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— Abstract —

Influence of Phenylephrine and Clonidine on the Coronary Flow in Rats

K.H. Kim,M.D.”, J.S. Kim, M.D", B.K. Choi, M.D.” and S.H. Choi, M.D.’

The regulatory role of the post mi-and az-adrenoceptors on cardiac function, particularly in
coronary flow rate, was investigated in the isolated rat heart treated with 107® M pro-
pranolol. When introduced into the left atrium of the heart, phenlephrine(10°7~10"2 M)
decreased coronary flow rate and increased mean coronary resistance in a dose related fas-
hion, but did not affect heart rate. Methoxamine also elicited the increment of coronary
resistance and the decrement of coronary flow rate, though the effects of methoxamine
were weaker than those by phenylephrine. The effect of phenylephrine was inhibited by 1u
M prazosin and shifting the dose-response curve to the right.

The effects of clonidine, a selective az-adrenoceptor agonist, were studied in the heart
takn from reserpinized rats, Clonidine increased coronary resitance, decreased heart rate
and coronary flow rate with a dose-dependent manner. These effects were abolished by
107® M yohimbine, a selective az-antagonist, and were not affected by 107M prazosin. Clo-
nidine also decreased coronary flow and increased mean coronary resistance in electric pac-
ed heart. These effects were inhibited by rawoulscine, a selective az-antagonist.

These results indicate that the stimulation of both post x:-and az-adrenoceptor causes
coronary vasoconstiction. And it is inferred that this mwodel of sympathomimetics-induced
coronary vasospasm may provide a useful tool for investigating spasmolytic agents which
are of benefit in the treatment of variant angina.
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9l et} Al¢ MMt EmMEF phenoxybenzamine
#8t EHROKE WmAF W, HEHE norep-
inephrineo] SEHRMM WHEHRRE HBANUTE #BE
12071 919l o™, g-adrenoceptor $EHESQ phentola-
mine°o| X3t NolA FEHRMEEN-S MASANG
T B®EYe ofgy ol BT MRV d8 HRE
Eo o3 MU, FH methoxamine, phe-
nylephrines} & 2i¥8) w-agonist7} FEHKAE i
e dote #BEE® 2L post synaptic az-a-
drenoceptor’l FEAKMAS k] MRSl B@EYol
A kA YokE ol + post ai-receptor7t B EESI}
= ®2-2 post az-adrenoceptor] BER 7} HESITH
E %32 3811 o3} a-adrenoceptor’l o} B St}
2B ® %, FEEEY KEDY ¥ XBEY o
2} I gR7 -t A e @tk

ot FEEL FHOFE B MRS TR
ER EES w87 At WL 8B LS HE
3le] m-% az-adrenoceptorol EEMQY EEXR L 2
EEXS FH 159 LBROLHB vlXe VB
3 kg hFol vXE MBS SiEd, gikm
#JEET ) PN a- R a-adrenoceptor? &#S ®
8y &} &L Stk

nEE HE Y Fix

$E 250—280g9] #HfE B (Sprague-Dawley) &
diethyle ether= 7V Al B3l MIBAGLE NEE
¥t KR $BRE 558 heparin(500IU /kg) &
ESEI # 25 Hol EFRmY o2 LS e
o 4T £ gEKS) S BEE LS Tyers
=2 g9 em®ol b EiKEE(solated heart
perfusion “system)oll @3, FEfEEE LRER
(Langendorff ’b_érfusion, non—working heart cir-
culation)2 80cm #HKEBLZ WITHAT BHRML
2 #% ¥ Krebs-Henseleit buffer % (Table 1)
2 AL, o] HH-S KRER KoM BRA
FIMA 37.5CE ik #FHAZ, 5% O & 5%
COre] RAZIEZ MFIAIAT. old % 782 #
450—500mmHg “EgfbiRF* e 2% 31-34mmHg
ojgied pHE 742 #FAZT. HHRA-S 30ume]
BRmF H®IE (Harvey Co.)oll E:@AA LR
£ BxI}Nod B WAMBIKo Fzile B

Table 1. The composition of modified Krebs-Hen-
seleit buffer solution

Components mM
NaCl 118.0
KCl 4.7
CaCl: 2H=0 2.5
MgSO« 7H:0 7 1.2
KH:2 PO« 1.2
NaHCOs 25.0
Na:EDTA 0.03
Glucose 11.1

