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=Abstract=

The Effect of Nitric Oxide, Isosorbide Dinitrate and Sodium Nitroprusside
on Ischemic Myocardium of Rat

Jong Hwa Jeong, M.D.", Soo Hyun Kim, M.D", Song Myung Kim, M.D"., Ph. D.

This experiment was undertaken to assess the effect of nitric oxide, isosorbide dinitrate, and sodium

nitroprusside, which are known to increase coronary flow by vasodilation and to improve the cardiac
function of an ischemic heart.

The experiment was carried out fo investigate the effect of nitric oxide on the coronary artery of an

ischemic rat myocardium using isolated constant pressure Langendorff system. The experimental
parameters were lactate and CK-MB for the frozen myocardium and coronary flow, the quantity of cor-
onary flow, left ventricular developed pressure (LVDP), and dp/dt.

The experimental groups were devided as control group(Group 1), nitric oxide group(Group 1),

isosorbide dinitrate group (Group IH) and sodium nitroprusside group(Group 1V). Statistical analysis was
performed using repeated measured analysis of variance and Student t-test.

oo~ ON W

The results were as follows:

. The lactic acid contents of group II and IV were less than other groups for the frozen myocardium at

preischemic state (p<<0.0025), whereas the determined coronary flows were higher.

. In the ratio of produced lactic acid between the preischemia and reperfusion for the coronary flow,

group II and IV exhibited less value than others (p<0.005).

. Group IT and IlI were less than others in the coronary flow for the quantity of CK-MB, but for the

frozen myocardium, group II and 1V were less.

. Group II and 1V showed higher coronary flow compared to others throughout entire experimental

period (p<0.003).

. Group II was highest at the preischemic state for the left ventricular developed pressure.

. The +maximal dp/dt of group Il was highest compared to others.

. Group I exhibited the highest recovery rate of coronary flow between preischemia and reperfusion.

. The(-dp/dt)/ (+dp/dt) ratio was 116%, 100%, 100%, and 55% for the 4 groups, respectively. And the

recovery rate of total dp/dt was 34%. 67%, 51%, and 76% for the four groups, respectively.
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In conclusion, nitric oxide was a significant agent inducing the dilatation of coronary vasculature. The
quantities of lactic acid and CK-MB of Group II and 1V were less than others. But the effect of in-
creasing the LVDP was not higher than others at the reperfusion state.

(Korean J Thorac Cardiovasc Surg 1996 ;29 : 1055-65)
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2. Myocardial ischemia
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A& 248 Tl sk oleh Z2 EA S o] F7] )
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Ahe B2 A7-AEe FAlo] ¥ I 9l+= nitric oxide®} ni-
tric oxideE 3 F WAAME 2 ofe) 2} 4-& i ghcl o 93
%] isosorbide dinitrate®} sodium nitroprussideol] 2kqba}ed
ol & 3% 2] A Bo] YA T ARH LR eSS
735 A g A7t dofb=A] zAFEA o)

o

oy
t

e

cHAr 2
1.0 &

Algol| 2183+ 3= Sprague-Dowley (313: Rattus
norvegieus)d & ot FHglo] Algslgdct A AF
2 250gm "ol AL F2 Agsig e, o Lo 7
et} 2 #2100k vHRe] BT 40ute] & AHg-E)
o, 179 sutele AR A o)Ad7A 2 AE F
AlZS JFEAE R Atgg o], A et F
Azt AdAAE At AT HET2E 3o
o, AL nitric oxide T3, AT isosorbide
dinitrate 5o, A1V sodium nitroprusside o172
2 #kdch(Table 1).
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FF A= Langendorff ¥ w]zkg]A
(Langendorff isolated nonworking constant pressure sys-
tem)e 2 AA, AA st o, FF AL Krebs-Henseleit
2k} (buffer solution)& AM&-3todch FFE 100
cmH:09] AHE FAFL SFAH 712/E At
o] Carboxan(95% O: + 5% CO2) 7}A2 7| E35}sle] o
o, 5ol A 2FAp ) AbanEsle] oF 500
mmHg ¢ A}, erAb7FA #qto) 35~45mmHg, pHZ} 7.35~
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Table 1. Experimental groups
Buffer
Group No. of cases Solution
Reservoir
I Control group 5(5)
Il Nitric oxide group 10 s
I Isosorbide dinitrate group 10
. . Constant Temp.
v Nitroprusside group 10 Regulator {Pumer=] Physiograph Diff.
Total 35(40) | aoo
* ooo
[ [l
o 0o

Table 2. Heart weight of each group (Mean+ S.E., gm)

