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Fig. 1

Dose-response curves of smooth muscles of the guinea-pig vas deferens induced by various biologically active

substances. PHL: phenylephrine. IPR: isoprenaline. MCh: acetyl-$-methylcholine. NIC: nicotine. ‘O’ in a denotes
transient contraction (3%’ in Fig. 2a). Abbreviations for the drugs are the same in the following figures.
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prazosin
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l\\o/[ﬁ -methy
¢

1st
C
) 10 sec
prazosin
oy
lene ATP

} prazosin + suramin

Typical examples of the tension developments of the guinea-pig vas deferens evoked by a) 100 xM PHL, b) 500

uM ATP, ¢) 200 uM NIC, d) 200 uM IPR, ) 50 uM MCh and f) 40 mM KCl applied at the points indicated by
each upward arrow. Contraction by PHL was abolished by 1 uM prazosin and that by ATP substantially depressed
by desensitization of the receptor in the presence of 10 uM «a, f-methylene ATP but not by 300 xM suramin (not
shown). The later part of the nicotine-induced contraction was depressed by 1 4M prazosin and total contraction
was completely abolished by prazosin plus 300 «uM suramin. The inserted traces in 2¢ show a comparison of con-

tractions evoked by the first (1st) and the second (2nd) application of nicotine with an interval of 30 min .

A A
Fig. 2
in @ and ¢ denotes transient contraction, as in Fig. 3.
WCHW .
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Fig. 3 Effect of various thermal stresses on the contractions of the guinea-pig vas deferens evoked by various drugs.

See text for detail.

G EFITE CIREEChafl 3 2 A A S 7z (Fig.
la®OH)). F72IPR & MCh TIEIZ/RLTHAW
2%, PHLOBNZH 5N 5 T8 < W50 BHEHIC
XD FEBRICIH I L7

W PE B % 5-%, tonic B2 LI UL H 78I
BHFELEINL, FFI2 PHL TEWTH Y (Fig. 2a),
IPR TR D ¥ — 7 5 & Ll iy & S8 0 B 280U
2R RS DS S 7z (Fig. 2¢).

FEEOGEEHNIIR L TWARWnDy, ZIEEWEIC X
AW NOIHE S 1 uM tetrodotoxin (2 & - T4 ¢
HES N5 7.
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2137 < (Fig. 3 B X U Fig. 4), % 7= tonic 413
ATP B W THEIOWHIN LN DA T, 1T&
A ETEDOREIZ T b oz, THICKL 45°C
Tlid KCl O i % B v T4 T 0 YL 1335 W12 )
&7z, Phasic X O tonic DK FIT L A E X
NTERLARY, TBMEALAELJTEEL, X
LIZHZENH IZ 2 CHELTWw. HL, IPR Tl
RRIRIEIE 26% (ZHIH S48, HEIGEIZE L
HRBIZI L TEWICHA L Tz, AR
MCh T 14.5%, PHL T 17% % L { ¥l & 1,
ATP BX U NIC iZwi¥hd 36% THo72. NIC
DHGEIERIZEIDIESDENPRELL ALNT.
KCl D5561% 88% 12 F THIHl S T 722%, b5
WL THBEA Do 72,
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PHL: tension (g) ATP: tension (g) NIC: tension (g)
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IPR: tension (g) MCh: tension (g) KCI: tension (g)
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Fig. 4 Histogram showing the heights of the phasic contractions of the guinea-pig vas deferens induced by drugs at
4°C and 43~47°C for 1 h (mean = SEM, n=3 to 7). ‘%’ : p <0.05 for 4°C.

45°CICBUT S5 2o HIE PHLB L O
MCh T— K. phasic B4 & Bbh 2 KK & 73
WIUHEDRIE L TWwWB Z L TH 5 (Fig. 3 D¥H).
Wi DWW L 4°C DM REED L Rdpolz. T2
% @ peak time 1% 4°C TixZF N1 1.8sec B &
O 12sec T, 45°CHMTRIIENEN 24sec B &
W 22sec &, MR L TR L T\Ww722%, phasic
WD ENEAZIBI 7 6 Z WRA VDT, wR
TH 5N 5 transient contraction (Fig. 2 ®%El) &
F—W5ThsbeEnzb, ThbOMIE 43°C,
45°C R4 WCRE LR, 46°C TIXFEMICHIMH &
w7 (Fig.5). Fig.3 THL2% T & { IPRD
I BWT D REREB OB R 2 2T T 5/ S 72
PEASH SNz, ZOsE 45°C ThafgE T L
A EBAL L e h o 72h% 46°C TIHR L 72,

46°C Tl ATP & KCI % BT, IRE [ #% 8 o &
R RIRIFEE O &2 JL A 12 E e o7z, ATP
DA OPRIEIE 45°C OY 6 & E I b o 7207,
peak time (W] 5 2 ICHER L Cw 7z (Fig. 3). KCl
DA D FINHIH S A, ABLENZ B 78D 5
NLOKRTH-7.

