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It is well known that diltiazem is effective in the treatment of patients with
coronary artery disease. However, the mechanism of action of diltiazem is not
fully understood. In order to clarify the effect of diltiazem on myocardial ischemia,
cardiac hemodynamics, regional myocardial wall motion, lactate metabolism and
regional myocardial blood flow were studied in anesthetized dogs with partial
coronary occlusion (approximately 50% reduction of coronary blood flow). The
plasma concentration of diltiazem (intravenous diltiazem infusion of 10y/Kg/min)
was maintained at the same level as in its clinical dosage. To create stress (in-
crease in heart rate and systolic blood pressure), right atrial pacing and clamping
of the ascending aorta were simultaneously performed. Under this stress, the
heart rate and systolic blood pressure were kept constant before and during
administration of diltiazem.

After diltiazem during rest, the heart rate and systolic blood pressure were
significantly reduced, the coronary blood flow was slightly but not significantly
decreased, and myocardial segmental shortening and the lactate exracting ratio
in the ischemic zone were significantly improved. Regional myocardial blood flow
in the ischemic zone was slightly decreased, but not significantly, and subepicardi-
al flow was decreased.

After diltiazem during stress, cardiac hemodynamics were not changed, but
myocardial segmental shortening and the lactate extraction ratio in the ischemic
zone were slightly improved. Regional myocardial blood flow was not changed
in the ischemic zone, but was increased in the non-ischemic and border zones.
Subepicardial flow was much greater.

Thus, it was concluded that the mechanisms of improvement in myocardial
ischemics during diltiazem therapy are mainly related to a decrease in myocardi-
al oxygen demand. However, diltiazem might also directly stabilize metabolic
function at the myocellular level with or without decrease in myocardial oxygen
demand and increase in myocardial blood flow in the ischemic zone.
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Fig. 1. Plasma concentration of dil-
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Fig. 2. Schematic diagram of experimental preparation.

Ao: aorta, LA : left atrium, LAD: anterior descen-
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branch of left coronary artery, RA: right atrium,
GCV : great cardiac vein, LVP: left ventricular pres-
sure, AoP: aortic pressure, SVC: superior vena cava,

IVC: inferior vena cava.
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open circle: recording and blood sampling at rest. closed circle: recording and blood
sampling during stress. For the purpose of the stress (increase in heart rate and systolic
blood pressure), right atrial pacing and mild clumping of ascending aorta were perfomed
for four minutes, simultaneously. Under the stress, heart rate and systolic blood pressure
were kept constant before and during administration of diltiazem. (1 control before
coronary stenosis, (2) during coronary stenosis before diltiazem, (3 under the stress before
diltiazem, @during coronary stenosis after diltiazem, (5) under the stress after diltiazem
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Fig. 4. Changes in cardiac hemodynamics at rest before and after diltiazem in 14 dogs.
AoP: aortic pressure, SBP: systolic blood pressure, DBP: diastolic blood pressure,

st: stenosis, Dil: diltiazem
P values between (2) and (3. abbrev. see Table 1



52 N PR

tiazem $ 5 DREPRAE « LHIRGIC BT 5 &[]
B LR O » B % 17 - 7= (Fig. 3,
TE®@). wic, Lit& RED AfREL N,
diltiazem $#y5.B 0 ez « AREC KI5 F
SOEIEIE O 204 - BRI B fT o7 (Fig. 3, T
B®). ¥tc, AMEEO O,  IHEIDIm e
diltiazem #EHHBT—ELLDH L5 T L.
7ok, FLIENIE A OFMmik 8 8 TT -7z,

23k GEIVE 1% 1985)
] £
i) pese o et (Table 1, Figs. 4~6)

diltiazem #52 X b, IiEHMAE 130.7
+5.5 CGP(E = SE, IFRILT) 75 125.4%
5.4mmHg (p<<0.05) &4.1% DT, LR
MEE102.044. 955 91.3+4.7 mmHg (p<<
0.001)&10.5% D& F A 75 L 2. L FAaFNE150. 6
+7.9%:5128.5+6.4 beat/min (p<0.001) &

Table 1. Effects of diltiazem on cardiac hemodynamics, regional wall motion and

myocardial lactate extraction ratio in 14 dogs.