Fig. 1. This figure represents experimental model, which

»
Group H.w* Fv.w shows nitric oxide, carboxan, and oxygen gases which were
[ 0.95+0.14 0.45+0.05 supplied into the K-H buffer solution, in column. The circuit is
11 0.72£0.26 0.45%0.05 regulated with constant temperature regulator. The pressure is
111 0.76+£0.17 0.40+0.02 recorded on physiograph and difierentiator for dp/dt.
v 0.58£0.10 0.38£0.04
10 20 13 10 20 minutes
Table 3. Experimental groups I Equilibrium I Ischemia T Reperfusion I ]
) Freezing
Group Lactate* (mmol/gm) = CK-MB,(ng/gm) cps
1 2.5440.59 20.422.33 CF. 4 ¢ ¢ S
LVDP :I s o @ s o . s *
I 0.65+0.21 16.7+2.34 ) max dp/dt
Lactate
- -
J1£0. ).
- e e Fig. 2. Experimental protocol. C.F : Coronary flow, LVDP :
* p<0.0025, I, TH, IV vs | Left ventricular developed pressure, CK-MB : Creatine kinase
-MB
7.45 W9 & #2314 sk} (Fig. D).
Krebs—Henselelt }Zal 2 32} Z8420) NaCl 118 mM,
KCl 4.7mM, MgSOs. 7TH20 1.64 mM, KH:PO« 1.18 mM,
Glucose 5.55 mM, NaHCO:s 24.88 mM, CaCl.. 2H:0 2.55 280l of] Yol AlubE-& A A A]7) 2 wet heart®] T4 S
mM?e| A 8E go} 3 AgslHA] 37CE 7p2sle] 1 223 (E-300J, Ohau Inc., USA)3}¢it}(Table 2).
E9lon, o] & thA] oJ x| (Whatman® membrane filter 2 &% Alake] Al E S Langendorff &9 )%
pore size 0.2um, diameter 47mm, WCN Type)el] o }5}od W Foll AFlet T AR FR o] A R] oA AT F F
BAFFN ] A Q1S FE3] A A3t Ao FFE 2H3= AAE A AT ‘:}%i

2 A4 A Auteg =24l 98 209 HEFA
AL AR F AF AHE7] (SD-9, Grass, USA)oll o

v}3] & thiopental sodium-2 9] A% 1kg 3 40mg) Azl ubErt 300 o]3tY A fol QlFH o2 ubgo]
o B2 F4iste] AA0AE sl od, 2% = A stk el A 22 & A A FAYE F3)

—|—

2) YA E

N

2} ZHE WAL Eo] AAE AL 3 F S 9 of FAANZ latex T4 AHsiste] o]2b] %7] geo]
213t AMA & mA ST PGAE7] o] g5l ) 10mmHg7} =] =5 B A2 F o). A4 &2 gk v] &
E 7kete] AF7A Gakgg o 2 ) FEteet e A 2 (dp/dt)yE =337 $sh 4= W] (Pressure trans-
A7) 5 AAbste] AR FF Atole 744 E Wi F ducer P23 XL, Viggo Spectramed Inc., USA)el| <7 8}
ZA-& g} 5AFE & didsle] FF HES F Physiograph (WindoGraf, Gouid Inc., USA)E &3 7]&
B ZEo g AL & AlAS AAbsle] H AW, = B ledcth k¥ u]ix]= differentiator (Model 13-4615-71,
AE kel #9989 AAL 479 Krebs-Henseleit Gould, USA)E o] 43},
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3) &' protocol

Al& o)l okA] Langendorff #F=Wjoll Krebs-Henseleit 2t
FHo® XH—rJ_ 2 2-4-317) (Constant temperature regu-

lator, VWR scientific 1160, USA)e} &4 = (FA AHE #
2} 2= _Q_ou;‘l}. A dlete] AAR 2L HexE 37C
4 A3 Aol A Al A28 FR A7)

b

B

N
—?(_I‘

> &
rN

X#%ﬁ& A4S Langendorff #Hx|ol) <dZslod 20371e]
Hde -2 5135 A (preischemia) 34 3 A ol B

= NaCl 6.43 gm, KCI 1.193 gm, CaCl: 0.176 gm, MgClh
3.253 gm)& 5 mi¥ HE0 G Fahed FAPE ofst A
A ARG stk 20382ke] A7 o] At & A
BF-E 20878 Al 2E A3 A s o] WzkAlR] A4
2 AAS Jssksnt ol WeAAl Az FAE
248 F A ALE7) o BIdstedct

T2 AF w2 [Fel x4 Krebs-Henseleit 354
8 Rglsteded, 1192 790ppm2] nitric  oxide}
carboxan¥} 100% A4 2 b o] 7FAXE 2435 & Al
#abglar, NI} IVE2 isosorbide dinitrate®} sodium
nitroprussideZ 7}7} 2.5mg/Le} 6.25mg/LE A 7}8}ed 0w,
53] IV W& aiedshe A2)E F718kd o (Fig. 2).
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At

AR oA TAEF #AI At (left ventricular developed
pressure, LVDP), #t} 1% uv]¥-X] (max dp/dt)*‘*\:‘ Gkl
A 10, 15, 208 TE A 2 72 AL sl A
F Aol A= 1, 3, 10, 208 Zhrh T2 A FH ‘;—l 7NE =
g stodch oby vl &A= A 5713 9] (fmax
dp/dt), H o|&t71st w2/ 2 F57]s) v]E2] 2] ¥
&2 T3k E43ksdeh

5) Creatine-kinase MB (CK-MB) &40 H &t 2

BAAEFo CK-MBAH &= 3¥8A 108, AAF 3,10 &
A A 72zt 2R s o, Ao CK-MBx= A& =
A% Ed REES 54 vlHdA W29 (En-
zyme microparticle imimune test, EMIT)9] 2] & o] &3}
o] IMX® CK-MB assay (Abbott Labo., USA)E }-&-3}o}
SRR

