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ADSTRACT, Tiasma and urinary FSI{ ievels
were Imeasured in adult men with olizospermia
or aznospermia, Patienls wiliv elevated piasma
[T levels were exciuaed. In 60 oligospermic sui-
jects the mean piasma FSIT concentration (415 ==
17% sp ng LER 907/ml) was not signincantly
higher than (hat of 42 control subiccls with
noemal shermatorencsis (355 == 76). Ounly in the
azoospermic patients was the piasma FSil uni-
formaiiy clevatpd (805 = 380), No direct re-
ciprocai reiationsiiip between sperm count and
plasma FSH was evident in the ciigéspermic group

(r = ~=0.18, p > 0.10), Ia 12 additional olize-
spermic men the guantitative histalngic character-

istics of testicular biopsy specimens were compared -

with urinary FSH levels. ‘Tiere was no correlation
between the germinai celi populations ami FSIT
titers, ‘These dota do not sujport the thesis of a
direct rveciprocal velationship between spermiato-
RENIE mctivity and IFSi1 scerction it suggest the
presence of an “independent testicuiar station,”
yet undeaned wiich controis FS¥. (/ Clin Endocr
S4a 209, 3972)

IS ATTARENT that {ouicie-stimulat-
M ing normone (FSH) and lutcinizing hor-

.mone (1.11) secretion are reguiated indepen-'’

dently in men. Support for tais is Gerived
from a number of observations. Castration
is foliowed by an increase in the plasma con-
ceantration of boti T'STI and Tl (1,2) but
ouly LIT leveis are suppressed by androgeus
administercd in physiologic amounts (3,4).
Also, selective damage to the seminiferous
tubules by radiation resuits in an increase
in FSI{ without any significant cficct on
testosterone or LI Jevels (5). These and
olher studics would indicate the relationship
between LH snid testosterone is analagous 10
that between ACTI3 and cortisol. In con-
trast, our understanding of the interrelation-
ship of FSH sccretion and testicular func-
tion is fragmentary.

Although the miechanism by which the
testes excrt a feedback inbibitory elicct on
follicle-stimulating  hormone secretion ve-
mains unknown, it has been postulated that
the germinal cells are the sonrce of a humoral
substance which inhibits TSI1 secretion (6,
7). The major support for this concept is

L

Received pMay 17, 1971,
' Present Address: Tie Mason Ciinic, Scattle,
Wash. 98101, T T

4 et - »
LR

L R Y R

P s mmtamedsn t NG A mad -t

based on investigations which bave reported
a reciprocal relationship between sperma-
togenesis and urinary gonadotropin titers
(89). Thais concept has been ciallenged by
others who were unable to find an inverse
relationsiip between  spermatogenesis and
urinary  gomadotvopin  excretion  (10-i2).
Subsequent to these carlier studies specife
methods for measuring ISIT have been fe-
veioped (13,14). ‘The present study was
initiated to determine by utilizing these
methods whether FSIT sceretion is recipro-

caily reiaterd to spermatogenesis,

Materials and Methods

Subjects. Forty-two men in good health with
normal  spermatogencsis  {(mean  sperm count
S 60 million/ml), ranging in age from 22 to §1
years, were sclected to serve as the normal con-
tral population fer measurement  of  plasma
TS1I. Clinically these men weve androgenically
normal and had normal plasma levels of T
Seveaty-six patients, age 21 (o 4§ years, with
cither oligospermia (sperm connt <40 miliion/
wl) or azoospermia were studicd. Clinically

hey were androgenically normal and bad ner-

mal plasma LIT levels. Qiigospermie or azoo-
spermic patients with clevated plasma Lii values
were exciuded. In sixly-iour, measurement of
plasma FSH was made and corrciated with the
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Fic. i. Representauve seminiicrous Luouie sciccled i0

seminai fivid spcrfn concentration. Tne remaine
ing tweive oligospenmic subjects had - testicwiar
biopsies performied ang (e quantitative kisto-
Iozic characteristics of the seminiicrous tubules
were correiated with urinary TSH levels. Oniy
patients in whom compicte jnjormation Was
avaiiabic regariing geminal fiuid anaiyses, uri-
nary FSii leveis and testicuiar biopsies were
incindied in this latier roup.