Alole] £LB #%EES LIBIEEE 16gauge 7 E ¥
o] BEAIRT ¥4 LW #ER (working heart cir-
culation)® IEEXH LBERES EWID 17cm
H:0 B2 g buffer #H-E BEE FeatE #sld
ELBLZ HAANA ELEE2 28 80cm H0 E9)
Ho] Hals HRR Ko AMKEL2 MBS
B9 cH(Fig. 1). 7%t LCBERKEANA KBHKY -
HiE-S 80cm H0 B olAWe Eaele Eikn
& EF & (coronary flow)e A.LROZTHS Hit
B & %% fraction collectordl] R#E3d 43 FHE
€ FAZ fEIFNo, BAKBDIK kg8 (peak |
aortic pressure), Bk (pulse pressure)R KEHRR
dp /dt(aortic dp/dt)+ polygraph(Grass, model
7E) kol &R3E T LUK tachometer2 A #)
F3ot olvl MER AWK MEET THRLE h

Aorlic
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Fig. 1. Schematic drawing of the experimental set
up.
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#EANAM LM (Cardiac output=aortic flow+
coronary flow)®& K31, KEHIR Ak Bl A RE
2l 1/28 Kaled FHym®(mean pressu-re=peak
aortic préssure-pulse pressure /2) k3 god, ¥
¥ BHRmE S-S EHnE nEgY EHnge 2
2§ %%+ tH(mean coronary resistance=coronary
flow /aortic mean pressure). ¥%2] R & RE
312 infusion pump& FM3te] S Imle] RES
LZLB EAZGELOH, BEFFIEK KBS TEFEH

(Grass SD9)& #/EB3st¥th Reserpine A 2] oA

o] ®E-S 5mg /kgol reserpined MRS o &3}
EASS 3YA FASAT Kol EAT ¥
phenylephrine” HCI(Sigma), dl-propranolol HCI
(Sigma), methoxamine HCI(Sigma), clonidine HC]
{Sigma), prazosin HCl(Pfizer), yohimbine HCl!
(Sigma), rawoulsine HCI(RBI) %c|gled, =&
¥ KEKA =d stock solutiong TES £
o #AEH EEACS MG EHIAT & L
Bse REe] Hi@e) &L BES ANOVA 9
Duncan’s multiple range test® & ffgslgd o &8
R} £ Student’s unpaired “t"-test®& FAsA
ot

Table 2. Stability of the isolated working heart

L 1-30% ¢

1. & mEiBoi A mHhBa) MEEe] B

A RBRERANA LR ZE M (stability) S
BB st e LRMEES] J8 REE B/
£i@o me} gEstE o (Table 2), FEfEEE LRI
WA (et CBERSE WikAY BEEYH & R
Eeol mge mEsded, Li8HE 109 %Y o
BE(0—-10%4) 9 # 80% = WA st 2sRILL L K
glol ol E FEEAey Bk ABREERES 10
% Lk 10%3 = st FasE i w105
Litk % 30%A = Mmstdotrl s Sl «et 60
4 #ollE 20% kil A Az @RHEJLH, 24
ol 2 REEX 2Ll L #Epgio] #Rg A (Tab
le 2).

8 & KRN H@pitRKEE f-adrenoce-
ptor9] B2M-8 HEkR 3171 913} propranolol o] R:E-&
B9, 107°M propranolell elsted A LLBEEER
ol BEhS Yo7 st

[I. x-adrenoceptor agoniste| BEL

A ar-agonist
EY HAKES ARRERNAM, FFERMEIRI

Time Heart Rate LvpP* Pulse Aortic Coronary Cardiac MCR*
pressure flow flow output

(min) (beat /min) (mmHg) (mHg) (ml /min) (ml/min) (ml/min) (mmHg/m!/min)