X7 AA F2E FAwpaf) 7] (Ultra Turrax T25, Janke

o F-2) A
1996:29:1055-65

& Kunkel IKA *-Labotechnik)& o] &3}o] wj-$- 2| v

A7 % Q241827 SorvallSel 42 141 7HEF 35,000

pm o 2 94 BelA)A A& A A 33k
4 AN AFHI AlE BFAS FAE A

TDx/TDxFLx REA®(Radiative Energy Attenuation.
Abbott Lab. , USA) lactic acid assay system 2] & o] 4

sfo} 4ok ¥4 se,
7) SHSA KMel

7 Foll AHE-El AR E W BEAE AEAL §
AsA BAE 9sle] EAEA A A (Statistical analysis
system, SAS)Z o]83}o} repeated measures analysis of
variance2} Student t-testS & -2-3}¢] 2w, pztol 0.05 v]t
fro Aol e Ao Helshd

o\l o_l"“—'

g =
A& 7o AAS v 28 o] Krebs-Henseleit
ebZal wo 3 HFF AL dERTLE S Krebs-
Henseleit €+3= o) 790ppme] nitric oxide 7}F2~& 7| %
g AL 1IF2E, isosorbide dinitrate?} sodium
nitroprusside s d4ek £33t 718 42 T3 IVEL
2 3tod 7k o] AAWe) fabA o CK-MB, x5}

A7) 58 $Aske] P& AE ulw B4t

7} £ wet heart®] FAE AT A2
I#o] 0.9540.14 gm, IVEo] 0.58+0.10 gm o}si e}, 2+
T Atolol A EAA o2 FFA e Aol g Ao Y
ehgom, Ale] AL LTS 0.45gm, IS 0.40
gm, IVE-2 0.38gmo)sle}. o] w3 7+ FE AlololA %
A# zpo] = gl ch(Table 2).

fu

I NOREITS

4" ATz fAke] ok B Ie] 2.54+0.
59 mmol/gm, IiFe] 0.65+0.21 mmol/gm, 11I5e] 1.30+
0.18 mmol/gm, 1VZe] 0.51+£0.16 mmol/gmo & e}y
oh Al fake] Zhd HA HAE L Ve daL
Go g2 U, ML, 89 oAt IVaEs 139 &
Abke] o2 ol 2o vls 1/5 el e, NI ok 1/2
Fz0] gtk (p<0.0025, 11, 111, IV vs I)(Table 3).
7t 7o AN HEH HH et APF 105
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Table 4. Lactate in coronary flow {Mean+ S.E, mmol/ml) Table 6. CK-MB in coronary flow {(MeanxS.E, ng/ml)
Group Pre-10min. Rp-10min. p value Group Pre-10min. Rp-3min. Rp-10min
I 0.10+0.080 0.17+£0.072 NS* 1 0.13+£0.02 0.16+0.04 0.98+0.73
11 0.1940.049 0.11£0.030 NS 11 0.21 £0.10 0.24+0.08 0.22+£0.05
M1 0.10+0.036 0.11£0.082 NS 1l 0.16+0.03 0.50+0.13 0.24+0.05
v 0.2940.035 0.15+0.025 <0.005 1v 0.20£0.04 1.10£0.80

0.67+0.41

* NS : Not significant
Pre @ Preischemia, Rp : Reperfusion

Table 5. Coronary flow of each group (MeanzxS.E,
ml/gm/min)

Preischemia(min) Reperfusion(min)
Grou
P 10 15 20 1 3 10 20
1 12.1 12.7 11.1 11.6 12.8 11.4 9.3
+0.75 +0.70 +0.54 +1.42 +1.04 +£095 +0.54
11 227 201 18.9 14.5 15.0 16.2 154
+1.36 +1.33 +1.36 +1.57 £1.76 +1.82 +1.74
111 13.2 12.5 12.8 10.5 11.9 11.7 10.1
+1.67 +£1.81 +1.87 +1.89 +£193 +2.14 *1.59
v 19.3 18.3 17.6 18.4 17.6 16.8 13.6

+2.93 £3.07 +2.84 £2.03 £1.97 £2.38 +230

of Zkzb A H T FAFAANAM AHFRAZ G4k ek
= th3 Zo] viebydth ¥ A 105 IEH HTTE&
0.10+0.08 mmol/L, 0.10+0.036 mmol/LZ }o]7} 91l
2}, IF2 0.1940.049 mmol/LZ o) 23] v <F 2ul)
Ax woten], A Vel A= 0.29£0.035 mmol/LE. of
Zol vl oF 3uf A% @k} s ¥ gke] At & A
T 1082 FAA = 13o] 0.1740.072 mmol/L, ILIVE
0] 0.11£0.03 mmol/L, 0.15%+0.025 mmol/LZ z}z+ 7}4
3t 2, T2 0.11 20 03 mmol/LE 31 & A3} T3t 4=
Fo]dtHTable 4).

BAFAN ] FAXE € A E 7| FoE A
T 3% 105 wo] HAAXZ v && Wo] 2A1g nlo
o&d 173 NS 0.7, 1.7, 0.7, LI oF7F 72+ 3 =
7hlE okAS Al o IS 042, 0.58, , [VE-S 0.59,
0.52% 7Yz} Ztasshs A 33 Mt

% < 10, 15, 200 A ztz}t
o 187 FAE AV[FFES AT AR Y

AT | gm ARFIFo 2 Fhatste] vl malgic).

