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ABSTRACT Although it is well known that excess free fatty acids (FFA) have many deleterious
effects on the ischemic heart, its mechanism has not been completely clarified.

In this study, in order to reveal the mechanism in which elevated plasma FFA augments myocardial
ischemia, the effect of high plasma FFA on coronary circulation, cardiac function, and myocardial
metabolism during cardiac sympathetic nerve stimulation were investigated in dog hearts with
moderate coronary-constriction.

The left main coronary artery was cannulated with a Griggs-type autoperfusion cannula in 21
anesthetized open chest dogs. Coronary blood flow (CBF) was reduced to the desired level (flow
reduction : 32-36%). The anterior ansa of the left stellate ganglion was isolated and stimulated with a
bipolar platinum electrode at 10 V, 4 Hz, 2 msec for 5 minutes (SNSt). The hemodynamic and meta-
bolic measurements were performed before and after the coronary constriction, and following SNSt.
At the end of protocol, the transmural section of the anterior wall of the left ventricle was removed for
determination of the myocardial contents of adenosine triphosphate (ATP), creatine phosphate (CP),
lactate and glycolytic intermediates.

Dogs were divided into three groups, thatis, i) control group (n=8) : administered with saline (0.

Abbreviation AK . arterio-coronary sinus difference of
potassium
FFA . free fatty acid, IL: intralipid AL . arterio-coronary sinus difference of
CAR . L-carnitine lactate
LMT . left main trunk AL/La : myocardial lactate extraction ratio
SNSt : cardiac sympathetic nerve stimulation L/Pcs : lactate/pyruvate ratio in coronary
HR : heart rate sinus blood
mBP . mean (systemic) blood pressure ATP . adenosine triphosphate
DP . double product CP . creatine phosphate
mCBP : mean coronary blood pressure G6P . glucose-6-phosphate
CVR : coronary vascular resistance F6P . fructose-6-phosphate
LVEDP : left ventricular end-diastolic pressure FDP . fructose-1, 6-diphosphate
Max dP/dt: maximum value of the derivation DHAP : dihydroxyacetone phosphate
of the left ventricular pressure GAP :  glyceraldehyde-3-phosphate
MVO, : myocardial oxygen consumption ANT : adenine nucleotide translocase
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1ml/kg/min) and heparin (5 mg/kg), ii) IL group (n=8) : Intralipid (0.1 m!/kg/min) and heparin
(5 mk/kg), iii) IL+CAR group (n=5) : Intralipid (0.1 m//kg/min), heparin (5 mg/kg) and L- car-
nitine (200 mg/kg).

The results were as follows :

1) In the dogs with moderate coronary-constriction, the increment of plasma FFA did not change
systemic hemodynamics, coronary circulation, cardiac function, ECG-ST, and myocardial metabolism
(oxygen consumption; MVO,, arterio-coronary sinus difference of potassium; AK, lactate/pyruvate
ratio in coronary sinus blood ; L./Pcs), in comparison with those in control group.

2) After SNSt in the control group, a slight increase of CBF and a decrease of coronary vascular
resistance (CVR) occurred. An increase of Max dP/dt was observed, while no significant difference
was found in systemic hemodynamics, coronary circulation and cardiac function either before or after
SNSt.

On the other hand, in the IL group, significant decreases of mean blood pressure, CBF, and Max
dP/dt, and increases of CVR and left ventricular end-diastolic pressure (LVEDP), were observed. Out
of 8 dogs, 4 cases showed an ST elevation like those observed in myocardial infarction, and 2 cases of
remarkable ST depression. Following SNSt, release of potassium and lactate from myocardium was
apparently augmented in this group.

3) In the IL+CAR group, the deleterious effects of excess FFA on coronary circulation were
observed. Cardiac function, and myocardial metabolism as described above were almost completely
All cases in the IL+CAR group had only ECG-ST changes.
L-carnitine also prevented the decrease of ATP and CP, and remarkable storage of lactate, as well as
considerable accumulation of G6P, F6P and GAP due to excess FFA.

From these findings, it was clarified that under the condition of moderate coronary-constriction,

