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STUDY ON TRANSEPITHELIAL MOVEMENT OF 3H-ANDROGEN
IN THE RAT SEMINIFEROUS AND EPIDIDYMAL TUBULES

Masanori Yamamoto, Hatsuki Hibi and Koji Miyake
From the Department of Urology, Nagoya University School of Medicine

The mechanisms involved in the maintenance of the endocrinological microenvironment of the
seminiferous and epididymal tubules were examined in a series of experiments utilizing in vivo
microperifusion, microperfusion, and micropuncture technique. The intraluminal 3H-androgen
concentration in the seminiferous tubules increased linearly as the interstitial 3H-androgen concen-
trations increased from 10nM to 2,000 nM, but in the caput epididymidal tubules, the intraluminal
SH-androgen concentration increased hyperbolically across the same range of peritubular *H-andro-
gen concentration. Intraluminal *H-androgen concentrations in the caput epididymidis did not
rise above approximately 340 nM even when the peritubular 3H-androgen concentration exceeded
2,000 nM. Perifusion of caput tubules with 0.l mM dinitrophenol or potassium cyanide or 100
¢g/ml cyclohexamide significantly reduced the proluminal *H-androgen movement, but tubules
perifused with control medium did not support antigrade *H-androgen movement in the absence of
native Jumen fluids which contain androgen-binding protein. Energy-requiring protein synthesis is
necessary for antigrade 3H-androgen movement in the caput epididymidis, but the mechanism for
the interaction of intracellular protein(s) and *H-androgen movement remains undetermined.

(Acta Urol. Jpn. 41: 119-125, 1995)

Key words: Transepithelial ®H-androgen movement, Testis, Epididymis, Androgen-binding
protein, Intracellular protein synthesis
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bl

TEFIEDRE B I X OB LA LRSI RE R T DR
BT & > TEBELBERE DK LT LTV 5 2.
M ThH 7 v N e o VRSO D ORI Lk
G5 HR#P/W? LHlHT 5 LTtk z&nTE
b DTHSB. 7y MERLEEBEARPC R
ABTFTAPATFRVEBIOREFA M YR TFANATR Y
(DHT) E, FEERPOEFL DL k3hk
BRECHRE IR TV Y. L2 ThhbhiEig
BIOKHEEEERA~DT v ¥ e X VBITEENSH
BITH LW AT ATHD in vivo BUNERIEE
INBRBEHER LY. N)FIATAIAT B V%
s B cHlERT 5 L HBAKR O TR 15~20%

BEDT v Fr b vIVERABTT 510 BE oo,

F5 3 - AREE I PR CHEN U7 A1 200~300% D 7

FAT B YDERNDOBITILT A Y b —~ 7 CEH L
WTAMAT R VT LD BENEEY T B LR
in vitro DEEBRTHOLMZ LTWANY, ZDZ Lk
TV Faer VOBERBTO AN =RAA R HE ETT
v Fe ¥ viEAER (androgen binding protein)
(ABP) BEERBEULREL TS TEEEKRLT
WhHEWVZD.

ABP i3t b ) fIRTCH WS e KR B EE
hicth, HEICs TR Ih, TOREXT A A
7r v DHT LZIERLU CTHEHY. ILICTEE
PR RS B BT s\ 5 ABP BENE LE
T+BZERENDLD bhbhITEGHRS » t %
FWTC FSH »##IHl Lz 0 BB THS e+ Y
ML VW h5s ABP {ETIRAHZECIVE
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B HAEBC KT A7 v M e ¥ vEBIHAEEIIE X
MBHZEHERL, ¥6K FSH 2B 5T5 22tk
h ZOMESNEBCET D L &R L.
BEXbbhibhid, EELGEEFRO7 v Fay
Vi, BN ABP LEEAT A Lic X hHEMLEA
ANBITTAEVCI RSB C TR BES DR IH
TAHHEL LT, Turner Hi3, #EH L7 ABP Tk
B EEBERAYBRT AL XD T v Ve y vBITH
WALAZ &% in vitro DR TR LTV 5D,
AR CTL, BESIUBE LRI 5%
LEHET v ¥ ey vBTOBNCOWTRIERED D
i, BEESCRIAELIHBALLEEARAT v
Fe 4y vBiT, ABP LIAORT L UTHREB#EAS
BET 20 BEh MO EREE A THLMR TS T
xR,

