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Effect of 19-norandrostenedione on Steroidogenesis in Rat Testis
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Department of Biology, College of Natural Sciences, Hanyang University

= Abstract=

19-norandrostenedione(19-NORA) is known as an intermediate in the metabolic pathway
from androstenedione to estrone. Administration of esterified 19-nortestosterone, anabolic
steroid, reduces serum gonadotropin and testosterone concentration, and results in reversible
azoospermia in men. 19-NORA have been isolated from testis, but its function in testis is not
clear yet. Therefore, this study was designed to determine the effect of 19-NORA on steroido-
genesis and on spermatogenesis.

19-NORA was administrated by single intratesticular injection to adult male rats weighing
350-400g in dose of 1mg/50 ul. The serum and testis were collected on 1, 3, 7, 12, 48 hr after
injection. The histological differences in testis were observed by routine paraffin method. The
concentrations of testosterone and estradiol in serum and in left testis were determined by the
conventional radioimmunoassays. One hour after 19-NORA treatment, serum concentrations of
testosterone and estradiol increased significantly, compared to those of pre-treated(Ohr) group,
and reduced gradually to the control level on 7 hour after injection. The concentration of
testosterone in left testis increased slightly 1 hour after injection, and estradiol level increased
significantly (p <0.05). Also, testosterone and estradiol level of control group revealed no
difference with pre-treated(0hr) group. Gonad index, structure of seminiferous tubules, and the
number of step 7 th spermatid were simillar to control group.

The present study suggests that the elevation of testosterone level results from increment of
estradiol followed by the rapid metabolism of 19-NORA at 7 hour after injection, and then
testosterone concentration may be recovered to control level by feedback mechanism of
hypothalamus-hypothysis-testis axis.
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44-Androstenedione(A) 3} testosterone(T)
o2 RE| 9] estrogen A &4 & 34 ¢ hydro-
xylation® A& A A o] F o] A (Akhtar et

B dFe 199295 ESR a3 A9T
] %) ¢ (BSRI-94-4437)0] 2]3 7 9.

al,, 1982), o] #A & C-19, C-19, 289 9
o A £Ae dojut 19-hydroxyandrostene-
dione(19-OHAD), 19-oxoandrostenedione(19-
0x0AD), estrone% i} #& EHE whEo W
} (Fishman & Goto, 1981). o] #] % aroma-
tization# A & aromatasedts &4 EI A7)
o 3 o} (Silberzahn et al., 1988). 19-noran-

drogen® % aromatizationi}? o] FA &
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27t AIEAE 24, androstenedione o 2 2
19 -norandrostenedione(19-NORA), 19 -nor-
testosterone(19-NORT)S A A estroneo &
vtATh X G ¥EW AH A E aromatase
inhibitor) 4-hydroxyandrostenedione =]
3 19-NORA 9] Al o] in vitrotEHlo A A
EGE AL olEo] 99 HFF T
dagds Eddo: Ae SuRdEc
(Khalil et al., 1987).

19-NORA+= Short(1960)0)] <& ¢bare)
GEHgA AHg TAHA S, 19-norandro-
geno| androgen®] aromatizationZ}A A F
doAERE 24T Reldn FEsan
19-NORA7V}I A& 22H¥E o|% 19-norandro-
gen? A}#(Dehennin et al., 1987) 3 & (Short,
1961;Silberzahn et al., 1985)¢] Y ¥k 137
I P%o] EHMHEe ulolmE ZF(Milewich &
Axelod, 1979), &e] ¥ e 3% (Maha-
jan & Samuels, 1974) 5 9] A A7) Fol] &) 3
ox &#H Aok =3 9 # (Ruokonen & Vihko,
1974) ¢} Zu}(Dumasia et al., 1985)9] A A,
Algke] A YA (Farnsworth, 1966)% $4 Al
Ardx AT BudHAd. gz A
2 7] #o] obd Fwl(stallion) 2] 4 1 (Hough-
ton et al., 1984), A # ¢ 21&(Sulcova et al.,
1979), M9l =H3}4H(Osawa & Yarborough,
1983) 59 WA= FHEGT Riuga
Aok 2HY oA 7A ol A EA 2
e A9 Aot