prevented with L-carnitine. Furthermore,

high FFA did not exacerbate myocardial ischemia, but was apparently aggravated following SNSt. A
remarkable decrease of intramyocardial high energy phosphates and an accumulation of lactate were
also discovered. These deleterious effects of excess FFA on myocardial ischemia were almost completely
improved by the administration of L-carnitine. Therefore, it was suggested that the harmful effects of
excess FFA on myocardial ischemia were mainly related to the inhibition of adenine nucleotide trans-
locase by long chain acyl CoA. (Received January 16, 1988 and accepted March 28, 1988)
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Fig. 1 Schematic representation of the experimental preparation (cited from Iimura®™)
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FEE BRI B % planimeter X AWCEHHIL, #45
EZELH 100 g Z7z b ofE (ml/min/100g) & LT
B U 4, SEHRASFHAEME (mean sys-
temic blood pressure : mBP, mmHg), 5 &Ik E
(mean coronary blood pressure : mCBP, mmlg),
BOEZEE—K#D ORAE (Max dP/dt, mmHg/
sec) BETHIL 7=, Hig, MBI (coronary vascu-
lar resistance: CVR, units) ¥, 5EH53EHA M0 FE %
CBF ClRRLTBH L LERSEUFE,SE, OA
¥ (HR, beats/min) & ST {RAZ (mm) #Kbdi. %
7=, Double Product (bpmsmmHg) 1%, LA &R
PG ECE L b BEH L.
2.3 EEBRObO—IL
LEAEARIFRER 20 BB L, £F R OEMmT
BRENKEL, » O ATHREHBOFEIC X b BRI »
AGHEAEEBHEANIC 2> T 5 2 & RHFEL Th
b, EREWMELUTO 3BT TERABS L.
Tirhb,
1) saline 0.1 ml/kg/min & heparin 5 mg/kg ®
HufE G Ut BB (control 5 n=8),
2) Intralipid (IL) 0.1 m//kg/min & heparin 5
mg/kg HRKHY 5 L= IL B (n=8),
7233, Intralipid CKIRBUEEHED DR ELIT OB
DThbB.
i KRE#100g/L
i PNE lecithin 12 g/L
iii glycerine 25g/L
3 205 A & RKZ L-carnitine 200 mg/kg
—E#BEEIN %2 IL+FCAR B (n=5), Lo 3FEL
L, EdRZEHE 5% 20 SRaZE/bodi e LT
Eote. RNT, R OZER clip BT, 3~5 [E
b T AERER & B RER i (1 B ORI
ISMHE) U, BWE LA CBFEXETHrLEIS
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SNSt (4 Hz, 10V, 2msec duration) % 5 %RifEfT
L. 5E8R7ERD, #, SNSt#EZhFhucount, 3
b ZOHE O TBEEORK S CHR DL « 1EERERE
Bz, UTFoEEYEELR. .
Tichb, TWHEIREA—IHE THIREY Eoflg s,
KEBEIIR » 7 — 5 A DRIE 25, FIRBEIRKINE Ok
Ifs Z FFFEREL L, PO,, PCO,, pH % I¥E» A5
& (Denmark Radiometer #-#! BMS-MK2), #.E3,
CAYVES, ME» VYA, FFA #BEBoHE9Y T,
* Jo ¥ % glucose oxidase ¥z & v, miE L-car-
nitine % Marquis and Fritz D 587 i X b EIE L7
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Fw, SNSt#TRORMERICR XEPERHE, 7l
EREOLHEEREMICEEL, ThixrTOREBESE
I CHH L7z Wallenberger’s clamp CHERE, OF%P
ABloEEL CREEFETICRFEL, %H, ATP,
creatine phosphate (CP), glycogen K UMl % RY
RAEYEEXERIPY L D EIE L.
2:4 fREHOLIE

KIEIC 1T 5 ZBIEHEIT, FHE L EEEE TR
L, HEET5H9BE 12 Student’s t-test XLy, BEK
#hp<0.05 & L. T, KRB EMER
L TENERR L.
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IE2000 uEq/L UL E D level & S L #=. ¥ 7=,
Intralipid JE8: 5 O BB (control ) Tk, EPRM
FFA fBiy, EEDIRMZERE, R OTSNSt TR s
—EDEFHREL, 500 uEq/L LIRics &% - 1.

wiz, I free carnitine EE OB % Fig. 2 4K
7~ 7. L-carnitine 200 mg/kg #—REIEE L4 IL+
CAR #Cix, #E5H120.423.2nmol/ml 7654
2700.5+109.5 nmol/m/ ~ & 2B (p<0.0D FEL,
ZD#H % 2000 nmol/mi LI ER#EE L. Zhiest L,
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uEg/l nmol/ml
FFA Carnitine
4000+ 4000+
Heparin 5mg/kg
l }«— Intralipid 0.1ml/ lfg/ min iv. —] L-carnitine 200mg/kg i.v. (bolus)
3000 3000-
2000+ 2000+
1000+ 1000+
L
5111]' . 5 5
0 Control  Before CGonst. SNSt 0 Gontrol Before Const. SNSt
Const. Gonst.

Fig. 2 Time course of arterial free fatty acid concentration (left panel) and of carnitine concentration (right

panel) in control, IL, and IL+CAR groups.

Const. coronary constriction

SNSt cardiac sympathetic nerve stimulation with electrical stimulator.
o—o0 Control Group.

o—eo : 1L Group (Intralipid 0.1 mg/kg/min+heparin 5 mg/kg i.v.)
*x—X

IL+CAR Group (Intralipid 0.1 mg/kg/min+heparin 5 mg/kg+L-carnitine 200 mg/kg 1. v.)