¥R EFE

79 b

Sprague-Dawley #5 . b (450~670g) %A L
22°C ffefe LB E CI2ERY 1 7 L OBH, 50
ZDOWEDFHDS L TREL KBRS 2L THAE
Lic. 7y M, i &b LEEEFTRECET
IR ThDL, KR
T4V r=7

SH-7 2 b A 5 m v (specific activity: 52.2 Ci/
mM) BIO MC-KY =F L v 7Y 2— (4C-PE-
G) (specific activity: 15.0 mCi/g) #BA L.
AR & W ERlk

Ty bERFAFANEY V- (100mg/kg fFE)
THREE LTt BEERICERIED > ek Lic
%, BHEELER EEAE Y H L testicle holder pPJic
2HDERETHEE L. “hb¥ 35°C THREL
7o, 1003 7 v D€, by, EERMEINEETH
DEAIIREEBEIED, RIWEWE L TH BB AT,
K BB OE T LE S ORRIE S 5\ ks
LG R | R L. BRI Y s v )
— v THf U7 minimum essential medium iz
SH-7 A AT m vk UWC-PEG winkicd D% A
fo. MC-PEG BGFENKE D, MK HE
BIFT BB TE 7. - TR LB A CRIE
Ehs "C-PEG B NKEROBC, MERD B
IR E & BBA LIS DTHY, +v I rDOFHR
BEARTIREL /5. BIREF~L, EROBECIE
U TRIAEACEAARIAEFIE R Nt fc. P
W RS R HERE RN i D TR, Bk RER Lich
MDD L DTS - 1. FETEBAK 1 %

BN & BB R BREL Lic?. $RERLicy v 7 44 50
nl FO=D0/NH v I TR, £ O KRHEE
% scintillation spectrophotometry THIE Lic. &
HADT7 v ¥ v 7 vBITOREXENRDBRSHEE S
MBEROMGHEE TR LEFRE LTRLE.
BIFISRER
BRWPeme b *H-FA A7 r v & LTUHUTF
O 5SEEOBEDO O AR L. Tiebb 133,
26.7, 53.3, 106.7, 213.4=A 7 r» Ci/ml TH%.
EBRCHACBEERDOT A+ AT v VIBERLED X
S5TcfETHBE, #REEOBEF LA 10~
2000nM 0 H-7 v ¥y VLT H L E LS.
BEObNbROERD L ERE | FRRBCIEA
W& BRI ET 5 2 L AARIRT B
- CSBEOREDERK CRHAEE RS XOEELE
BhERS | FH A CHEREERAREYERLT v ¥
By VBT R BN

SH-F A b AT v v BEAGH CHERT 5 M
7 v e vRELT B, oA *H-
Ty FarvEBlLLETS.
ERAREMERD *H-7 v ¥ e s v g E xR
1A 1 BERBRICIE Lic. BT R XOHERSTO 7
v ¥Fr & VIRE D regression analysis (¥ linear
(Y=A+BX), rectangular hyperbolic (Y=AX/(B
+X)), double rectangular hyperbolic [Y=AX/
(B+X)+EX] OWThoi@gsi g b B4T 5ok
FHE L bciaE L.
RS E R

B FEIEEAY 240nM OH~F R b AT r VE
HAHECEIFABRED SH-FA Lt AFr vE 0.1lmM ©
dinitrophenol (DNP) H %\ (% 0.1 mM © potas-
sium cyanide (KCN) %1{& UMK CHER L 1 &
HS®CHEREERRERRLT v Ve 7 vBiTEH
~7-.
PRSI AN CHRE S RS I LTS
B0 ATP WIERIN 5 2obic, S Lic ik
NS4 714 ATHEH 09N HCIO, THrEFFA4
R Ukcth, mOSHE L. E¥E% 3M © K.COs T
Rl L7z luciferin-leciferase K% AWT ATP
wRE LI