3 19-norandrogenE & anabolic steroid
2 ol gHol sted, A2 544 Ee] B
o2 A7} g3 9+ 19-nortestosterone(19-
NORT)2 A} Z(Brooks et al., 1979)3 X
(Jansen et al., 1985) 28]3 T (Jondorf &
Moss, 1977) 9| A anabolic preparation@}# 4
ALgE vk ALEol Al esterst® 19-NORTE 3
213t Y3 gonadotropind} testosterones]
T2t AstE, Zze JBA FARE
(reversible azoospermia)g 823t} (Belkien
et al, 1985). 1822 FHZo|E& Luteinizing
Hormone Releasing Hormone(LHRH) &} %74
Foate FAIAZR AL HNE 8% H(Clay-
ton, 1987).

19-NORAE #A] dx o] vhak Ea) s
™ (Khalil et al., 1987), in vitro’d e}l & =R
wate] A4S dA@d Yz B 759 tH(Daniel
et al., 1986). &} A2 LoA 9 19-NORA

o] HETH &L ofF BEHI FHolrt

A g7HA A2 2o U androgend] S
2 dAF3e de T&FA, RFAL ERF
AL, AGEo FOo2 androgens FAdeE W
Hol ol &5 o ot eyt o] d WHES
3 wgo) YHSHA B EF AY F A
] testosterone % dihydrotestosterone® Fx

0

A AR FARGA gager A&
androgen?] ¥ % A7} ofgch 1AL o]
£9 A8 Ao BE FF Ao ofd AU
A} Fo) A7l androgen WALERA S &
gt YeAHT 122 om0 FYAC
2 E A%Hoz Aol F4o UAE 9P
e A7sy] Brbssdn. Ao ARdHE
transdermal testosterone substitution theraphy
(TTS) ¥l o] 7ers] o] (Bals-Pratsch et al,
1986 ; Ahemed et al., 1988), ¥4 A #%2] testos-
terone e $AT + A Hgou, Ae A
TEAAE AydHol o AR & ol
Asolof @tk A Russel5(1987)2 3
5 Be 4UEEY Fao TaY) 22
Foste gal Axe Weds zA
Wy Agsdnh of wwe Fau F
H Edo] A9 ¥Y=ZA (lymphatics)E &
3 pades AFEd "L 9Fe AT
7] 31 E in vivogHlo e FAW FA
zo] Wztel WEH A vAe JFE 2ol
AT 4 e Aoz BBHD.

gy eg B A s 3] 19-NORA
E Aol AR At FHN 2 HA4W
2Bl 3E2E FRHES AU 2H
zolEdAbel HAE dPE EATORA
estrogen AFGHAAe FAUAEZAA 19-
NORAS 4e)8s Sgg walus syt

2 o ao A

Az Y odby
L A8 M=
1) MEEE
AAAEE BB Qo7 SEAAA F

f=3 =
82 AF 10-123 32 3 #(Sprague-Dawley)
o] Ao E A ZFo] 350-400g¢l BRI AL
gtal AMSAAA B HolE FE
23 3 14N 29t
el 2 A gAA AMEsaATh

s
al

) 2 A
A9 AAWE EAH 19-norandrostene-
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dione(Sigma) & &% 2 sesame oll{Sigma)
o 3o Abg-5Th

