the cireulation 3 to © months
after stopping therapy.

B. Inapmuch as the antihormones were effeotive against gonadpe
trophing derived from shesp, horse spd humen ssurces, lthq are not
specles specifie.

Inssmch as the antihormones were effective against anterior

pituitery, chorionic and pregnant mare sermm gonsdotrophins, they are



not hormone cpecifia.

6. The antihormones found in the patients' plasms wers cepable not
enly of insotivating gonadotrophins dexlved from n castrated mem, but
were able to prevent the action of their own urinary gonadotropbine.

It is therefore conoluded that antihormones are effeetive against endo~-
genous gonadotrophing,

¥?: The mechaniem whereby antihormones prevent the astions of
gnadotrophic hornones le apparently s reversible combination between
the molesules of hormone and the molecules of antihormone.

It soems wmlikely that antigonadotrophins destroy gonadow
trophing or irreversibly combdine with them, because endogenous gonado-
tmphia hormones are belng excroted in the urins when maximsl amounts
of antlhormone are precent in the plasma. It ic comeluded that the klad-
ney separates the combination of hovmons and antihormosne by permitting
the exorstion of gonadotrophin and simultansously reteining sntigonsdo-

trophine in the cireulation.
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AFPERDIX

TABLE A. ANTIHORMONE TITERS OF PATIENT D.B. AGAINST SHERP ¥.S.H.
Treatment: 60 Units Sheep F.S5.H. Daily for 65 days

; Deys after
therapy Assay rabs

Units sheap Total ce. initiated uterine ovarian Hunbey

P.8.5, par plasma plaema wolght welight of

rat per ral sollected ng. Bg. rats
2 v —— 110 16 4
3 0.9 before therapy 100 2 4
2 0.9 24 B3 ) 3
4 . 1.8 39 102 70 3
4 s e 108 64 3
4 1.8 82 124 32 3
4 1.8 66 107 41 2
4 . S— 93 54 3
4 3.0 81 o8 33 3
& 3.0 102 111 21 2
4 8.0 io02 1186 ig 3

4 6.0 181 108 Bé &




APPLEDIX (Cont.)

TABLE B. ANTIBORMONE TITRRS OF PATIENT H.B. AGAINGY SHEEP ¥.8.H,
Treatment: 80 Units Sheep 7.5.H. Dally for 104 Days

Days sfter :
therapy Aseay rate
Units sheep Total co. inltiated uterine ovarian Fumbey
¥.8,H. per plasns plasma wolght weight of
rat per rat colleated mg. ng. rats
2 0.9 bofore therapy 111 2 3 3
2 - N 113 b 4 2
2 0.9 24 103 41 a8
2 0.9 B1 130 18 3
4 e s 109 83 3
4 1.8 80 116 38 3
4 e e 108 64 3
4 1.8 o3 139 18 3
4 1.8 1086 iz 20 3
& L= sy — lgﬂ 62 3
4 1.8 143 21 27 3
4 3.0 143 122 17 3
4 e o 80 87 3

& 6.0 12 111 &7 3




APPENDIX (Cont.)

TABLE C. ANTIHORNONE TITERS OF PATIENT R.C. AGAINST SHESP F.S8.H.
Treainent: B0 Units Bheep F.S5.H. Daily for B4 Days

Days after
therspy Assay vats
Unite cheap Total ce. initlated uterine ovarian Huomber
¥F.8.5. per plasms plaena woight velght of
rat par rat ecollected ng. »g. rats
2 0.9 vefore therepy 103 17 3
2 0.9 485 72 12 3
4 e~ stk 100 83 a
4 1.8 80 146 B4 3
& ~—— - 109 B4 3
4 1.8 73 181 20 3
4 1.8 87 4 12 3
% — mensas 120 63 3
] 1.8 13% 124 B9 3
4 1.8 137 133 48 3
4 3.0 144 154 ag 3
4 6.0 209 148 B4 3




TABLE D. ANTIHORMONE TITERS OF PATIERT L.D. ACAINST SHEEP F.8.H.
Treotnent: 60 Unite Sheep ¥.8.H. Dally for 82 Days

Deys aftor ;
. therapy Assay rads
Units shesp  Total ce.  initiated uterine  ovaries  Number
F.8.H. per plases= pleena walght wolght of
rat per rat solleoted ng. ng. rats
2 - —_— 100 19 3
] G.kﬁ_ bofore therapy 104 28 3
2 e R 13 w7 3
- 0.9 | bt oY 28 3
2 0.9 a6 138 36 3
2 0.9 49 143 12 3
& 1.8 78 143 i3 3
4 0.9 @1 133 1?7 b
4 1.8 b2 4 29 12 2
4 woden v——— 10 ki z
4 0.9 1086 130 a9 3
4 P e 1& 52 :5
4 0.9 i 106 45 3
4 .8 141 118 26 3
4 P, Fe— a0 a7 2
4 1.8 190 97 0 .1
4 3.0 180 102 86 3
4 i e 111 1] a
4 8.0 227 108 63 3




AFPPENDIX (Cont.)

