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Age-dependent Changes in Contraction and Relaxation of Ureteral
Smooth Muscle in Guinea pig

Byung Yong Rhim, M.D. and Ki Whan Hong, M, D,

Department of Pharmacology, College of Medicine, Busan National
University, Busan 600, Korea ’

1) The authors studied the effect of increasing age on the contraction and relaxation me-
chanism in the ureteral smooth muscle of the guinea pig.

2) Two to three week old, three month old, and two to three year old guinea pig ureters
were used and the consistent amplitude of contratile responses were induced by using train
stimulation,

3) After mounting the specimens in Tyrode’s solution containing 2.6mM Ca**, the ureter
was stimulated, of which amplitude was initial contraction and next continuously superfused
with Ca**-free Tyrod’s solution. When the contractile response stopped by electrical field
stimulation, the muscle specimens was superfused with Tyrode’s solution 0.25mM Ca** for
15min and stimulated with the same parameters. Thereafter, the contraction of Ca** in the
solutioq was increased step by step up to 2.7mM,

4) The ureters of 2—3 week old guinea pigs needed less Ca** for the recovery of contrac-
tile response than those of three month and two to three year old did, In 2.7mM Ca**, the
ureters of 2—3 week and 3 month old guinea pigs recovered the contractile response of over
90% but those of 2—3 year old recovered the contractility of 77, 2%.

5) Isoproterenol inhibited in dose dependent manner from 1077 to 107° M ureteral contrac-
tility of both 2—3 week and 2—3 year old guinea pigs. The inhibition of the old ureter by
isoproterenol was significantly less (P<C(.025) than that of the younger ureter, However
theophylline showed the strong inhibition independent of the function of age.

6) Dibutyryl cyclic AMP showed dose-dependent inhibition of the contraction of ureters of
2—3 week old guinea pigs but there was shown no inhibition in the old ureters, Further,
the content of endogenous cyclic AMP in the two week old ureter was higher by 73% than
that of 17 month old ureter, Cyclic GMP contents was not much different hetween two
groups. ‘

7) The ureteral smooth muscle of the younger guinea pig had more efficiency than that
of the older animals in the mobilization and storage of calcium which concerned itself in the

contraction and relaxation mechanism,
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Akimoto, et al. (1977)2 1403 HRI HE FR
8 AERES 2R A Ptz 24 BOE
& W oo} REESIY YR RES KR R4
ot o EES Y YR Pl compliance /b ol ¥
& AL gFsta, ol norepinephrine-& jnstH 4
R RELS HEYRESR R HAHY RRY A
< FEF delstx sy ¥ AFY LA e
EEE0] g hmell Hslo] Mol #ier I#EKIE (inotropic
response)-& # 4> (Lakatta et al., 1974) et i),

IM#&e) glelA &= Cohen B Berkowitz(1974)%0] 3
Y XBK BEAR A8 et HES HRE 09
# ol F9 BEkud H A BERd4A Bl
o] Bingtel wlel 281¥ WBHEE BHSdta s
don ol FREL HEd A FEEhst dwlste
Ads) PrEEla = wtolel. ¥ Endo, et al (19
70), Ford ¥ Podolsky (1970)%¢] #MilmES AW
B ##5 (skinned skeletal muscle)oj 4] fifaste] Cat
ol &8} sarcoplasmic reticulum(SR)¢] R Cat**
o) WHEATHE BRel BRIl LHRT ohzh(F-
abiato & Fabiato, 1977), guinea-pig®) #IE#k (taenia
coliyu} A4 EHHoIA (Aizu 2 Bando, 1974;
Cheng, 1976)% o]#}& Ca**-induced Ca** relaser}
FREst gvta @ig=E o 9eh.

