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Abstract : Creatine(Cr) and phosphocreatine(PCr), the important mediators of intracellular high-energy phos-
phate buffer system, were found in the tissues of mouse seminal vesicle and also in the extracellular fluids of semi-
nal vesicle secretion. This study was performed to confirm that the secretion and accumulation of Cr and PCr is
rgulated by testosterone and its 5¢-reduced metabolite, 5a-dihydrotestosterone(DHT). In addition, the effect of
nandrolone decanoate(ND), a synthetic anabolic steroid, on the levels of Cr and PCr in the seminal vesicle was
compared with those of testosterone propionate(TP) and DHT. Male Swiss-Webster mice were castrated and three
groups of the castrates were treated with daily injection(sc) of same molar dose(1.45X10°mol/g BW) of TP,
DHT, or ND. All three androgens rapidly increased weghts of seminal vesicle tissue and fluid, and also increased
concentrations of Cr and PCr in the tissuc and fluid. However, ND was least effective in increasing seminal vesicle
weights, whereas ND was as effective as, or in some cases, more effective than, TP or DHT in increasing Cr and
PCr levels in the tissue and fluid. The results confirm that the accumulation of Cr and PCr in the seminal vesicles is
regulated by testosterone and DHT, and also suggest that the effects of androgens on seminal vesicle growth and
secretory activity may be differentiated.
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dlo} PCr2 A= 2 3oy z] Q4717 el ATP
€ ADPE WHEHc). ojgA Y45 PCre AT
ATP ¥ele] olllA] =Fo] As}d -4 oz A4k
71 tHA] ADPel| HFA|A folsiA| ATPE P43
of AT) ATP S22 YA FA4A 2 ol
FFAZA Y g 9 w2l Cr) PCre A
W APT %9 W3}yl Asiar ohvx] 87 eo) B&
23, & THAXY HHEe} 2L =R F2
A= k. ol & Eol wheae] FAZelAE o 23.
2pmol/g wet wt. 2] Cr¥} ¢F 17.2pmol/g 559)
PCro] Ealst x|z oll= < 8.5pmol/g2] Cr, <F 3.
5pmol/ge] PCro] EA3+c}*4S, ¥ ol o] Cra} PCro]
AXFe] 34 AA7IENN 2L SEE EAldte
o] GBAHA] o] 7|TeilA] o] Fo] = Heell Tiyt
fAle] == 3 Qi) olE Eof wheAo] Aoy
ol 5.6umol/g 2] PCri} 22.8pmol/g 459
Cro] EA3le], 53 o] A F4 g2 PCre A Ee|Hol)
PCro] &A= §9% A+2 4214 Q. MEY
A2l Crat PCro] HE-2 zHAls] g2ix A %A
7k, oh9-229] Aol o] H3HEEC] FHEE HAo]
testosteroneol] &3l A= AL geA Yok
AND gekeLelAe AFAZAS) Cr SEE A4
uh§-2-98] 12%, PCr& B4 w29 34%) B3shr}
testosterone- & F-oigt ¥ o] Xl FHs A5l
Y dizde £AE ST ol3d AP A=
g rd4dollAe] PCra} Cr £u) 3}go] AddHs} oy
W] o] chg AE-EXY androgens] FHH Q) J&F
soll glche Ag 28] A9, w2k Crt PCr
9] FXH3= androgen?| #AIE FAY = Qe 3
uel A¥E7t E ¢ dgg wl F3 g
Dihydrotestosterone(DHT ) 5a-reductaseel] 2]}
o] testosteroneo] Y= o] HAE] = testosterone?] ¥
435l ¥eli(active form of testosterone)o|th. A4
€ Egshe gl 24 A 7]BellA] testosterone
& S5a-reductased]] 2js}ed DHTE wi3lo] =i, o]
DHT7} M| ¥4 W androgen receptor®} Adtsie] 534
A B g AR
Nandrolone(19-nortestosterone & Q1 FH o g wks
o]7] A anabolic steroid 24 YR FFHFEol 9
3}od anabolic effectE 714 2.7) $J3le] £F J-£5|o]
$tt}. Nandrolone-2 testosteronei = @2} 5¢-reduc-
taseo]] 2] o] FolaiA| SR Y ik o] ¥
HelE androgen -gMj2} M5 (affinity)7} Yol 4
AZlsolls Aokt Qg R gt ubHol tes-