Plasma FSH and LI, Piasma TSIii was mea-
sured Dby tie raGioimmunnassay tecimigue  of
Miagiey (14). Ali reagents jor this immuno-
assay were generously suppiied by tac National
Pituitary Agency. Separation oi antibady bownd
from free horimone was accompiished by e ad-
dition of sieep antirabbit gamma globuiin serum
in sufiicient quantity to achicve maximal pre-
cipitation, Human Dituitary Reicrence 'repa-
ration LR 907 served as the standard, In out
Jaboratory the iower iimit of seasitivity oi the
F$ii assay is 78 ng/ml. The inira-assiy and
interassay coefiicients oi varialion for a mic-
slope plasma pOOL Were §% and 13%, rvespecs
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germinal ceii Guantitations. (% 640)

tiveiy. I'lasma Lil was measured by tae donbie
antibody radioinvmunaissay meihod of Movgan
ol ab, (i5) a5 adapted by Mitdey for 2AT (10).
he Second Tuternational Reievence repia-
tion oi iluman Menopausai Ganadotropin (2nd
IRY) seived as the'Li standard; tiie precision
and sensitivity oi the LIi assay in this Jabo-
ratory have previousiy been reported (7).

Urinary FSII. Urinary FSIT titers were deters
mined by the Sieciman-Tonicy method  (13)
after kaoim-accione prcripilminu (18}, Titers
arc nxp\'rsscd as 1U7/24 hry the 2idd TRT was
used as tie Jelerence preparation, Relative jn-
tency cstimates were determined by the pawraiel
Tne assay COmMpuler Prograin oi Thorsind and
Paulsen (19). The normal anult male range by
this metnod in our laboratory ic 3.8-25.0 T/
24 or (37), aihough occasionally wrinary ¥Si
cn omy e Gelecled intermitientiy in a 12
hour aiiguot.

Scminal fluid analysis. The seminai finid speen

concentrations weie Getermined by either Y
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standard  hemacytometer  (20)  or Coulter-
counter methods (21} in a minnun of three
specimens e study subject. The mean numiber
of semen analysis perionmed in the azoospermic
and oligespermic group was nine. A subject was
consicered to be azoospermic only wien sperm
were ahsent in ali seminal ituid specimens ana-
lyzed. A smear oi undituted seminal iluig was
examined in each analysis and if any sperm
were scen the patient was not consiicied 10 be
azaospermic. A minimum of nine semen snpalyses

~were perjormed in each azoospermic suject.

In addition, analysis inciuded determination of
sampie volume and motiiity of spermaiozon.

Quantilutive analysis of the germinal epithe-
litem, “iesticular biopsy was periormed  under
local ancsthesin amdi the tissue immediately
niaced into fresiiy prepared Ciciand’s fixative.
Germinai celi guantitation was periornied on
the slained scctions in the Jjoliowing manncr:
A low power photomicrograpiy of an entire tes-
ticuiar bivpsy section was taken ana those tu-
Dhuies whicih hati beai cut perpendicuiar 1o their
Janz axis were identined and numbered con-
secutiveiv, Tubuies cut at obiique angies were
disregarded. Tig. 1 siiows the type of tubwie 50
seiectea for examination. The numibered tubuics
were tien examined under the lighl microscope
and the individual pgerminal celis were iqenti-
fieri vsing the cytologic criteria of Cicrmont
(22). 'The germinal ceiis were counted in ten
tubules per biopsy specimen and the resuitant
counis cxpresscd as (he mean ceii count per
tubuie. The ceii types scored scparalely in this
manner were: A darg, A pale, and B spermato-
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Fie. 3. Diasma FSIL in 60 patients with alige-
spermia and 4 patieats with azaospenmia,  Crosse
hatched arca indicates Lie sange of plasma S in
the normal controi population,

gonia; resting, leptotene-zygotene, -aad pachy-
tene primary spermatocyles; SpCrmMaliGs.

Resuits

The range of plasma TSI in ihe adult
maie control population with normal sper-
matogenesis was 230-550 ng LER 907/ml
with a mean value of 355 == 76 (sp) nz/ml
(Fig. 2). All haa piasma L1 concenirations
within the normal range of our labovalory,
4-19 mili/ml 2nd IRY.,

Fig. 3 preseats the plasma ¥Sil levels in
sixty-four of the patients wita oiignsperiia
or azouspermia. Fiity-four of these subjects
had FSU determinaiions witiin the rane
observerd in the contral population. Of the
yemaining ten patieats four bad FSIX levels
slightly above the contral range and in six
the plasma FSII- was cieatly elevated. The
mean level for the entire group was 444
@ 218 (sp) ng/ml, for those with only
oligospermia 415 = 175 (sp) np/inl and 863
=& 380 (s») ng/ml in those with azoosper-
mia. No direct reciprocal relationsnip be-
tween seminal fluid sperm concentration and
plasina FSIH levels was cvident in the oligo-