@® @ P value
Stenosis no Stenosis —
Control drug Diltiazem Dvs® | @ vs ®
. syst. 134.5+6.1 130.7 +5.5 125.4+5. 4 NS <0.05
p
(o He) mean 116.0+5.5 111.6 5.0 102.8+4.8 <0.05 <0.001
diast. 106.9+5.3 102.044.9 91.3+4.7 <0.05 <0.001
HR ( /min) | 145.7+£7.0 | 150.6+7.9 128.5+6. 4 ] NS <0.001
PRP ] 19902 + 1627 l 19876 + 1521 16243+ 1187 \ NS <0.001
LVEDP (mmHg) \ 3.940.5 ‘ 4.5+0.6 4.5+0.7 . NS NS
peak dp/dt (mmHg/sec) ] 2360 + 207 ’ 2203+ 198 21824201 | NS NS
CBF (ml/min) } 21.342.2 ‘ 10.3+1.2 ( 9.84+1.3 ‘ <0.001 NS
CO (1/min) \ 1.34+0.16 \ 1.34+0.21 ] 1.51+0.24 } NS <0.05
TSR
Cpaes-sec-cm5) 8459 + 1386 8754+ 1883 ‘\ 7176 + 1424 j NS <0.05
Q :S
g8 EDL 10 11.104£0.17 | 11.1040.17 | <0.001 NS
2z ESL 7.5640.24 | 10.33+0.18 9.8740.20 | <0.001 | <0.01
(0]
v g 9 i
25 shortoning | 24-46+2.38 6.9441.82 | 11.08+1.98 | <0.001 | <0.001
— 0
g : EDL 10 10.5120.28 | 10.69+0.34 NS NS
(5]
e ESL 7.3140.25 7.67+£0.27 7.80+0.29 NS NS
oo 2 y
Zg 22 | shortoning | 26-86%254 | 26.94£2.03 | 26.9842.20 | NS NS
SRS i
Lactate extraction -
Togiate extt 98.69+2.57 | 11.81+2.22 | 16.34+£2.85 | <0.001 | <0.01
Abbreviations :

BP: blood pressure, syst.: systole, diast.: diastole, HR:

heart rate, PRP:

pressure rate

product, LVEDP: left ventricular end-diastolic pressure, CBF : coronary blood flow, CO: ca-
rdiac output, TSR : total systemic resistance, EDL: end-diastolic length, ESL: end-systolic
length
All parameters are shown as mean value 4 standard error
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Fig. 5. Changes in regional wall motion at

rest before and after diltiazem in 14 dogs.
P values between (2) and (3. abbrev. see
Table 1 and Fig. 4

14.7% DWH %~ L7-. PRP (Pressure Rate
Product) % 19876 + 1521 A% 16243 £ 1187
(p<0.001) & 18.3% D Wb & mlLtc. K%
PREESRIEE (LVEDP) (34.5+£0.67:%5 4.5+0.7
mmHg, peak dp/dt ik 2203+£198 2:5 2182+
201 mmHg/sec, 5EPeZEds whmim (CBF) X
10.3+1.255 9.8+1.3ml/min & diltiazem
BERIHKT WITh BEL ZBLX RS e -
7o. 7o, diltiazem #E5C X v O\ E (CO)
131.3440.21%% 1.51+£0.24 1/min (p<0.05)
£ 12.7 %D Hahn, AFAM EESL (TSR) ik
8754 + 1883 7 b 7176 + 1424 dynes-sec-cm™®
(p<0.05) £18%m WA % s~z (Table 1,
Fig. 4 @vs®).
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Fig. 6. Changes in myocardial lactate
extraction ratio at rest before and
after diltiazem in 12 dogs.

P values between (1) and (2), @
and (3. abbrev. see Table 1 and
Fig. 4

BHw b, EFEIRERPR (EDL) X11.1+
0.17 /5 11.1 £ 0. 17 A%, EEIGHERR
(ESL) 1£10.33+0.18%:% 9.87+0.2(p<0.01)
L ORE e EiEE n L, EEON EER (%
shortening) %6.94+1.82 25 11.08+£1.98%
(p<0.001) LAHHIC WAL . ¥, Fem
HI (s BARIEFER REDRIE) <X diltiazem
#51 X b EDL 13 10.51+ 0.28 2% 10.69+
0.34, ESL X 7.67+£0.27 »:57.8£0.29, %
shortening % 26.94+ 2.03 7% 26.98+2.2%
L BB AR S e h -7z (Table 1, Fig. 5
@ vs®).

—75, MBI TEEEY RS &, L
TRREDT fEEk < 0 FLIBEER (Lactate Extrac-
tion Ratio) (3 diltiazem #5iz X b 11.81 £
2.227:516.34+2.85% (p<0.01) LABHZEITH
K L7 (Table 1, Fig. 6 @vs®).

i) 5pess - afmikEE (Table 2, Figs. 7~10)
SERRZE o e co diltiazem BrHRTE I
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Table 2. Effects of diltiazem on cardiac hemodynamics, regional wall motion and
myocardial lactate extraction ratio before and during stress in 13 dogs.

® 2
stenosis stenosis + Stenosis ste;}?zgss +
Control no drug stress no drug Diltiazem Diltiazem
syst. 147.2+8.5 144.0+8.6 151.3+8.4 133.5+7.6 154.0+8.4
(moggy| mean | 130.627.7 | 127.548.2 | 127.9%85 | 113.227.0 | 120.1x6.9
diast. 122.3+7.3 119.3+8.1 116.4+8.6 103.0+£6.8 103.2+6.4
HR ( /min) 147.44+10.4 159.24+7.0 ‘ 184.5+5.6 143.1+6.9 184.5+5.6
PRP 23204 42073 2326042032 ’ 28086 + 1986 19475 + 1862 28558 £ 1946
LVEDP (mmHg) 5.340.6 6.14£0.9 7.1£0.9 1 5.6+0.9 6.7+1.1
peak dp/dt
(mmEHg/sec) 2525+ 243 2309 + 223 25834238 } 2402 + 301 2767 £ 287
CBF (ml/min) 21.34+2.6 9.8+1.2 } 10.4+1.3 ‘ 9.44+1.4 10.1+1.4
CO (1/min) 1.39+0.20 1.42+0.28 ‘ 1.38+0.28 ‘ 1.57+0. 34 1.34+0.30
=
§ %0 EDL 10 10.8+0.2 11.0+0.2 10.7+0.2 10.8+0.2
é = ESL 7.8+0.2 10.0+0.2 10.9+0.3 9.74+0.2 10.6+0.3
(0]
O g 9
—; & Shortgning 21.9+2.3 5.8+1.8 0.9+1.5 9.6+2.3 2.1+£1.8
— 0
Ud—’
g é EDL 10 10.4+0.1 10.5+0.2 10.3+0.2 10.440.2
o E
oY | ESL 7.6+0.2 7.940.2 7.940.2 7.8+0.2 7.940.2
o 0,
gg%" short%ning 24.04+2.0 24.7+1.7 25.0+1.7 24.84+1.4 24.1+2.0
N =
Lactate extraction| 30731299 | 14.8543.14 | 10.43+3.59 14.53+3.65