2L S8 FY G A Aol mpe} 7}

Pre @ Preischemia, Rp : Reperfusion

ml/gm/min

25 ¢

20

15

[6)]

10 16 20 1 3 10 20
Time (Minutes)

Fig. 3. Coronary flow of each group

7} 12.140.75ml, 12.7+0.7ml 28] 3 11.1 +0.54 ml2 3
T 12ml o) ar, 1152 22.741.36 ml, 20.1 +£1.33 ml.
189+1.36 mlZ HH 2Imle] 22 o 2T vla)] &
o 3A gkt p<0.005). HIT-& 13.2+1.67ml, 12.5+1.
81 ml, 128+ 1.87 ml2 Hy 28mIF o o] &= 2R

= Woet BAIH o R #5298 2ol gl 17 F
o] Atelor= EAIHoR FoakAl EUtHp<0.005).
VT2 1934293 ml, 18.3+3.07ml, 17.6+2.84 mlZ 3
T 184 mig oy o]l HERFHRME Woten Adi 2
< AT ohg- 22 F3Fafo] Wk ABH 5o A
e AR 1, 3, 1023 20504 2z 2 stedc). |
T2 3J¥8A 12 ml 34 7 Faste] 11.6+1.42
ml, 12.8+1.04 ml, 11.4+0.95ml¢} 9.3+0.54 migj o
T2 113 ml2 7 ZHstedc) 132 14.5+1.57 ml
15£1.76 ml, 16.2+1.82 ml, 154+1.74 miglor HHF
15.3 ml2 Zraslsdcl azv Ao o) QoM 2T
o] #A{FFR o} gkt NITE 38 HF 12.8 mlol A
Ztzt 10.5+1.89 ml, 11.9+1.93ml, 11.7+2.14ml2} 10.1 +
159 migd e A4 11.1 mlE Zrasigel IVES S8dAd
B 18.4mlgFoll A ZHzb 18.4+£2.03ml, 17.6+1.97ml,
16.84+2.38ml 22]37 13.6+2.80mlisl.o HFE 16.6ml
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Table 7. Left ventricular developed pressure(Mean+S.E,

ml/gm/min)
Preischemia(min) Reperfusion(min)
Group
10 15 20 1 3 10 20
1 64 60 65 58 75 71 69
+68 +7.1 <84 +76 =£39 +£11.7 2127
I1 79 85 86 61 47 52 53
+75 +85 75 +152 *62 +60 6.2
[11 60 66 65 72 62 64 48
+65 +60 =78 +11.8 =119 +£7.8 =+4.7
v 72 70 64 57 51 57 49

+60 +£62 64 +51 £73 66 +£59

ol
o
2
lo
L
[U.u

Ao 2ol alolM = ehrel vls) 7Hg =

A|ZYel| & BFeFe] Wste BAA
Sk (p=0.15), 7+ T Abo)e] W3} A =
A tHp=0.017)Table 5, Fig. 3).

—r—’—z
;Ea.

CK-MB Atz 7 8ol 4] A A3 v}, bt A d vt
et A ) 4 BF A7 AE 22 e CK-MBE A
Aetd i, o e shie fRFAH e CK-MBE £
st LT} Al 229 CK-MB A& 77t
20.4+2.33ng/gm, 21.7%1.78ng/gmo. & EgkoH, 17
16.7+£2.34ng/gm, IVEL- 16,5+ 5.9ng/gm e & 1, lI[F 2
t} FleHTable 3).

HEA el 1050 e} ABF 3, 103 W] FRFH 9
CK-MBofE& 543 A7 S84 Aol A= 12e] 0.13,
0.16, 0.98ng/ml, 1I7-¢] 0.21, 0.24, 0.22 ng/ml, 1IF-°] 0.
16, 0.50, 0.24 ng/ml, IV°] 0.2, 0.67, 1.1 ng/mlE I7-o]
7Hg kot AF/F 108 Aol A= 0.98%2 wi-¢- S~}
g uhd, I Ae s8R Aol s Alefol A
CK-MB=2] 9] w317} 7 2] glde).

MTFANE A el vs) B F7HE HolA
oot IVl A& A A3 3715 BriTable 6).

He
2% ol

5. THAIA ot

A Al 10, 15, 208-2] LVDP: [30)] 64, 60, 65
mmHg, [Ii#e] 79, 85, 86 mmHg, III=o] 60, 66, 65
mmHg, IVZo] 72, 70, 64 mmHgsl o=, A AF 1, 3, 10,
208 wie] LVDP+ I-°] 58, 75, 71, 69 mmHg, II7-°]
61, 47, 52, 53 mmHg, IT1I7°) 72, 62, 64, 48 mmHg, 1V~

o F-2] #)
1996;29:1055-65

Table 8. Recovery Percentage of coronary flow & LVDP

C.F.(ml/gm/min.) LVDP(mmHg)
Group Pre Rp Y% Pre Rp Y%
I 12.7 11.4 95 78.3 71 91
+0.7 £095 +0.7 +103 +11.66
11 20.1 16.2 81 85 52 71
+1.33 +1.81 +8S5 +6.01
11 12.5 11.7 94 66 63 96
+1.81 *2.14 +6.01 +10.9
v 18.3 16.8 92 70 57 82
+3.07 £2.38 7 +6.2 +6.6

Pre : Preischemia 15 minutes, Rp : Reperfusion 10 minutes
CF : Coronary flow LVDP : Left ventricular Developed Pressure

o] 57, 51, 57, 499 mmHgsich & A Ao A F
el A 1ol 7H wgkow, dgo2e IVE, I, I
T EAQeH, ARF 208 Addel e IE IE 1V
T, Mo A2 A4 vebde} 2ubg o2 s8Ad 10
2o} AFJHF 102A] Zhel] 2fe)= sl ot BAH o2
$-2) 3} 2 = 9¥9teHp=0. 07)Table 7).