EE= RGO KE 2 BEREY i ety
FEL 4= Bl ERE 1A o] HYdAE Catt-
free Tyrodefoll Al Ca**& AA3) #BmMAZ =] o
AVE KDY o] el =ek o wAl mEme
WweshE WSy, volsb4 theophylline, isoprot-
erenol(ISP) & dibutyryl cyclic AMPS] {rH-E £
ol web v WAt REHR PR cyclic nucleotide
3 &EE fEstd olF 44€ Arsigr,

O

ERBWE 2—38, 3B ¥ 2—3%sl guinea-pg
& ERSY T ol EY FHBEL &% 200~300g,
500¢ R 860ge] fvt. B A TS oA HmIE
A9 & BilEsY RES BHAAa, in vivo T
A AL dzd o #EFE FAT % in vivo A E
pEstyel. AR AL 4% Tyrodeyo] H7] wax
blocke A 4A] Aol 2 Feob HA # RE QA Wi
o A& Fa BEEILT. & REFA L3458 2
2 ppi 2¥5E AR o] 8 43 &R

744 ZEuFR) L2 8d 2 Aol WA 2,5~3.0
cm7t A St . HHRE A 20m muscle cham-
berfyel] et 4ml/ming] FER BEE 2342
Tyroidgge. 2 SHgel. TyroidL Nacl, 137
NaHCOs, 12; NaH,PO,, 1.8;KCl, 2.7:CaCl,, 2.7
; Glucose, 5.5 & MgCl,, 0.5mM ] #HRE 71xle.
= o] Wk 5% COt waE 95% 0. skl pH
7.2, 37°CE %A A5t

—#Eor 3 REY % FL chamber i v
EEd & aei azd Agdn 9& % &
BE4&#% ze] & @sl Statham UC-2 force transducer
o] od A3t transducer & 0.1mm LIRS HHE
& 7}A) 3 9li= Venier scale & YA13 7)ot o143}
et

Mg A8l 2.7mM Ca**e] &7F= Tyrode &
ol A 6073R] wF=)8ke] equilibrates] 7]z 1} ¥ MK F
B (train stimulation)-& jnsle —FT KiEES o
st} 2% Ca**-free Tyrode IO R 10—205-F yE
A7l & BE W] ®Wit GREC BREE wE

8} e}, olwHE 0,25mM Ca**o] 4743 Tyrode ¥

o2 1548 #Eikdla R—3 parametersﬁ] ;‘@ﬁ il
Be mild vehdE kR b oA kiggs W
Estgct, e HEe= 0.5 0.8 1.0, 1.2, 1.5
2.0, ¥ 2.7mM RS Ca**e] 4743 Tyrode@o =
a9 2 EmeshaA F-3 Bfed BES 9.

ol9}l e Hikow 42 KiEHE 2.7mM Ca**
Tyrodegell A -2 Wfags S48 7Yt o
gla Ag Y 50 2 5% e .ok
SEFF Ca** B B EDy¥ EDiE ke yle. =3 38
YHRES AL Wems 5582 vebigsh

o] EEp)| {HFFH%l electrical field stimulation &
parameters= Grass stimulator(Model $48)-8- {# fs}
&} 2msec pulse duration, 40PPS(40 volts) & & 25
&ult} 0.527 =FEstgd o] o]w) 500mge] resting
tension3loll 4 4 &g FsFY e},

Cyclic nucleotides] HFEL v}-&3} Zr},

259 A9 & M AUde —fAIRERLE] JTF
2 (wet weight)-& 23, 2mgel . 17/09% Zuge §
e 5l.emg.ond W A L85 = 71V HY
REASTE 259 A2 404, 1749 AL 207MR 5.

e §&3% 3 &4 liquid nitrogend] FTHA
94 B2 Ro}AE 5% TCAE sz polyt-
rons 2 1027 homogenate® AAstdrh, zdm
L ether® 7bx 2 5378 TCAE AAgz VA lyop-
hilize A # v},

Cyclic AMPE: Amersham’s assay kit(dode TRK,
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432)%% A-§3l9] competitive protein-binding assay
AGilman, 1970)@o.m 2Fslge}l. Cyclic GMP =
Amersham’s RIA kit(Code TRK, 500)8 A}-2-3k4
«<yclic AMP} B{lgt Hikow A &stg ).