AP A A o) AME-SE 5 2 (tracer) =
1, 2, 6, 7-*H-testosterone(spec. act. 88.5Ci/
mmol, Amersham)i} 2, 4, 6, 7-*H-estradiol
(spec. act. 98Ci/mmol, Amersham) &4 £
A ARG 7] st Sephadex LH-20
(Pharmacia Fine Chem. Co.)& A}&89th.
LH~20(6g)-& 30mle] # 7] L vl (cyclohexane:
chloroform ! ethyl alcohol=15:2:4, V/V/V)
o &3t ,;_, lem(D) X 30em(L) ¢ column&
A zrete] A Z47he] F2AHARE 50 u4Ci
A conical tube(Pyrex)Oﬂ &7l 37T ALeF
zolA Hax M2E FFstEA FEAH G
Z ARE A 50049 AL mA &
ol columnel] A& z2+zte 1mi¥ g
Hoz Wi £ HAH A 2L %
AlZl B 90% ethyl alcohol® 4] sted w
At

Testosterone(T) 2] 88 A & testosterone-3-
O-carboxymethyl-oxime(CMQO) &
(1959) 2] vl & o] & 3la] Bovine serum albu-
min(BSA)ol AN F EAo] FAtste
VAL L FEAA FdAE Aastad. A
e T FEAHL FHEHow 1:70,00002
g A ste] AL&EFS oH, Estradiols] #8EA S
Estradiol-6-CMO-BSAZ A&, E7dlx &4
2 FBEAE FFHOFE 1:1050000.5 34
3to] A} gspgi.

2 MY W

o m& e

Erlanger$%

1 4" AE

Sesame oil 10mlo] 200mg¢] 19-NORA &
2407 F% 323 B eo] nANAT.
o131 & 25vleje) 3FH $F FAo) Img/50 4
A oHH WA E FAb(intratesticular  injec-
tlon)3tHTh E3 ERFoE 25utEle 33
A40) 50,19 sesame oilth & FAISHA T F
ALF1,3,7,12, 4841 23] B3 AaE A
st ot

Etherv}# s}o A cardiac puncture®® 0. &
ARG BAL e 147, 4Co| 2447

W3 & 9 A5 2] (Heraeus Christ, refrigera-

ted centrifuge, 3,000rpm, 30 min) 3t 2 & &
A& testosterone# estradiols] #&g 95}
o -60C A4 %E71(So-Low Environmental
Equip. Co.)ol] B2 &3t

Aae 89 A3 F FA HEIgPow,
AZe A Hol(L)9t F(W)£ calipher
2 &As¥ 3, FAE Sartorius analytical
balance(2007 MP6)& =A &5t AL &
A& WeinbauerE(1985)0] A& 3F FA(Wx
Lxz/6)& ol&stgom, A2 244 (Gonad
Index, GI)E= A2 F&23%F HALHFHY EVE
AAs7] A FFAH oF 30270 HAF
F RAE "dolx AFoE U ghel 100&
ot A&t

zAEgAe AAL 3] = HAE 10%

neutral buffered formalin-& <o} oA vk
Alcohol  series(50-100% )& 7% A gt
xylene © & # 9 (clearing) & ¥ a3 (Mono-

ject Scientific Co.) & 2R AlAH o) &¢ct. =
ZEe ¥uld AZE 4CdAM HHAAY
(microtome, Lipshaw)& Alg&3led 8§um F7

2 Haslg o, hematoxylin-eosin® & 2%
og A3 g, ¥ A #A T 3 7) (seminiferous epi-
thelium cycle) % VB A (Leblond & Clermont,
1952)¢) AR EN e, HA 200-

230 pmol ¥ AEHF EFHe) ni7} 1.20]5k¢] 3
Add AAR#E E58 74 (Olympus, CHB,
x400) 0.2 #Este] HAMxe F£E AT

Atk T3 F=2 ALE AHZolE T2E9
&S ko] 60T wiaksith
2) whAlEAEX o] 9|8 testosterone®}
estradiol®] X
Testosterone 2 estradiol®] A HL 71329
WARAEAEE o] &8 H T (Yoon, 1981).
60T AL ¥E7d ZIFIE I35 AAe
4CE §A% g 15mle] A
(saline) s} @A B 712 330 iyof F3
% 5¢59 15mle] AEE WHERT 9]
O AJEE 4Co)4 308 E+ 3,000rpm
2 AAEGA A LHRE TER
dZS 98 FEAS YA &
AZEd 10048 FHato YW zEH =
= 7&?%}}\]% e v o 2 diethyl