S8 158 Na ADF 10ENA B[] 3)E
B2 TS 90%, 1132 81%, IITE 94%, IV 92%
2 vbebytoh el A faReke] 3 58] vt vrehd

ol-4= s Aol A 20.1 mi/gm/minE elT-ol| v]&] of-$
Eohovt A [F Fol] FA7F AR 7] wFolH, A BF
Foll = Ah 2] 2 e}l B8 E3tcH(Table 8).

8 Ae] 158 Ui AFF A 1052 Hd 5
Z7)9t v) &2 3 EE-& [To] 78%, IIF°] 56%, IITo]
50%, Vo) 75% 2 1o 713 &9tz tfgo 2 IVE,
IF, NS -9} 714 Ie] @& o] f= 3
A Aefo A eltol vla) A7) o) 5 Fghov AR
o Fo{x 7] wEo|s], AIF dx I el
vl SAIH o2 Fo3lA FA = st} olstr) g} vl E
2 jE &7 9 v 9 A HEFE o] 116%, I
0] 100%, 1I-e] 100%, IViEe] 55% 2 IFe] 7} &9k
or, t}&o 2 I, 1, IVTEY &AHY. 28 AA ¢
Hu| x| 3BFL IFo] 34%, [IEe) 67%, HIF)
51%, IVTo] 76% 2 IVTo] 74 Egter), tjgog
N, NI, 19 &A%k o474 = 1e] IVael w8
3 EEE gk ovt 313 Aol A RF Fo A A=
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-dp/dt
Table 9. Recovery percentage of LV 4+ max dp/dt, Fdp/dt ratio and total dp/dt
+max dpldt Y -dg[%t ratio % total “dpldt %
Group +dprdt :
Pre. Rep. Pre. Rep: Pre. Rep.
I 966+93.9 750+132.6 78 0.69x£0.22 0.8+0.07 116 1594+171 5411271 34
II 1144+1164 644+95.5 56 0.6+£0.06 0.6+0.06 100 1775+ 165 1195+ 116 67
1 917+89.5 455+48 50 0.7£0.03 0.7£0.05 100 1479+ 144 759477 51
v 906+75.8 681 +87.6 75 1.1+0.52 0.6+0.04 55 1463 +132 11134140 76
Pre : Preischemia 10 minutes, Rp : Reperfusion 15 minutes
Table 10. +Max. dp/dt of each group (mean=S.E, E AN A= ApE Bl 3003 2 Ao g 9
mmHg/sec) - o = =
g AP R AF A7)%, & FAUL, A £E71% )
Preischemia(min) ; Reperfusion(min) B3] So] Ealgh Al A] 7 FES AA v mE
Grou e : :
T s 2o t3 100 20 1A '6]—935]—
I 783 966 956 S83 813 750 763 AT BFE= BA daA 9 = —f_,:,_o]] BE RSPy
| TSRO GG LR glag AHERE S Pl A 4
3L210 gl &y ZF F4 Al
+1389 £1164 #1095 1499 #91.7 +955 +843 4 T A ? A A 2 FHh 53] EhE
M 834 917 965 766 420 455 484 o Aol SF-c8go] % 1%}6}7‘ Fopr e,
+93.7 +895 £126.6 +£107.5 £78.0 +48.0 +40.6 B AH A= 253l uﬂzﬂﬂ 2 8 (isolated) A1 A&
IV 906 906 825 5711 600 681 611 Abgslg Tk @AY HaAlE EA el A e A I
+769 +758 +£878 +629 +974 £876 £82.6

ol vl& E=9FcH(Table 9).

8.

2
J

ol2x|

HI

HAEA A 10, 15, 20504 3o $2719 v] &A= 1T
o] 738, 966, 956 mmHg/sec, IIF-0] 1008, 1144, 1163
mmHg/sec, 11I¢°] 834, 917, 965 mmHg/sec, IVT-o] 906,
906, 825 mmHg/secsl &-™, AF-FA e 1, 3, 10, 20%- A=
ITo] 538, 813, 750, 763 mmHg/sec, 11-0] 758, 604, 644,
700 mmHg/sec, IIITe] 766, 420, 455, 484 mmHg/sec, IVT-
o] 571, 600, 681, 611 mmHg/secH T} =, AFF 3, 10, 208
ol A1k Ie] B} #& A olol& AAH o2 1] 7}
A xed, 53] ¥ A A oA o] el vl&) ¢
53] ESttHTable 10).

o &

2 A gl A A’ A g3 w2k A Langendorff %3]
£ 1990 A E—'%Jr 1994 o] 599 A} TP TF
olvt Apghs 7ML Aol ok Holw, AgAle 7}
284S & wH B33} 7] 7)o Helqt Ho) gl}.