*: p<0.01 significant difference from the period before infusion

mBP B @R EHB T RRETL, £OKRE, double
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Table 1 Effect of coronary constriction on systemic and covonary hemodynamics, and cardiac

Junction in dog hearts.

Group Period HR (bpm) mBP (mmHg) DP (bpmemmHg)
Control Group Before Const. 149.6+ 5.3 89.0+5.3 1691241140
(n=8) Constriction 145.9+ 6.2 70.1+5.0* 13699+1463*
IL Group Before Const. 132.0+ 8.7 76.5+7.0 130901568
(n=8) Constriction 135.4+ 8.6 72.3+8.4 126261674
IL+CAR Group Before Const. 139.4£13.6 85.2+7.6 1513942014
(n=5) Constriction 136.8£13.5 79.3%+9.3 139001948
Group Period mCBP (mmHg) CBF (m//min/100 g) CVR (units)
Control Group Before Const. 64.4+4.3 76.8+ 7.9 0.8010.06
(n=8) Constriction 38.2+£5.2% 50.2+ 7.8* 0.67x0.06
IL Group Before Const. 58.2+6.4 77.5% 8.1 0.70£0.09
(n=8) Constriction 38.5+5.2* 50.7+ 6.5 0.70+0.13 .
IL+CAR Group Before Const. 71.3x%5.5 84.2x11.2 0.79%£0.12
(n=5) Constriction 54.2+4.3% 58.1+11.04 0.89+0.18
Group Period Max dP/dt (mmHg/sec) LVEDP (mmHg)
Control Group Before Const. 4991.0£567.6 4.0+0.7
(n=8) Constriction 4043.3+438.6% 4.4%0.6
IL Group Before Const. 3850.1+503.7 3.3%0.5
(n=8) Constriction 3618.1+459.4 3.3£0.7
IL+CAR Group Before Const. 3651.4+499.7 2.4%+0.8
(n=5) Constriction 2992.6+£205.9 2.2+0.8*
4: p<0.05 vs Before Const. Period *: p<0.05 vs Control Group (Mean+S.E.)
BN EFEDOPERIR IR T 5 ST (KT 0F#HiE, con- ECG-ST
trol # 2%, —0.50+0.16 mm, IL#-0.56+0.32 A ot oy
mm, IL+CAR#—0.20+0.18mm T H-7%. L »
L, IL#ED 1B WTInod b SEDCEIM
BAELERT b OTIRL, ¥, ST ALoTHfEr Control g8 IL+CAR
SR CHHFEMCER RERE L X b o o,
3-2:5 EEI-BIRIME Y BIOHRB (MVO, B o - ;-
B - B8ARID K 852, T8 - SRERI T A,
[ORRSLBAEENE R OB iRERAR P LB - L &
VEELE) 1o B8
Table 2 \wRF 2L <, MVO, i3, 3B L LRI Bolurs gy | OISR g, T oot
CBF DETFIctt o CTHRIET L. %%, BH-%  ofLush : s
BRI K 8625 (AK) bR, 3BEE I X 0# . s|® — o
L, MVO, £ & ZhbDE T ik 3 B E
ﬁ%ﬁ%%?g\&) VAQ /AN el
—7, ABARECOT, TE - HIROI B E
(ALY 1}, IL+CAR B OREZEFRIEA control B X v F 51 -5 5

E (p<0.05) imf&<, &=L b control B, IL+
CAR Epidtisgn Ui-oizw U, IL Bl v Rl
fo. Efe, UDHABEECER(AL/La) T3, AL A&FE
Bergw X IL BCEA OBENEL, ook

Fig. 3 Effects of coronary constriction on the ECG-ST
in the three groups.
¢ : mean+S.E.
Abbreviation is referred to footnotes and Fig.
2.
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BoOMEE control DX X v BE (p<0.05) 7iEE
Lot ERBRMAE. A @ vBH (L/Pes) i3,
TS 3L DIt EF L, control B, ILETIXE
B (Gt p<0.05) kR Lot

3-3 SNStict3&

3-3-1 {41EIR (HR, mBP, DP) 67 25%&
Table 3 EEFIZ/R7 X 51z, SNStizk h» HR 12
AERNUEREEN, mBPIMET, DP 3B ERL,
IL#T, mBP DK THBLATH-72. Lvl, SNSt
%o HR, mBP, DP fliciy, 3B THEELRD

Wi EE IR A2 R et B SNSt OFEim otk feh ot
~%. 2P, FER, SEE OERCSTIEEY 3:3+2 TR{EESAE (CBF, mCBP, CVR) {29 5

B350
o7

CBF =B L Tk, Table3 i3 &<, SNSt

Table 2 Effect of coronary constriction on myocardial metabolism in dog hearts.

—¥5 L T Table 3 io/~7.