2 7&’%“‘5}914-

A8 A testosterone estradiole] FELE
WA g 2Ag oz HFshe PHAAY A
3y AL d& 22U I & (reco-

very ratio) £ testosterone9 7% 72.93+0.93
%% 31 estradiole 76.44+2.40% AL E g

gl o, 7% (sensitivity ) testosteronedl A
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13-60pg/ml, estradiolol] A= 5-20pg/mlE )
B Rtk E& 3 X (standard curve) & o] &3}
o A2 A BT (accuracy) ¥ testosterone?)
AS HARFX T 2FZXF(Y)He 4BBA

= Y=1.02X-1.92(r=0.998)2 UJeydon
estradiol®) A $¥ Y=1.04X+1.46(r=0.992)

£ YEpAT. 282 7 assaye AT
(precision) £ testosteroned] 7A-¢ WAL B
2] (intraassay variation) ¢ H o] A 4= (coeffe-
cient of variation, CV)gto] 4.98%(QC 1),
7.55%(QC 2)¥ o, estradiol®] 4% 4.389%
9 2.80%E YEeldcl 38 testosterone?)
A & ¥ (interassay  variation)9] CV#&
9.81%, 11.60%, estradiol®] CVZL 282% &
vheb 2tk Testosterone-3-CMO-BSA& A}
&ty wE A i IAWSEE Sa-
DHT~”} 14%, 5a-androstenediol¢] 6%, andro-
stenedione©] 0.8%, 7|El 2 2ol gl 0.01
%0°) 3 o™, estradiol-6-CMO-BSAE A&
sled A2 ¥ A g WAL estrone

o] 1.7%, testosterone, cortisol¥ 7]} ZE| &

ol= 9k 0.0001% olstE YER T

3) AHZ0E BEES BZAIN
2HRolE 3 E2E F T logit-log trans-

formationg o]&3le RIA Data Reduction

Program(Jaffe, 1985)-& o] &8} A 4kst9d o}

3. EAEH

EASE 24 Student’s t-testFH L A}
g3909 pghol 0.058T Ze ALE H9
sprka kgl

4

L HAU ZE S #s
19-NORA Eo] % 48A717b4 Fae 27
4 dsle A9 TAE & fom AR?
Az AVMSAY FAESEE daTo B

A 9% Aol VAT + AMAHE 1. 2
G AAH TN ARBE Aoldl B

TL O
Table 1. Change of step VI spermatid numbers after single intratesticular injection of 19-
norandrostenedione
Time after injection (hour)
Group 0 1 3 7 12 18
Oil control* 214.25 185.75 209.25 195.00 195.67 201.50
+22.95 +13.65 +16.13 +19.06 +27.54 +14.18
19-NORA # 214.25 195.17 227.00 182.67 199.83 199.50
+22.95 +18.85 +15.10 +22.86 +18.30 +14.34
Above values are expressed as mean+SD of step VI seminiferous tubules( =5~10) in cross sectioned
right testis.
*Q0il control group were injected sesame 0il(50 #l) only. #19-NORA group were injected 19~-norandro-
stenedione(1mg /50 ul).
Table 2. Change of testis weight and volume after single intratesticular injection of 19-~norandro-
stenedione
. Group
T ft
" e;’t’:jn? hjflr) Oil control 19-NORA (1mg/50 al)
! Weight (g) Volume(ml)# Weight(g) Volume(ml)*
0 3.55+0.36* 2.68+0.11* 3.55+0.36 2.68+0.11
1 3.63+0.21 2.88+0.18 3.38+0.27 2.35+0.25
3 3.141+0.44 2.64+0.27 3.33+0.20 2.6610.14
7 348+0.31 2.92+0.17 3.30+0.22 2.65+0.15
12 3.5410.20 2.89+0.26 3.62+0.28 2.85+0.18
48 3.32+0.48 2.75+0.31 3.6540.20 2.8840.13

*Data are expressed as the mean+SD. Above values of testis weight and volume are sum of right and

left testis values.