WA= oAl AR e s R O 5 #E 3
Age] Al A HRake 85%E
ol 15%E &3t slvh AA9AE AW o2 f9]
v YA NF A8 Al AFA = (anterior cardiac vein),
A2 A NFsle F A A& 9 (thebesian vein) 18] 2
arterioluminal vein®} arteriosinusoidal vein®. & FAJ St}
£ AT AL ERE Balo] Ao HFH F
AUES Eo AT Ueld Eeuhes RE WRs
BRAFE ATt

—’—:7-‘6}-_1_ & oAk

AL 2087k H3 el F 40T Green
cardiosol® 5 mlg Fsl5te] ekelgAlql A A S S5}
T BFAA F ALE 3700 SRl 917 3te] 208
o] FIHFE FAL AU S WE F 20870 ABFE

shirt.

o] & 0Tl RS Y, BHANAL Al A
FHER ASAZE BAA)7)7] A8 2Eke oA
7hdds] Aasita Baustglon, A2 Aoz Qg
R7PA 8] BanbgEe] Awdse] AE2E HAAA F
a& A vl Qlsd7le Al HPEAL 4T o
AAAN o2 AubsE F3 AAAR F37CY FeF
Zufel] st e desislch,

Aol AFS-EH A AL A &) 2~387 e da|H Q) F
g et Ao, ol @ HEYHE A2s e
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a4 9
No, Nitrate, NitroprussideZ| 51841 AlZ20i 0|X|= |&

& glon BE AT 5 AY AAelglen
2 o)7e] Ay dS & 5 3le felolete AztEt
2| errh H A ATANAE AF7E A AR =77 F
714 sgage] dojutm, A ETE Az 2A<Q
Green cardiosol®2] Fqlo g Kt ¥xo & 225 &
o] AR Abel 7} B o] FA cytosolell & FBF A
2 QI A&l 1 FA|A ] Wy} AjakE) v e
Aol olbH AT A] cytosold] F2HA WHEoRE
Ca>*o]l&9] H&Aell, protond} fAke] &2, &7]3}e]
AbahelAbsl I o2 ATPAYA 9] 7k 3H57) dojubs
Aol A ATPS] 227} A=ty shedct =gk 7]l
2. © 2 mitochondria®] WA 74, b4kl g beta
oxidation pathwayS %% =9 Wz 7hagch AW
Ab o] 2 7347} acetyl-CoAFr=4 9] &4 &
lic AMP-mediated lipolysis7} &4 3ldc}. o§7]7}2] Ao
1} oje] MElEL opal e std Al dAdolet & ¢ sl
1987 Ignarro 5V isolated bovine 4545 E3}
gl Krebs—nger bicarbonate®] ol A nitric oxideZ} A At
= e AL uAste o, 2+ #lo] Palmer 5 ni-
tric ox1de4 *E*P"l A 2ol A GRS RS
odc}. o] F W& nitric oxideoll g A&z} 7]5o] BE A
o}, AF ol AR 2ok sick A, ARAE
%’%ﬂ Hpaa) *;UZH *17371h le),zﬂ ndoa aLo1 7] rEe

223131 cye-

—_
-

=

o] B}3 "171 A7 A = %°ﬂ°]‘4 1‘414 ﬂﬂ 239
Zw o @ i nitrous oxide(N:0) A AMA2) BFE 2 A
Borgaln E40] ol A2 AR 7AMZ AFEA
t}. 22} nitric oxide®] A elEd 753 <telH 7]
Zo] s Ao wet AFS F28 2FAl(pharmacologic

agent)e] 3o AA =} o) elef el ¥ A ni-
tric oxide?] Ae)sd 7|55 THEgtzd, 47| 714
714, 2375 2 Fu|AE A7) ol AUk LA

2] A}= acetylcholineo] =] 4] Eol| muscarine-2 58] il
2bg8 o WelA %A 7](endogenous mediator)ZA] 83}
A guanylate cyclaseS &4 3}A] 7] Aked A 9l nitric oxide
o] Ao glzFoZ slglow, Al nitric oxide:E
Eolgl e 2 [IF2 2, isosorbide dinitrated FHA% -
< T2 %, sodium nitroprusside® Foig ¥-& V-2
2 A 83stedc). Isosorbide dinitrate-t sodium nitroprus-
sideZ A=A F} o] 8= 7} 7 )] isosorbide dinitratex} sodium
nitroprusside7]- nitritet} nitrate® WA 24 oF] 24

o gleha o) sl E o] grot, A F-& B nitric oxideol
sto] oFe] #8-2 gl whe A7) ool Azt 9

o 8-21 ]
1996:29:1055-65

T = pitric oxide?] A& A ql Fo 9} isosorbide dinitrate”}
g WA E Sl A oAt e nitriteE ¥ 3HEE $ ni-
tric oxideZ AWAbs}:= 34, sodium nitroprusside”} &3
W A £} F3A51A] nitric oxide® =& A Abojel| of
| zelrl glEAE wlm PHESME Zelth
nitroprussidet= S = Rof zhg-sle] UjoA 2] 24