47°C Tid, &TOEWIZ X ZPHIFH L L
(Fig.3 B X " Fig. 4).

4., Autoradiography

Fig. 612 a, (A~D), B (E JxO° F) adrenoceptor

(6)

PHL transient: tension (g)

0 02 04 06 08 1
rC [ | | |
43°C [
4§C_ = %
46°C EL' *
s7c |

MCh transient: tension (Q)

0 02 04 06 08 1
©c [ | | |
43°C
4§C_ —— *
46°C E" *
47°C |
Fig. 5 Histogram showing the heights of transient con-

tractions (‘3% in Figs. 2 and 3) of the guinea-pig
vas deferens at 4°C and 43~47°C for 1 h (mean
+SEM, n = 3). Note that the peaks were in-
creased in height with increases in temperature
up to 45°C, in spite of disappearans of most of the
main components at such temperatures. ‘*’ : p <
0.05
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Fig. 6

Light (A, B and E) and electron (C, D and F) microscopic autoradiography of *H prazosin (A~D, a, receptors)
and *H dihydroalprenolol (E and F, 8 ones) to circular (C and E), longitudinal (A, D and F) muscles of the guinea-
pig vas deferens. Arrows show the silver grains localized along the sarcolemma. Note that no silver grain was
found in the epithelium (B).
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@ autoradiography % 7~ L 72 G- EI % (A & E)
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B adrenoceptor OFRBR LKA T H FFRICBIZE S 1
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F ORI O fhiE Ty T 22D, M
it D LR E 2T T A1, Z DS IEAN il'ﬁ
9kr=ié0)£@i)§ WX TR ONGEA G Z R S h

EIFEAMOHIETH 5.

RS BT 2 SRR AR D S Ul S M2 (REY)
'\ noradrenaline |£72° 1) Tld 7 <, ATP b Lk
(corelease) XN LB~ ZFDfk, AFEKELD
ATP & noradrenaline 283 it & L % (X7 ) T
<, ATP IZIEMFEEZ»L DM SN D Z L)

A
%

ST 57219, FIFHERIZB U B MW - ASE
FTZMMBIZE TN TV DLDD, Bl o F2/NBIHE

ELTCWLONRLBEROHLEIHATHALT.

v b ORFIRE KA X OR§EY % T, autora-
diography |2 X ¥ adrenoceptor DAF-FEA ML S 41T
WAHH, WIS KT OJRTEAWIEI R S Tw
e, SO RS EIT X 0 IR P i &
TRLERICHDLZEDFHLPLIZRY, o BLT
S adrenoceptor D {7 7E 7% autoradiography O [fii 7> &
fEsR s (Fig. 6).

2. XBEEBERICHTZ2_aF o HZEEFEN
¥ % noradrenaline & ATP FH

A TEAN R AR 1T nicotine PEZ AARDAFAE L2,
nicotine % 5- 12 X » THIFFE K K2 5 ATP & nor-
adrenaline 28 LU S5 T &3 H T W52,
DX %Y T AHMER AR I BT B nicotine P

SRAKE, WSO glutamine Y F 7 ATHHIS
NTWb2, AROFEETYH, nicotine 512 X 1

2B DN ABIE S vz, 2 DKL prazosin
W2 &) FIICHIfl S B s, BOESIRD, IR
1 suramin |2 X o> TEAEIHEKT L &L (Fig.
2c) H 5, notch OHiEks 13 ATP, 1 nor-

M 4% 0 BIVE Yy MREEDGEEE T S RS
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adrenaline 12X 55D TH2 Z EpHELFEENSE. F
72, 30 BT O H oG TH AR5 25
NTL T, 2 EONGE D 9 BT O3 s
WiE L Twbd (Fig.2c DA Z&056,
ATP 12t L T noradrenaline O #lifi (2 WE[H 2 23 %
ZENHEEENL., O ELEZLE, ATP
& noradrenaline 23]~ D/MNEIZHEEFNT WA EE
Z5E00, JMETH S LE 272 )i HDERK IR
ER Y NONE RN TE ok (- 2& 3Pk @ Wi D
prazosin (2 & o THIH S N7k o 7285850 1%, ATP
o & E 2 b A D, prazosin I X > T a adre-
noceptor 2SI E X N727-012, FOZHMAKENL
T2 5 ATP 23 & L7z 20 o 7o gEPEIE S
ETERVY, FLZORSEIPRY)KREVEEZ
Y