Group Period MVO, (m//min/100 g) AK (mEq/L) AL (mM) AL/La L/pcs
Control Group Before Const. 8.4+0.8 0.18%+0.12  1.38%£0.12  0.25+0.04 20.7%£2.1
(n=8) Constriction 6.1+0.6* 0.12£0.07  1.45%=0.40 0.22£0.04 27.0+2.44
IL Group Before Const. 10.2+1.2+ 0.08+0.03  1.03%£0.45 0.14%0.04 25.4%3.5
(n=8%) Constriction 7.9%1.44 —0.08+£0.26  0.51%0.19* 0.08+0.02* 38.1+5.9%
IL+CAR Group Before Const. 6.7£0.5 0.32+0.32  0.69%0.34* 0.10+0.05* 21.3+4.3
(n=>5) Constriction 5.0+0.4* 0.060.11  0.91£0.28  0.11£0.02 23.1£3.3

A: p<0.05 vs Before Const. Period *: p<0.05 vs Control Group (Mean+S.E.)

4: p<0.05 vs IL+CAR Group

Table 3 Effect of cavdiac sympathetic nerve stimulation on systemic and covonary hemodynamics,
and cardiac function in the dog hearts with coronary constriction.

Group Period HR (bpm) mBP (mmHg) DP (bpm.mmHg)
Control Group Constriction 145.9% 6.2 70.14+ 5.0 1369911463
(n=8) Const.+SNSt 147.3+ 7.1 69.4+ 6.2 13450 +£1260
IL Group Constriction 135.4+ 8.6 72.3+ 8.4 126261674
(n=8) Const.+SNSt 142.3+11.2 61.4410.0° 11554 +2017
IL+CAR Group Constriction 136.8+13.5 79.3+ 9.3 139001948
(n=5) Const.+SNSt 137.6+15.0 67.9+ 5.7 122571646
Group Period mCBP (mmHg) CBF (m!//min/100 g) CVR (units)
Control Group Constriction 38.2£5.2 50.2+ 7.8 0.67£0.06
(n=8) Const.+SNSt 35.91+6.0 51.9+ 9.2 0.5840.05
IL Group Constriction 38.5%5.2 50.7+ 6.5 0.70+0.13
(n=8) Const.+SNSt 34.31+6.5 35.9+ 3.8 0.81+0.12
IL+CAR Group Constriction 54.2+4.3 58.1+11.0 0.89x0.18
(n=5) Const. +SNSt 47.9+2.9 47.8+ 8.0 0.89+0.15*
Group Period Max dP/dt (mmHg/sec) LVEDP (mmHg)
Control Group Constriction 4043.31£438.6 4.410.6
(n=8) Const. +SNSt 4673.1£533.2 5.0£1.0
IL Group Constriction 3618.11459.4 3.3+0.7
(n=8) Const.+SNSt 3015.5+660.2* 6.3+1.2%4
IL+CAR Group Constriction 2992.61+205.9 2.2+0.8*
(n=5) Const. +SNSt 3411.6£319.7 2.6+1.0

B: p<0.05 vs Constriction Period

*: p<0.05 vs Control Group

A: p<0.05 vs IL+CAR Group

(Mean+S.E.)
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iz X b control Bf 11.50.2+£7.8 A £ 51.9+09.2 i,
IL+CAR B (2 58.14+11.0 2 & 47.848.0 m//min/
100 g L HIECTAE, BETORET &ins DKL,
IL BCi150.726.5 225 35.923.8 m//min/100 g ~
DOFL &I, OB E control BEORE I LA
B (p<0.05) 7slA4r & 1s - 72 (Fig. 4 /£).  ¥kiz mCBP
%, SNStIZk » 3FEE HImeRER T Lin BB L L
LB, ¥, IEMEEBITAEELH LTI
75‘/) fC.

%7z, SNSt X »REMmEEIOEI(Fig. 4 H) i,
control #C—0.09+0.04 units DA Z7R L 7c D%}
L, ILBCi3+0.1140.04 units ©HEME 72 b, B
7 (p<0.05) KMHH TIXBE A2 L T\ k. 2%
b, & FFA MiERCIZ SNSt ik 0 @B ok
THRRNTEINE. —F, IL+CAR Bk SNSt iz
X9 0.0040.09 units & iZETRETH Y, control L
WHEEERL, ILBELEENRD L. Tiabb,
IL %5 FCl¥, L-carnitine BffHicX b, SNStick 3
ACVR @ B & o e B0 i3l & e,

ACBF
ml/min/ | OOg

]