= ZsbA 2Hasi, o] ofAbAl el A nitric
oxideZ A A F 9l EA-L 7k gLy wf ot

o Al 2E EA43HE Geeyclaseoll 28 %2
gto] alojde}®. zjAbAze] 9l A-$-E nitric oxide7}
Huso] g3 g8 F2skx 9 PO7} 30 mmHgo]
&) wli= nitric oxide 4 AHA 7} k=™, 7124 2 nitric
oxide ¥1)i= Sulo] A nchE actw geix ok A
2o} Alg ol A 7hg 218 A& nitric oxideE A A AT

o] Folzhiz b abel Fa|gick. Al el A= nitric ox-
ide7} hemoglobm&} x3}eo] Tomg Jha Al ] Fof
o} PPpeha AE waelAE $50] Ashiy ol sl
= Aule] o] gigdrh. nitric oxideE A FAIHE 7T
500 mmHge] AFARqk3tel 41 NO:vF N:OZ W 818 7o)
gh 7l 2l At sheuks& oF ubskA o] B 2 nitric
oxide?] 2tg-o] 7ithE]glon, o] AP H A= o7
shiwl npe} 2+ Ax}E Hodv|el nitric oxide®] oFe] 2t
go] vehd 7o ® supgich 2 Aol 790 ppme]
nitric oxide 7}A~% Abgslgden, Kam” %2 Krebs-
Henseleit £F3o) £l 4] free nitric oxide®] ¥ %7} pico
molel A% Aelsha] zbgo] 7=l L FAe cyclic
GMP7} Z7}8HA| € 214k nano mol]l 72 -f-oll& 5428
o] vtehdriar skgict. oo A zb= & & H(preischemia)
el & olubd el 30E-H} (058 £ 20802 A

sodium

E_E.o o]

o ABR AE 0E0E Fold AYFo 2 Sy
go) wal g A stel n sk
NA5E A7) el At A Wk 44

Zz7yste) o) v E2E zAesch #AAA sk
HAA FE7 Ut A FAA olshr] WishE W Zles
shelan Ho v 22 FHAA WHE A 7kel whe} 3t
= A4k 4 gl differentiatorghE S48 AA & ol &
3]'31‘:]'- FHA1 A 2} 9414 ste] vlEA 7} 2ol 7t sle 7
o o)si# Mason@} Braunwald”, Gleason3} Braunwald®
= o] n] B3]} AR F53 o W sl uha} wiztkslA W st
s}, inotropic intervention® 2 ®1ZtalA WahE vrehd
7] wjFol2t i st th. o] afterload 9} preload, Hl = Aj el
T ubedo] ®a, ghube] BAL 27 F57I8k vlEA e}
7|9k v R, o) F gte] p|EAE ¢ FY vEA

N

fuj
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2 FEE 7 ok s AA7 Y Hoted A Ao
TE718 vEXE Y #$ArgF v Eg A e}
FARE o]gke] = A FA47|e]EA]7) &) 9}
2w, Doring 5”& | 25719} vl &3] g 2o &
2718 mEA 9] vl go] o & AW =T} slvtn FAsla
ek =3 Al #Hel A 0.5~0.60] A A
2}l shgdch

AAke] Ag F NFolA 94 v E2)71 Al 1,775
mmHg/sec, A FFo 1,195 mmHg/secE ebTrol ¥ 3 =3}
ow, £F7)qk v] Aol N o] 2471} vl E-] 2 v gL
YA, A BF ZFAA 0.627 Doring 50| FA3F u}
o} e Ao} gl

715 37bE 2 A-Q AE F LVDP x Aluts<7}
slot, & APl M AluteTE £ 3003 2 145}
282 LVDP x AbgEa= 9n)7) glon, 3o o]z
= Abgero] oEslE 2 LVDPS} u]E-AE 22w
2= Zle] AAsiciy ddEiglol 2 A A= 1E
9] LVDP7} 5|8 A o= elFol uls) BAIHo® #2)3)
A Zokon], AHF o= [FHRo}E Ugpor} I, IVl
vl s A= 9koh Bistow 5'¥0 ol A%, Hrlsl w) g
= AW o] AlZE Holrt o)A Ae] A RuEg
HA ol 7HA A &g wholehedl & AA 02 T8k wt
HAA o] &oll oje]-go] dolM B Aol A 43lx &
3ot

199313 Ljusegren 5" # 2] $A1L o] 4% #HAth2
“yellell A sodium nitroprusside F¢JA] ZZWel cyclic-
GMPs} fAl3 o] detxichs AMALS £33 v} glon],
A2ke] Ayl E 7 Fof A2l -5 §Abda) B
AR 4 oF S AU 2 AL 11364
ANPF Fo AW 419 oF& 0.65 mmol/gm o2 |,
[Tl vlsf FAH o2 fosiA dghkon, AP FY
9} 2 H¥A = LIt vla) Eohot, 35 3o
© O EE HoE okt ae3 SAER) Y
Aol gt AFFale] fabe) v&L 3B} 1080 zhzt
0.42, 0.58 2 e}t v] &) it

199223 u} 502 A FA 7] & o] 88 A g A L-argi-
nine} A 7}2] olu| Ak M7l BFofo T AlZ BE
75 7hesl # A9 ATEE A7) A" AR
< B vl glon, o)l MAbe AY o xe} d A5 A
o|ch.