TABLE B. ANTIHORMONE TITERS OF PATIENT C.6. AGAINST SHEEP F.S8.H.
Treatment: 5O Unite Sheep F.8.H. for 60 Days

Days after
therapy Assay rats

Unite shesp Total ce. initiated uterine ovarian Fumber

F.3.H. per plosma plasma wolght welght of

rat par rat sollected Bg. Bg. roate
[} i — 130 39 &
2 0.9 86 33 12 4
2 0.9 77 43 13 4
2 p— - 98 27 B
2 0.9 86 29 12 &
a2 F mgsmen 113 a7 3
2 0.9 128 B4 17 3
2 e e 134 32 3
2 0.9 137 a7 15 3
4 — i 109 83 3
= 0.9 180 15 40 2
4 1.8 180 R 16 3
& e e 109 64 3
£ 1.8 183 36 19 3
4 1.8 222 107 23 .
& o s 120 52 3
A 1.8 243 87 16 3
4 2.0 243 28 12 3
4 e e i BO 3
4 1.8 284 136 44 3
4 3.0 264 a3 20 3
4 o e 103 64 3
4 3.0 343 110 30 3
4 6.0 343 59 19 3




APPENDIX (Cont.)

TABLE F. ANTIHORMONE TITERS OF PATIENT X.H. AGAINST SHEEP F.8.H.
Troatment: 50 Units Sheep F.S.H. Twice Daily for 12 Deys
Then BO Units Once Daily for B4 Days

Daye after
therapy Aszay rats

Units sheep Total ec. inftiated uterine ovarian ¥umber

F.8.H. per plauns rlassa welzht welght of

rat per rat acollected »g. BE. rate
2 0.9 before therapy 113 25 4
2 e — 113 a7 bt
2 0.9 27 100 28 3
2 e o 138 &6 3
3 0.9 83 41 11 3
3 0.8 &7 23 8 3
4 o —— 109 83 3
4 0.9 83 146 16 3
4 1.8 g2 37 13 3
4 0.8 95 118 21 3
4 B ——— 101 K44 3
4 0.9 109 118 3 | 2
4 1.8 i69 114 30 3
4 R — s o0 67 3
4 1.8 184 99 87 2
4 4.5 194 29 47 3
4 — oo 111 -1 3

o 6.0 230 127 47 3




APPRRDIX {Cont.)

TABLE G. ANTIHORMUNE TITERS OF PATIENT G.M. ACAINST SHERP F.8.H.

Treatment: 50 Units Sheep F.S.H. Twice Dally for 46 Days
Then 50 Unite Once Daily for 11 Days

Days after
therapy '
Units sheep Total co. initiated uterine ovarien Humber
F.5.B. pey plaema plama welght welght of
rat per rat collected mng. ng. rats
4 — S 109 a3 3
4 1.8 23 96 74 3
4 i.8 45 118 85 3
4 3.0 77 77 i8 a
4 oo —— 102 84 3




APPENUIS (Cont.)

TABLE H. CORTROL DATA, TESTING PLASMA FROM HORMAL MEDICAL STUDRNTS
E. B., L.C. AND B.J. AGAINST SHEEP ¥.S.H. AND URINARY GONADORROPHINS

Assay rate

Plaama: uterine ovarian Henbey

Amount - woight woalght of
Hormone Source - ng. BE. rate
4 unite s 120 62 4
lhﬂﬂp 6.0 eo. ~ L.C. 114 ba 3
P.8.H, 6.0 vo. -~ B.d. 121 B2 3
12-hour ultrafilter
urine consentrate i a9 & 3
patient, C.G.., 7 mo.
after stopping 6.0 6. - R.B. io? 86 3
therapy
13«-hour ultrafilter
urine concentrate, ) 138 25 3
wtimt; I.Bu ‘% BO . ‘
after stopping 6.0 ce. - L.C. 132 14 3
therapy
12-hour ultrafilter
urine concentrats o o7 68 3
patient, L.D. 3 mo.
after stopping 8.0 ¢e. ~ B.J. 18% 71 3
therapy
12-hour ulirafilter
urine concenirate e 108 44 ]

normsl medioal
sbudent, B.J. £.0 2o, = E.J. il2 38 3
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ANTIHORMOKE FORMATION 90 SHEEF FOLLICLE STIMULATIWG HORMOME IN MEN:
1¥. EFFECT OF WIE AVITHORMONES ON SPARM COUNTS AWD
URIHARY GONADOTROPHIC HORMONE EXCRETION