#Testis volume are calculated by width(W) x length(L) X =/6.
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Table 3. Effect of 19-norandrostenedione on gonad index in male rat

Time after injection(hour)

G
roup 0 1 3 7 12 48
. . 0.84 0.93 0.93 0.94 096 0.80
Oil control +0.07 +0.12 +0.29 +0.11 +0.07 +0.12
0.84 0.93 0.92 0.90 0.88 0.93
19- #
NORA +0.07 +0.08 +0.06 +0.09 +0.07 +0.04

Gonad index{mean+SD, %) represents|testis weight{g) /body weight{g)]x 100.
:Oll control group were injected sesame oil(50 zl) only.
19-NORA group were injected 19~norandrostenedione{1mg,/50 zl).

of MY Wold Uge ¢ & AT
2. Mo Heysrs ws

19-NORAE F413 & A& 93 RAe
24 g 2A= Agdd v $938 zjolx
$9l o sesame ollFHE FAFE YR FTAME

FEE ol EAY F A (E 2).
3. MAlA X4 (Gonad Index, GI)

A s e 19-NORA Xzie A
12410742 ozbel Z7bg oy oF
atte A% 23k a2y ezl vl
A2 ®A¥ Aol §dd. adx
sesame oll9HS FALE YRIAHE 8435
atole LAY S YAG(E 3).

4. 2H20|E S2E29 zZHE

1) &Y testosterone®} estradiol®] T B3}
19-NORAE FA}3l7] & testosterones] ¥
A FEE 258+1.26ng/miolPed FAZE
1A 7ol sesame oil9h S 2] 8 iz o] H]3)
FA2 A FUH(13.27+2.86ng/ml, p<0.05) &}
Fovh AT BE = £2(3.9310.67ng/ml,
p<0.05)3t7] AlZete 7A7 ol FREHE W
2% Ao 2L FEE YEHH2E 1).
BAY estradiolz & 19-NORA FALE 1
Al Zvell AE A(15.76+7.06pg/ml) Bt A2
6uf 7} 3248 F7H106.50+24.52pg/ml,
p<0.05) 3t 34 7F REE Z2(51.04+
11.58pg/ml, p<0.05)8t] 1247} o] Toi=
Wz} & Aoyt ALY 2). HEP
ol A= testosterone?] A-$AE £33 o)
£ RolA ot A A nMe A
Hog e &8 Ut
2) H ALY testosteronel} estradiol®] S5 B3}
#Z HAiusfd ety testosteroned] FE

20 4
~—— 19-NORA
* ~—=o— Oii contro}

=
o

Concentration of
testosterone {ng/mi)
s

n

Time after injection (hour)

Fig. 1. Serum concentration of testosterone
in male rat after single intratesticular injection
of 19-norandrostenedione (1 mg/50 ul). Soild
line with closed circles represents the exper-
imental group. Soild line with open circles
represents the control group. Vertical lines on
the closed & open circles mean the standard
deviation.

*:p<0.05, different from oil control group, in
the 95% confidence level.

150

-
1
S

o
=1

" g $9-NORA
*

iy O cOTEYOL
% 2 i
i
48

1 T/———'_
1

01 2

Concentration
of estradiol {pg/mi}
8

w
-3

3 7

Time sfter injection (hour}

Fig. 2. Serum concentration of estradiol in
male rat after single intratesticular injection of
19-norandrostenedione(1mg/50 pl). Soild line
with closed circles represents the experimental
group. Soild line with open cireles represents
the control group, Vertical lines on the closed
& open circles mean the standard deviation.
*1p<C0.05, different from oil control group, in
the 95% confidence level.
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* . tpsen 1G-NORA
70 4 w—0— Oil control

50 1 }/4

40 |

30 ,‘"’"T

20

Concentration of
testosterone (ng/testis)

10 4

gy Y T lllll T
01 3 7 12 48

Time after injection (hour)

Fig. 3. Change of intratesticular testoster-
one Iin male rat after single intratesticular
injection of 19-norandrostenedione(1mg/50 ul).
Soild line with closed circles represents with
experimental group. Solid line with open circles
represents the control group. Vertical lines on
the closed & open circles mean the standard
deviation.