No, Nitrate, NitroprussideZ| /&A1 Al20|| O}

4 £

A2z Al AAFFANE o)A L AL FE F
7HA71m A2 715 3AAE F ok G 73 oF
AgE F Y4 AFAe ) JAFY AEAR RolE
isosorbide dinitrate2} 8 #+9) W3] 4 F b= T3} oFe] 7|
A% 7}l sodium nitroprussideZ 2 A3 o4 A= shed
o} =3 A7) T 7R A Be] HEF oFeiatES Ao
Aebi RaE s glom, 2 A 5 B4 0 g ) uts
o] o m¥tell F& G EE vehl & nitric oxided 41 &
of A-g3tem, A AL A Este] s PA AA A
AF A ¥ Langendorff A2 5 AF&3ted XAl 210 9}
FHFA o 43 CK-MB 247, #a-Fe, 181
o8] 71 Al271%Y WskE #asldc) 1 AnE 2o
& oS3} zh}

1. B35 Al22FWe] §-4H9) ok nitric oxide2} sodium
nitroprusside o Fo| 4] A1, th&2 2 isosorbide
dinitrate ool o, o) 2ol A 714 et}

2. BAFH W FAX = A Al AE o "‘:TLFJr
isosorbide dinitrate F-ofgoll 4] gl ov} A HBHF T
nitric oxide ¢33} isosorbide dinitrate 5o F-ol 4
okt

3. 38 Aol vla) ABF T FAXE v 2 A
o] =73 isosorbide dinitrate F-o3 & A x} 27} 5]
2.} nitric oxide o973} sodium nitroprusside 53
F& FEA R asjelch

4. BF AAZZFA Yo CK-MB & A X nitric oxide 5
o373} sodium nitroprusside 5o Fol| A Fotc},

5. FAF d 2] CK-MB A4 = nitric oxide 5o 73}
isosorbide dinitrate ool A A2 o) 2FF so-
dium nitroprusside 5§72 A 2} Z7}s}9 ¢}

6. A& AAA A FPF-3-S nitric oxide FoJ 7} so-
dium nitroprusside§oj g-¢] e} E.r} =gk,

7. 858A AAA WS nitric oxide ¥o3F 3} sodium
nitroprusside ¢ o} =gt}

8. FAA FF718k A v EX = A Al A ni-
tric oxide Fo{<ro] 7t Egkom, Uma) A F& u)
<3} S 2y

9. FRFe Y F HHEL h2To] 90%, nitric
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A4 9
No, Nitrate, Nitroprusside7} 5{&A Al20| O|X|= Hat

oxide FoJFo] 81%, isosorbide dinitrate 5] 94%,
sodium nitroprusside F-¢33-¢] 92% 2o} ABF =
A X & nitric oxide 13 sodium nitroprusside
FoiFo] k2t 16.2ml/gm, 16.8 ml/fgm o2 =91 o
ZT3 isosorbide dinitrate ¥oJ7°] 11.4 ml/gm, 11.7
ml/gme 2 i)

10. (-dp/dt)/(+dtp/dt) ®]E= nitric oxide F93FF iso-
sorbide dinitrate Fo°]) 100%9%] 3 sodium nitro-
prusside §-¢3F°] 55%, o) 7o) 116% %]t}

11. 3 vlEA¢] 318 F 3] E-5-2 sodium nitroprusside
Fojo] 76%E M Eoka, b8 2 nitric oxide
FolFo] 67%=2 =9k o isosorbide dinitrate T+
2 51%, 2T 34%4 )

o el A AE-L AR A FANY #A Ad= ni-
tric oxide”} ¥ ¢J-} L sodium nitroprusside = ¥a7}t= &
HE ook H¥EA AR AF AT &4 5 A4
%9} CK-MB#A]+= nitric oxide §oi73} sodium nitro-
prusside FojToll A okt eyt AF{F F HAA W
& Asele FRE AAE Vel A= Xk 2ol /2
= ATAZ| U ReEAEcis A3 WA xel
2 olgte] g7t Aol A 7)lE s AR Hedgc)
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o F-2] %)

1996:29:1055-65 No, Nitrate, Nitroprusside?} &/ &M Al=0{ O]

>N
rir <

08 o

-2

EE=

Ho

st 7o FE Z7HAZlck R aE nitric oxide(e]3} NO),isosorbide dinitrate(e] 3}
ISDN),722] 32 sodium nitroprusside(¢] 3} SNP)ol| cfs] o] E-do] & A AlZolA] ] EHHQUAE
dolE 7] 98 o] A¥E Ayt

223 AY T2 AN ZT(T), NOTQ2T), ISDNT(3F), SNPT(4T) 22 vHrgl et

Ay Ak Fo] A2E sl o], A3 ©9L isolated constant pressure Langendorff system-g-
Adsigdct 28l 95 vl 2shr]) A& dF Al B FH 9 lactatee} CK-MBT2], &3 H-3,
LVDP, dp/dt5-& A s}t
A=
L2034l A B " A Al ol 4] 9] lactate] 7} R htHp<0.0025).
cHbH o) A Feke 27w} 47l A Fgkeh
8 AT} 33 Fof] AAHE lactate 2] 9] ¥] = 277 4ol A Wt tH(p <0.005).

. 89 CK-MBA|&= 277 370 A ko, W& AlAU ¢] CK-MBA| & 273} 471l 4 Wt
o}

BEFFL A AYHY A 287 437l A EkeHp<0.005)

.3 A Abe ol 4] 2] LVDPE 270l A 713 E3tet.

. +maximal dp/dti= 27 4 7} =9hc}.

AT AB/FF S EES 170] 7HY FshT

. (-dp/dO/(+dp/dD)] ¥+ ZHoll A ZH2} 116%, 100%, 100%, 55% FTt.

. total dp/dte] 3 E-&-& 7H7t 34%, 67%, 51%, 76% Rt}

AEH 22 nitric oxides TAFEHe] Fabol A A7) =7l o2 A7, lactatest CK-MB

2] HAke NO T3 ISDNFol| 4] &3z o g ol

S b —

S D 00 = N W

1
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