_spermic group (r = —0.1§,p > 0.10) (Vi

4). The plasma TSI concentration was cie-

wvated in all azoosprrmic subjects studied

(Iig. 4). The mean jevel of piasma LIt for
the oligo-azoospeimic group was 11.0 = 4.4
(s) mIU/mi.
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Fic. 4. Comparison of plasma rSII and mean
sperm count in oligo-azoospermic patients, Cross-
hatched arca represents the range of pasma FSIH in
the norma; control popuiation,

Germinal cell quantitation and urinary FSIT ;
titers. The gquantitative histologic data of
the testicwiar biopsies i Lweive oiigospernic
patients are saown in Tabie 1. These mien
were diviged inlo two groups on ihe basis
oi their urinary ISH titers. Tiic age of the
patients anc severity ol oigosperinia in tae
two groups were comparavic. Taere was no

statisticaliy significant difierence between
these two groups in any of the specilic ger-
minal celi counts and, thercfore, no direct
reciprocal relationship between tie germinai
ccll popuiations and urinary I'SH titers was

‘preseit.

Discussion
Our data arc contrary to the expected ve-

-sults and raisc important guestions about

the testicuiar iccdback mechanism for regu-
lating FFSI1 sccrction in the maie. Tie con-
cept that the germinal epithclium of the”
testes is the source of a humoral substance
whici inhibits pitnitary gonadetropin secre-
tion €an be traced to (he studics of Motram

and Cramer (6). They observed the appear-
“ance of castration cells in the rat pitvitary
Jfoliowing radiation-induced degencration of

the geeminal epitheiinm. Since worphoiog-
icaliy the Leydizx ceils did not appear dam-
aged by tie dose of radiation administered
in their studics and the secondary sex giands
did aot awropiy, they postulated that the
germinal epithclium normaily . produces a

Taoite i. Ilislologic data of testicular biopsics in 12 oligospermic subjects

1066115

Sperm
— COll.I‘li.
Sulye Are é;s&; A(l?r‘-i/ , Mean germinal cell count/tubuiet
» N
ject (yr) 24hr) nij Ad Ay B R Lz by Sp
I. Normai rSil
T.J. 25 18.2 2.5 254 1.8 7.1 0.4 100 . 510 66,0
W.C. 29 16.5 8.0 4.8 4.8 2.6 0 6.0 143 20.0
AP 43 8.0 1.0 15.8 4.7 - 4.3 0.9 13.2 42.1 OR!
C.A. 21 9.0 24.0 18.8 2.4 3.4 1.2 S.6 32.0 76,2
B.C. 28 3.0 37.0 10.2 3.5 3.1 0.8 4.5 20.0 [(RP
.M. 30 12.0 0.3 14.5 4.4 2.7 1.3 12.9_ 204 4]
C.\. 31 100 7.0 20.0 2.8 3.9 1.2 1.2 383 47.3
Mecan 1o 118 179 -49 39 08 85 320  4n)
=sD x 5.2 IRE:) %= 3.9 = .3.2 *=1.5 =0.5 = 3.0 =*=12.8 %287
Ii. Elevated 'SH , -

L.R. 27 31.0 1.8 9.6 3.5 4.1 0.6 7.2 . 2i.8 Q0.1
C.S. 40 . . 2060 il.0 24.5 5.0 66 - O 12.5 44,7 ti0
E.R. 33 -36.0 13.2 HRX 4.3 3.3 0 6.8 20.7 338
R.S. 24 54.0 24.2 104 3.7 4.7 0 8.0 27.7 498
EK. 26 20.0 8.3 13.7 2.0 2.5 1.1 4.9 27.3 8
Mcan : 34.6 13.0 14.4 3.7 4.3 0. 1.9 206 ais
5D %116 =66 =60 = LI =i§ =05 =28 =87 2159

+ Abbreviations: spermatogonia = Ap (A paie), Ad (A dark), B; pnmary spermatocytes = resting (R),
jeptotene-zygotene (LZ), paciyiene (P); spermatids (Sp).
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hormone which hins an inhibitory edect on
gonadolrepin secretion,

The vesuns ol investigations  direcied
toward correiating goaacdolropin  excretion
amd spermatogenic activity in human sub-
jucts have been condlicting, The majority of
olipospermic subjects by Sniiven, Ijoward
anti Simmons (12) nad normai urinicy gon-
adotropin ieveis. Neison (i0) reported that
urinary gonadotvopin tilers were “usuaiy
normal’ in oiigospermia; this stateiment was
biased an urinary gonadotropin dters in uover
378 inicrtile males withs varying degrees of
aligospermin. ciier ¢f al. (§) corveialed
gonadotropin excretion and testicuiar his-
Ininy in 177 indertile miaies and concludGea
(M3t as §permajogenic aciivity qecrease gon-
adatropin liters increascd, More recenliy
Joinsen (9) aiso reporicd an inverse reia-
tionship between spermatngenic aciiviiy ond
HODAGOLTODIN eXCrciion amnd nas sugaesied
thiat the ey tnplitsin Which is it oii srom the
maturing spermatid is tue source of a Sub-,
slance wiich inhinits S secretion. Tnere
are a number ol possivie reasons jor these
givergent indings. Ail oi the above sludies