0] E%ol| (EFE=! %% : Isoproterenol (Sigma)-2- 0,
1% sodium bisulfite o] 2] A8}l FEEK-E ERE o
& LEAHKA J43te fAstgth. 22 theop-
hylline anhydrous(Sigma)i {#RT wvlc}l £m A
Kel FAste] A4 A& @AY Dibutyryl
«cyclic AMP(Sigma)-& AA84] Qe A 4 Q< L3
AIAA A-gskg vl

EE JIEEE student t-test2 A HEtgmmslg vt

ER & ]

1. Ca'"Fmoll &8t F£i0l mls 2E

BB BERAA Wl BEE 2.7mM Ca** Tyroid®
el A field stimulationslg] € =] 2msec pulse dur-
ation 40PPSel| o3t Wemm st SoAst B mwst
g3 train rate® FEIFo 24 Ca't W ¥ty KpE
Rz ike] BE3lgl o) train rate 0. 04TPS(train per
-sec) Hll 4% 25 #yebo} BREAER-S fnstz trein durat-
iong 0.5%IISA & = B3 mAERYS sk
% FEpoll A 8] RE& Ca**-free Tyrode o 2 N3
I 57 AR 23 R OMES ke
HEme] WA 9 Bk stk ol d Hrkew
AT W) AEY EEE o} RS AL
10—20457¢l BR filalell #E KES] B&S gt o
& R T 0.25mM Ca*’e] 453 Tyrode ¥Eo 2.
EIRE #fEste 15500 A % [A—3% parameters
-8 BR WS 3—4m stz =4 0.5 0.8, 1.0,
1.2, 1.5, 2.0 ¥ 2.7mM&] Ca**e] 443 Tyrode§g
Loz sl Asl B3 BRE @Estdd.

2 RS Table 1 2 Fig, 1614 23 wpsh 2t}
2—38 REL 3EA B 2—-3% R el R4
e RS Ca*ro kSt A= Ik i) Mk
Slga, 3EA 2 2—3E B JAE I Hige
A Epstgeh, B 2—38 R geoA= 0.5 2
+0.8mM Ca**ol} {fsle] 38.0+6.3 ¥ 71.443.1%9
AR KIESIY o 3B R gelAk o] &
B Ca**ell 43l 17.71+5.8, 38.4+10.5%9] = &
e nga, oly 2—3F RPAAE AY By
), =¥ 2.7mM Ca**& A sl & Wl kiEs
=2 k1ol fEghol Binde] wel € WHmHA g B
2—3E B 3ES RE delAE. 96.115.1 H 90.0

Table 1. Age-dependent differences in the reco-
very of contractility in the Ca**-Tyrode
solution after the contraction after the
contraction was abolished by immersing
the guinea-pig ureter in Ca**-free Tyrode

solution

Ages 9 of Initial Contraction Mean+S. E.
Sg%zﬂ 23 Weeks 3 Months 2—3 Xears

(mM) n=>9 n=9 n=§8

0 0 0 0

0.25 5.640.1 1.24+1.2 3.2+2.1
0.5 © 38.0%6.3 17.7+5.8 16.64-5.3
0.8 71.443.1 38.4+10.5 39.4%7.8
1.0 84,1+3.2 67.519.0 56.7:+5.8
1.2 89.5:+3.2  84.4+5.7  67.2%4.4
1.5 91.5+3.9 84.64:6.3 67.3%3.8
2.0 93.8+4.1 87.2%6.1 74.41+4.2
2.7 96.1+5.1 90.0%4.1 77.2%14.9

Contraction was induced by electrical. field stim-
ulation with the parameters of 2 msec duration, 40
pulse per second for 0.5 second,