tosteroneo] 2 Zg3h= Aoz FeiA g T2
7] Foll 49H o2 anabolic AIE of7| Atk 4
ol A3 QlckY. niebA] & Qo Ae Al
9] Cr3} PCr %3 o] DHTo)| a4 =2Ao] HA &
3olstar, a4k Crat PCre] FE¥shE $444e 2
Hl&Foll o androgen #te] shte] AE 2 4lo} gl
A steroid?] nandrolonco] FAPA4Q) A B
Hj@-Fel Ul A QEe =AY SubeAE A
¥ 7} AYTHEE testosterone propionate(TP), DHT,
nandrolone decanoate(ND)E 27} 2 & &% o+
I A 223 Ardddellde] Crat PCre] FEH3t
£ enzymatic assay$} spectrophotometry, fluorometry &
53319 " vl TP} DHT®] Cr} PCr 4 AAE A
o] v, clldlZ o] ZFollq Cra} PCr Ruldhs
< DHT ¥ell2 2§81+ testosterone®] A|ulE W= A
<+ 5% 3l 223 NDe A4 =239 4
o] v)X)= JgkollAle TP DHT R} 3yt Hglo}
78349 Cr3t PCre] FAHoll= TP DHTS} u]5281A
U 2312 v el
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HAHEE U AEXE| : & Swiss-Webster w32 (6-
75%)E AYEERA AL on 1247+4 9] Fof
24, 4% s oA A Axeee
sodium pentobarbital vl (65mg/kg BW) #}el] &3
ANE st AT AME FEELS FEF 14
169 F< AR 32 25 st A 714 o
€ androgen?] & ¥7| sl AN vheAEE
37Me) AYFLZ throl 2 AYE(16-20012))9) n}
250 247] L & SH(145X10°mol/g BW)e)
TP(5.0pg/g BW), DHT(4.2ug/g BW), && ND(6.
2pg/g BW)E vl ¥3l2 Fo3i9ic}. TPS} DHT §
o kAT A S ¥ 2,3, 4, 62 Tl 2 4uje)
& 3| QAZ, NDFATE A Fo F 2, 4, 69A
ol HA] Z 4ujely 3B Fc). 4ujel9) AN w2
t ZEE 5Fo9E 3R goton A H2E T O
270 g Agsrt

EHFEF 1 vbF2ES COE old3l AN,
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€ FAA77] st el A AL dgoz vy
W7}A)7]1  phosphate-buffered  saline(PBS; 150mM
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NaCl; 20mM phosphate, pH 7.2)el] 2~387} ©10]
Fgic}. A dAa xdaA At e coagulating
ghande} A=A EE 2AAFA el ¥, uEy
A YA A dAge A4 AIESIRe &9
o8 zAAYA ihg rlsle] A4 7= REe] Add
HIE Folo] EEEEF d9lend, 2 gL L
5mL polypropylenc microcentrifuge tubeol] Go} FA] N
AALE o83l FE45FAAFT. Fddga A4
272 Ag9 29¢ WA Hsle] vbxe} G-
o] AFge EH*I-ZI 22 bt o g EEsio
AAsIG}. ABEL FE2A7A -70THA HP3i3]
i, Lowrys} Passonncau-«] perchloric acid-KOH %o]]
93} acid-soluble phosphate compound& Z&oll4] F=
Fsloic. Ziebs] Advdai, 99 A =223 A4
AN g 1 4efFel(v/w) 0.6N perchloric acids} o] #
Wit {52 ol 83l g BT Jel2 dokon, o]
& BUF 4T Jo] 1087 10,000X goll A YAE
2feo] o2 AFHell -2 %] 0.6N KOHE Yol §
A7, o] HCIO-KOH $25-2 10,000X goll A}
1087 oAl fEelsied FEae dgidt. o] FEF
(pH 8-9)2 FA) EA=AL 44 wi7bA] eH4] 70T
ol Bt

