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INTRODUCTION in androgen synthesis or metabolism, dis-

Testosterone(T) in relatively low-dose in-
hibits secretion of gonadotropins and thus
supresses spermatogenesis. However, high
dose of testosterone stimulates sperma-
togenesis, even though pituitary gonado-
tropin secretion is depressed(Clermont &
Harvey, 1967 ; Reddy & Rao 1972 ; Bernd-
tson et al., 1974 ; Steinberger & Smith
1977 ; Rea et al., 1986 a, b ; Matsumoto,
1988, 1990). These results suggest that low
dose of testosterone adequate to maintain
the functions of accessory sex glands and
libido, is insufficient to maintain spermato-
genesis.

The anabolic steroid 19 - nortestosterone
(NT), widely used in horse and human, has
the potential for the fertility control since
high dose of NT supress spermatogenesis.
NT, replacing T action, has not shown
serious toxic side effects in horse and in
over 20 years of clinical uses(Nieschlag et
al., 1981 a, b; Schuermeyer et al., 1983,
1984 ; Belkien et al.,, 1985), such as in the
treatment of conditions caused by defects
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orders of sexual development, and male an-
tifertility agents(Nieschlag et al., 1981 a, b).
On the other hand, 19-norandrostenedione
(NORA) is a major steroid in equine and
porcine follicular fluids (Khalil & Walton,
1985; Khalil et al., 1989), and inhibits the
cocyte maturation in pig(Daniel et al,
1986). NORA 1s syntuesized by aromatase
from andvostenedion(A) 1n porcine grany-
losa cell and by microsomal aromatase in
equine testis(Gaillard & Silberzahn, 1987;
Silberzahn et al., 1988). However the syn-
thesis, metabolism and mechanism of NORN
are not clear yet.

A number of systemic routes of admini-
stration are currently available for deliver-
ing agents to the testes for the study of the
effects of androgens on spermatogenesis.
Many of these routes such as intraperitoneal
(i.p.), intravenous(i.v), intramuscular (i.m.),
oral etc are in common usage and have
been validated. However intratesticular(i.t.)
injection is a seldomly used techinique, that
requires further validation and the ac-
ceptibility may be questioned eventhough
Russell et al(1987) had thoroughly wvali-
dated to study the direct effects of the
agents of unknown toxicity on the testis.



The 1.t injection offers the potential benefit
over other route administration because i.t.
injected androgens are not systemically
metabolized( Weinbauer et al., 1985; Russel
et al., 1987; Yoon and Yang, 1988).
Therefore, the present study was designed
to study the direct effect of 19-nortestos-
terone on the spermatogenesis comparing
with that of 19-nortestosterone and testos-
terone enanthate and the efficacy of in-
tratesticular injection of androgens.

MATERIALS AND METHODS

ANIMALS: Adult male Sprague-Dawley
rats weighing 450-490g were under condi-
tions of controlled temperature and 14h
light: 10h darkness cycle and given free ac-
cess to rat chow and water.

CHEMICALS : 19 - nortestosterone(NT).
19 - norandrostenedione (NORA), testoster-
one enanthate(TE), were purchased from
Sigma, (Inben, Korea). 1, 2, 6, 7-*H~testos-
terone(sp. act. 85Ci/mmol) and 15, fb—*H
17-dione(sp. act 50Ci/
mmol), were purc-hased from New Nuclear
England.

TREATMENT PROTOCOL : Groups of
ten rats were treated thrice per week for
12 weeks with either vehicle(50% v/v pro-
pylene glycol : water) or 50ug/day(repre-
senting a dose of approximately 150ug/kg
body wt per day) of the potent GnRH an-
tagonist, (N-AC-D-Nal(2)1, D-pCl-Phe2,
D-Trp3, D-hArg(Et2)6, D-Alal0)-GnRH
(Syntex Research, Palo Alto, CA). In ad-
dition, groups of vehicle -and antagonist-
treated rats received 300ug of testosterone,
NT, or NORA by it injections. After 4
weeks of continuous treatment with GnRH,
when serum GTH levels were at below the
limit of detection, androgens were sup-
plemented by i.t. injection using a 26 or 30
gauge needle and precision volume(Ha-
milton) syringe. At the end of the treatment
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period, the rats were killed by decapitation
under light ether anaesthesia and testes,
epididymis, accessory organs such as semi-
nal vesicles, prostate and copulating gland
were removed and welghed. One testis and
one epididymis from each animal were pro-
cessed for histological The
remaining tissues were frozen and stored
at -70C for intratesticular steroid hormo-
nes. Trunk blood was collected for the deter-
mination of serum testosterone, luteinizing
hormone(LLH) and follicle stimulationg hor-
mone(FSH) by radioimmunoassays(RIA).
HISTOCHEMICAL OBSERVATION
FOR GERM CELLS: For histological pre-
paration, we adapted a modified method of
Bansal and Davis(1986): The testes were
dissected out and fixed in Bouin-Hollande
fixative for 48 hours. The tissues were em-
bedded in paraplast wax after rou-tine dehy-
dration Ribbons of 4 ym thick sections were
stained by the periodic acid-Schiff’s reac-
tion. and counter-stained in Harris's haema-
toxylin and mounted in DPX. Cell nuclei
lying in transverse sections of tubules at
stage VI of the tubules were counted
(Leblond & Clermont, 1952). Nuclei of Ser-
toli cells and type A spermatogonia were