0—10 259+13.1 105+8.4 4747.2 19.1+1.6 15.8%038 35.0£2.1 5.5+0.45
10-20 224+11.8 116+7.3 61+5.2 21.1+1.1 16.5£0.7 37.6%£0.7 5.5+0.38
20—-30 220%11.0 118+7.2 63+4.6 20.4+1.0 17.8+0.6 38.0+0.8 51+£0.36
30—40 222+ 94 116+7.1 60£4.6 19.3x1.0 18.9%05 38.2+0.7 4.7+0.32
40—-50 222+11.8 115%£7.2 60x5.1 18.5£0.9 19.2+0.5 37.7x0.6 4.7+£0.31
50—-60 222+11.4 114+7.4 59+5.3 18.2+0.9 19.1£05 37.3x£0.7 . 4.7£0.35
60—-70 227+13.9 113+£7.7 57+5.6 18.0£0.9 18.7+0.5 36.8+0.7 4.7+£0.37
70—80 229+15.4 112+8.2 57+5.7 18.0+0.8 18.4%05 36.4+0.7 4.840.40
80—-90 229+13.7 112+7.9 57+5.1 18.0£0.8 18.0x05 36.0+0.6 4.9+0.40
90—-100 227134 111+7.7 56+4.4 18.4£0.9 17.0%0.5 36.2+0.7 4.9+0.39
100—110 224+10.6 112+7.4 56+4.6 18.2+£0.8 17.5+0.6 35.7£0.9 5.0+0.42
110—120 225+10.5 111+7.2 55+4.5 18.0£0.7 17.1x06 35.1+0.8 5.2+0.42
120—-130 226+11.2 110+7.1 531+4.9 17.1£0.8 16.7%£0.7 33.8£1.0 5.3+0.45

% : Peak systolic left ventricular pressure,
<+ : Mean coronary resistance.
Values are mean+SEM from seven hearts.

= 1109 —



Effect of 10~ M phenylephrine(infusion for 5 min) on the functional parameters of the isolated

Table 3.
working rat heart
Time Heart rate LVP Pulse Aortic  Coronary Cardic MCR Aortic
pressure flow flow output dp /dt
(min) (beat/min) (mmHg) (mmHg) (ml/min) (ml/min) (m!/min) (mmHg/ml/min) (mmHg /sec)
control 262.0+13.37 102.4+£334 34.9%538 22.9+1.00 14.6+042 37.6+0.85 5.8+0.23 1348 +113.07
0— 1 260.0%13.27 102.6+298 35.0+55]1 23.5%£1.02 13.7+0.41 37.2+0.84 6.2+0.18 1348 +£112.30
1— 2 260.0+11.31 -101.8+3.06 34.5+5.87 24.0+1.44 13.1%0.31% 37.1£1.30 6.4+0.17% 1420+113.09
2— 3 256.8%£9.070 103.4+3.08 36.3+6.39 23.7£1.53 13.2+0.30 36.7%£1.51 6.4x0.15 1466+123.27
3— 4 255.2+11.06 102.8+3.43 36.1+6.65 23.5+1.68 13.1+0.35% 36.5+t1.64 6.5+0.17 1482+124.07
4— 5 255.2+11.06 103.2%3.50 36.4+6.54 23.3+1.73 13.2+0.28* 36.6+1.72 6.4+0.15 1484+121.93
5~-10 256.0%13.56 103.2+£213 36.1%5.19 22.3+1.38 14.5+0.48 36.9+1.32 5.9+0.23 1438+82.00
10—-15 255.2+12.03 103.0%2.72 35.3%£557 21.3£1.06 152049 37.3x0.94 5.6+0.22 1396 £103.28
15-20 254.4+14.62 103.6+£3.39 35.8+6.03 22.1+1.05 153054 37.4%0.79 5.6+0.24 1366 +118.47
20-25 253.6+13.06 102.8+340 35.7+583 22.0+0.98 15.1+0.62 37.0%0.68 5.7£0.29 1346+121.10
25-30 250.4%13.00 103.4+£304 362539 22.0£0.94 15.0+0.61 37.1x0.66 5.7+0.29 1346+ 98.72

Values are mean +SEM of five hearts. Significance

of differences from control values were tested with

Duncan's multiple range test($#=p{0.05). Other legends are as in previous tables,

A ERERRO R o WMinig LB 105 RE KE
571 ol 105> L% E 594 FHe] $fBM(non-
trol}) & 712 #% 4% Imlel EEZ 547 EAsIEY.