10.0t

IL IL+CAR
0- e (n=8] (n=5)
Gontrol
(n=8]
-10.0
-20.0} I
-30.0}

FLWREE 35

O¥EEE (2 Max dP/dt, LVEDP) (23t
Ky

A% Max dP/dt 1%, control & OV IL+CAR #28
SNSt iz X b =@ 50X L, [LETEEIL
7-(Table 3 FEY). Fig.5 oA R<$Zs<, SNStiz
X % Max dP/dt »Z& {k{E, AMax dP/dt %, control
FEC+629.9%436.56 L e o L, ILFE Tki—
602.61427.2 72 b, control & XA H2:(p<0.05)
CRRERE L7, 7, IL+CAR B Max dP/dt
1L SNSt 12X b control # & FfRCIEM L7, o0&
Elrcontrol B, ILBELHTENRRAEEELRI
Bote. ik, Max dP/dt L h Ll EEIHERE,
SNSt &= X » control BCi: EH 3 524 FFA ETF
TETL, DRIz L-carnitine #FfA+5 ¢ 5
FFA MEDHR1BD 7 &b —EIND 2 Lo0R
Wi,

—7, LVEDP (Table3 FE, Fig.57%) %, SNSt
CEXh3EEb IR LS, ILETCED LERES
& (p<0.05) TH 0, L-carnitine ffHICX b Dk
AuymEl s i, 2% v, SNStFTx, ILE T,

3+3+3

ACVR
units
0.5
[*IJ<[I.05*I
—
S 777
[n|=8] —J—

Fig. 4 Effects of cardiac sympathetic nerve stimulation on the changes of coronary blood flow (left panel) and
coronary vascular resistance (right panel) in the coronary-constricted dog hearts.

Abbreviation is referred to footnotes and Fig. 2.
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Fig. 5 Effects of cardiac sympathetic nerve stimulation on the changes of left ventricular end-diastolic pressure
(right panel), and of Max dP/dt of left ventricle (left panel) in the coronary-constricted dog hearts.

Abbreviation is referred to footnotes and Fig. 2.

LVEDP b4 iR EREENL b s L aVvREN.

3-3-4 LEXD ST BAL

AL TR 0% BE OFRFERIT SNSt &8
% &, control BT 8 Blldk 2 FiC.ORFBEZERED ST L
Had, o240t ST oBWPLK TLRDL. —
7, ILBECiz 8 fid 4 plic L ERE o ST R/ &,
2P B LWST DR TR R ZhicwL,
L-carnitine #fff L7 IL+CAR FCi, LORFEER
D ST A=, BED STETEIRDLNT, HLMC
ILEEL e~ Rz Lz (Fig.6).

Tk, & FFA MIERIZIE, 0% REOTRAET
b, O RAERIE O N B 2 F L LR M 235
gz Zh, Zofmt ST Z{kik L-carnitine DR
Bk o BHACHEI NS Z LB LRI NI,

3:3-5 TEEp-ERIROLL V) A7 OFRE (MVO,, B

B« EiRmp ) U LBSE, TTE) - FRIRIMIES
g, OFRIBIEINE, RUTERESIRLIL
Bk - LB EELE) IC0TRE

Table4 & Fig. 7 w3 Z & <, MVO, i SNSt i
X b, control BE»36.1+0.8 225 7.4+1.0 m//min/
100g &8+ 5ot L, ILE, IL+CARFE T
% %7.9%1.45%4.8+1.0m!/min/100g, 5.0+=0.4
225 4.840.6ml/min/100g ~ &AL, £ LT,

ECG-ST
mm mm
164 104 104

Control IL IL+CAR

Const. Const+SNSt
[ == po
o

54 5

Fig. 6 Effects of cardiac sympatlietic nerve stimula-
tion on the ECG-ST in the coronary-constrict-
ed dog hearts.

Control group was shown in the left columm,
IL group was in the middle wlumm, and IL+
CAR group was in the right columm.

¢ : mean+S.E.

Abbreviation is referred to footnotes and Fig.
2.
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Table 4 Effect of cardiac sympathetic nerve stimulation on myocardial metabolism in the dog hearls

with coronary constriction.

Group Period MVO, (m//min/100g)  AK (mEq/L) AL (mM) AL/La L/Pcs
Control Group Constriction 6.1+£0.6 0.12+0.07 1.4540.40 0.22+£0.02 27.0+ 2.4
(n=8) Const.+SNSt 7.4+1.0 0.0240.40 0.19+0.46° 0.03+0.06° 37.8% 3.7
IL Group Constriction 7.9+1.4 —0.08£0.26 0.51£0.19* 0.08+0.02* 38.1+ 5.9B
(n=8) Const.+SNSt 4.8+1.0* —1.05+0.29%* —1.54+0.56°* —0.16+0.05%* 62.1+ 8.3
IL+CAR Group Constriction 5.0+0.4 0.06+0.11 0.91+0.28 0.11+0.02 23.1%+ 3.3
(n=5) Const.+SNSt 4.820.6 —0.24%0.25 ~0.16£0.81  —0.07£0.11  43.5%10.7
B: p<0.05 vs Const. Period *: p<0.05 vs Control Group (Mean=+S. E)
mi/min/ 100g mEq/L
10} MVO; 10-
0.5
Const. '
Cons!-+SNSt
5F 3 1 mi
-0.5-
0 —Const. Constrsnst 1-0F Pk
mM
1.0- 0.1+ 15
Bk
! |
0 Tomst. il 01 Tomst. | 50
Const-HSNSI ConstSNSI
-I.UL- 0.1+ 25H-
B K
20 l 1
28 0.2 0 Const-+SNSt

Fig. 7 Effects of cardiac sympathetic nerve stimulation on the each parameter of myocardial metabolism in the
coronary-constricted dog hearts.