*,p<0.05, different from oil control group, in
the 95% confidence level,

800
. et 19-HORA
700 7 . p——— -
& 600
% *
g8
=
B2 400 A
2§ 30
8=
2 200
100 w
L i . i | :
o1 3 7 12 48

Time after injection {hour)

Fig. 4. Change of intratesticular estradiol in
male rat after single intratesticular injection of
19-norandrostenedione(1mg/50 u#l). Soild line
with closed circles represents the experimental
group. Solid line with open circles represents
the control group. Vertical lines on the closed
& open circles mean the standard deviation.
*;p<0.05, different from oil control group, in
the 95% confidence level.

HeE 19 39 ey A AW testos
terone®] ¥ %3 19-NORA FAFE 1A 74
sesame oill{h& A& Ul R F(26.80+9.68ng/
mbe) ¥l Fol&tA Z7}1(66.62+5.43ng/ml,
p<0.05)8tg o1} ATt ol F e Zadte 7

A ol F HRFEYG Ok 3 FEE §4
SRt ¥ gzTaMe TALE Ry %
F Fete A¥E ey FAFcE &
ofstA ekgtr

#HZ A2 estradiold] % WIS B9
(18 4) FALF 1A 7] g2l vls) f9]

A 27H621.05+82.34pg/ml, p<0.05)84
TAZL ol FREE 2y ez 7

lath £33 HRFAME 3AAA T
FZ2& Jgud o 747 o] R e

o,
h .
$r2e FAsg

o b B 3

19-norandrostenedione(19-NORA )& s #]
o & & EHHY JFxd(Khalil and Walton,
1985 Silberzahn et al., 1985)3} A Aulfd
(Dumasia et al., 1985)Jd &2 3t= F8 =
geol=gin gad Jor, R oAMe
bR A Ao LAHA FgoH, T AHi
ofj A 19—NORA: estradio 2 9] aromatization
#AQ Zd ZNRAE 7 & 9 t}(Silberzahn
et al, 1988). ]Eﬁ?} 7él}a% 19-NORAV}

Zn U of] A androstenedione © 2 XE] estradiol
2o APABAN FAELdE EAQY
FeAE /\]/‘}ﬂt}(Dmtmger et al,, 1989).

B A8 19-NORAE Hid FHFH Fo
st o] WE @AY HLUdAe 2HERE
ol ¥ AR S RA AH, FAL
I 1Az 8T ALY testosteroned
estradiolz =7} F23% Z713t9 ). Sesame
ol oil red-08 *o] FAIF FT2Eo] A
Wz dx47te $58 Aéﬂ quidyg 2
ZFALE oF 308 o] A4 AAZ HA e
Ao Hol FAZ 1*]/11 b Rl I B ]
19-NORA 7} @iﬁiﬂﬁ A Aty #e
o] AjzE Aoz AT I AL
R 49} 7§*-4 2dde Z 9% FA ¢
o olAL TEEELE W FNT
AT e A48AZH ¢ EHH =4S
1—1%51171 rq]_,_o]] A 2o
Z Ay ggde 9% &
Al wgde d%s &
23 Az E

FEE Bodd oA AF7A d

2ogty 283 AM(Vicente et al., 1989) 4},
7#ZAHYoon & Yang, 1988)7} otd, AA
A2 ZA}(intratesticular injection)3}&
o] 8319t} Russel5(1987)& 99
gzt ed ALd FAYE F YU
g & o] 50ulo)dt olH, vehicleZ+=
a2 gt sesame oilso] A FEHaL, ethyl
alcohol& A xel zzd ¥ g3e Z 4

m{no&oio&.l}mﬂ

i nE rE
fo rulo o
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Aoy Bisigch a¥oz & dgdMm
FAEH L 5048 3}o] sesame oilo] ZZE
& Fo] RoJEEl, sesame oild] <8 A