EH AR EHER

K _LATE A 240nM © H-F R P AT R VE
100=1 7 v g/ml @ cyclohexamide (CHX) (Z&H
ARRAEAD & SRR CHEN | RESCHER &
BRRAERLT v Fr ¥ v BT 2R~
FRBIRER
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Table 1. Concentrations of compounds
used in perfusion fluids for the
caput epididymis

Compound Concentration (mM)
NaCl 100
KHCO; 25
Mannitol 80

Bovine Serum

Albumin (mg/ml) 30

PIPES buffer 30

[mOsm] =360, pH=6.5
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Fig. 1. Intraluminal *H-androgen concentrations
in rat seminiferous tubules at various 3H-
androgen concentrations (10 nM-2,000
nM) in the testicular interstitium (n=42).
(A) The intraluminal 3H-androgen
concentration increased linearly with

increasing interstitial *H-androgen, but
the intraluminal value averaged only
176% of the interstitial value at all
concentrations. (B) Residual, or devia-
tion of actual value from predicted value
based on linear regression. Residual is
randomly  distributed around the
predicted value line, illustrating the
appropriateness of the linear regression
model.

D03 7 v VEEDOH pipette & VTR
ETEEO tubule % ZHIT, 225nl/m DMEET 30
DTS, EHBREREY T -7, TRERKE LT
13, Table 1 wRT X 5 IO ATHIER Lok
¥ AT OB (artificial caput fluid) (ACF)
B, BRI 5 EAERERTIIER
BFe kB3 240nM @ tH-F A FATF v VR ED
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Fig. 2. Intraluminal *H-androgen concentration

in rat caput epididymal tubules at
various *H-androgen concentrations in
the caput interstitium (n=33). (A)
Intraluminal 3H-androgen concentra-
tions increased hyperbolically with
increasing interstitial *H-androgen con-
centrations. The mechanism responsible
for pro-luminal movement plateaued at
the calculated maximum capacity of 343
nM even though maximal interstitial
values exceeded 2,200 nM 3H-androgen.
(B) Residuals are randomly distributed
around the predicted value line, illus-
trating the appropriateness of the hyper-
bolic model.

VR CETR S | IFR B BER E AR IR LY
v Fe P vBITRRN.
F— 2 DO B UM S

Chauvenet @ criterion T L TR
(BB LI I B 2T e, &7 — 7]
DECET B BT Kruscal-Wallis test &
Wilcoxon rank sum test # iV TiTo 7. F—-%
T RCEHEESE TR LK. PED0. 05T A2F
Bl LHIE L.

= g

FEFISEER

BHEOENT v ¥ ey vRER, HERFOT v
Fr by VIEBENET B onT, EHEMCEA L
(r=0.69, p<0.05) (Fig. 1A). BEWKEDOT v Fr
FYRENRADOEE (8 2,0000M) DERT VK
vy VEREEOEL, #280nM TH HHRLTT T +
—RET B Litih e (Fig. 1A). SEHIEE TR
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A. ATP CONCENTRATION IN THE CAPUT EPIDIDYMIDIS
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B. CAPUT EPIDIDYMIDAL 3H- ANDROGEN MOVEMENT

400
s | |
»
[=]
S(a
5|2 300
wd
u w
ELES
F|F -
§ 5 200
)8 -
ziz ol |
ElE
ala
3|8
CONTROL DNP POTASSIUM
CYANIDE

Fig. 3. Effects of metabolic inhibitors DNP
and potassium cyanide on (A) caput
tissue ATP content and (B) antegrade
proluminal 3H-androgen movement.
Perifusion of caput tubules with 0.1 mM
DNP (n=20) and 0.l mM potassium
cyanide (n=13) for lh significantly
decreased (p<{0.05) tissue ATP concen-
trations relative to controls (n=23) (A)
and eliminated proluminal *H-androgen
movement at levels greater than those
expected from diffusion alone (dashed
line, B). Radioactivity was determined
in triplicate 50-nl volumes of interstitial
and intraluminal fluid.