100~

/o _
50+
/ 0 2-3 weeks old
. T a 3 months

% OF INITIAL CONTRACTION

1 U T : 1 1
o8 1O (2 .5 2.0 2.7
aM Catt

Fig. 1. Age-dependent differences in the recovery
Ca**-Tyroid’s’ solution,

+4.199) EES mgoeat 2—3FE BB g4 =
24 elel 77.2+4, 9% WES A

el7bA @A 9 2—3F FEN el A& Jkii
&9 50 B 75%7F ikiEsheel LER CattfE, Al ED
s o EDp2 zhgislel Table 2614 uy whel ek
233 RG] A EDsx 0.58mM Ca**olm 3f@H o

2—3 REANAE 0.88 2 0.92mM Ca**e 24 23
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B R 3EA 2 23 R il 50% ik
F#e QoA el LES Cott it HETEMLs $9
A Bk (P<0,05), 3R L 235 REA A=
HatEmEE £ 93k, EDndll olAE 2—38
3 A REL HET 2R/ Q9 o] AR 2—
S R ol B8 e Cat @ &l Uk
s WES ok A =H(P<0. 01).

BB mige s mol 2—3E BEdAs & Catt
BEO] Yt AR ead lkifghe FHEstx 2. 7mM
Ca** FellAE AY A& KEEE I 5 2—3% R
ol A& Ca**9] FifEzEe] ¥& Rohiel 3 o] F3
ks vy, 2 AR RE AL EEgE C
atv FIRE-S Yov BikE Cattdl g lkfEml
wE-E AY 5289

2. oy oHE gEEmel (FA2l 28

Table 2. Calculation of ED., and ED;; for Ca**
concentration needed inducing the contra-
ctility by 50 and 75 percents of guinea-pig

Table 4. Inhibitory action of theophylline on
both age-groups of the guinea pig ureler

Age 9 of Tnhibition (M%S.E.)

Drug Cone, (M, | 2% Weeks [ 273 Tears
10 10.5+4. 3 8.8+1.0
20 18.845.6 10.0%2.3
50 34.7+5.1 38.65. 1
70 45.6+4.8  48.7%16.2
100 55.504.9  59.0:6.7
150 69.4+5.0  70.0%6.8
200 78.0+5.1 79.245.2
300 85.844.6  88.613.7
500 94,443.8  98.0%+1.0

ureter
Ca**, mM(Mean)
Age ‘ T
9--3 Weeks 3 Months \ 2—3 Years
EDso 0. 58%" 0. 88° “0.92
EDzs 0. 864 1.09¢ 2.15

a, Statistically different between 2—3 weeks and 3

. months (P<Z0.05).

b, Statistically different between 2Z—3 weeks - and
2—3 years,

¢, No significance between 3 months and 2—3 years,

d, Statistically significant when compared with 2
—3 years(P<0.01).

Table 3. Age-dependent differences in the acti-
on of isoproterenol on the guinea pig

ureter,
Age % of Inhibition(Mean-S. E,)
2—3 Weeks 2—3 Years
Drug Conc, (M) (N=8) (N=13)
1077 21.846.0 10.54+3.1
1078 v 47,537, 4%* 24.8+4.3
1078 55, 445, 4** 37.2%4.4
107¢ 19.6+14.6 31.6+4.7

**P<0. 025
The Tyode’s solution contained 5%107"M atropine
and 10uM theopylline, )
N: Number of experiments

N: Number of experiments

Theophylline
8 3 Waska
0 2-3 Years
100
{- Isoprotersnol
4 3 Wesks
A 2-3 Years

-+

j}

e Ao —

X 2
022 5070 100 130 200

-
300 " 800uM THEC™

" el "

68 w07 1078 w0 10¢M ISP

Fig. 2. Inhibitory effects of isoproterernol and-
theophylline on the train contraction as a
function of age of the guinea pig ureter,

