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T x VY = VA X BT B R LE RS
(NS-nitro-L-arginine-methyl ester) O /& 25 i
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HE
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T4 | OB, Ot M IR,
R 2

= =1

—PR b2 K (NO) |2 78 BR 25 R O A= B FA S P e
KBWTEELRKRE 2R/ LTS, NO AR
#BH 2 % NO-nitro-L-arginine-methyl ester (L-NAME)
#60mg kg & 5- L7 &ED T v ¥ = — VFRE:
A X TOREZEEEIT OV TIHET L7z, B IUHERE,
AEREOFRIZ L Z N ZENEOLHNED ERFEOED
RAME (dP/dtmax), /&R FRFIRMAOLAEZE
LORERT 2wz, FHEIIREISEEIC L
AL, LiEEERC—EEEEEEIET L.

(dP/dtmax/FHBIIRIE) 134%5-30501%, FEE$K
T (3905 & IC A BICHIH 7z, L-NAME 3%
IRHERE B & OV EitiERE 2 P L 72,

iU &I

—Mftz%E (NO) 1¥, NO &kl (NOS)
ZEIYL-TVFo oy T = FEEFRILEN
TEABREND 7)) —F T 7 TP R H Sk i 4
LR (EDRF) & L CILE M ML & 0 o
wh, MEOTHICBWTEELKRE 2 R/-LT
WwWaLY F e M7y TRk
DML THEA SN, EEROEBHRASEREICS
WCEELKE %R L TWAY, NOS fHER
OHEFIZE YRS MV E Y — VR4 X TR
WM AR B & OV IRI 22 LY, F 7,
Chu 513, BUHEBRRATOEREA X % B\ 7-EER
T, NSmonomethyl-L-arginine (Z13+ 2 43 % & K

* BBER R E

il S

v=E = =
9 {ﬁ Zk m% u_‘*

& LT Dl ERe Y A LB UG = BiE L,
NO N EERFAMICBVWTDOEELRZE 2 I /2L
TWb EHELTWAD, NOS HERDLIIE R
BLURFEHRERIOT T AIEHICOWTVRD
POWENAHLNDL DY invivo TOREE R
RGBT 2B RS0 %2, Zhig, NOS
FER SR O EERERE, FICAS MRk
AEHZBHLMICT A E 2 HIE LTHIgE%
fro7-.

Fil A PR U FEE D W A PRI E (3 NO A TETE 0 R AY
MEWREHZNR T2 EHEI R TWE L
DWW g x vy = — VEREEA X % vy, NOS
FHZE# T3 5, NO-nitro-L-arginine-methyl ester (L-
NAME) # 5% 0L EINMEIED L UL Sk %
Rt L7z,

7 &

EN G AR AL Tk QR R S = EY S
B BIATo . MHEA X T8 (kE10—
16kg) Zxt&E L7z, MREEOEAIZRY 5V
¥4 — 30mg-kg O EIR NG TIT Vv, AR
8.5mm DH IR ENT 2 — T EWHE L7z, /S
7= 50.1mg-kg & %5 L CHiMREE &%
2, Bt JH A\ T 25 (Harvard® piston ventilator)
T, R S 8 — 150 & LIEKIFR
FRAL i FE S EH35—40mHg & % 5 X 912 1 [
SEEHEL, 100 % BRICL VTR L. AE
MR B RA TR FARATIC0. lag D 7 = ¥ ¥ = — L 2
5L, HivT7z2r%=—110—15 xg-kg'-h'!
PEBRKRTITHRE L. BIRILY Z5H12C
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Pa0,%%100 mHg P L ICHEFES N T WD Z & 2 Hf
L7z,