ATP, PCr, 22I2 Cr £4 : PCr& Lowry$%} Pas-
sonncaug] A &Yl oJstel EAslgicH . F,
10-20mLe] H34 -2 A4 HCIO KOH &
Eof] 1.0mLe] ATP assay mixture(50mM Tris-HCI,
pH 8.1; 1.0mM MgCl,; 0.5mM dithiothreitol; 50uM
NADP*; 100uM glucose; 1.0pg/mL hexokinase; 0.
03U/mL glucose-6-phosphate dehydrogenase)& 3L
oA kgl oJsle] 5E We] ATP7} NADPH
2 #HIgdoz vzl 838kS  Sequioa-Turner
model 450 digital fluorometer(Sequoia-Turner Cor-
poration, W|3)E ZAsl¢ir}. NB360 fillter(360nm
peak)®} SC415 filter(450nm peak)- 7}7} excitation®}
emission filter2 A-83}th. ATPo)| 2)3} 34efo] r
ol4 ZF7tslA @A S%1E olf creatine kinase(CK; 0.
9U/mL HZ¥ %)% ADP(100mM ¥EE5)E Y
3 A 8ol Arbsle] PCro] NADPHE #glgo 24
F7lshe 8 3e $AUCT. olFA o A2 FF
g oju] FEE ¢ glE ATPS} PCro] EF &%
ZA% vjasle] g9 FEE A Cre o]
u) Ax]o] 9l W& a-naphthol-diacetyl B o2 &
Ao &, 4CE Wzslo] ke Al el Eof
3 50mLe] A8 FL FFHe] 0.7mMe] W7+E

ZE4, 0.3mLe] 1.0% a-naphthol, 0.15mL¢] diacetyl
£, 12]31 0.3 mLY] F{HFE AR T
2 F AYBE 3087 AeAA WHsgled 2
¥ 525nmellA] FFEE FHAL. ALo AGES
Sigma (2] F)ellA] Fsle] Agsiict

EAH X2l : TP, DHT, NDL Z AH2lF 7H] Cr,
PCr 559 #94 e Atol& #3i7] i3l 2+ A
2|3+ 7hol] Student-Newman Keuls multiple compar-
ison test& A5}

1 o

ANTE 2579 F NS AAT Bd4 =2
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Fig 1. Wet weights of seminal vesicle tissue(SV) from
castrated mice treated with various androgens.
Equal molar dose(1.45X10° mol/g BW) of
testosterone propionate(TP; 5.0pg/g BW),
dihydrotestosterone(DHT; 4.2pg/g BW), and
nandrolone decanoate(ND; 6.2pg/g BW)
were administered daily. Groups of 4-6 mice
were sacrificed on the designated days and the
seminal vesicles from which the fluids were re-
moved were analyzed. Error bars represent
standard deviations.

%  Significantly different(p<0.05) from values
of TP treated group.
% Xk Significantly different(p<0.01) from values
of TP treated group.
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Fig 2. Wet weights of seminal vesicle fluid(SVF) from
castrated mice treated with various androgens.
Animals were treated as described in Fig 1. Er-
ror bars represent standard deviations.

9] F2 AMSHA] 92 B4 dl=Te] BT 29.5+5.
1(SD)mgeil Bl3}] 6.511.6mgo 2 Fo] £9)o1} o
2 androgeng Tk 2UA 44 F A= BF F
A FFE 3. 64l TP FATL AE F71
e BA% DHTS ND 47 4R} vl
o 58 A, o] wf TP {73 DHT §o
T2 p<0.05 Fol|A], 18]35 TP Fof 7% NDL $o
T2 p<0.01 £FollA F24 e XolE Erh(Fig
1). Azl Fd4dl FFL 108.0+29.6mgo]
ot AM 2590 F o1 S Ay HEY + glsidh
AdAAY R androgen Fof ¥ AGH 02 Z7het
o] 6ol 22.10014 26.5mg Aol9] 21§ Ho|g]
2 7z AT Aeloll §-A4 e Aole HolA &3k
vh(Fig 2).