B p<0.05 vs Const. Period
Control Group
IL Group (Intralipid 0.1 mg/kg/min-+heparin 5 mg/kg i. v.)

IL+CAR Group (Intralipid 0.1 mg/kg/min+heparin 5 mg/kg+ L-carnitine 200 mg/kg i. v)
Abbreviation is referred to footnotes and Fig. 2.

C——O
* O
X—X

*: p<0.05 vs Control Grocup
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IL #ooZE{kit control O FHIZH L TEE (p<0.05)
el & Te sz, AK 1, SNSticX b 3B E b
%R L, control b L CILBEAEE (p<0.05) ¢
EEE feh, ILBECRMOMHHLDOELD Y ¥ L
HaZms b, Zhzx LT, IL+CAR BHoZ{kix
4 7:<, L-carnitine DR ILOANSD A Y 7 A
EHEIMET B Em AR Lic (Tabled, Fig. 7).

AL, AL/LawBILTit, SNStizk b 3Bl
HEBRERWMET L, 295 % control #, IL FCTiTH]
B VAR (<0.05 DIET LM o7. £ LTHED
SNSt EofENE, BEEO T LB L2 (p<0.05)
TolEAE & 7o 5 72, 72 IL BECiE, control Bl LD
BCORBES, bbb, ESMEREOELVIIE
PERB BRI, iz L-carnitine #6823 1EI 2 B AR
T EDTRE X

L/Pcs ik, SNStick h 3BEE Lisint 7225 con-
trol Bt L, T oMM ILECcHE 52 (p<0.05)
ZKTHY, IL+FCARBIIBEREERL, 22Ty, L-

KBRE OB IMSEE 5 2 5 BIEMEOFE & £ h ik 5 L-carnitined #Eish R 365

3:3-6 DEERAE (OBN ATP, CP, 3B, RUME
ERPERBEDSE) 6T 288
SNSt # TEDO.LE M ATP €813, control &, IL

#, IL+CARFE & ~, WEM17.3+£2.2, 7.1+3.1,

14.2£3.9, 4B 1320.9+1.5, 7.2+3.0, 18.0+5.1

% uM/g dry weight &, control BicHLP « A &

% ILBFCTHE (p<0.05) & T L, IL+CAR Ti3%

% fnhs - 7z, Creatine phosphate (CP) 12T 3%

A+ 5B % hcontrol B 11.8+4.0, 13.8+4.2,

IL#4.8%4.3, 5.3+4.6, IL+CARB12.7+7.8,

15.0£9.5 & uM/g dry weight &, ATP & E#EDFT

B2 bR £ 7, B3 control B, IL %,

IL+CARFE & ~«, WE47.4+10.4, 71.6+19.8,

49.6+12.0, B ©27.1£5.7, 65.3£16.7, 42.0+

9.14% uM/g dry weight &, IL#ETI, W AEE

% control FIZHL L THE (Gt p<0.05) A BOE

Brgiwi, —7, IL+CAR Bz, ILBcabini

ATP, CP O ROHABROEBEN AL ZNT

carnitine $FH 125 FFA IMAE & SNSt i X 5.0 FM %9, & FFA IFEC SNSt To.LE Mg, L-
DEEE LI T B Em AR L 7. carnitine 5 I L Y MFIZ h 5 52 L RBE S hic
uM/gdw 1M/ gdw uM/gdw
ATP CpP Lactate
[#<0.05) -0.05; 1<0.05
20— T 100~
End I J_
10~ 50
T -
04 RN L\Ni
iL  IL+CA IL IL+GAR
10= 50+
Epi
20- ‘L 20+ T 100
|
[ - 1<0. 05
p<0.05 p=0.05

Fig. 8 Myocardial contents of ATP (left columm), creatine phosphate (CP: middle) and lactate (rihgt) follow-
ing cardiac sympathetic nerve stimulation in dogs with coronary constriction.

End: endocardium Epi : epicardium
Abbreviation is referred to footnotes.
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%Co
2000-

1000+

mg
1009

1000

2000 Epi
%CGontrol

Fig. 9 Myocardial contents of glycolytic intermedi-
ates in the endocardium (End: upper panel)
and epicardium (Epi: lower panel) after car-
diac sympathetic nerve stimulation in dogs with
coronary constriction. These values are given
as percents of normal control levels.