10¢ M phenylephrine(LI TPES} B2 ) #H@ss
(Table 3), LM ¥ = BAMESB Tt M Ko 8
verd B gERES EWItR 29 |4 10% A=
o ®WAE JENU LS BWPH % FkigoZ @K
At BROBIENS 8K 11%7HA #Etone=2 &
B MmME B9 F BEEE ¢ F UYL PES %
F b SERES TROATERS 2HTE G634
- tH(Fig. 2.3). TERR S #Eho) o] A2 HRE
of F$ WA E Jehidot k& F102M R
B 2 A7 BEEE B F A%er ole XEHER
B L) s el LM el 9 LF
YA 9) sEBol BRSO AT ESRNEIER SA
HRXY MK Hstd Mpdad. Fig. 42 PE
107" M %8 1072 M7HA] h@ass, WK oM +
O BRI MR R mne TEKES RS g
KIMEIER R Atele] AEME e Aok PE
R TERE B2 THROLFTIERNMM ALl #%
9o 2 HET(p0.05) AEMMERY
o},

T ¥ adrenergic m-receptorol] B2 A EiEHo] &
sta g xahve ¥ methoxamine(MTX
2} 833 o gied] vlXE MBS BESIET 107°
M R B8535 THRERE KPSt o188 ERnE

2ee ¢+ 3

BH BMmME 2 F AYes, €2 10 2 10 M
% (Table 4) £33 TERE BI S ol g &
HRME EHY MmE BRSPS, 239 I BEE
FlE 2 PEo) via] A sy I feBEMS 4
A e e B 4 Ao, B 10 ¥ed 107
M MTXol glatdde 2 %E7 23508 107 Mo o
& Ayt Taix ool MTXol st K RE-K
M REHR7Y 818X

xR
£ -10H 4
o
ch L0 "
< $ .
5% El ! o—o: 1077 M(4) —
a—e: 1074 (5)
-30 —e: 1073 (5)
o—az: 1072 (5}
—40 , - .
Ug 5 0 15 20 35 30 min

Fig. 2. Effect of phenylephrine on the coronary
flow in the isolated working heart. Exper-
iments were carried out under 107 M pro-
pranolol. Mean changes from the values of
control period and one standard error are
depicted. Numerals in parentheses are the
number of experiments. The asterisks ind-
icate significant differences from the con-
trol period (*=p<0.05, **=p<0.01 and ***
=p<0.001).
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Table 4. Effect of 107* M methoxamine(infusion for 5min)on the functional parameters of the isolated
working rat heart

Time Heart Rate LVP Pulse Aortic  Colonary  Cardic MCR Aortic
pressure flow flow output dp /dt
(min) (beat/min) (mmHg) (mmHg) (ml/min) (ml/min) (ml/min) (mmHg/ml/min) (mmHg /sec)
control 218.0+20.95 133.0%£5.92 57.1% 9.42 22.0£1.06 17.4%1.17 39.3%0.65 6.1+0.49 1818.0+128.10
0— 1 217.6+19.85 133.8+6,11 59.2+ 9.97 21.4+0.64 16.9+127 39.2+0.60 6.4+0.54 1862.0+125.00
1- 2 2136+19.29 134.2+6.15 59.9+10.00 22.3£1.20 16.9+1.21 39.1%0.74 6.3+0.48 1840.0+£113.60
2~ 3 212.0%+19.47 135.0+590 61.4+ 9.64 22.5+1.25 16.9+1.13 39.4£0.59 6.3+0.48 1886.0+£107.20
3— 4 211.2+18.65 136.0+568 62.4% 954 226+1.18 166+1.18 39.2+0.64 6.4 £0.50 1920.0+115.80
4— 5 2120+17.44 136.2+592 61.8% 9.37 22.8+1.29 16.6x£1.19 39.4%£0.58 6.5£0.53 1914.0+£117.30
5—10 224.8%16.41 132.0x4.85 55.6+ 8.04 22.4+1.07 16.9£1.13 39.3+0.55 6.3£0.46 1846.0+£109.00
10-15 224.0+15.44 132.0%4.43 54.4+ 7.51 22.0+0.95 16.9+1.01 38.8+0.58 6.3+£0.44 1812.0+ 92.46
15—-20 223.2£15.30 131.2+4.47 54.2+ 7.54 21.9+£0.96 16.5£0.96 38.8£0.54 6.4+0.46 1750.0£ 84.68
20—25 223.2+15.92 130.2+£4.49 53.5% 7.35 22.0+£0.94 16.1£0.94 38.1+0.68 6.5+0.46 1728.0+113.10
25-30 221.6%16.38 132.4%4.46 54.5% 7.97 221+0.77 15.6%£090 37.7+0.54 6.810.50 1710.0£112.50