HENEOBREHITWE0%E T ry b LEDOESIR
FRTHRDLE, BIEFEFERICAZ L XY, BRE
BF 57 v Fr ¥ BTk linear uptake model T
ETONEETH BT Ehbh ot (Fig. 1B).
BEEGEBC BT 5, BA7 v Ve VRERX
Fig. 2A /R X 5 I, rectangular hyperbolic
regression (Y=AX/(B+X); A=342.6, B=63.1)
—7ERFMETAE Ui, SEAMELE FRIEE OEY 7
"y b LEORFIZANTA S L, BIFERRCLS
T X ORREGEMANOEANT v ¥ ey VBITRER
TH-FELTUL EROFUEFAIRBTHS
LR &hie (Fig. 2B). Rt LGB 853, &
W7 v Fey Vi, BRETCKET ERED S,
TADEWELY R LT Wi (p<0.05); (Fig. 1A,
2A).
TR BE L 5k

400

350

x 100

300

250

200

1 5O

H

100

cpm. Intraluminal Fluid
copm. Interstitial Fluid

S50

Control CHX ACF
Perifusion Perfusion

Fig. 4. Proluminal °H-androgen movement
into caput epididymidal lumen fluid
after tubules are perifused in vivo for
1h with fluid containing 240 mM 3H-
androgen. Control: tubules contained
native lumen content (n=9). CHX
perifusion: tubules contained native
lumen fluid, but perifusion fluid contain-
ed 3H-androgen + CHX (100 gg/ml;
n=13). ACF perfusion: tubules contain-
ed artificial caput fluid without ABP
(n=6). CHX perifusion and ACF
perfusion both significantly reduced (p
<0.05) not proluminal 3H-androgen
movement. Sample volume was the
same as in Figure 3.

¥ A% 240nM 0 S H-F A AT R vY
BURTHER LCER, ERAOT7 v Fe ¥y vBEIXRH
BWrh D323, 4273 2% ¥ CET S T & b
%= (Fig. 3B). 2 v b v — A @GHh ATP EBEZ
2.73+0.2 ng/ml wet wt TH - 7= (Fig. 3A). 0.1
mM @ DNP » 5\ 01 mM o KCN %Kk
iz b & ERT7 Y Fe ¥ VBT S Ak ATP &
Ed LI FRERE Lz (Fig. 3A,B).
EAARBEFER

CHX % &¥ BHKR T | REERKEER~D 7 v
¥ e r v TI1323. 4£73. 2% 5 5121, 8+13. 0% ~K
BweHd L (Fig. 4.

BRI

ABP & ¥7o\y ACF THRYHNT 5 LIRESR
i L7 v ¥ e 7 YBAEECHH Sh, HME
WhD7 v ¥ ey D100 245 04 W ERHET 5
¥ b1 (Fig. 4).

= 2
FBRMAERPIIASE L D bR EBRED T
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APAT R UYNEERTWS Z LIZBEOF AT
REC I BERC X > TCHLNE Ino T B, Mad-
docks & Setchell i push-pull cannula 57 =,
IERAVCURBEMBEDT A AT r VIBERRIE L

11.6+4.2 ng/ml L#{E LTW5BY. Combhaire Hit
150+27 ng/ml T&H% & L, Turner &% 73+5
ng/ml EHE LT3, WTFThofitre L, X
HMEFDOT AL AT v VBEIRBHEROBEL YL
BV EERLTWA. Turner HidmERcEs L
fe *H-7 v F e ¥ VO BHIEAND BTN ZLE
WZERRLTWAR, SEDbhbDOERETIIRE
EUE» LERIEANDT7 v Ve ¥ vOBTIL, ME
F7 v Ner vOEEN 10nM~2,000nM LIEEC
BHEEC b ThB bbb, MEBER7 Vv
m YV DRNSBRECEE G ENHB L. h
b DOIXEAT R KO ERIESEN D, 7V Ve sy Vg,