ratio %

20.23+£3.22

Abbreviations: See Table 1.

% LidebfaiEo 28 (Table 2, @vs@)
WiEd iDDERBETH 7. H6o TUTF AR
fiR 4. Figure 7 W AT, AMHFFDIL
MM, OB, PRP oZ#zisd. Zh
b 3IEHA D AR i) A i diltiazem #
SRS THIC—ELC/eD L OCHELICIDA
TiEE O il (X,  EN A diltiazem # 5
#7151.3 + 8.4 mmHg 7238y 5% 154.0 + 8.4
mmHg, OLHFEFE T < 184.5+5.643 184.5+
5.6 beat/min, PRP % [A] U < 2808641986 %
285581946 & #H-Hith T (ZIF—E DI
N, Ff, chb 3HEAOAMMCRT S E
H#y diltiazem Br5H1 5%, 16%, 21%
T, W5H%I16%, 29%, 4T%TH 1.

Ll E o &R 4T © o diltiazem  $5 §i
HBIC BT 5 ARKED o O TEEDEIL,
LVEDP #°7.1+£ 0.9 5 6.7 £ 1.1 mmHg,
peak dp/dt »% 2583 + 238 »s B 2767 £ 287
mmHg/sec, CBF 7310.441.35%5 10.1+1.4
ml/min, CO 731.38 + 0.28 72> 5 1.34 £ 0.3
I/min & WFhb FELELE RS Ih ol
(Table 2, Fig. 8 @®vs®).

BFnO RS EENC BuE+ A 45 L, dil-
tiazem 54 X 0 fE AL Tk, EDL (X11.0
+0.22:5 10.840.2 (p<0.05), ESL % 10.9
+0.35:5 10.6+£0.3 (p<<0.01) & HFh7ens
HOfEfEA <L, % shortening (30.9 = 1.5
b 2.1+1.8% (p<0.05) LUEED HERZE IR
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L7z, %7, JEfimaik <k, EDLX10.5 £
0.243510.4+0.2, ESL37.9+£0.2»:5 7.9+

P value 0.2, % shortening 1% 25.0+1.725 24.1£2.
® vs @ ‘ @Ovs® | @vs ® ‘ ® vs 6 0%~ L BB REL R& i h -7z (Table 2,
£0.05 <0.05 <0.01 NS Fig. 9 @vs®).
<0.01 NS <0.05 <0.05 —77, AR TS EEE AL L, dil-
<0.001 NS NS <0.01 tiazem $¥5IC X b R IR T FLE R
<0.001 } <0.001 ‘ <0.001 | NS 10.4343.59 3% 14.53+3.65 % (p<0.05) &
<0.001 | <0.001 | <0.001 | xs HRE/MAE AL T (Table 2, Fig. 10 @ vs
NS <0.05 NS | NS ©).
s | <oom | <eor | NS (€) BROHNTES SO RETHE
NS ) .05 NS .
| <005 | <o R & H
<0.05 | NS <0.01 | NS )
, - MREA (5 10~15kg) 165 % L, %
NS <O. 01 NS <0‘ 05 %‘di( B )& EJ’F%UDW%{’E“C??O 7L~:'~ 7L\:7LCL ) ﬁﬁ%
pazs TR \ AT
£0.001 | <0.001 | <0.01 £0.01 PR BIRI A TR L, R L5
0,001 0,001 0,001 0.05 BESE L B iR D i s W TIIE L 72, &
<0 <& < <0 7o, s e B oR T (TM=tracer micro-
sphere) WAM »7—7 % ELE MDD E
BiS NS NS NS B AL T ESEBEL, AXRBEIR 25
NS NS NS NS reference sample ¥ » 5 — 7 L& JEHH A
NS NS NS NS Tk £ CTHEHAL .
] . RO & vk BBk ik T 17
<0.05 | <001 | <001 | <0.0 Wy, 1L, 5ICr, 9Sc T S h 1543 u
Dk (elgtte 10 mCi/g, A3 AERE
SBP HR 3 PRP o0—oO o Dil.
mmHg /min x10 &—@ Dil.
160 |- 180 | ***6?*** 30}F
* @ %k / ***J),***
T 140 | , 20 F ?
120 |
X P 1
before stress before stress before stress
*P<0.05 **%P<0.01 *%%P<0.001 Mean + SE
Fig. 7. Changes in SBP, HR, PRP before and during stress before and