DA% (HR) (Z0ER (BECG) O UFFE%EE
=)7L, itEkL TR IUHRBIRE,
WRAEIIRE, FHEIRE (MAP) (X, KRR
Bk A & BEEB KBRS A L 72 7 — 7 v P
RBIFE + 5 v A7 2—H— (Millar MIKRO-TIP ®
catheter pressure transducer, 7F, SPC-370, Millar
Instruments, Houston, TX, USA) 2 & V) {ll%E L 7-.
2ARDETEIIR 7 7 — T VR AV SEREIR L DIFAL,
& 4 O i & ENR & OG- OB MNICHE L ChiE)
IRE (PAP) RUAG.LERE (RAP) %l L 72,
ERBEEIRAICRY) =F LY - A7 —T VEEE
L CERM 2 Ffek L7z, SLERINY ¥ 7 Vi 5-0
72O KBREIRANICR) ZF LY - AT =T V&
BB L7,

Mg EREIBIC E VR L, OEZYEL TOL
[ % @ M L, pericardial cradle & L 72, RIZKE)
fRAZE 2 S IER R & B L, #Y)72KE S OEB
MyEar (FB-140T, HANGE) % LATKEIIREL
EICEE L, wEsh (MFW2100, HALE) (<
kL, BRLEELOCLHAEE (CO) % Ff
BBl LTz, BT — T VB s 7 Y A7 2 —
H#— (Millar MIKRO-TIP® catheter pressure trans-
ducer, 6 F, SPC-360, Millar Instruments) % /EZ843
WORE AN L TEENANFAL, ELEAE

(LVP) ZHIE L7z, TFHRT—FTT 5 VEHRE
147 F g 75fthligEEE  (Contractility Unit 1323,
NEC =%) 12X ) LVP ® EH*K (dP/dt) % Hl%E

L7z. & T®» 7 — %1% multichannel polygraph
(NEC =2§) 12 & 1 82 3tek L7z, LVP, dP/dt
B L IFECG @ 7 — # |E multichannel photographic
oscillograph (Visigraph® 5L37, NEC =%¢) |2 #&
) EES0 cm- s CRRER L, AL EREIEREDIRIE
&L TERIRMOLEENTEZ{LORER (T)
ZEHAI L7212, BERNKEEE=FY V7L, H
ERARRZEE LS X D MR A 3T CRITRICHERE L 7.

MATEYEA L E L 72tk, LREDOKIT X =5 —
%204% L 7. L-NAME (Cat. No. N-5751, Sigma
Chemical Co. St. Loius, MO, USA) # 5-[ERj DfE %
XPHEfE L L CRigk L, 10ml oA BEIRKICERE
L 72 L-NAME 60 mg-kg' % 30F0 [ TEIR N 12 ¥ 5-
L, #&51%90% F CHEEICESE L7z, FEBRKRT
FTCHEEMY vV E100ml kgt -h T O #EEIC

THG L7

—mE¥[EE (SV) &, CO%2 HR CTHRT A2 &
Ik Yk, EZINNERE, MEREEOIRIEEN
FRIELHED EARDOIEDRAME (dP/dtmax),
EREREMOLAEZILORERT 2 Hw
72, BEEBT I3 Weiss 5D FEIC L ) k7212,
e T I EH 57 T 7 Oxf$dic LVP,
WCHER (msec) & D), ZNFNOEEZ 7T
FLTHONLEROABROEDBTH 5.

ETOT—FITFHEFHRETRL, MR
FENL BT TIT VY, K D 7 — 4 13 Fisher’s pro-
tected least significant different test % F > THRSE L
7. R p<0.052 5= & L.

] 3

xF BB 12 b L C, MAP (% L-NAME #5.% 5
S Be0TIC T TAEEICEA L, CO 1040
500 CHEICKTLAE (K1), —F
HR (21X L-NAME #:5.% 2 45 & 0 RAEm % R L
12hS, BEEVNALN o7z,

RAP (3% 5-% 72> 59055 #4122 ) T LA %
RLDS, BEEEE»o7. (M2)

LVEDP (3#5-% X Y 159 F T LA % R~
L7278, 15572530512 CTimdr L, 459#&1C
RIEMEZ R L, ZFOHI0IIH,T T EFMEm%E R
L7275, BEZE -7 (K2).