examination.

scored only when nucleoli were visible. Sec-
tions of tubules not showing a lumen or
having axial ratios greater than 2 were not
used (Davies et al., 1974). The error to
underestimate the number of the germ cells
because of not counting the samll particles,
was reduced by counting the sections of nu-
clei or nucleoli whose apparent diameter was
judged to be larger than the true radius. A
correction for the size of the diameter was
then made by a modification of Aberec-
rombie’s method(Davies, 1973).

HORMONE ASSAYS:Serum FSH and
LLH were determined by double antibody
RIA using rat hormones (LH-1I-5, LH-RP
-1, FSH-1-6, FSH-RP-1) and antisera
(anti~-LH-S-9 and anti-FSH-S-11), kindly



supplied from National Homone and Pitui-
tary Programme through Dr. MA Rea, Max
-Planck Instute, Muenster, FRG. The min-
imum detectable dose of LH was 5ng/ml,
and intra-assay variation (WAV) was 7.5
%. The inter-assay variation (BAV) was
15.3%. The minimum detectable level of
FSH was 70ng/ml of serum. WAV and
BAV for FSH assays were 6.3% and 11.6%
respectively. Pituitary contents of LH or
FSH were determined in 504l each aliquots
of the pituitary homogenates after dilution
of 1:1,000 and 1:100 respectively, using a
modified method of Rea et al (1986 a). All
serum and puitary samples were assayed
in a single RIA batch for gonadotropin
estimation.

The steroids 19NT, T, and DHT were frac-
tionated as previously described (Bals-
Pratsch et al., 1986; Yoon & Kim, 1987;
Yoon et al., 1987). To determine NT only,
we used the celite chromatography using the
fractions (48-55 fractions), eluted by pure
isooctane. Testosterone, progesterone(P)
and estradiol(E) concentration were deter-
mined by RIAs (Yoon et al., 1981, 1987).

STATISTICALL ANALYSIS: Each ex-
periments was repeated four times. Un-
transformed data are represented as means

+SD for quadriplicate analyses. Statisticall
analysis of the data was by one-way analy-
sis of variance and Duncan’s multiple range
test.

RESULTS

1) Effects of NORA on Male Reproductive
Organs

Testis weight was reduced significantly
after 4 weeks of antagonist treatment and
also significantly after 12 weeks of TE treat-
ment. NORA, NT and T supplementations
with GnRH antagonist for 12 wéeks signifi-
cantly prevented the loss of testis weight
(Table 1). One way analyses of variance on
data from all treatment groups indicated
significant effects on testis (p < 0.001).
Treatments for 12 weeks with 300ug doses
of NORA, NT and TE increased in the
weights of the accessory glands of the rat
treated with GnRH antagonist. However,
they did not increase the weight of com-
pletely prevented the reductions of epi-
didymal weight induced by GnRH anta-
gonist.

2) Effects of NORA on Serum Gonado-
tropins

Table 1. Changes of weights of body weight, testis, accessory glands, and epididymis after 12 weeks
treatment with vehicles or GnRH with or without 19-norandrostenedione, 19-nortestoserone and tes-

tosterone enanthate.

Steroids Control NT TE
Body weight(g) 472+16 371+£17 435+19 386+23
Testis weight
Vehicle 1.7+0.1 2.0+0.6 +0.2 1.24+0.1
GnRH 0.34+0.05 1.3+0.1 iO 1 1.84+0.3
Accessory Weight(g)
Vehicle 1.8+0.1 + 2.5+0.2 3.8+04
GnRH 0.3+0.06 + 3.1+0.7 3.5+£0.9
Epididymis
Vehicle 0.7£0.05 0.8+0.07 0.7+0.25 0.9+0.07
GnRH 0.1+0.06 0.5+0.31 0.6+0.23 0.6+0.04

The weights of accessory glands are included the weight of seminal vesicles, prostate, coagulating

glands. Values are single organs and are the means +/—S.D. of between 10 to 20 animals.