2l 73, Sy Wake degux sk

A 3289 w5yt 3435 Wase
o8 Hol 19-NORAV A& A Bo
e Ao ARFHoR FFE F= AHAE
Sidiszh=3

oebA AALY T2EY 4TS dolwr
$15lod = sesame il vehicle® &t AA A
AW & FA)}(intratesticular injection) 8} #F
ol AYsivtn A 2eu $& Ha
At AFHALR TEEE FA3H7] o Fol
FHE Aro] e T2 JFgFL £ Ha
o 3 ¥ & FHE vedgn E

EG 504 FolAdE BANE §E¥E %
d9e goln, Aol FE 94 2AP
gtk LAY FALE 3747 Yol F&
= A

A

o

=)

=
9t aEg ¥3% HE Hadge] 2
HEole daRe wlg okilo] tlES glut
i A zhE

a3 B 280 19-NORA Hals: A
2 Y estradiole] FT 7} 1-3A1) =7}
e zHZols AR HANA 19-
NORAJT estradiol§t4d A Ao 28t 2
T HAEEA LR estradiold) APl Bt
d 242 SAg o8 Al T A
2 (Dintinger et al., 1989)9} Ao 71 A X
(Leydig cell) v} oFA](Raeside et al., 1938)cl &
FEEO $19 AR FtH A

38 A testosteronedfo] E71EtE V)
g A Aol f&H Y AAE andro-
stenedione ¥ testosterone &. 2 ¥-E] 2] estradiol
FRB 2NN FUNRAERZ EXste 19-
NORAZ} A 4o #Fozg FoHGoTZ,
testosterone™ Al 19-NORA } $& & L9
DA E A estradiold vhE Aitete BH
2 %32 (Ryan et al., 1986) testosterone©)
5" Jhgidolt. 28y FHAE long-
term feedbacke] #&7|&L E 4 9tk &
S22 A2 =719 estradiol® ¥ 314 o}
A gEtEe)] g Ao] ¥AH = 8 &o] ¥obd
Aojth oleldt oA A A=W 7] (sup-
pressive negative feedback mechanism)o] 4 o]
b 3 thA SAEEY 3157 (recovery phase
of negative feedback)’} Hol ¥ Ag 2o
E ffEo] ZAaEA HW A LHY £

Z7+8 Reolth(Jack G, 1987). o)of wet A&
e 7hEAE7F A8 v} testosterone ]
Byl SAsA H o] testosteroned] o]
Z7AstA B Aol e ke testos-
teroned 3B FAL] 23 FAHHY
717 ¢ LHeF FSH(Follicle stimulating
hormone) 358 E% ZAAteE Hix
ol T (Matsumoto, 1990). zeivk ¢} A%
H99 AFe oA AR BT FA7 AA
Ho] ¢A B¥ger AL v grh 3
2lal B 3X7td el e Al7bd HHY A&
o AFdFE B Age ATz e {3
Ry Fudr

331 testosterone £ 7} 19-NORA FA}
Z 3A7 Ao FAE gastd AT S
AATRT Oh ¢S FFEOE Fojxl AL
FAYPE £33l Y9 hF2] testosterone
o] YAtHA L E3 wlEH Aoz AdG
wet 2718 testosteroned Hwlel zZ Lo g
s LHe BulE odAstm, rdME] testos
terone At B R¥E Fol FATHET W @
e Frg golA: Ao 2 FedtHKer &
Sharpe, 1986 ;Grizard et al., 1987).