AFANg ALY Fd4d =29 PCr w2 A4
279 3.2+0.8nmol/mg wet wtoll4] AHA| 25U
¥ 1.240.5nmol/mg £+FEo 2 E3len, Cr 5 9
A] 14.6:+1.8nmol/mgoll4] 1.2+0.2nmol/mg FFL
2 P&s5lcH(Fig 3, 4). Fig 33} Fig 4] 2a|Zoj] 1}
elt Q1= viel o] androgen Fof ¥ PCr#t Cr §%
© #4344 71817 Al 6dAl k. AlE F7F F
Aol sisiovt TPe} ND9] 493 694 FoJF Aol
2 A3 =39 PCr 5 XolE Aj3ize TP,
DHT, ND FoiF Aol §24 Sl XolE T4

PCr(nmol/mg)

Fig 3.

Cr{nmol/mg)

Fig 4.

Phosphocreatine(PCr) levels of seminal vesicle tis-
sues from castrated mice treated with various an-
drogens. Animals were treated as described in Fig
1. Phosphocreatine in seminal veside tissues was
analyzed by coupled enzymatic assay as described
in Materials and Methods. Error bars represent
standard deviations. X Significantly different(p<0.
05) form values of TP treated group.

Creatine(Cr) levels of seminal vesicle tissue from
castrated mice treated with various androgens.
Animals were treated as described in Fig 1.
Creatine in seminal vesicle tissues was analyzed
by a-naphthol-diacetyl method as described in
Materials and Methods. Error bars represent stan-

“dard deviations.



4 fgich 493 6YAS] ND Fo9 A4 PCr
EE€ TP 549 PCr =R} 94 Al 34
(p<0.05).

A FARe A 23Y ¥ PA5F(limit of detec-
tion) ¢)3} & EA&K7) Wl PCr3} Cre] B 2E F
¥ 5 gilot} androgen Fof F 293} 3Yelle %
Zreke] Ulg-ddjo] ¥YAslo] 2} FojF e whe-A HA
Ng 77) Bol £4& ¥ 5 UAHFig 5, 6). B A
27 whe AANS PG Cre] BEE 247 5.
3+0.8nmol/mg7} 25.1+3.7nmol/mg o}gitl. AA|
25-¥F androgen §-o{§ A1A4t 2| 2¢9A0) PCro] F&
£ 2E Agol 2.5nmol/mgellA 3.1nmol/mg A=
9o 4dsjolE 7.2nmol/mgoll4] 10.0nmol/mg A
olg] REE Hgim, 6UAldl o228 TP 7L 8.
540.7nmol/mg?] EE& EFAY DHT Fdv3%
ND ¥o]42 11.0+1.2nmol/mge} 10.7+1.7nmol/
mgE A ¥l $F¢ 2, DHT F497 ¥2 ND
FolFo| TP Foj it AN A4S BT &
giicH(Fig 5). Ard4He] Cr g% W3k PCre] §5
wdte}l vt ki B 29U 4dAel A AY
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Fig 5. Phosphocreatine(PCr) levels of seminal vesicle
fluid from castrated mice treated with various
androgens. Animals were treated as described in
Fig 1. Phosphocreatine in seminal vesicle fluids
was analyzed by coupled enzymatic assay as des-
cribed in Materials and Methods. Error bars
represent standard deviations.
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Fig 6. Creatine(Cr) levels of seminal vesicle fluid from
castrated mice treated with various androgens.
Animals were treated as described in Fig 1.
Creatine in seminal vesicles were analyzed by a-
naphthol-diacetyl method as described in Ma-
terials and Methods. Error bars represent stan-
dard deviations.