uliiized various bioassiy technigues jor as-

sessing gonadotronin excretion wiich did
not distinguisn betweend IS and Ly, Toe
orecision of Uiese melunds was limitca hy
the very nature of the bicasaay enG-points
of increases in ulerine and ovarian weignt,

“Aiso, vaiid laboridary parameters ioi assess-

ing Leydig ceil function were not avaiabic
to carlier investicators and subjects witi
varying de;irecs of leydig ceii failure may
have Deen inciuged in their siudies.

I'he present studies empioyed specific
methods {or measurement of piasma and
urinary Sl and oniy subjecis with norimal
plasma Lif levels were juciuded, Oiigosper-
mic or azoozperivic paticnls encouniered
during the course of fiis stugy in wiom
plasma LiT levels were fouud to be clevated
were purposely exciuded irom consigeration,
Ihe vinidity of using plasmia LI levels as
an indirect assessment o Leydig cei func-
tion has been Gemonstrated by Cavlsen ¢t al,

(17). Tucy noted in patients with Kiinelels,

.
.
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ter's syndrome, a eondition in which a vari-
able but almost universal iaiinre of Leydip
ceil iunction occurs, that plasmia testosterone
concenirations  were frequentiy  worimal;
tweive of their twenty-five patients had nor-
mal piasma tesiosierone concentrations, In
conteast, plasma 11T ievels were distinctiy
clevated in ali cases but one, heir dadings
indicate that the piasma LIT concentration
may be a more reiiable index of Leydiy celi
function im subjects in whom the hypo-

thalamic-piwitary axis s intact than the’

_measuremient of plasma teslosicrone alone.

According 10 tie siudies o Macl.eoi and
Gold (23) oligospermia is most approprinieiy
achined as a xpevm count of <20 miiion/imi.
We have inciuded in our oligospeinic jroup
patianis with spermy conis of 20--40 miliion/
ml da.wion aotiiity of the spermatozon was
aisa-impaiced. Tiowever, even wachk oniy
these  Giigospermie  subjecls  with  sperim
cownts <20 miiion/inl were examined a0
corveiation beiween ISIT devels andg sper-
malogenesis couwd be made (r -0.17,
» > 0.10).

The suggestion of Johnsen {9) that e
testicuiar feadback mechanisim jor unibit-
ing FSiT secreiion is dependent on the very
late stages ol spermatopenesis when {ne
resiGual body is spiit oll from the spermatid
Goes not appear likely in view ai our Gada,
We couid find no correlation belween any
of the germinai ceii types and wrinary FSii
levels, Of particuiar intevest in this vegard
are the findings in subject JLM. (Tabie 1),
This paticnt had severe olignspermia, a sperm
count <1 miiion/mml on ali seminat fiuid
examinations, and 1o spermalids were pres-
enl in the ten tubuics selected Jov germinal
ceil guantitation. Morcover, fewer than six
spennalids were seen in a cross section of
the entire testiculag hiopsy specimen and yet
utinary FSTi titers remained well within tie
normal range.

Rosen and Weintraub (24) vecently re-
ported an increase in mean serwn ESIT can-
centration in a jgroup of paticuts with cither
oligospormia or azoospermia, ‘ihcy  aiso
noied that tie majority of aligospermic sub-

——
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jects had serum FSH ievels within the range .

observed in their conivol population of noi-
mal aduit maies. In contrast, I'SIT was cie-
valed in aii patients with azoospermia. These
observations are in agreement with our find-
ings. Although serum FSIii concentration was
found by tiiem to be inversely corrciated
with sperm concentration when botia the
azoospermic and oligospermic subjects were
anaiyzed together, there does not appear 10
be any significant corrclation between sperin
concentration and seruim IFSII when the
oligospermic group is anaiyzed separately.
Our data indicate that the germinal célis
do not piay a roie either divecuiy or indirccuiy
in the feedback regulation oi FSII sccretion
but thatl this is a function of “an indepenaent
testicuiar station,” as yel undciined, ‘Liic
integrity of this “indepencent tesiicular sia-

tion,” wouid not then be direcily veiated to

spermatogenic activity but migit be dis-
rupted by some of the same underiying fac-
tors or conditions causing o.igospermia.
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