: p<0.05 vs Control Group
4 p<0.05 vs IL+CAR Group

: Control Group.

: IL  Group (Intralipid 0.1 mg/kg/
min-+heparin 5 mg/kg i.v.)

: IL+CAR Group (Intralipid 0.1 mg/
kg/min+heparin 5 mg/kg+ L-car-
nitine 200 mg/kg i.v.)

Abbreviation is referred to footnotes .

(Fig. 8).

Bz, SNSt#TROOLHND glycogen, fFFEFR
HREREEDOSEY, EERBLHOLEESEITST
ESEELTRTE Fig. 902 &< 7eb. Control B
i L, IL BECii G6P, F6P, GAP 0ELV-EREZTR
Wiz, i UIL+CAR BTz 0k 5 eEREITL
Hh¥, control B & FAE B X /R LT\ 7.

4 % =

W, 2ER, TENLETTE, LHo=% L
¥ —YRD 60% W HERAEE, 40% P BEE X hfibh b L
WhRBE, Lnl, EaoA LRl hEFFA N

fis FLIRERRE

JERARZFHERIN, o FFA MUEFERHI D
RIS, OFEMBOEERERORY, HEH
okl l, HBakEREZSHEEZLRTY
A28 1969 4E, Kurien ef al.? WIEFHB A 1 —
VAT —FARRAGCERTEIREAZE ZER L, triglycer-
ide & heparin #8¥E L« FFA o R E»RE L
HE¥r &, 30 5LANICH 60%DHT, HRRITEA
BRI LEETRERAME e @ME L. £ LTE
£01, BRI b e FFA BEE R OHBEEROEE
TREEfR o> prognostic index I/ h % Lafi~7=. L
L—7C, Opieet al® ¥, M FFA EBE L TRERE
OB EERHBEIIEDE - ERE L. TOMED
REOFELFMCEN T 5 &, £ 2 ICZREREIFE)
DEGHENTDN-TL B, T, Opieef al?
R EIREAERFOEREREIR LS FFA MAEOATIIFE
2L LBV, Simonsen and Kjekshus'® 1358 KE
TR EERDs AR R OEEN FFA 1% LDz
MEaED, ThAEETEREFRT IR LR
B Lich 55 LT 5.
WTFRIZLTCh, & FFA MES OB R MOFRELE, o
L FROE DRI 2B B o R FEERIICRE L iz
WEIED T T\, £ 2T, R CIEREER DR
ERLIWEEbh T TReReT v v, L
RMFAE 358 FFA MiEEL, Shiaind %.05gas

BN oBE Y, EER, OEN, (O, L5
REOTE»HETHRE L. FLT, ®kicE FFA ME

i B R E B EE Y B, acyl CoA kL /s
% L-carnitine o0 AR R OBET 234 7.

¢, &Iz L-carnitine Z AW E B, LT
X5, Tichb, & FFA MEOLEE MR ERFD—
>z, L-carnitine ® M HIR Z 230 55 # i © mito-
chondria F44 i £88 acyl CoA DEBARL I L TL 5.
Z LT, o & adenine nucleotide translocase
(ANT)DEREZIEEL T, ATP 0E4L R UEXELE
EL, BEMOHCENEEMREESLDD LE
ZBNBHPTH B,
4-1 TERRKEIZXNT 58 FFA MEDZE

& FFA MfEo IL Boid, 1B, TEE, LB
1ZBI 1 T, control FEE ORICH b i ZEE XD T,
ECG Lo ST Z{bizouwT b, IL BEo—FlIiciE Hasiz
ST T b7 Lst, control L RIBEOEIE &
F o RIEOHREET, B5%E%, AL X control
Fo#inlicoss U IL #ciEd L, %7, AL/La
oW TR IL BEOE T 43 control FEDZ 1L b BB
i o 72, T, 1L HTCILLE~DOABERD
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ETARI - THDEDEEZ LN
L EoZ s, B FFA M}, 30%RBEORmTE
TREOATI—MABERDE T 2ETE00,
68 « AR « LERrHLaRBEYE LT,
ECG FF B Eic 2 Ll i O BEE 7o BAL 8D Teh o
7o bbb, TOATE, BidRoE FFA MEDLT
1, QIR L TEEEYRITE &7 5 Opie ef al ®
ORMEE—+25. LT, Kurien ef al® 2, 2R
PREIGED & R EBIRIC, & FFA Mt fE B 200 SR i
BPRETDHE LS CIERL v, 2% 0, K
KEFSMETCIE, & FRA MUFEAE A RE S 55
i, A SDEFONEITA R EZE 2 B,
42 ITRAERER T OOCHENREICHT 55 FFA
MAEDEEE