2o F(23.1+£2.5nmol/mg)e DHT(31.742.2nmol/
mg)t} ND(30.7+5.3nmol/mg) F-of ol Hlshe] Y
FEE 7M. A F24-2 glgdrk(Fig 6). Wt
4] androgen $of A 7| 7ol AH A 79 A2 8
androgen FoiF Alo]o] A4 Cr F2 PCr X
Apolof] f2]4-2 giict.

o @

AE N9 oA SFAEA F23 JTE g
i Q) Crd} PCrof vhg-29] A4 243t A4
o] MEe|NHo)| chFo g EAaL glor, o] ArgAel
A2] Cra} PCr 32 34 A AlEel] o3t #u)2t
foll 213 AAY Ao FAHT QU B AP
Ao A Crit PCre) %7} testosterone®} 2 o
AMHE DHTe| 9fsie] zAagchs A& #9l3in, o
A4S o) &3led dlte] anabolic steroidl nandro-
loneo) Aol AAa Rulzhgel vlX& F3E 2
2} androgen} vl Za}gich. A3, AYPHE g
S HAANEL androgen oEA | BREEA 2

— 267 —



A, 23}, §AE A5l androgen?] FH-S =4 H
82 o 1 Fd FFEE Aol et A
Algg F o] Z1FEL 93] HE o] HAHL 7
gH o2 2|Roll4 androgend thA] FFehd A4
A zmr2 5" F Qi E AyelAe] TP F-ofo
2| A vlg-20] A4 AAF4L olu] FHA gL
= 289 Ags] xska Yek(Fig 1)

TP} 2 #4315 ¥ulel DHTE vl&stA AA vl
S0 A4 227 PR FHE FHIFIN
L1} androgen ¥-¢ 64A] TP Fo{ 79 A =39
F2kg DHT $ol 7ol ulal §-24 lAl(p<0.05) =%k
c}. AutA o g APA]7|Bol|A] testosterone-S Sa-reduc-
taseol} &Jslod w7l H o2 3Y=lo] DHTY =
A Agicks 4 A Qlrt. webd DHTS| Hel= 3
% FoJ%l androgen testosterone FelRr} HAPA A
o] Aol o] & A3H-E B, et £ AN
androgen 5§ 6¢s] DHT Foffo] TP F-offol] o]
sto] A=z Fafo] e AL opukk Foidl TP
= ester BElQld] H]3led DHTY: steroidihe] #elo]
7] o F&o| =} Ester gElQ] steroide L
fatty acid $-3to] B A4-5F A B0l 5 S5
7t AsiEo] vzl dojA =g o oW A8 ¢
A Aoz PzEam .

NDX DHTY TP¢} vlsiAl Ad4e] $32
Eslgl o} Fof 6Yxcl]l ND Foi79] 34| 57
¥ TPyH(p<0.01) DHT §-of Foll(p<0.05) uls}od §-2)
A Hgick(Fig 1). o] NDg ZH2 anabolic
steroid7} A§4} 7)ol wlx]= J8fo) testosteroned} 7
< androgenoll v|3to Hrhs AF7HA] diR A3
Ax] 3} ND7} 2§ §-9) Z# ol tigt anabolic 3.
I A A34]7]3el] gk androgenic B
Hog He olfre olgldt 2o XS] U
Sa-reductase® H|E38} androgen thAE AL FF, 1
2|3 androgen?] thAFE#} androgen recepterZhe] X
3o} dute] e Ao Agsn Y F tes-
tosterone-S A4, YA S 72 FAA4ANA
5a-reductasec]] &Jsje] +BAl} M=t Wy &
DHT7} 5]A)qF, ND+= Sa-reductaseol] £]stod #-go]
A 57 %% ¥rig, o] HujE el 8l
of tHgt Xsxr} GopAlch. wbwlel] F&7 o] 5a-
reductase”} EMsLR] = ZA oA+ testosteroned}
ND¥ 2 AHAl24] androgen $~8-49} A g3iA = 12,
o] 73% testosterone e} 8-Aol] W&t X3} 2
ND7} o & E3E JehliA "ok Baso] gl