after diltiazem in 13 dogs. Under the stress, systolic blood pressure
and heart rate were kept constant before and during diltiazem. open
circle: no administration of diltiazem, closed circle: administration
of diltiazem.
P values between (2) and 3), @) and (5. abbrev. see Table 2 and Fig. 4
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1F 11+ EDL
2000 | $\$§* 5
ESL
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4 ESL 4
CBF 1/min co 7”: 7;7
g
B 2.0 |
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b e
- 0——0 1o} _—
10} Q 6
—_— e
noDil.  Dil. noDil.  Dil. g ¢—/—-= Q* ——
Mean + SE
. . . —— 10f
Fig. 8. Changes in cardiac hemodynamics :l: 1¢) ® ) ®
during stress before and after dil- ! : —- +
tiazem in 13 dogs. no Dil Dil. no Dil. Dil.
P values between (3) and (5). abbrev.
* P *ok
see Table 2 and Fig. 4 <005 P<001 MeantsE
Fig. 9. Changes in regional wall motion

kR — —k———
%
40
2 04
O_.
-20 B Diltiazem
T ® 2 9 4 @ ®
no stenosis stenosis
- stress . stress
LDil.(— - LDil.(+)~
*P<<005 **kP<001 *kkP<0001 Mean £ SE
Fig. 10. Changes in myocardial lactate

extraction ratio during stress before
and after dlitiazem in 8 dogs.

abbrev. see Table

2 and Fig. 4

during stress before and after diltiazem
in 13 dogs.

P values between (3 and (5. abbrev.
see Table 2 and Fig. 4

¥ Tween 80 % 47y, 3-M company) #H
WTIIEL. TM oA, SELIEL
fo kBT 1K 5~10x10° % #E5-L,
ference blood o> FRHRL JEH KRENIRIC HiE L
feh 7 =5 b TM EALOBHT &L b —7EdR
B (4ml/min) THItELEH130RRERIRL 72.

reference blood DMk M+~ 7 (Med-
Tech Autofusion, Med-Tech #-#l) % {#H
L, RI-activity o il 7 1Z (¥ Autogamma

re-

scintillation spectrometer 5320 (Pachard #-
B A, COMERD TV = — = Rl
F—E#H i T 30~45keV, 3Cr 300~400
keV, #Sc 800~1200 keV 1<z E L, I Dk
BHHEIE *ICr, %Sc @ .3, 7 PV R R, Fio
SCT DGHEL °Sc D 3, 7 S5V FER Fh
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« THREC I 1T 2 ERE GO

B, RONRE, EERE—K @MY, Gk

&, SR,
#®, TMixERXDIEALL.

R LA EEEE)) %
T o, (B)

oEE L7

i)& AR R S 52 #950 2 8 < &
LR R FRLL, ERAEDNLE L 1o D B305H

(CEPRAE

G 1 ARG A Risk L, O
WTTMe xR L hIEAL .
(10 y/kg/min) o FifEiE A% Bta L,

iz diltiazem

3077

i@ diltiazem $5.HF O FEIRAE « LT B0
HEsE AL, DWT TM; #EA L.
TMizg 1 LAz L, *1Cr, #55c¢ 1%

F7z,

HA AN B\ WTIES

L.

=- -3
PN

Wi #A TR

(TM o3 At Fig. 3 1) o0@0® T

Table 3. Effects of diltiazem on regional myocardial blood flow in 7 dogs.

@® @ | ® . P value
stenosis stenosis
Control no drug Diltiazem Dvs @ | @ vs ®
o B iy 1.1840.15 0.77+0.12 0.70+£0.13 | <0.001 NS
E o E I 1.2440.17 0.57+0.10 0.5840.12 | <0.001 NS
SRY 0 1.1340. 14 0.97+0. 14 0.81+0.15 <0.05 <0.05
12}
= § 1/0 1.09+0. 08 0.58+0. 04 0.73+£0.07 | <0.00l | <0.05
g 3 T 1.37+0.46 0.98+0.21 1.0040. 19 NS NS
S g I 1.4240.2 0.92+0.21 0.99+0.18 NS NS
5 2 0 1.33+0.18 1.04£0.22 1.1040.19 NS NS
—
g E 1/0 1.1040.08 0.90-+0. 07 0.81+0.04 NS NS
=R T 1.27+0. 14 1.13+0.18 1.1540.2 NS NS
2 g 'E I 1.29+0. 14 1.10+0. 19 1.12+0.21 NS NS
S o f
38 & 0 1.25+0.16 1.16+0. 17 1.1740.18 NS NS
§ E 1/0 1. 06 +0. 07 0.92-+0. 05 0.93+0.05 NS NS
SBP (mmHg) \ 146.0+11.9 [ 139.1+8.8 128.0+9.0 NS ‘ <0.01
HR ( /min) ] 169.449.9 } 165.6+9.6 137.3+8.3 ‘ NS i <0.001
PRP l 25348 + 3439 | 23503+ 2742 17973 + 2313 ‘ NS [ <0.001
Peak dp/dt (mmHg/sec) j 2383 4 302 2016 + 312 \ 1983 + 262 [ NS } NS
CBF (ml/min) ’ 28.6+4.6 15.5+2.1 \ 14.3+2.1 \ <0.001 NS
CO (1/min) \ 1.2840.2 ‘ 0.95+0. 14 1.04+0. 15 \ <0.05 <0.05
isch. zone % shortening \ 20.6+1.6 ‘ 4.38+2.84 } 8.690+£3.24 | <0.01 ‘ <0.01
. _ . _ | o