Values are mean+ SEM from five hearts. Legends are

Mean Coronary Resistonce

c——o: 1077 M(4) :
e 1075 (5) ]
? s—a:107% (3)

:'IO'-3 (5)
21072 (5)

Changes in %

.';0 min

0 5 70 15 ) 35

Fig. 3. Effect of phenylephrine on the mean cor-
onary resistance in the isolated working rat
heart. Legends are as in Fig. 2.

Increcse ir Coroncry Resistonce{mmHg,/ml/min)
0 1 2 3 4

z

£

>

E ol o: 1077 M(4)
z 5

£ .. 1073 (5)
= e 1074 (s)
gy 1073 (5)
(=]

3

Q

o~z

1]

o

@

o

& _5l Y=-0.570-0.061X, r=0.629

Fig. 4. Relationship between the coronary flow
and coronary artery resistaance during the
first 5mim period of phenylephrine infus-
ion. In the parentheses are number of exp-
eriments.

as in previous tables.

B. xz2-agoniste} HR

# Bk ol A= presynaptic a-receptor ] BB S #t
B 8t7] 918t reserpine HiEE 3 FoA B3I
=3 »

a. Clonidine2} &

x-adrenoceptor &S clonidined] (B #kEo)
o)A E HES BEIGT RENY EHikEd
HEE FHrste] R@(Table 5), 1074 M & 8mol ]3]
LK BWitm % 8K 15%7HA st d oot #%
"/l % 44FoE ARAENeY, BROE ERS
HEHCE HES MmE YA ok TER
B HEY B E YR KBk dp/dt T
Fmitey o2 HES #mE JehAh o122 clo-
nidined MR E &Y HFig. 56,7). LMKES
clonidine # 8 Mkl wAstd KL E JehAe
of, BHOTF BN HAEY MK EMT MmE
ehR AT

b. BEHigk S22 clonidine MR

Clonidine®l] o]3 FHEFH B < L7t LI%¥ ol
BERstexY RTEE 47 Astd EEMETAAM &
BS WSO oh MEAES et BRO 2 o] ik
# LS HEste 8-12%8 =9 LU HmE
Yo & YT S ME(3-6pps, 0.5ms, 20V) AT
Clonidine®} % #7 3% 1073 2 102 ME BEH
& F #RIFHF 11 88R). BERE o8 L
Myt AR #35E WX clonidine e TR &2
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Table 5. Effect of 107* M clonidine (infusion for 5 min) of the isolated working rat heart

Time  Heart Rate LVP Pulse Aortic Colonary Cardic MCR Aortic
pressure flow flow output dp/dt
(min}  (beat /min) {(mmHg) (mmHg)  (ml/min) (m/min) (ml/min) (mmHg/ml/min) (mmHg/sec)
control  240.3%5.76 9%6.3+2.04 416233  237x0.73 1454087 3R2x08 5.30+0.29 1690.0+61.16
0-1 227.3%6.81 10101294  484%374  24.6£045 134073  37.9+0.60 5.83+0.30 1T.7£71.5%
1- 2 2474543%  1035%329 2531414 2554045 121071  37.6+080 6.50+0.38* 1845.0+115.75
2= 3 2601675%*% 1063+459  56.6+5.81* 258+045% 117+074* 37.6+1.02 6.80+0.46% 1903.3£116.72
3— 4 2040+8.13%* 1088+471°* 6LO%6.01%%F 257+£041% 120+078  37.7+0.9% 6.70+0.46% 1986.7+107.91¢
4—5  2040:1109%% 1118+459%% 655+6.36%% 256+041 121:083  37.7+0.9% 6.8040.58% 2053.3+104.68*
5-10  240.018.20 95.213.42 4041411 24.0x044  139x074  37.8x0.53 5.48+0.29 1668.3% 72.50
10-15  251317.04 R7+239 368+£245 2242072 1481082  37.220.58 5.10£0.30 1560.0+ 51.06
15-20 248.01882 9334298  RO0£320 20+0.73 146108 366076 5.20+0.32 15583+ 72.77
2025 244.017.66 @729 R3:34L2 2072075 143108 36.0+0.9 5.30£0.35 154001 79.12
5-30 24274659 03.2+221 3761240  21.3%0.94 138+086 3BI1+1H 5.50£0.37 1526.7+ 70.03

Values are mean +SEM from six reserpinized rats.