3l ¥ dihydrotestosterone enanthate 9+ tes-
tosterone enanthate® 27 FAHE 73 $9
T g3 testosteroned] Fx7F B A¥ F
e} FAEMA F7bF Fh(Yoon & Yang,
1988) 3l oz Hol B HAFgM= FA
oW Aol A Foje ANL: ALY
ANELE HIARE s 4E WAE +
gioh zieu) 19-NORA 9] A A tAlb-golvt &
£717ke) Bl Ae | dAFsEelor vk 17
2 #H2Z AW estradiold) F7ME P A A}
2] H3 ogEe 19-NORAVF 8H& &}
2 iz olEsle Sertoli cellof| A aroma-
tization# &l o] 9]8] estradicle] BH]E &34
A Ao FZHth HE A2 estradiol
o] AL testosteroned] A F 1A 7o
2715 & Zasty) AFste] 48A17%0] A
H7iA AN Es oldz Hold FEHA
g=d olE estradiol®] Z7te) wE} inhibin
o] o FSHe #u)7} 724 (De Jong, 1988)
3lo] Sertoli celluj ol A testosterone 2] estra-
diolz o] Hgg 7] HEoez FRHHC
agm B A3 Az, 19-NORA A 7-
48 A1 7vo| = B = A A\ testosteroned} estra-
diole] ¥%r7} Za¥ Aoz Rol F 7|1
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Al 2HZols Aakgol AslE Aoy
FAEY, 28928 19-NORAS A2 g3t
e 0 @7yl ¥ Aog durdEoh

W A 2ATY We Aunw 4
T 48A|Zto] ANT WA MFHe FEy
ARG AvidAe] FAxe Wast
Ao g & 5 UG ole FHY B %
AR BAH [9ARE XNVGAAA 2
gBle Alzto] vz 529 AH=7F &8 E (Cler-
mont & Harvey, 1965) 0.2 ©7|7vjo] 4&
o] A9 gL Aoz AT v 2
e 32Eg AN 2A Fojad o 125
Fol ANESE a2t 8 GnRH anta-
gonistA Y2 ZrAE F2RA7 19-NORAS)
A2 FARA BN, #FAE FSHe
o8 sy, AEYAHE A Ss
BEI% A Yoon et al, 1990). o)z ZHx
£ 19-NORAZ A% AAYAAAe| A%
FE o) opuz} FSHY 24 2470
2N AAGE AR NHEE R ALT Aol
© 7Hd §& ¥ ¥ 9 19-NORA9] A
AHA adet FErde G| 4A
FTE & AEE AlAbE Eu

Hel 23#ES FHs B o 19-NORAE
estradiol YA AAF] &A% FUHAE
HAB2AN 83 2 FZ= HAU estradiolzE s
Z7AZItk. 18] 3 testosteroneE 5% 0]
F7vetm Al ek e — = 3k A~ A 4 & (Hypo-
thalamus-hypophysis—testis axis) 2] =2 7]
Hol elatel FAE TAITE ol FRE FASE
o2 FEHEe Aow Azdd. EI 19-
NORA= TAZlE 753 HEE deA
ZHZol= At FEg Fub, HEEA ¢
oL} 2FTH WHolE dFS = S Qv
St gEA FAte] HA Hulse A
24 2HEoj= Al ARF AL Lo}
A7t dEAer & Ao AzmHEh
48 X7t & testosterone®|i} estradiol®]
7t Aashe o2 Bl ££4<9 &9
1 @ wdA) Adex o)&E £ g&
o2 AzAv 19z Aday %2zd
ZEEY HFAR JTE Yoty
BojA B HRA P AHid AH FA}
(intratesticular injection)3dl&= Hh¥e] A
Ao #dago

go g 19-NORAVF ALY ZHRolm 35
2R A@gdRHIG AAGAHHA v

oot ol

o

PO A G i 4
S

ok

Fe 483 golry] fIME Ak
=2¢] 19-NORAE #H=3 35 AA9
Jzl skl AAIZE] AX AFEH oA ok
o A Aol el 19-NORA 2] metabo-
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