MERCERESE INIGA ERAFL, BERPRSE X
RicBEL, BREHANOBTIE LI IEIIh2 L
BROTHENTESL. 0z &N, BHEHDT
APAT R VBENERBEL Y IEVEVWIEED
BffdéicoTwabolBbhs. EBlER~
D7 ¥V e r YBIHAFER T S00ED\WTIE,
BEDL ZATHTHS. ABARET T, #HBiE
ZowEh%s LH kX FSH it UCHIBE/MaT
DT A AT v v S PEICEESWE N, BETA

~BE L, ABP L#E& L CEETHRCTIA
Ehb. ZODT A MAT v vOMEIEE LEE
R HENTAEL kD, TOFBRE LT, BHEA
BOTAMAT r vOREMETTAE B3,
REERICE TS FEEOBRE A Ulc e DEMEN
ANDT Ve yBIAIG SR WO R IRE
LTHEE\.
BHEERADT v Fey VvIBER, BEFOT7T Ve
7URBENEAT S o T, ERNCHEMT S
», BANDT v Fr X VBT, K isbol
Bhohzh, BRIERCETZ27 v Fry vBT
X, BHERT A ThERE ST BisoTn5b. &
R7 v Fe sy VRER, BE7 Y Fry VEERIZS
PAEZ T, KT 343nM 12 ¥ THEEL, LB
FRRBE 0D, RBE EGAEBOBEAT v Fe ViR
BiX, BREOCENT v ey VBEI Y R VEY
HeEEE LT B (Fig. 1A, 24).

7y P OREREFET~DOT7 v F e ¥ VBTERT
EFNVE LCRLBET SO, BEFRRTIRL, Y
=AX/(B+X) TFHiZh % hyperbolic 21 7 TH
5. AlL 3426 n0M BR L, ZORAEDESOEIT
SHETAMBERT v Fe ¥ VREBICH1-5 O BIE
(63.1nM) TH b, HE, EEL L TEbIh3S
Km bbb DTH5 (Fig. 5). o 63.1nM
EV SIS LA ST A b7 v e 5 v

Intralumingl 3H-Androgen (nM)
[ ]
\,

0O 100 200 300 400 500 600 700 8OO (200 IGO0 2000 2400

Interstitial 3H-Androgen (nM)

Fig. 5. Intraluminal *H-androgen concentrations in the rat caput
epididymis at various interstitial 3H-androgen concentra-
tions. Calculated values for capacity (343 nM) and affinity
(63 nM) are illustrated. The heavy broken line indicates
the data expected if *H-androgens appeared in the epididy-
mal lumen by simple, free diffusion after saturation of all

binding sites.
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BETHBHH 3nM® 2350 CEBLcETHD, »
CKER EREBOERAN, HEDOT vV Fe ¥ vhE|
SHEEDLRTWEhERLTVWA.

Turner 5O8HE T, BEELEEKOSEHD A-
BP DREIX, # 2700M THh®, Zoffiz4ED
bhbhDERCTRENCEANT7 v K ¥ ViBEDOM
FEE Hv 2% 343nM (Fig. 5) FL LT W5,
R-TEHERND ABP 2%, HFHO7 v Ne ¥ ViRERYE
EBTHEVIHRETHTHRERELELORS.