The search for therapoutlie sgents effective in male infertility
has been relatively fruitlescs to date. In recent years, hormonal
therapy has bean considered. Of the various hormones, the ones most
Mkely to suocesd would seem to be those that ordimarily stimalate
‘spermatogenesis: the gonadotrophins. Of the gomsdotrophins, (from
anterior pitultary, pregoancy urine and preguent mare serum sources, )
one horymone thet ig knewn t5 spesifically stimmlate sy,amtagsgomi: iz
follicle stimulating hormone (PSH) of the snterior pituitary.(26)

It cannct be expected that PSH will prove effective in all types
of male sterility. Severzl prerequisites are necessary before suocessful
- reenlts can reasonsbly be expected. In addition to the obvious pre-~
requisites, such as patent vas deferens, and the knowledge that the
wife is potentially capable of conceiving, we have considered the
following:

1. Yestes with potentially reversible defects. In many cases of

infertility, the testes are irreparably demaged andi attempte at therapy
of any kind are usel ess.

2. QOonadotrophin production that is not alr elevated. If there
were already an incresse iz endogenoue gonadotrophic hormones, sdding
FSH from an sxogemous source could not be expected to stimulets spermato-
genesis,

Hypogonado trophic eunucholds are good examples of patients meeting



both these requiremente, for they have infantile tontes capable of
responding %o gonadotrophic stimulotion, and lower than pormel gonsdo-
trophin titers, Administration of FBE to mach patients, following

treatmant ?:itls ghorionic gonedotrophin, will preduce somplsie spermato-

(o

{
pX

genesisn (353,

3. A sultably concentratsl source of WBH.

In studyiaz ovear 100 infertile men with the view of determining
whather prerequisites 1 and 2 wers met, Lt was foumd that the majority
were elisinated hesause of 1) iwvrsporshle testicular demage, and/or
2) elevation of gonsdotrophins. Ia the current investignticn, zeven
infortile, but octherwise normal, men wore chosen whoe had either normal
or low urinery gonadotrophin exmorstion and whose testiounlar diopsies
revealed minoy, bub definite alterations in -pémh-agsmsh. The |
third prerequisite was met when = potént and partielly purified hypo=
physeal extract from shsep, contaipning predominsntly FSH, was made
anui.bla to us. Details concerning treatment are presented graphicelly
in Flgures 2 %o 7, and ere recorded im Teble 2, Section I.

In the preceding rmrt; it was demonsirated that the miministra-
tion of sheep FBH ellcited formation of antibormones that wers capable
of neutralizing the peatients’ endogenous gpnadotrephic hormones, It
is the purvose of this commumicetion to correlate the effects of sheep
FSH and subseauent antlhormone formation or spermetogenesis and endo-

genous gonsdotyophin exeretion.

BESULTS

Toesticular Biopsies: Testicular biopsies were obtained frem six



Figore 1

&a. Testioular blopsy from patient K.H. before therspy.
Seminiferous tubules of spproximately normal sizs,
containing all steges of spermatogenesis, but a
raletive preponderance of the more immature stegoa.
Bloughing of immature forms into the lumen of the
tubules. There is a cluster of normal ~appearing
Leydig cells near the upper right hand gorner. Note
lask of any irreversidble changes such as severe of
complete hymlinization of the becement membranes. X/ 7<

b. Testioular diopsy from K.H. 1 B tion.
There 12 & striking decreass 4n the sige of the semin-
iferous tubules as compared with the biopsy obtained
before freatment. Mature germinal cells are scarce,
leaving a preponderance of spermatogonia and P
spersatocytes. Tubules are completely filled by
sloughing of immature cells into the lmens. Sperm~
akozon are present, however, these are deeply-staining
and seemingly are old, retained sperm. Note the lamek
of any resognisable Leydig cells. The appsarance is
similer to that occurring in eadult pituitery failure.
or in hypophyseotomized animals. xiT5
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of the seven men before initiating therspy. (The seventh petient was
included bocanse he was found to have lower than normal titers of
urinary gonadotrophine,) The principal defects encountered were dis-
organization of spermatogenesis, lack of maturation, and slougning