Experiments were carried out under 1076 M pro-

pranolol, Significant changes from control values were tested with Duncan’s multiple range test(#=p<0.
05, # #=p<0.01 and # # #=p»0.001). Other legends are as in previous tables.

B2 H EROLEEDS] MME AoV 2 Fxe
HREE ¥s wLIUSE 2 5 AA

[l. x-adrenergic EWES] K%

a. PrazosinO| phenylephrine % cionidine 20 0|
A= vE

PE 2 clonidine®) %% & ##HB# w-adrenoceptor
EE XS] prazosinFHE Tl BB, ol #A
% 1uM prazosin 1 BT LBEE &40l 2R W

20 Heart Rote
i
0 oo T @i, [ — z ---------------
P —————
8 eee” e A '
®-20yg 111, AT .
< Lgves l J
s y
@ _40 *
o a- . -5
g Y N - o—0: 1077 M(5)
© T~
S —60 1 l‘-‘. ~ l 4 o0 1074 (6
L 1 a—2:10"2 (6)
s 1 a—a:1072 (6)
-0, 5 70 15 20 75 30 min

Fig. 8. Effect of clonidine on heart rate in the 1so-
lated working heart from reserpinized rats.
Experiments were carried out under 107¢ M
propranolol. Mean decreases from the val-
ues of control periods and one standard err-
or are depicted. Numerals in parentheses
are the number of experiments. The aster-
isks indicate the significant differences fro-
m the control period(*p<0.05, **==0.01 and
***=p{0.001).

Coronary Flow ‘

20

-3
R
“n
Y
o
[=4
2
P =4
(¥}
-804 B ) 3 76 75 30 min

Fig. 6. Effect of clonidine on the coronary flow in
the isolated working heart of reserpinized
rat. Legends are as in Fig. 5.

Mean Coronary Resistonce

60
- &
40 ,A/
H i ! ‘ ///
20}, pREVTT—0 -4 —
* ,y% NN B :
£ 9 \;. [ S @ hd
R e = S
£ ~20 I‘\ ! . ’
£ 5 -
=] . ©——0: 107> M(5)
~40 \A\‘v" o9 1074 (6)
2—2:1073 (6)
60 a—s:10"2 (6)
—805 5 K 15 20 25 30 min

Fig. 7. Effect of clonidine on the mean coronary
resistance in the isolated working rat hea-
rt. Legends are as in Fig. 5.
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& MBS JEhRA ghe Roldon, prazosing &
BphEry BB @XMl eHAHEY. SHAR L B
B E ER Mo dl$ prazosinTe] PERRE &
438 B (Fig. 8), PEol ol& AR kHE Tl
RS R R TROEERS ¥t prazosind] 2
st E4£%] EWEACY BREME thimo) RIS
#BEHEL 2 5 A} Prazosin 1uM BRI &3}
of clonidine 8] % E & A HBE A FUrh

b. Clonidine %R0 0|X|= yohimbine2) K

Clonidine &} .0-#4ko] 7] X = % RE az-adrenocep-
tor E#BEY FETXE < yohimbine TFolA MEsIA .
olg #HBE 107° M yohimbine 1 BH#Z LB
el E £EWE XA g Rl Yohimbine
A wEraER FE @ER# #8FAFH D Clon-
dine 107* M, 107* M 9] yohimbine TolAi] MR E
Fig. 9.1090 #4383k 710N ¢ + 3Uxe] 1074
M clonidineol| 2% FRHAR HY L THROE EHN
#iE yohimbineo) €3t EB® BE7} FR3h,
K& B} 1073 M clonidine 8] %% + EHIR
(55 M) S BRE yohimbineo] oj3te] W= )
RS Y T AYD 2 Lk #HEWLE JEYE X
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Fig. 8. Influence of prazosin(Pra.) upon the effe-
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nary flow(CF) and mean coronary resista-
nce(MCR) in isolated working heart. Data
are represented as mean + SEM(n=5-6).
The asterisks indicate significant differ-
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