SV X FRfE & iz L T304 740 590431 ) ¢
AEICHA L7 (K3). dP/dtmax 13305 F TZ
b2 B B o 7255, 305 OBE i T T A % 7R
L7 (M3). BEBWORELEL 2DV
5 *— % dP/dtmax/MAP |3, ¥5HE%Z L VIELIC
KFL, 300BRICAEICETLAZ (M4). THE
1Z L-NAME # 5- %% 4 ICIERE L, 905 %ICIiEF
BICER LA (K3).

Z ES

L-NAME (3, fh#i#58 L [IREIC MAP 2 A&
CER e, F/-CORVSVEAEIETEE
7z. HRIZBAEAEZ R LD DOFEEITAD
Nedolz, HRICE L TlE, AR LRI,
NOS [HEZE T b T rAhEfbrRITORE TS
LD H 5613 —J NOS [HEH T HR % i &
H2HEND 5819, NOS [HEED.LIEBICET
LERIERDOHH LA TH 5.
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p<0.0512 THE
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n. ZoE5%HEHO CODETIE, (1)
dP/dt 53 BRMEICHERIZ L A EBED BT &,
(2) LVEDP 25E3 2 mllg Db $HLREHTH
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X 2 510153045 60 7590 min
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L-NAME #5305 LAk D SV O F E D A 130
HBOKELRBIADO BN L ERBEROZEL R
W7=28F A — % — dP/dtmax/MAP O & & T &
D, BEMO LR L ELICEBIUHREOKTICL
A0 EHERITE L, L L, dP/dimax/MAP @
AERETII300EEOATH Y, LVEDP DK
THAREBETAORLZ L LY, FERORIH
dP/dtmax DIFAFFIER I LTV ATREM D &
ETERWV, LaLeds, 305L#% D LVEDP
DZE) & dP/dtmax DA —H L Tnwiewnl &,
FHR DEEHP DI NP THEICMb ST,
SV 23905 12 THREMICEBICE T LT 5
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BT TERL, EENMEREDIIHIAFIE
TAHIENREENS., SR OFR LRI
Klabunde & (3%, ~X > hNVE ¥ — VFREEA X %
FH v 72 £ B 7 & NOS [H % 3 NS-monomethyl-L
-arginine (NMA) 100 mg-kg %512 X 5 .LIUHE S
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TE% L, BETIEZ WA AP DR HIH SN
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p<0.05\CCHE

22 X DEZSIGENOBEEICL S L TW
%. Chu 573 NMA O#%5-Ti3 dP/dt D F AT ER
BEINLholzbWELTWLY, H5EH Sng
kgl D ETH B 720 dP/dt DF LA A S iz
holzbFEZ5Nh5. L-NAME i NMA [CH#E L
THIREDR N DS 5 7208 AEBRTHEH L7
L-NAME 60 mg (¥ NMA ®600 mg |2 41 4 L,
Klabunde 5 O FEEBTHA LU Lok 5 2% H
WCATo722 825, $72, Gardiner 58 3% SV,
MEs KB RGO LA FE (dF/dt) OIEDRAME
(+dF/dtmax) B & e K KENIR T = D2 % 5
DHERICALNSEZ & LD, L-NAME #2512 &