AbbreV1at10ns

T: total flow, I: inner flow, O: outer flow, I/O:

SBP: systolic blood pressure, isch.: ischemic

Other abbreviations: See Table 1.

inner/outer ratio
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ke fi.)

i) wpksE « ATRDE

MAERA QA M T LED SR b3 — 5
T, (B)iD) LRBEOEIERIT>T. 2L,
diltiazem & FiBiC B 5 AmERc TM,,
TM, #ERE L D HEALK. ek, AfKETO
TM FE A ARG 2 2 BiCiT-72. E72,
TM,. fFEH LA 2, 4Sc 12414 2ITH T
MIEBIC T g BACHERLE. (TM o
AL Fig. 2 i) o@B®Tir-7.)

& £
i) R « iR (Table 3, Fig. 11)
R IR CUx, IEREBRAERE, SEPRAERy, TR
%2 o diltiazem $5HHC Fsi3 5 total flow (%

Total
mllgmin P*T* e

reTe*

(1% 15 1985)

FHFn1.18+0.15, 0.77+0.12, 0.70+£0.13
ml/g-min -~ &, inner layer (subendocar-
dial layer) {%1.244+0.17, 0.57+£0.1, 0.58
+0.12 ml/g-min ~ &,
epicardial layer) (¥ 1.13+0.14, 0.97£0.14,
0.81+0.15ml/g-min ~ &, I/0 Hi¥1.09 £
0.08, 0.58+0.04, 0.73+£0.07~&FhZhZE
{tL, diltiazem #¢5iz X b total flow, inner
layer (3 BB B2 R ITeh 1y,
layer o (p<0.05) L 1/0 o (p<
0.05) #/RL.

B R AEIk ©1x, total flow 1% 1.37 £ 0.46,
0.98 + 0.21, 1.00£0.19ml/g - min ~ &,
inner layer (%1.42+0.20, 0.924+0.21, 0.9
+0.18 ml/g-min ~ &,

outer layer (sub-

outer

outer layer (% 1.33

Inner
mifgmin [T rrl: T

1.04 1.04
.
06 ] /E 061 ,/E
T 75 ¥ 4 R
isch border non-isch isch border non-isch
I/0ratio  phlq*  peTey  reTe Outer [FT*Y reTen r°TeN
ml/g-min
1.01 1.0 7
7 Z
7 / /
2 | %
, 2 % 7
05 ? / % o6 é
T é é % T %
isch border non-isch isch border non-isch
[Jno stenosis EZAstenosis B3 stenosis + Diltiazem
ens  *P<0.05 *#P<0.01 MeanzSE
Fig. 11. Changes in myocardial blood flow and 1/0 ratio at rest

before and after diltiazem in 7 dogs.

Myocardial blood flow measured with radioactive microspheres
in ischemic zone of left circumflex (LCX) coronary artery,
non-ischemic zone of left anterior descending (LAD) artery,
and border zone between ischemic and non-ischemic zone.
Total : transmurall blood flow, Inner: subendocardium, Outer :
subepicardium, 1/0 ratio: subendoc./subepic. ratio. isch: ische-
mic zone, border: border zone, non-isch: non-ischemic zone
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Total
ml/g-min

1.0

O.5

1/0 ratio

—°*"

1.041

M

| B

isch

g

tZZA no Diltiazem

—*

Outer
ml/g-min

rder non-isch

(=1 Diltiazem

Inner

ml/g-min

.

=

M

isch border  non-isch.

ens #P<0.05 ##%P<0.01 Mean=SE

Fig. 12. Changes in myocardial blood flow and 1/0 ratio during stress
before and after diltiazem in 8 dogs.

abbrev. see Fig. 11

+0.18, 1.044£0.22, 1.1£0.19 ml/g-min ~
L, I/OHix1.1£0.08, 0.940.07, 0.81+
0.0 ~& FhFh 2L, diltiazem 5T
ECTh L BEREREB A RS Ieh o7,

JERE M Ak ClE, total flow (%1.27+0.14,
1.13+0.18, 1.15+0.2ml/g-min ~ &, inner
layer 131.2940.14, 1.10+£0.19, 1.12+0.21
ml/g-min ~ &, outer layer {%1.25+0.16,
1.16+0.17, 1.17+0.18 ml/g- min ~ &, I/O
Hix 1.06+£0.07, 0.92+0.05, 0.93£0.05 ~
LrEnFREL, diltiazem L5 TTh
LEBREIE RS Ieh 1.