T RE FEGE MEA7H cyclic  AMP-phos-
phodieétrase 'systemsq- Bﬁﬂﬁ:&,}_ Zdy 2.4 theophyillne:
3} ISPE- {fifgsle] train contraction o] ®] 2= #k.
WA Aol ek ol gdA BENLAE BE 2
BE-e Table 3 9 49} Fig. 29t 2=, ,

ISPp¢-&- gggggg@moﬂ'o] ©] 5X10°F M2 atropine
5 10 pM9) theophyllined- A stgvh. ISP(1077—
107SM) # 8o k3t 2—38 R 2—-3FERE B
= dosejdependent A FIEfERES JEb glot 107
Mell o 3ted = BiERA WEes sk, 23T 2 A3
59 8] QAL 1075—10" M| ISPell 2 3o A
E 238 FEL 2-3F R kst dAs QA
94 ARG o) & FitBmes AR

(p<0.025). BI 2-3 REdl QAAE 1077
1075M ISPoj &)&hed 47.5+7.4 R 55.44:5.4%9 #IF
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Fig. 3. The endogenous concentrations of cyclic
AMP and cyclic GMP in the ‘ureters of 2
week old and 17 month: old guinea pig.

Table 5, Age-dependent difference in the action
of dibutyryl cyclic AMP on the contracti-
on of guinea-pig ureter,

% of Initiai contraction/Rela-

Drug Ages xation Mean=+S, E
Conc, (M) 2—3 Weeks 2—3 Years
) n=6 | n=5
1078 —5.1%+2.8 +2.0%£2.0
1074 —58.2+11.9 +7.545.3
5X107¢ —67.149.1 +12.82:10.5

Note, (—) Relaxation, (+) Contraction increase
The contraction was induced by electrical field
stimulation,

£ vebde] wlghe 2—34 REAAE 22 BE
/ﬁ 24.8+4.3 ¥ 37.224.4%9) MHE n4r.
Theophylline (10~500:M)-& Q=8| A glo] JRE
IsfEmE sl e 500uMell el A = Wikt =
-7 90% L IkifEE st el g, aEls IDsE R
T F 238 REL ID;=88, 3uMolxm 234 RY
& 74.3uMEA FEY 22E YA

3. Dibutyryl cyclic AMP2| 222} JMEHM Cyelic
nucleotides?] €8

ISP7} 54 $hpREANA Ikiase MalRsl st
Al VEbgkE 0 7 o] adenyl cyclase R0 n [HaF
ccyclic AMPY] $718} atsle] & Zo=m nI o
A A= Ax dibutyryl cyclic AMPE
~chamberuj o] o s}g v},

Table 56l 4] 23 wbsb Zeh. 2—3%F R gl
A} 3= dose-dependentdtA] ¢%:8 A FIA HA
St 2—3d RKEd delAdE Ad A4S JehiA

muscle

ohv kgl vt

ZEx 25 B 1744 JlvE REE HEdtd M
BA &5E3 cyclic AMP & cychc GMP &€8¢% =
S9d v Fig. 33 2eh. o8& 44 AW 249
el v}, Cyclic AMP &8¢ 253 9 1744 71
2 @A 47 0.030 2 0.024 picomole/ mg wet
tissuez A FAo] & Aol = vhehtA ok shdlch,

Cyclic AMPE 25 R4 A= .38 picomole/mg
17489 E£REANA = 0.22 picomole/
- BEA ek 73%9) ¥

wet tissueo] I
mg wet tissueRA] FiFEE

<+ FEE wHE.