&1 L-NAME  dP/dtmax/MAP

401
36

321

Xt 2 5 10 1530 45 60 75 90 min
B

4 dP/dt max/MAP O %Ak
*}EEE (L-NAME 5B R OfH) 124 L Tfafs
p<0.05\C CTHH

DVEOENERDPS L EHMEL TV,

L-NAME O /£ E il Re 1203 A/ERICE L Tik
FESOMBRYMEFIN TR, T,
EBRHYHTOHUEBED TS D ENTKRE VD,
L-NAME #5.305 LA D15 & I[ZIER L T W A 75,
DB PEEDOLERIIALN 1 >72. Ly
L, &% < &3 L-NAME % 5-12 & ) 9043412 1%
fE BRI S N TV 22 EIZB S AICTE
7o, REFFEIX905 CTEBRERT L TW5B A,
L-NAME O.0MEBRRII$ 2 EH 1 2 B L L+
BT B ERHESINTVEDTY, 9045 LLEkE
Lk NI EZMFREOIHA L VHL 2T
ELMREMSEZLONS,

KEFFE DR B2 5 L-NAME 25/E ZLHERE B &
OEEMEREZ IR T A2 L 2L NPT TE .
FEZIEREB L CEZMEREOHHI OMFE & LT
X, NOS HEERFEMENMHZ BT & X
D915 NOS [HEE D KA MENHEERIC L 5%
BROMM L BMREDKTICL S Z &2 S
ns.

AEFZEIEBM T TIT, FoERBRERE LTK
BRI~ D BREIMITET D 575 < Lo B 5 5
POEZRNDA T — 7 VEELR CHBIKE &
FMREN D 5 EFRETH L5705, BT TR
LERBETVL ODPOHEE L TWVBHIEE),
ARIFFEIC BT HERBESTHLEL T2 HHl
ExRBELTWAED, SHEIWERE L TOR
RELTEEUIMAIALDTHALEEZLNS.
LA L, KifEofk#, HLITINL)Ick
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mipolzZ LA, HEHIEL DHBOHRTH S
AFROFERICIIRELRPEIGZ VW D LEE
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] Bl

T V¥ = — VIR X12BVT, L-NAME IX
MAP & 5 & CO DA Z# 2§ . L-NAME (&
EZIERE S & S fRRE 2 #H 35 2 £ T,
BEENLZEAOENERYR L. ZOBDOENE
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V¥ Z— VA 2B W, NO L ImEE
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Eibhb,

X 73

1) Gardiner SM, Compton AM, Benett T, et al : Control of
regional blood flow by endothelium-derived nitric oxide.
Hypertension 15 : 486-492, 1990

2) Wang YX, Pang CY : Pressor effect of NC-nitro-L-arginine
in pentobarbital-anesthetized rats. Life Sci 47 : 2217-2224,
1990

3) Moncada S, Palmar RMJ, Higgs EA : Nitric oxide: phy-
siolosy, pathophysiology, and pharmacology. P Reviews
43 : 109-134, 1991

4) Moncada S, Higgs EA :Endogeneous nitric oxide: phy-
siolosy, pathology and clinical relevance. Eur J Clin
Invest 21 :361-374, 1991

5) Lowenstein CJ, Snyder SH : Nitric oxide, a novel biologic

6)

7)

9)

10

=

11)

12)

13)

14)

15)

16)

17)

18)

messenger. Cell 70 : 705-707, 1992

Klabunde RE, Ritger RC, Helgren MC : Cardiovascular
actions of inhibitors of endothelium-derived relaxing factor
(nitric oxide) formation / release in anesthetized dogs. Eur J
Pharmacol 199 : 51-59, 1991

Chu A, Chambers DE, Lin C-C, et al: Nitric oxide
modulates epicardial coronary basal vasomotor tone in
awake dogs. Am J Physiol 258 : H1250-1254, 1990
Gaidiner SM, Conpton AM, Kemp PA :Regional and
cardiac hemodynamic dffects of NS-nitro-L-arginine-met-
hyl ester in concious, Long Evans rats. Br J Pharmacol
101 : 625-631, 1990

Humphries RG, Carr AK, Nicol AK, et al: Coronary
vasoconstriction in the conscious rabbit following intraven-
ous infusion of L-N-nitoro-arginine. Br J Pharmacol 102
: 565-566, 1991

Johns RA : Endothelium, anesthetics, and vascular control.
Anesthesiology 79 : 1381-1391, 1993