of immature germinal cells inte the lumen of the seminiferous tubules.
There was a lack of irreversible changes such ag severe or complete
hyalinization of the basement membrane of the seminifercus tubules

or lack of all germinal cells. The amauﬂgmg.fmmre was the
presence of germinal cells in vericus stages of maturation which
sceningly could go on to sperm formation with the proper impetus. The
Leydig cells appeared normal, which was in accord with lack of sny
¢linical evidence of androgen deficiency. The bdiopsies showed &
marked similarity; a representative biopsy (patiemt K. H.) is 11~
lustrated in FPlgure la.

b_m: Sperm counts were yurrarmdv by diluting seminal
ﬂum in & red or whli’se cell plpette with dilute agueouns methylene
biue, and th&n counting the sperm in a Heubsuer oountling chsmber.
Sperm counts sre presented grephiscally in Figures 2 o 7. {(As no
more than an occasional sperm was ever encountersd in R. C.'s specimeas,
date on his sperm counts are not presented.) Although sbmormalities
in gperm nurpholegyy and motility ﬁre encountered in some of the
pmtiagts. no significant slterations occurred during or after therapy.

Great varietions in the nusher of sperm wsre observed before,
during and after instituting therapy. Aversges baféra, during and
after therapy, however, indiocated an upward trend during FSH therapy

in the 6 patients, followed by & decresse during the time of maximal
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Patient D.B. Age 35

100
90+
80
70
60

Sperm Counts
millions per cc.
50+

40
30
20+

|-*Ranga of 6 pretreatment counts~1

10}
days
o 20 40 60 80 00 120 40 160 IBO 200 220 240

10000}
50001

i - Units antinormone in plasma

100 )
58 I Units sheep FSH per day
Figure 2

100¢

Patient H.B. Age 31

70}

Sperm Counts
millions per cc.

[N
o
(Ranqe of 3 pretreatment counts

days
o} 20 40 60 80 100 120 140 led  1B0O 200 220 240

I Units antihormone
| ..., oo
o

20| S Units sheep FSH per day
Figure 3
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100
QO+

Patient L.D. Age 32
/‘

&0 F
70T

Sperm Counts
millions per cc.

60

50|
40}
30}
20

rRange of 9 pretreatment counts—|

to |

days
o 20 40 60 80 100 120 140 1O 180 200 2RO 240
U

10000 . :
nits antihormone
5000 in plasma
o

100 |

0! — Units shceo FSH per day
Figure 4
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100¢ Patient C.G. Age 21
80
70
60+
50

Sperm Counts
millions per cc. s
~.
30} T

o

A
If Second \ _/' L
f___----“‘"‘“'——-q____ A . Biop5y\ =t = e
20 40 60 80

o 100 120 140 160 180 200 220 z40 dgys

20}
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¢ Range of 2 pretreatment counts

10000

sooof  Units antihormone :
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Figure 5
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Patient K.H. Age 29

Sperm Counts
millions per cc.

Second
BK?Dsy days

100y

o
)

¥ Range of Z pretreatment counts

40 e 80 100 120 140 160 180 200 220 240

10000
5000 ‘ units antihormone in plasma
o e

100
0! [ — nits snoop s
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Patient G.M. Aqe 38

Sperm Counts
millions per cc.

days

20 40 60 80 100 {20 140 160 - B0 200 220 240

Units antihormone in plasma
4_*—
o-,_. S—

100
53__.Units__5bmp FSH per day

Figure 7
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antlhormone formation in three of the patients with high antihormone
.titers. The deorease in emch instance was below the pretreatment
average mamber of sperm. A fourth patient with similerly high antie
hormone titers slec had & deorease in numbers of sperm during the tine
antihermones were slevated, but the onset of the decresse was delayed
until two and one half months after initlal antihormons dstection. The
two patients in whom mumbers of sperm did not decreamse experienced
‘the least smount and shortest duration of antibormone formation.
Following the dlsappearance of detectable antihormones in the
plaema, the averasze mumbers of sperm rose %o pretreatment levels or
higher in the three cases in which & dégream had occurred, end re-
nained at the pretreatment level or higher in the two in whieh no
decresse was pncountersd. The patient with the daisy-_d. decrsase con-
tinued to have & low sperm count, snd continued to have entihormones
in the plasma at the last date tested, 283 days after stopping therapy.
Urinery gomedotrophin ezeretion: Before trestment was insti-
tuted, gonsdotrophin titers were normal in five patients, below normal
in one ard at the wpper 1imits of normal in ons (Table 1). tim?
for normal individuals are presented in a previcus publication *(’97?
During PSH adninistration (five patients tested) mo inarease in
gonadotrophin exoretion was noted. The titers fell below the pre-
treatment level in four patients and remained unshanged in one (Table 1).
After ¥SH administration had been stopped, and during the time of
antihormone ion, gonadotrophin exsretion was increased to the
pretreatment level in six patients and was slightly above the grétmmt-»