—75, LATENRE f X O ML REES) (X
(B) i BFIC R BfER & Ak D2 LA /R L7z,
i) @pese - ATEERE (Table 4, Fig. 12)

diltiazem $E-Riith CTrRERAE « AMRHC S
THEL 7.

eI fEEE Tk, total flow % diltiazem ¢
557 0.67 £ 0.06 2> & 54 0.66+0.06 ml/

inner layer (%0.46 + 0.07 2> &
0.46+0.07 ml/g-min ~, outer layer (X0.87
+0.09750.86+0.08ml/g-min ~, I/O Hix
0.5340.09%50.53+0. 1~Z{L L, diltiazem
BETIEWTh L ERRED LRI e o7,

55 JLAEdk ©u,  total flow (% diltiazem ¢
5/70.99 £ 0.13 225 5 1.27 + 0.18 ml/
g-min -, inner layer {%0.9+0.1 2% 1.08
+ 0.12 ml/g-min -, outer layer (x1.09 £
0.167°5 1.464+0.24 ml/g-min ~, I/O Huix
0.87£0.052:% 0.77+£0.04 ~Z{LL, diltia-
zem PE5CiT inner layer (I B B INA R
X7 tohy outer layer o Hahn (p<0.01)
I X % total flow o #ihn (p<0.01) ZFHD
7z

g-min -\,

JERE I fES% Tk, total flow (X diltiazem £
ERi1.1+£0.1326 #5 # 1.37 £ 0.18 ml/
g-min -, inner layer (¥1.1+£0.112:51.25

+0.15ml/g-min ~, outer layer (¥, 1.11
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Table 4. Effects of diltiazem on regional myocardial blood flow before and during
stress in 8 dogs.
® .
@ stenosis stenosis + stenosis ste;;(;z;ss +
Control no drug stress no drug Diltiazem Diltiazem
o g T 0.67 +0.06 0.66+0.06
EEL I 0.46 +0. 07 6.46+£0.07
<R¥ 0 0.87+0.09 0.86+0. 08
S 1/0 0.53+0.09 0.53+0. 10
) T 0.99+0.13 1.27+0.18
S E I 0.90+0.10 1.08+0.12
g2 0 1.09+0. 16 1.46+0.24
—
S E | 10 0.87+0.05 0.77£0. 04
=R T 1.10+0. 126 1.37+0.176
g &
ZoE I 1.1040. 108 1.2540. 151
S or
2R 0 1.1140. 146 1.49+0.203
§ & | 1/0 0.99+0.06 0.84+0.03
SBP (mmHg) 127.346.8 } 124.0+6.2 131.247.3 L 114.5+5.6 ' 130.7+7.7
HR ( /min) 140.8+8.2 137.5+8.2 163.8+8.2 | HL&55’1%£ﬂ2
PRP 17954 + 1474 17119+ 1485 | 21511+ 1675 ‘ 13927 + 963 . 21417 + 1697
Peak dp/dt -
o e faa) } 2125 + 249 ‘ 2025 + 278 ‘ 9250 + 359 | 2150 4+ 322 ‘ 2375+415
CBF (ml/min) \ 19.242.0 { 10.3+1.2 \ 12.041.5 | 9.7+1.1 12.3+1.6
Post Ao stenosis
SEP (amily) ‘ 128.5+6.9 ‘ 125.246.6 ‘11&5i59 \ 116.0+5.3 104.8:£5.4
ischemic zone -
% Shortening | 27-8%2.9 ' ~10.9%1.3 5116 \ 14.5+1.5 { 6.1+1.7
Abbreviations: See Table 1, 3.
+0.15 75 1.49 + 0.2 ml/g-min ~, 1/0 It " %

130.9940.0622%50.84+0.03~Z L, diltia-
zem P5.-Ciy inner layer XA E I In% s
X 7eh o fopy outer layer o Hihn (p<<0.05)
iz X % total low oy (p<0.05) #/RL,
I/0 M3 & (p<<0.01)L 7.

—F, DM 5 X O RO RSES)
(B) i) #AC R 5 R L RO ZbaiRL
7z

D) HeFHFHIRET

[fl—Akco diltiazem FE5RiHOHTH 51
b, WSO H 5 paired t-test & H T,
a5 LT DERERDIHEICHEED
hEHIEL .

Diltiazem DLEEICOWT: 40, FHHD
i\ 7o diltiazem o #F B, EFHTERO
FEGICTHA Ul BERE FHEO Mg &
BREOMAPEEL Lz, 37bb Figurel i
TL7e D& < EEaRT o diltiazem 10 v/kg/
min OFFEEATIE, EABRKE 3045 Oy
STERAID Th s RRED mfRE LR -
1. Z ol To diltiazem EFLEF{EHE TO Y
fEm e, OB o2 ik, Table 1, 2 1R
ok <, diltiazem 54T X b IHE IR
¥15~72%, LIEINI0~15% LAET « @A
L, FEENEROAZ R coZ s X<
—F Lt DI LEAEBEARTH diltiazem
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P value
@ vs @ @ vs ® @ vs ® ® vs ®
NS
NS
NS
NS
<0.01
NS
<0.01
NS
<0.05
NS
<0.05
<0.01
<0.05 <0.05 ] <0.01 1 NS
<0.01 <@0m\ <um1\ NS
<0.01 <@ﬁm’ <am1' NS
NS <0.05 | <0.05 NS
NS l <o0.01 | <o.01 NS
<0.05 | <0.05 \ <0.05 | NS
<0.05 ‘ <0.05 i <0.01 <0.01