Hart JH, Jing M, Bina S et al: Effects of halothane on
EDRF/cGMP-mediated vascular smooth muscle relaxations.
anesthesiology 79 : 323-331, 1993

Weiss JL, Frederiksen JW, Weisfeldt ML : Hemodynamic
determinants of the time-course of fall in canine left
ventricular pressure. J Clin Inbest 58 : 751-760, 1976
Bower EA, Law ACK : The effects of N “-nitro-L-arginine
methyl ester, sodium nitropressid and noradrenaline on
venous return in the anaesthetized cat. Br J Pharmacol
108 : 933-940, 1993

Rees DD, Palmer RMJ, Schlz R, et al : Characteization of
three inhibitors of endotherial nitric oxide synthase in vitro
and in vivo. Br J Pharmacol 101 : 746-752, 1990
Amezcua JL, Dusting GJ, Palmer RMJ, et al : Acetylcholine
induces vasodilation in the rabbit isolated heart through the
release of nitric oxide, the endogenous nitrovasodilator. Br J
Pharmacol 95 : 830-834, 1988

Mitsuhata H, Hasome H, Saitoh J, et al : Evaluation of left
ventricular diastolic function in IgE-mediated anaphylaxis
in dogs. Acta Anaesthesiol Scand 39 : 791-796, 1995
Mitsuhata H, Saitoh J, Takeuchi H, et al : An inhibitor of
the nitric oxide synthase Nw -nitro-L-arginine-methyl ester
attenuates hypotension but does not improve cardiac depres-
sion in anaphylaxis in dogs. Shock 3 : 447-453, 1995
Saitoh J, Mitsuhata H, Takeuchi H, et al:In vivo production
of nitric oxide in the canine heart in IgE-mediated anap-
hylaxis. Shock 1996 (in press)

Presented by Medical*Online



T x vy = VR B B (153 3 A K B 2 3 (NC-nitro-L-arginine-methyl ester) D/ Ui ie 3 X OtikERE oK 35

A Nitric Oxide Synthase Inhibitor, Né-nitro L-arginine-methyl ester, Inhibits Left Ventriclar
Systolic and Diastolic Function in Fentanyl-anesthetized Dogs

Naoki Hasome*, Hiromasa Mitsuhata*, Jin Saitoh*
Haruhiko Takeuchi* and Reiju Shimizu*

*Department of Anesthesiology, Jichi Medical School, Minami Kawachi, Tochigi, Japan

Nitric oxide (NO), synthesized from the terminal
guanidino nitrogen atom of L-arginine by a constitutive
nitric oxide synthase in vascular endothelial cells,
plays an important role in the physiological regulation
of blood flow and blood pressure. We assessed the
effect of a nitric oxide synthase inhibitor, N%-nitro-L
-arginine-methyl ester (L-NAME), on left ventricular
(LV) systolic and diastolic function in fentanyl-
anesthetized dogs. The maximum rate of rise of LV
pressure (dP/dtmax) and the time constant of the fall of
isovolumic LV pressure (T) were measured as indices
of LV systolic function and diastolic function, respec-
tively. T is the inverse negative of the slope of the line

obtained by plotting the natural logarithm of the fall in
LV pressure beginning at maximum negative dP/dt to
the level of LV end-diastolic pressure against time. L
-NAME significantly increased mean arterial pressure
(MAP) and significantly decreased cardiac output and
stroke volume. L-NAME significantly inhibited
dP/dtmax/MAP (To correct the effects of afterload on
dP/dt, the variable was calculated as dP/dtmax divided
by MAP) at 30 min, and significantly increased T at 90
min after the administration. In conclusion, L-NAME
depresses both LV systolic and diastolic function in
fentanyl-anesthetized dogs.

Key Words : NC-nitro-L-arginine-methyl ester, Fentanyl, The time constant, dP/dtmax
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