ment level in the remaining one {Table 1).



TABLE I. URINARY GONADOTEOPHIN ASSAYS BEFORE, DURING AND AFTER ¥,8.H,
THERAPY AND ANTIHOEMOWE FORMATION

Daye after
inltiating Assay rate®
Antie- o therapy utering ovarian Fumbex
horymone adminig- urine welght walight of
Patient fornation tration oollested ng. Bg. rate
0 Before 4] 47 11 Vi
n.B. + Aftor 65-68 58 1o 4
0 After i185-188 110 ia 4
0 Before 0 108 2 4
+ During 66-85 68 2 L
H.B, + During 101-104 13 12 4
@ Aftor if-146 = 118 22 3
0 Af ter 241244 141 26 4
0 Before 0 63 28 8
0 During 4849 80 13 4
+ During 81-84 78 14 4
R.C. + Aftor 87.92 52 13 3
EY Aftor 138-147 g6 13 3
0 After 200-303 B4 44 3
' 0 Before v} 123 23 8
L.D. + During 63-66 76 0 4
+ After 83-88 173 22 3
* Aftor 179-184 107 69 3
0 Before 0 118 38 4
+ Afger 64-867 138 16 2
* After 96-99 101 8 2
c.e. 4 After 167-172 126 45 4
+ After 186-19)1 108 24 3
+ After 249-263 100 64 3
* aAfter 282.-288 8% 77 3
0 Before 0 130 12 &
4 During 8456 36 8 3
k.82, +* Afber 69-72 4 8 4
< After TE-76 13 i2 2
+ After 186-190 128 233 3
* After 218-321 120 18 “
4] Bafore 0 73 18 7
¢ During 26-20 92 19 4
@.M. + During B4=58 133 23 4
+ After 71-78 118 2B 3
& Af'ter l162.168 126 17 4
Uninjected control rate 36 13 63

%Eash rat received the ultrafilter sonoentrate of a 12<hour urin§ spesimen.



After or ot about the time of disappesrancs of antihormones from

the eireulation, gonadotrophin exeretion was above the pretrsaiment

level in three patients snd squal to the pretreatment level in three
others (Teble 1).

DISCUSSION

Bperm Counts. Following the initiation of FSH tﬁarw, there was
an initial rise in the sperm output that soon reached a platean or
sharply declined to levels that were in some instances lower than before
therapy was begun. With the exception of one patient, the riee in
output of sperm was slight. There was no improvement im the impaired
motility or the sbpormal morpholegy of the sperm encountered in some
of the patients. The lack of decided improvement, despite the fact
that the seven subjects seemed suitsble cendidates for FEH therspy, may
be due to 1) insufficient amounts of FEH edministered, 2) the forma-
uaﬁ of aatibormones whish interceded so sarly that time for stimulating
spermatogenssis may have been inadequate, or 3) the defects in spevma~
togenesie may not have been amenable to correction with gonedotrophins.

-*!ha slight rise in average numbers of sperm oscurring in five
patients and the sharp rise in one lends encouragement to the possibility
that FSH therapy is potentially capadle of stimuleting spermatogenesis.
The fact that an esrly platean or sarly decline occurred could be
sorreleted with the presence of antihormonee in most instances. Thus,
one limiting factor in sdequate therspy apvears to be the formation of

antihormones. To circumvent early antihormone formation, perhaps other



sources of gonadotrovhins or more highly purified forme of FSH, less ept
to elicit antibormone formation fﬁ") sould be apvlied.

It would appear that antihormone formation did not cause per-
manent supnression of spermatogenesis, since output of sperm incressed
to pretreatment levele or above after the sntihormones disappesred
from the circulation.