*p<<0.05

compared with the vehicle~treated group without androgen (ANOVA followed by Mann-Whitney U
test). NORA ; 19-norandrostenedione. NT'; 19-nortestosterone. TE; testosterone enanthate.



Weekly serum GTH values were deter-
mined during 12 weeks of GnRH antagoinst
-suppressed treatment group are shown in
Table 2. After 4 weeks of treatment, serum
FSH concentration were at or below the de-
tection limits. However NORA and TE sup-
plementation were sufficients to maintain
serum T concentrations at levels about 2 to
4 times higher and prevented the loss of
serum FSH. At the end of treatment period,
serum FSH values with NORA supple-
mented group were not significantly differ-

ent with the control group. Furthermore,
pituitary FSH content which was reduced
to about 10% of the control value in GnRH
antagonist treated group was not signifi-
cantly different from the control values in
any of the supplemented groups(data not
shown).

On the other hands, both serum concen-
tration and pituitary content of LH were
not substantly reduced after antagonist
treatment. A further reduction (p<0.05) in
pituitary and seum LH content after NORA

Table 2. Serum gonadotropins and steroid hormones and intratesticular testosterone concentration in
vehicle and gonadotropin-releasing hormone antagoist-treated rats.

Treatment

Hormones Control NORA R
Serum LH(ng/ml)

Vehicle 16.2+ 6.1 ND ND

GnRH ND ND ND
Serum FSH{ng/1)

Vehicle 266.2+34.5 245.7+13.4 153.7+12.9

GnRH <70.5+115 121.7+14.6 151.4+16.9
Serum T{(nmol/1)

Vehicle 12.7+ 45 264+ 7.8 491+ 456

GnRH <17+ 1.4 16.7+ 9.8 36.3+ 5.8

Valuse are means +/— S.D. of ten between twenty animals. *p<0.05 compared with the vehicle-
treated group (ANOVA followed by Mann-Whitney U test. ND; not detectable. NORA; 19-norand-

rostendione. TE; testosterone enanthate.

Table 3. Numbers of Al spermatogonia, prelepiotene spermatocytes, pachytene spermatocytes apd
step 7 spermatids after 12 weeks of continuous treatment of rats with vehicle or GnRH antagonist

either with NORA and TE supplementation.

Treatment
Germ cells Control NORA TR
A1l spermatogoina
Vehicle 0.54+40.01 0.51+0.05 0.49+0.01
GnRH 0.75+0.01 0.444+0.10 0.47+0.11
Preleptotene spermatocytes.
Vehicle 17.54+2.7 17.9+2.6 16.7+3.5
GnRH 15.6+3.2 16.4+3.9 17.4+4.1
Pachytene spermatocytes
Vehicle 9.3+ 8.5+3.3 11.54+2.7
GnRH 4.7+ 75+2.1 9.6+3.8
Step 7 spermatid
Vehicle 29.4+1.8 17.9+35 16.5+3.1
GnRH 8.3+1.2 16.5+1.7 17.9+1.7

Cell counts were corrected according to the Davis (1973) formular. Values are means +/— S.D. of ten
between twenty animals. *p<0.05 compared with the vehicle-treated group without testosterone

(ANOVA) followed by Mann-Whitney U test.

enanthate.

NORA ; 19-norandrostenedione. TE; testosterone



or TE supplementation could not be ob-
served. NORA and TE supplements could
not elevated the serum levels of LH in rat
treated with GnRH antagonist.

3) Effects of NORA on Germ Cells

The corrected cell counts in 10 transverse
sections of seminiferous tubles, after apply-
ing diameter corrections, are given in Table
3. The over all effects of NORA and TE
were significantly on step 7 spermatids (p<
0.05) as given by one-way analysis of vari-
ance on data from all the treatment groups.
There were reductions in the number of step
7 spermatid. The depression of intratubular
germinal cell number was greater after 12
weeks of treatment than after 8 weeks.
NORA and T supplementations prevented
partially the reductions of step 7 spermatids

and pachytene spermatocytes in rat treated
with continuous GnRH.

DISCUSSION

19-norandrostenedione has been identified
as a major steroid in porcine ovarian follicu-
lar fluid (Khalil & Walton 1985; Khalil et
al.,, 1989), but never been identified in
plasma of untreated subjects. In stallion tes-
tis, NORA could be detected as an inter-
mediate of NT aromatization (Silberzahn
et al.,, 1988). These results suggest that tes-
ticular NORA is an intermediate in an ac-
cessory pathway from T to estradiol (see "
Introduction” for selected citations).