% ®

FWHEY gkl & Ca’’o] M4 EEE EMEERA
MiRA = #lste Cat'ol Ca'*flemA Uis
el FIFRActn &0 28v JilRA 2 49 ol
ZER] Ca*'o] FiRFe] FH=A+& kel gcb. Dur-
bin ¥ Jenkinson(1962), Edman ¥ Schild(1962)%:
< HEMALERS) Ca'*o] HMIMAE Eof7FA fhkiiie do.
etz 3t¢g 3 Daniel(1964), Goodford(1967) %2
plasma membraneel] bound®l Ca**o] == Ca**ifie]=}
2 39k, a2t} SR(Bozler, 1969 ; Somlyo- %
Somlyo, 1971 ; Godfraind et al, 1976), mitochond-
ria(Batra, 1975)8] Ca*’o] =ZA] RIELFIclL s
BEE) B =l mEel B

Somlyo et al, (1971) 3 Devine et al, (1972)%-& C
a’* depletionel] #g RZHe]l I BEA T
szl thErlm dtgen olg & 7o} MiEst Ca
o] Wl EEEMES ERE BAlER Catt IEES
2H ZEIn stk Bl McGuffee 3 Bagley
(1976) = guinea-pig®] FH¥ W #EHEE Ca’'-free-
BEENA BREMST o 90EEs £F sl @
3] B B KIES RHESS BRslm ol &= R
#9 MR fEEnQ
tochondria%ge]] ©
v gotela 3hgl et

o] EEA £ guinea-pig?] RESL A5ty train
stimulationgz e = 2. 7mM Ca*™ Tyrode ¥l A Uk#fa
BT WEdty BoeE BEI obd Al BEE Catr
ANA kafeste Ca*"EES iA1= A train stimu-
lation® w) Ui HkiES A& Ca''o o3l A=E
2—3 e REANA L 23 ZREA st Bk
dga, Ca'"BEE EBiAA 2.7mM Ca™* Tyrode
Bo2 vha BB E Y5 REGAE e kg

surface vesicle, SR *=X mi-

Be B9 Ca''ol Fri@sldl 9ol



= FAS 1A - GuineapigRE TRE ki 2 RS Fihel =& HEH—

£ 96.1% L bg g e EREAAE # 77.2
vk 3] 53t gl ot

Fiskol = LIX A REGNAE v E KEE Cat
AAE WY EES Mo 2.7mM Ca*'o) A
L o238 RENY 90%014¢ BT + Yk R
+ 7H3 g+

o] #5RA nE uidk o] HE RKElY BRE
25 B8 4 Catt-free Tyrode ol A K
el H&R: oh& sk Cat*& A3 WAL = 5
ERGANA = ZREA 3 FENA WRERES
3|83k fEEste] FUBdl glelA ko] =€ of
U sl HE Aike] &8sl o % EER
A4 FEHE Y& WHEke] 2t F54H.

Hifel Endo et al, (1970)3 Ford % Podolsky (19
70)ol FHEAF MuclA MiEs Catre] SRS Ca*
WhEE trigeering ¥rbe BHRS WETL Lk THEM
A% o] Bitel 344t e & (Aizu ¥ Bando, 1974
;Cheng. 1976)-¢ 28 ¥ o i REANA £ EFHE
fhell wlstel AAsiger ANBA MEAE Ca'influx
8] EEAL Tol= s B! Ca™ sequestration =
i Ca** pumps} Z-& #iEo]  FEEsHAl = &l
¥] = Ca**-free Tyrode HolA 5 Abepake] Catve]. of
u] g5 o] gekx st Ca**e| triggerings] 28}
o A3 R Car'el BAS S A= 5
Hik oldl ddtd = gdom "4? F7¢ JAela 4
235},

B L Lol BisHoh B Aol Bet
igaee] Ca' &/ BRHA BHLstd gdA &
RE ulel o] MnuigreE MR Egd sk
Ca** uptakez} Qo elm 3+,

Cyclic adnosine 3’,5”-monophosphate(c-AMP) 3=
£ FiF§Hl A B-adrenergic agonist & SHIRHFE
At B4 984 Yvb(Andersson et al.,
1972, Andersson, 1972). @-adrenergic agonisti=
plasma membrane?] #@dl 9l receptors} HEE
s ol &9 HEfEHLE A WIEY adenyl cyclase
o} BERE IBifkdsld ATP7 cyclic AMP = ##3)
o] #HHEE ©hA MIKA protein kinased] FEHEE
B A 713 SR 4#+@ollA phosphorylationg fEHLs}H
o HuRe doArtn Fri(Tada et al, 1975).