Fig. 2 £ 5WRENDG X 51, ¥ FEEI BT
BEEEMEDT v Ve BT, BiinikEEsr
FTRFATE R, b LIBEEEST TER~D 7
Y Fe Y YBIAfThhOTHIE, BHRADT VK
v VRBER, TRTDOABP A7V IFry v ERES
L, BEfRABICE Licthd, 7B ERMC (Fig. 5
DEBTRIND IO W BT THS. L
L. FARRBREROT v Fe sy vBENBAL
THENDT7 v e KX VB, 75 —RELIE
EFCERUEHKTH Lidtihote., TDXHesE
BT — 237 v ¥y v OB REREX S
THUESEERBELTVWAEb V2 5. ZOBRIXN,
AT aA N, MREYIEBRSC X vBATsEw
SIRANC AR THbDTHAB. LLED X 5 feswilicr
T, REEMEROFELHRIET 5 BT, ABEAEHA
CEBEREIT- 10

b L, BELEEBOT7 v F e ¥ VBT G%
HBEET B LT UY, BB OB Rl B L
1Y v BRET 5 BH L ERRRCR T, 7
YFr Y UBTRAHIR BT THS. BRI &
1LE Y vEbRBAET H5EA) T H 5 DNP H 5B\ %
KCN o wihé 7 v ey vBiieFECHE L
7. DNP ® KCN 43, &R0 ABP BECHE:
BIFLEORBRLE LT, 7V Ve r vBArEtT
DUREMES B B0, RABLER L EAD ABP BE%
LRI ik, DERR Thhbhuit Tic
MEFE LT 519,

TR LIRS BT v ¥ ey U BITD 2
= X N BET B o DR TR R - 7o 2 &
ich., —2u, BHDO ABP IBENEARADOT v i
FURERBRET D L\ SR Y ET B LTS
D, W E—DILREBYE S DB 5 D T REM: AR T B HE
WTHD. £TT, b LEBRXEIEST 50 Thh
¥, ®AHD ABP %D £ - T s SBESERCH
LB e 7 v ¥ e ¥ VBITIER Sh 533 CThH
B. IeW I HLRETE AR v 7L LTORER X b,
7 v ¥ ey v RBEEBICERCE YR TELS T

28 1995

5.

L L, ABP ¥ &%hV K CHE FEHROEN
% wash out U7c#f, @HEOENEHRERLIT I
B, &R~ up hill &7 v Fe ¥y vBTIESK
WM& L. ZORBRER»D, EBEEREOTREELH
2l XoBbhsh, L UERN ABP A& T 5
Tl XY, FhHEE) L CEEBE XS HIH X BT
ML D D, KERERHRL, EANOT Ve Y
BEDA A =X 2D—D2k LTERTEHT LIZTER
W

EHERIEELTH L YA 7 a~2¥ =<1 V&
BB CENYBRT B E, TV F ey YBITHHEH
INERERENOEL DL, TV Far vBTO A
# =X AL UCEENHIEAEAABER S NEE
HRFO—DoLBbh b, BAARIL, EERXLR
Bicfilalo =k ¥ — 2 HETHARBEBETH 5.
o> CTRBAERNZ LB 7 v Fr ¥ vBITOHIHIL,
REBAZEFC X » THRADOEL AR BEEI I
BAeEUKLEG O Ui\, filaRoZEAN, L
BEOBENUI»ERA~NDT v Fe X vBTRED X
SIEELTVHD I TH TH 5. EASHKMEE
Bk, MilaR 0V 7 52 -EBAOHRECBEET 5
microtubules DR HETHERAL HHD, 7
v Fr ¥ VEREIZ microtubules 73B85 3 % ATREM:
PEETE . SHIIMBAD7 Y Fryr v ) ¢
TH =R, BHVIKRAOHEESR, IHINRA
KH#ET S ABP Ie W& EEMET v Fr & vBITIC
EDXS S LTV ADhBRT B EHSHED
HEFRELRAD. L Licdih, SEOERERC
ESWTHRIT 5 b, B CHIAES A8
B, 7V FervBTOor=X2aD—2)¢ LTCE
BRRTFEEY I B EBbhS. £ LT, 7v ey
YR BB LT, —BENC A S L ABP &
BEL, ZOZENRERT Y ey vREEZRECR
DERTH D Z LIREE B E Bbh 3.
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