Testosterone enanthate supressed gonado-
tropin secretion and then for Treplacement
therapy to maintain the accessory sex or-
gans, libido and potency. We demonstrated
that concurrent NORA supplementation
prevented the drastic reductions in the
serum concentrations of FSH but not of LH
{(Rea et al, 1986a, b), suggesting that
NORA may actually stimulate FSH syn-
thesis at the expense of LH reduction. These
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results suggest that the androgenic effect on
gonadotropin secretion of NORA is not more
sufficient than that of testosterone deriva-
tives. The mechanism by which testosterone
and NORA support the FSH synthesis and
secretion in the abs&nce of GnRH-mediated
hypothalamopituitary regulation remain to
be determined. Since aromatase activity has
not been convencingly demonstrated in pitul-
tary tissue, NORA seems to be responsible
for the synthesis or secretion of pituitary
FSH.

The testicular histology after GnRH anta-
gonist treatment has been known to be re-
sembled that of surgically hypophysec-
tomized rats (Rea et al.,, 1986a). Present
results also confirmend that seminiferous
tubule diameter and luminal volume are
visibly reduced and spermatogenesis did not
proceed beyond the level of step 7 spermatid
by T supplementation. The numbers of
pachytene spermatocytes were reduced by
GnRH treatment but NORA and T re-
covered to the normal levels. It is generally
known that the process of spermatogenesis
can proceed to step 7 spermatids without
hormonal support, However the efficiency of
spermatid production is reduced in the ab-
sence of gonadotropins. Thus we can
assurmed that NORA and NT does not seem
to act directly to the spermatogenesis but
act through the elevation of gonadotropin
especially FSH secretion. The present result
also raises one possibility that NORA may
capable of supporting of FSH synthesis or
secretion in rat pituitary cells as does T
(Rea et al., 1986a).

The current investigations showed that
serum T concentration were increased 3.5
times in mice 24 hour after the last injection
of TE (Bansal & Davis, 1986). The present
result shows the similar increase of T con-
centration at 2 to 4 times. The serum con-
centration of LH became undetectable and
FSH was partly suppressed when thrice 300



g dose i.t injection was adminstered to rats.
This degree of gonadotropins suppression
seems to be due to the elevated serum con-
centration T.

The present study adopted the iIn-
tratesticular injection method to exposure
androgens directly to germ cells. This tech-
niques offers several potential benefits to
various agents to study the direct effects of
unknown toxic agents, because 1.t. injected
agents are not systemically metabolized. Al-
ternatively 1.1 Injection shows the very
specific and well documented effects of
agents to observe the consequences of dis-
ruption of specific pathways/organells, be-
cause systemic Injections of very toxic sub-
stances or cellular inhibitors such as col-
chicine often cause mortality before testicu-
lar effects are noted (Russell et al., 1981).
On the other hands, radiolabelled compounds
or bioactive substances, whose cost are very
high and their availavility are hmited
(Weinbauer et al, 1985;Russell et al,
1987; Yoon and Yang, 1988). Therefore, we
suggest that the direct effects of androgens
such as NORA or synthetic androgens on
spermatogenesis should be treated by this
method.
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19-nortestosterone{ NORA) ¢} 19-norandrostenedione(NT)= A AUl aromatization®#}& & ZF7t
AER AE2d B ATE oJES AV FHte] Aax B &7 FA, AU Testos-
terone(T) 9] ¥ X, FAPAH plaAs 9F& FAsY ok NORA, NT € TEE 300/50dE =2
Zo} 33 1237 A Lo AAH FAl(intratesticular injection, i.t.) 3t4th. T3 GnRH antagonist
(RS68439)8 A elsted AW Aoax=32E (GTH)E Z2AUFE 9 52258 Y9
o2 AMelste olgel HAAAEE RASIYE Y NORAE AAFAE 244714 &ov GnRH
antagonist® Helste] 7ZAaE HARAE A B4 H(P<0.05). NORA, NT, TE: »
5 waslgel RAS FAAZCH, RS684397F B REAde RAE WA FAAR
. 2} o5 A A(epididymis)ol = G Fe FAoton] RS68439%1 e ToIHE BALE
& YERY o549 A2 AW LHyEE ¢43] @439 ey FSHe wxos J334S
GE A itk T ®Ad Te s=8 74470 NORAE AARAAEE 7249
spermatid®] 8 A3 Z2AZAd 9 2aE Ho} NORAE. GnRH antagonist FSH2] £Y]
7F AAE F 9o FSHEY & FA35i0, Ty 58 F/MA AAEHAAH S dAste Fo2 F
2"
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