o] ¥l ®ie}4] phosphodiestrase inhibitorg] theoph-
yllines} adrenergic 8-receptor agonistql ISPE {#f
8tg v}, Theophylline& RE IfmE B3l #IH
sl m o BEd AL O % BRYE ¢Y’§'§ﬁ°ﬂ
A obidl EEE Fol ¥ 5 gglth.

ael s ISP+ MffdlA 25 KkiERE Wilside o

235 EREONA & 2—38 Wi R et B
3 2 BRI e

Weiss et al, (1977) 2 FE KRG« ISP ¥ theo—
phyllines} fEf-€ BiZstE R ¥ fiFE adenyl cyer
lase [EMES BINA 7] %E: phosphodiestrase &
AAE MHAS = Bow mol R TGS e
ol £ cyclase-phosphodiestrase systeme] =ZA] BH#T
Aok s}, ol& & AolA 2 ISP ¥ theop-
hylllined] Z471A& vl 43 4388 T AL
2 Z5EY.

Ericsson(1973) % Ericsson & Lundholm(1975)-&-
1EAR o8 33 XBKEANA £ 4 gl B-adrenor—
eceptors] )3 MBRIE-L 3—6{BAY FH&oldlA &~
FA 8= kst =T ¢ AMPES FisEd dol4
L s B/ gEAA e AL Bkt ddvkn-
k. AEmalA ¢ AMPE Mstglg Wl = AR F
Ex el Yol vk BEAAL A UehdR ehd
stglebs 3o}, 8l 3 phosphodiestrase {EHE+ o
92 Bme godvkn g, o) g HHd W
Bikel v FEFERI JolA = 2L HFiEe e
a1 s+ el (Atbery et al.,, 1973 ; Fleischer ¥ Hooker,
1976).

Aol oA e ¢ AMP ] 24417 Pt ES B
#25k Gennari et al, (1976)8] &G &3t F
Bing ¢ AMP Pht-e BEs Wosdtn sty

2 A4 = dibutyryl cyclic AMPY =] &3}~
7 1% REd4A AT A5 = JEKE cyclic AMP’
9 SEE 1744 AU RBEer 2 F 7V g RE
dlA WA B BSL o8 A4 FEast R
T W A vholH, volrkA o] E AIE-
iEase RETERS) adrenergic B-receptors] i
e Balolyel REFWBAAS hiRMIE] Fae
Whns E8 Mkle ¢ 4 gl

283 AEHA = theophyllineel] 28t RE-
Ykt EEs W= 299 sk e
Bz e o o4& ;e ox-d REY BE
B AR B BERSx RE AR4s o9
kB2 HAT 4 9t ThEkE RRsd Fe A
L2 BREEE ol

L 5]

1. guinea-pig RE FEHY IkiE 2 HRREP
Ago] Eimel k3l =A BEE deve HEE

ey, \

2. 2—3%, 3/MY¥ ¥ 2-34 guinea-pig REE A
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&35 Tyrode ¥R A train stimulation gho g —
ESA WHERIES degE

3. Ca'-free Tyrode ell4] BWEME Kl A
&y # Ca™" &%F Tyrode g sty ERde K
MIRES R+ 3EA 2 2—3%¢ R Hate 2—
38 RES E4 2 BEY G BE= e
o w] & 2.7mM Ca'"& sl = 2—3H8 2 3EA &
o] A= A F519 90% o] A& I EFF o
Y 2—3F RPN E 77.2%1 3] 43kg e

4. ISP& 2—33 ¥ b 2—38 R o
A £E2n ME %R/t FESHA 33ty 2 theoph-
ylline -2 gkl HA el WEET B3] IHIER
€ Jepigle

5. 2—3%F &3 o] wfdte] dibutyryl cyclic
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