BEENFYFEARL TS EE bR
TERRAE « WERC R 5 diltiazem o .0fl
fTEyRE, RPTOAEEEE), FLERH L ORI
O E « SR RFTRHECOWT: 4ol
PERL L FoEARAE I, S i it & 2 /50 22 8
L, RIGHEFMA KL @ EERAERETH
% AREBRTIIMEEOIERE X 27D, ik
ZERMBEDRWEILIT > TWi\as, & OIRFEI
Gould, 22 Guyton? » o ;L f= autoregula-
tion D EEhHIPA A MM L 7 RAEEE B2 D 5.
S0 X 5T diltiazem & 535 L,
TR EMBEIEAROETIC L VFET
e\ SR A & L7 (Table 1, Fig. 4),
Z ofEEL diltiazem % i\ 7= Bourassa,?®
Matsuzaki,?+*® nifedipine % i\ /- Weintraub

W L LTk D, FIRETFEED
X e RAETE diltiazem (X X Th
P RERER RS EELZDRD. —T,
MfFEREsR 25 &, diltiazam (3 R MEH
PO FiC X b IR, SRR & b
AR T X4, BatEZERERC X b ooy
#1725 L PRP o &3k L 7-F(Table 1,
Fig. 4) 1 fe3ko #5908 L —F Lo,
7o, BIARD 1 DOIRETH 2 A=INRAKIME
B xR G eh o1z, Ebic peak dp/dt
DRI TH - 7-% (Tablel, Fig.4) (3 diltia-
zem O K& T OFIEIHEIER Z RS
e ET WA IO B b, AERTO diltia-
zem PR B BEO (14 EE ClkatEg )
EHZ RS EELBRD, T, LAV TS
EFOE T, DIFHEOHMNE W 5 B TR
L bt RFTOLIESER) AR T S0
CEEL BEWNEE Y Ao, Wyatt? B
VLR S I R Wb Hs critical level
LTl & RTLiEREROMY N AEL 55
%, F1o PR SIS R A 40~60 2%
Xg 5 L LGN <2 — v bulging BIRE
7o\ T hypokinesis @ IRfEL 7 % Fa Rl
LT\W5. KEER T SMfEs control X
D $950 % A 2 B & A AR S s 1
205 Co EDL, ESL o Bk & O A A
HRUT 24.46% 156 6.94% ~ L EINCE T LI
e a7 (Table 1, Fig. 5). %7z,
FoU ERIR TR L ITE U 7o FLIG R X A
X BEnL, FLEAREEAE D J5 N[5 H FLIR AR
HR(128.69%h H11.81 %~ & AL Ll &7~ L
7- (Table 1, Fig. 6). Z»RfET diltiazem
BT L, ERAEHRME I S 208
<o EDL \IARZET & 727, ESL OJEfHIC
I 0 OEEERIL 11.08% ~ & HHITARL,
INFERED B A FRD, X BIT FLEAEAGERL 16.
34y~ L BN odE A~ Lic (Table 1,
Figs. 5, 6). C OFFIL B AR B X O
BWAERIC X 5 OFEEREMOIHIC X b
3O A A R s X OVFLITE FRR8 D 3 B T i &
RlLizboEEZBRE., —J, diltiazem |
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Lo fERDA L collateral %4, L T jEifM
D MBTIEKR, TR 7o jE 10O A IR FEE A
EEDH D Z L D IDIOAD X T B,
Z 2 CRILBIMEERS L OHMmConTE L
R L. —inc TM % o <RI
Tl 255 B TM O EARSRIEE 7 5
2, 15u © TM TiX T DO EEHNEB K —F
L7z b 40~60x10° LT THAULMFTEIEIC
Blerx HExlond ShTkp,?0® Ez 15
p D TM 2§ 15~30 % 10° EIEA L #at Lic
g3 Table 3, Fig. 11 w/RL-2& <, &
MEAE Tk diltiazem #4512 X b O AT
BUIABOKRT Z/RLICH, ABTMEET
b 2 B3 diltiazem g5 OIRTEIC HERF
ERTED, Lich-T RH/AELD BN R
Ihie. —, EI%E TICEINERE 595
L, BILE OFAE D JbE ~ D coronary
steal BL& 23 fED B PN/AHELSN KT +5 2
EMHAERY KR T WD A, Slalo EE Tk
diltiazem 1Z1LZ D X 5 7 HEILRD B3
B/ B © Bna RL7c. Fio, FZER %
AT EBRTO Rifisic 835 N/ E A
diltiazem 725 diz L7z &4 B 30~

Hbh, diltiazem ik pyE D i A (fi#E 95
TERS FETHE BErbhic. ZOMFE W
BT 7oy, & 1k OmEBMEhc kb
DRERIIAS LR 5 & NIE~D MR A% i
FEIO L 2 kR AR X 0 OAPY
E, fRcHBOOHENET LB
BOMERT HebrnmbhTtunsd., b
1z diltiazem (2% collateral JL3EIERZY H b
ThENLICMBEAPIEAN LD % < #mT 2
nREEL B BN D, i, EEINEREY
{5 F X4 5% nitroglycerin 3, P§/4}f@ k% oks%
2% 1 diltiazem (% FAM % W X8
muodEh, RERTL HTAHD W% 2D
T, ChICXAN/BROEETE 2T V.
X BT ALRBTIY diltiazem $r5ic kb IEE
PALE RAB TR D 2 Tl BRI BT D
TR « DA OEB % RD TR BT, il
FEWR I C O AR O BEEI O MR FC L 5

2 b (& 15 1985)

L DTh\VFHIR I NI,

CHRBORR LD, WE - LERTo dil-
tiazem OFMOIICE 2 % FEIL, RO
1M B > B Te LIS OISR TR E M o Jhic X
DEMOSELY RLIcbDEEL bR, Lo
L, fERDHECEE OREKRE T O RAE B
diltiazem I LOFAREFHTEM O HHILIIHC D
E R e B IO B AR D IREF LA+ 5 =
EREZbNS.