The _gfggs of antihormone formation on the microscopic appearsnce
of the testis were studled in two instances in which biopsies were
repeated after therapy when antihcrmones were present. In patient C. G.,
the biopsy was performed on day 179, and in patient X. H., on day 65
after initisting therapy. In both patients, spsrm counts were decreasing
at the time the blopsy was obtsined. .

Similar changes ococurred in both putiéntn anid conelisted of a
reduction in size of the semimiferous tubules, reduction in the mumber
of mature cells of the germinal series leaving & preponderance of
spermatogonia and primary spermatocytes, sloughing of 2 large mumber
ef immeture cells into the lumen of the tubules, zn apparent retention
of utﬁrs spermatosoa (which stained deeply and seemingly were old
forms), and disappearance of recognizable interstitisl cells of Leydig
(Figure 1b, patient K. H.). PThe general n.pmérame was similar %o
that mmturofwmmmdﬁin adalt
pitiitgr fallure f‘%‘} The appmamo thus was not unlike that seen
1;‘;0113\;991:”&&%“1%& aniula{‘%)

The obvious explanstion for the marlked regrassion of the semini-
ferous tubules is that the antibormones prevented stimulation of the

tubules by elther the exogenous sheep FSH or the patlents' endogencus



FEH, mms, 58 {upnﬂerna the seminiferous tubules, the patient had A

LR o~ e
bean 7 p— Lowa

The regression of the intersiitial cells of Leydig sugrests that
either the sheep FSH contalned enough interstitiasl-cell stimulating .
hormone (ICSH) to cause anti-ICSH formation, thus prnmtlngr st ima~
lation of the Leydig cells by sendogenous ICBH; or the antihormonss
to FSH were sufficlently non<hormone-gpecific to prevent endogenous
IGSH stimulation. Apparently androgen production was not markedly
interfered with for any great length of time, since hone of the patients
experienced androgen withdrawsl symptoms.

i trophing were tested durlng FSH therapy to determine
vhether appresisble amounts of hormone were being emsreted. Since
gonadotrophic titers were lower during treatment than before treatment,
it seems reasomable to coneluds that ne apprecisble mmouwnte of the
injested sheep FSH were ezcreted in the wurine,

The dearsase during FSH therapny cannot be accoumted for by anti-
hormone suppression. This was concluded frou the fmat that ir one
onse the decreass ocourred prior to antihormone formation, and from
the fact that gonasdotrophines increased to pretrestment levels durin;

the presence of maximal antihormone titers soon after FSH tharany was
stopoed,

The rise in gonndotrophines encountered in fouwr of the patieats during
the time of declining antihormone titers or scon after antihormones
dlsappearsd cen be explained by the findings of Meyer, Kupperman and

i :
Finerty ’{m‘.‘ They noted thot upon injecting antibormones in rats, a

rise in the pitultery content of gomadotrophins cccurred. Upon stopning



the injectione of antihormones, evidence of incrsssed secretion of
gonadotrophin was obialned, following which gonsdotrophin content of
the pltultary decreased. They concluded that the incresased pitultary
secretion of gonadotrophineg was due to the desresse in gonadal fumction

caused by administering sntihormones.

SUMMARY AND CORCLUSIONS

Criteris were set forth for the selection of candidates for
treatment of male infertility with a purified preparation of sheep
anterior pltuitary glands contalning mainly follicle stimulating hormone
{sheep FSH)., These included:

1. Testicular biopsies should reveal a suitabls substrate for

the sctlion of the FSH, i.e., testlcoular defects that appear
potentially reversible. '

2. Gomadotrophin production should not be elevated. In such

inetances, additicn of exogemous FSH would be superfluous.

Seven sterile men were jwiged to have fulfilled these prarecuisites.
They therefore were given daily injections of BO units of sheep FEH
for 2 to 3 months.

The average mmmber of sperm increased somewhat initislly, and
then meintained s plateau or decremsed. The lack of progressive rise
seemed %o coincide with the presence of circulating antihormones; as
the antihormones disappeared, sperm production inoressed in those
instances where it had formerly declined.

Testicular blopsies obiained from two patients at a time when
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antihormones were present and when spsrm counfs wers decreasing revealed
a nieroscopic appearsnce not umlike that encountered follewing hypophy-
smtamxy\wix v “§ & Al i 'i"ﬁé’ﬁt

Urinery gonadotrophin ezcretion was dstermined before, during and
affter thaéaw. The injected sheep FEH was not excreted ia the urine
in appreciable quantities. Antihormones did not suppress endogenous

gonadotrophin ezsoretion.
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