SEEPARBLZE R 0 DA R R R i FE RN (SNSE
Mz 5 &, IL B, control Eizkt~, ACVR 23
jn, CBF WAELEAL, X EBRYE/LR LD
HR, mBP ZBL T BEE®RDr o7, L
TmBP OE T L TH-Te. DEREDIBETH S
LVEDP B IL Bk 5 LA WL MTH, £

Max dP/dt i control B LR L3Rk v € T OEA

%R L7 (Table3, Fig. 4. fif, LSHREE T,
MVO, tx SNSt 2 X » control ECh T EHET%
25, IL#cidcld 35, %, AK, AL, AL/La
D{ETFiZcontrol BEictb L IL BT v ELL, BET
LERbOH ) v AER EABRDEAL - FH 20D
bhte.

SNSt ek » ECG BT, IL # o 8 #irF 4 Flic s
gk ST LR Fig. 6), = OFT R Folts et
al ' OFEREREHTOEERSR, Luxton ef al 2V 0
FRIRARE R DR & X < —8d 5.

Ticdob, & FFA MAETCW, & 2aBikopsE
23 30 ORIE MR T HRBEIZH - Th, ZTREME
A sb o &k v, CBFoE T, CVR,
LVEDP o E&, ECG-ST ® k&, » Vv algH, &
BEARBESCECL, LHELOEE, OBEEET,
BESHEARBOFEE YL 52 L3NS .

7 FFA MEA ORI 2 24 2% & LT,
Simonsen and Kjekshus # {3 U &3 55 A OB4eE
P35, catecholamine 2 X %0850 FFA EBEUEINALE
OBAFRELXLHEULCBELC, LHORME L VE
B ERITRIERL 70 hH 5 LT B0, L
L, SEOR« OBRERER KT HHEMETE, SNSt
#, MVO, I control FC#In+ 5, IL BCiIfic{E
TL, catecholamine Iz J: b LD FFA {RBHEEIZ X

ERRIY LI RE MFBFE W5 2 2 SlEIE D

B2 L 7 kY A L-carnitine o HI%h 2 367

% oxygen wasting effect O3 O LA FFA MEE T
OLFEMREOERF L XE LI, Z0F ik
Most ef al?® % Roger et al®® DREME X —F%%
5.
—F, LHEMmERCE, K8 acyl CoA »50 mito-
chondria WA ERE L, FFA (B BAELZIHTS &
M ANT #BHEL, Lo ATPEALFIHON
BERGTFOLHRMAZEE IS L vbiTh A9,
%L C, L-carnitine ¥, acyl CoA % acyl carnitine
wZE#L T FFA o2 ML, 2> ANT
PR$acyl COADMH MR 2B ET L& h
5177182630 Qpie?® % Suzuki et al'” (%, L-car-
nitine @GR 5T 5 L, BMBoOLHA
acyl CoA DEBNEA L, LERMICHT 5 5ED R
BRT EBET S, FTAPE T, HBERANT
I HEALE KR EF BT, L-carnitine »% SNSt %
Iz f-BRie 35 IL BOERER, O, OHRHo
EEIW AT HET BB PO L 7.

4.3 & FFA MYEIZXT S L-carnitine DEHR

N BE OB ETENRNE T, FFTRERET
o IL 7, IL+CAR F##H o mCBP, CBF, CVR izt
BERERRDE. L, SNSt &z 5E, IL#
TUEE G275 CBEF (KT & ACVR 0 EH 7 FDbbh,
IL+CAR B TRz h LB ER - LikiEk T3
(Fig. 4). HR . mBP 12X, L-carnitine §ij#5 D%
RAERD2Ish -1, B FFA ME L 5 EEERA~D
EE 1t LT L-carnitine 3HIHI 7 BARE L=
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—75, UHEREDIEE T % LVEDP, A% Max dP/
dt 122\~ TiE, L-carnitine #5112 X b & FFA 1fi
fERED SNSt iz X 5 Ly LVEDP o LR 3% X h
(Table 3, Fig.5), A% MaxdP/dt ¥, SNStickb
IL FEAMET Uitz L IL4+CAR i3 control # & H
gcigmy, 1Lk 50880 E/% L-carnitine 23
i E 2 bRtk

OEROST v X b hi LRI ORE
SNSt i X b IL FETUE 8 #ilF 4 Gl LFFEERD ST
LFE, By 2HE A ST K Fadk, FHLOEMmE
DOEALE R L. Zhicxf L, L-carnitine %875 L
72 IL+CAR BT, BSEBEOSTEbics &% b
ILEFCRD bNIBE R OH R Mm% B O sl Ui
tEzZ b (Fig. 6). F7:, #ECTRHIEMEROE
3% = p-pyridylcarbinol Z#E 1, Ifith FFAEE
KT R 4&MF T Master double &R %2 i
T52E, Wehiz STETOEELZEDY, this
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