AHRPED ATP 1X suramin JEI&2ETH 5 2 & A3
MoENTEHD, SEEENEEITEMERLTH >
i Lﬁ‘b a, f-methylene ATP |2 X % AR DI
BAEICL D BxeasiciflzshtnwsZ ers, W
H@@KW&i%&% ZHRIZELDLDOTHD L
bEZONLDV G BEBOFMAIRINT VDS

3 BEERHICHT H2LAHY A

R =2 —a Y& I 2 72 choline /£

@JH FI B ARAE DRG0 2 S LT B 2 L AYAl
SENTWED, ZOEHIELT LD ‘)Jil/f\ni;?b\
/f ;24J’ ry‘}j‘%:‘\25>’ JE-}[/JE— v ]\ 26) %0)15‘4/"‘
choline fEEIE = 2 —a X ORI LD X@Eﬁj?ﬁiﬂ%
K S OILEWE ORI AR S T b 2 L2
bNTwb., —J, A X IDEE TIE acetyl-
choline 1 X V) MW A SR I$ L, T2
F v OFEEEENHTH MCh 2 X U I % k5
Zgzg 7 & choline TEBhE 2L o 4 BEA2 1) 7 38X FR D

EWCLDRL>TWE L) THAE. SHIOERT
muscarine H: agonist T& % MCh (2 £ U 5 W I

WFRENDL NS, EVEY DOKEOHT
MM D BLAEE muscarine 1 52 BAK O AFAE DS /R I

SRz, oL, ZoAEMFRERERBHLNT
u&w
. FEEFE®HD Isoprenaline (C K % INiE

Isoprenahne Eo v M BXOELVEY MEED
SEW SR LRI 2 43 5 —J7, RIS
I} % noradrenaline O ¥4l & ATP ’b'f[an@i“fﬂﬁi‘]J 20
ORGSO N DB DS, WE P2 I S5 &
W) R IE e v, 4l O FEER T isoprenaline (X
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Fig. 7 Schematic drawing for interpreting the experimental results. ===y 5nd sswssssdd indicate transmitters and
applied substances respectively. == == = shows ATP release from muscle cell via «, adrenoceptor. NIC:
nicotine, IPR: isoprenaline, MCh: acetyl-8-methylcholine, NA: noradrenaline, rec: receptor, adr: adrenoceptor, mus:
muscarinic, sens: sensitive, insens: insensitive, pur: purinoceptor. See text for details.
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Thermal effect on smooth muscle contractility of the guinea-pig vas deferens
by biologically active substances

Fumihiko HOKOISHI, Sacko SAKAI*, Isao YOSHIHAMA** Kazunori NAMIKI
and Makoto MIKI

Departments of Urology and Physiology* and Laboratory of Electron Microscopy**,
Tokyo Medical University

We examined thermal effects on smooth muscles of the guinea-pig vas deferens in order to
determine the critical temperature to abolish contractility, as a model of thermotherapy for benign
prostatic hyperplasia (BPH). Light and electron microscopic autoradiography revealed the presence
of a, and f receptors along the sarcolemma of the circular and longitudinal smooth muscle fibers.
The contractions, detected by an FD pick up, induced by various biologically active substances, i.e.
phenylephrine (100 uM), ATP (500 uM), nicotine (200 uM), isoprenaline (200uM), acetyl-f-methyl-
choline (50 uM) and KCI (40 mM) were tested on the vas deferens after exposure at 43-47°C for 1 h,
at 4°C as a control. All drugs tested elicited phasic and tonic contractions. At 43°C no significant
changes in contractions in response to any substances tested were observed. The thermal exposure of
preparations at 45°C resulted in severe damage to their contractility except for that to KCl, indicating
that contractile elements may still be intact. Traces of all of the contractions, but with extremely slower
time courses were found at 46°C, and contractions in response to ATP and KCI were still relatively
retained. At 47°C, all contractions were completely abolished. These results suggest that the minimal

temperature for thermotherapy of BPH should be 47°C.

(Key words) Guinea-pig vas deferens, Contractility, Thermal stress, Autoradiography
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