¥ Ayl BFAdsEe] Frlell vl 7} andr-
ogen?] Gyl 24 sl Aelrt YUsAeHFig 2).
w3 Add 223 B F4Ye] Cret PCr F5 F71
u|X|= ND9] #3= TPy} DHTS] s} 424
€ A7t gAY 2 334 =3 PCre} 7%, ND
$olFo] TP DHT o7} ¢ 22 AoZ v
1} gick(Fig 3, 4, 5, 6). o] AL A4 A4S 34
A|7]% androgen?] A&7\ 3 3} FF4ge] A& &
H| A7) 1A elE Aol7t S F e, F FE2
2eE 5 88 ARt ol§ Eo] Se-reductase
o] ¥-¥7} A4 =7 AAe BuAE-E dedl= 4
Hz37 Aolof] Xo)7t UL ¢ AE Helw, a8
androgeno} FA42l4 A9 AL FAAT= AE
3 A AEoA] BulFEE FRAT|E FEL 5o
reductase®] R-Eoll et o)} 9 4 91€ elet

B E ‘anabolic steroid’ g}t B8]-9+= 2] 32 ¢
Fo 2 FAE steroide androgenic A= 43 3
3L anabolic b= 3 i3}eled androgenic ol wh
B2 ¥AHE-E Foli caxchexia, W1 9] X8 BF
o)) Apgatarat AMatslgl. e} of X anabolic steroid of
£ androgenic E#-E A MY = g7 g2
SEATE] THE WAL ¥ £ 5E A2
Z} o] %}t anabolic steroidE vlgfo & @ R3lo] gro
o of 7o) & AAERA Aol s B 18
I QA 7Veolle] etedd} T o7t HRAEEe] B
Elo] It} ®, melm A9 AL MF Y FAst 3
sPxje] JFA) o) -9 anabolic steroid”} FSH¢} LHE]
BH) & A7) 3 A4 H Q] testosterone] HAE 7}
Erto} FRre} a0t A4 Fope] FAE ST
k. B Ag-e Cra PCro] $XF s X E2 4
o} ND7t A'dAe] 44 FAAIE Hshe TP
DHTo| vlsle] #1z)s] Gon}, AgAellA Holx Cr
E2o PCro] &3, ol Yoyl wHild TPy
DHT$} & Aol7l 8188 g&iFa Urt. o]AL an-
abolic steroid7} 441419 FEollx ZHHQY ¢S
Yo 4 98¢ HoF glo] of2dt FEe 28-9]
BNz 71 A7) Fel ofwdt BAE-S des)
A ¥ 24310l & I 94 A7)stx it

A zA3 Adadoe] Cri} PCr kol Tl
DHT $oj g3 TP Foi - Aololl= -F g 1t Xjo)
7} glgldl ol Sa-reductase?} GAlol ¥ A4
o] 4 testosterone-& DHTS Hel& 2H&3tch= A4
£ XA F¢.
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4 =

¥ Al AMRA 2599 < w2l TP,
DHT, ND& & £ £8H1.45X10°mol/g BW) &
ofsie] 2 Add =23} A FHHNE B
st e, Cr#t PCro] E=5=H3E coupled enzymatic
assay, fluorometry, “L2]3L spectrophotometryg ©]-§
slo] BAsle] o33 22 AEE A%l

L vpg= A4 243 FddHgel A2 Crit PCr
9] BHu|9} &4 testosterone®} DHTol| 23l =4
LERSL S

2. Q1 Z%A anabolic steroid$] ND7} A4 =2 9]
FF Z7}E £RX 7= A= TP DHTo Hl3le]
dgkeut, ND7t Addde] F3% Cr3t PCrel A
A =2 #4 9 Fuol| v &= TPY DHT
o ZAY ] F3teh. o]2§t 2= androgeno] A
9] Al vjAlE fteh EulEol vX= £
7148 o F e, o] F 71X Al Euld
U Al

3. o]9} Zto] FMA|S] androgen Aefoll whE A4
e Cri} PCre] XM= A2 g oJ@ andro-
geno] Aol Bulggo] u|X= d¥E £4E
e f-83 A 20t 2 o glekaL YR

Al Ab

o] =R Aol At FE FA = Fast
Al 3 M. R Iyengar 2587 o] =& Ut 4
Yol d7tA =3 F4l 018, ol Bt A
A A= AN 38 & FA94, IAFE
TAAS =R
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