TEPRZERE, (ORI RTRER A BN X 87 AT
4R T diltiazem o OImMATENRE,  RITG
WiEEERh s X O RATOATMIRE « A4 Bz
MBI OWT: BTRO R « ZRRED EERT
i, diltiazem o g MGl 12 BT 2hEE 1
FE, DB K TR X 5 00 EFEMO
WA LA ORTF LB 2 Do e 20Tk
Btk T o, EE IR 2> B HERC
FEGNC M A v F 3% BT BE L
T, M, ORELUADOEENAEHL T
WREMEDRE S M. £ 2T, EFIXIHICMm
E, Ofa¥a diltiazem #5515 T —TF1C E
AXEOMBEFRERY AR I ERE T
AEBLL, diltiazem o M OANC 8 XIF4%)
ROMEE, ORBLHC L FIET % 23 Ehi D
WTHR R L 7. — RSO SE N E IR
B, WEdE, OBUs S X v EREh S L X
H, EBIC <~ v 7 AR EB AR A IO
PR RTREREAY L M o.OImfTENE, Rt
WREET) R X O RATOFIMTE « S Lo
WT DI RNH D, B, HBEAR
Iz tc s, LIHEORMAD S EEIRERIN
Eo L5, ME#ERE LA 45 sl o 5
n, RS OAHEM O BnE Rt e Zhs. —
J5, ERAERE AT EBR T~ v b
OIRE LA Sl d, TR RME KT
OO E T A D A 23 2 B
F I TEPRAE TR AR M IR C O BEE T DAL AR D
NDLWESO IhTw5b, 4El, HEEOHE
s T, ARAEINZ 2 HCRHERCHL £
SIRRPEGRE EA L, it
REERINL 7ons, RO fEME RS X O
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ERUE G T O PR FE IR T L ipeze iR
OE M AT X b RIRAES S B E L
Lz &t (Table 2). ‘iz D X 5
I AT T diltlazem ¥ Figg o
5L, EEIERME, peak dp/dt, jEf%
st E, (O E 7 Lo DifT BhRE
diltiazem {F54C X h HEIS ZEEIR S 78 -
7o, IR o DEMHERL diltiazem
P X 0 0.9% M52, 1%~ & B LI RE D
WL % 7R, R IMERHENT IR C D ALK
1310.43% 7> 514. 53 %~ & B4 L I D 5%
L7z (Table 2, Figs. 8~10). %7, fzififH
TR diltiazem #51C X
h B L R X a7 (Table 4, Fig.
12). F7ebb, AERTo diltiazem ORIl
OFEEOR R, mHE, OHEEALcbo
R MR O LT B OB X 5 4 D Tls <,
diltiazem o g IO H AAD EHEERIC X 51
DY ThHAHH EExBRIC. —F, FERILEH
W& SRR TO DMt E L diltiazem §
52 Xy B OAHER ORI X 525 bR R L
fo. ZoZ ik, BERRAER (SUEFRMmL D
4935 BEO @A) Tk diltiazem (X 2
HICTEIREE & 2 L T & D In% 3 Fidis
WS, JEERRZEL Tt diltiazem 5 R T
IfE « O3y — S Lic s, diltiazem 1
X B SRR A R O M B D M%7~ L

fo. X I, BEFVHEIK T oo LA R O ik
BAEL T A RO M FIRRIC X 20871
i DB fI BT & A L 7 i i b o
M & %% Hh, Bourassa b [RIERD#E
HARE® LThb.

DL EDFER, EERRZE FTRT, Mt -
Ofafa diltiazem #5 RS C —EIC EAX
BIAMENETTL, BRI CO Mt E D
AR C & e < IO ESER) S X O M
RET IR C O FLIBBHCRE O g% R L 2,
diltiazem (0GR EM O MHIC X 5 DA
Te < MO B RIS RUE 3 E R PR (E R O
FHETAHZ ETRBEINI. 7o, BEAGEHA
OO IR R INTEFIVC X 5 O e I 0 i A A
YT oEARD s ELHEN SR, 22k
X, BRANC HEROREGI A g & Lo EE D
g C o E BN A RE AR DO F B & B35
HAD—liL It HIERTH - 7.

R #do DI d, SRR 2 1) - 72 ) I R}
KA EHE RS TP UL R R DB R R L,
[NV B TE 7 R RRBM R = I R
DX DTS, Fio, fix OB CHEIREIA oA
[l T2 S R SO BUE s B ONS SR IR i
AT 5.

Tods, Ao BEIL H548[0] A ATERS Fak s

(19844F) I THELT-.
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