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ABSTRACT

The effects of energy-yielding substrates on coronary circulation, myocardial oxygen metabo-
lism, and intramyocytic adenylates of perfused Wistar control rat(WC) and spontaneously
hypertensive rat(SHR) hearts were examined under basal and p-adrenergic stimulation condi-
tions. The perfusion medium(1.0mM Ca?*) contained SmM glucose(+5U/1 insulin) in combi-
nation with 5mM pyruvate, SmM lactate, SmM acetate, or SmM octanoate as energy substrates.
Hearts were perfused with each substrate buffer for 20min under basal conditions. Coronary
functional hyperemia was induced by infusing for 20min isoproterenol (ISO, 1uM), a B-receptor
agonist. Cardiac adenylates, glycolytic intermediates, and coronary venous lactate were measured
by using an enzymatic analysis technique. Under basal conditions, acetate and octanoate signifi-
cantly increased coronary flow(CF) of WC in parallel with myocardial oxygen consumption.
However, CF of SHR was partly attenuated by coronary vasoconstriction despite metabolic
acidosis. In addition, pyruvate and lactate depressed ISO-induced coronary functional hyperemia
in SHR. It should be noted that octanoate exhibited coronary dysfunction under ISO conditions.
On the other hand, fat substrates depleted myocardial high energy phosphate pool and accumu-
lated breakdown intermediates. In SHR with coronary vasoconstriction under basal conditions,
and with depressed coronary functional hyperemia, high energy phosphates were greatly deple-
ted. These results suggest that energy substrates in the myocardium and coronary smooth muscle
alter remarkably coronary circulation, and that coronary circulatory function is associated with
a reserve of high energy phosphates and a balance between breakdown and nono synthesis
of energy phosphates. These findings could be explained by alterations in the cytosolic redox
state manipulated by LDH and hence in the cytosolic phosphorylation potential, which might
be involved in hypertension of SHR.
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Z7}8 4 (metabolic vasodilation) & 38 F9] =4
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1. Langendorff heart H&n} 27

B A7E 250~300g AEY LA Wistar 4
Ao} wd A ndYAZRH AFE HEEA, o]y
Rud A7AEY A4 AFEHS EWE 81 95%
0,9} 5% CO.9 E£¥7FAE equilibrate® Krebs-He-
nseleit bicarbonate #&-& 9 (pH 7.40% 0.02, 37C) 2.
2 BHEAHGE), o] BHF-EA )= 5U4 bovine in-
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sulin(Sigma, St. Louis, MO) ¥ 37 7]2A 2l o1
249 5mM glucose°ﬂ 5mM pyruvate, 5mM lactate,
5mM acetate %+ 5mM octanoate?} Zt2} A7HE ATt

41748 100cmH,09) A4 3el #3H ¢(coronary
perfusion pressure, CPP)A| A Z-FH o2 w5 e
ot A4 E B0 2 RE UL effluent®F(coronary sinus
plus right ventricular thebesian flow, CF)& cannu-
lac® AEHNA FAHAGY. gz Fo7}
€ BFEY(inflow) 3 effluent &42 A 4
ol A4zt £38A, 429 Ata 2 F(myo-
cardial ‘oxygen consumption, MVO,)E s#FoZ
$EA37] 93t 2 849 pOy, pCOy, L8 pHE
blood pH/gas analyzer(CIBA-Corning, model 238,
Orangeburg, NY) 2 Z4stgtH?. 449 w3
AZA ZEA Ut cEHOR FRYAI A& 7t
oo wbing® G eHETHY,

2. MBCHA &Y

AA 100cmH 098] B34 A AZHLANA 5mM
glucose$} 2mM pyruvaed] oA Ho] H7tdE &7
g0z 47 ARG Y =}
EE 15~2087 43¢ #5739 H postextraction
#F/ZD. 2™ Fol, B BFFLHA 34L& 4
At AL 5 inflowdt HZEHY effluentE
24z #3390 AF AuEs, BFBFZFY CF,
#ANet, 283 inflowst effluent®] pOy, F° A&
Aoz FHHUG

1) DEUF AMEOM oHX|H o|B = atE
& 7|0 2st A

o] Ao Me ztzte] A A Yol utet Wis-
tar A9 1¥YH s~11 vl 2 4 A&
Post-extraction ¥F7|HE AF F, & #FHS
g AAL 5mM glucosed 5mM pyruvate, 5mM
lactate, 5mM acetate £ 5mM octanoate’} 719
#AFEA oz 2087 AL BFIAG. BRI 20
Ho] AaAA AFol NEE HFAFHA MA
Aeo] 2gatA HAL o, ZE #F AFFTHAY
233 inflow 2 effluent 5F0] #HEF At

2) B adrenergic TE| XSZZ0|M DEAF

- %943)

AlEtO| of|Lf x| O]2E2} coronary functional
hyperemia®f| 2+t &8
1SO A@FAAY ol 4~6 w29 Wistar WA} 3L
A7 M2 gE duALZd droA 47 A
49t 4z duA o] Hrtd dREYeR
AZE 58T FFE F #FGT daa(-1S0)E
2R3 3 247 inflowd} effluent?] &= W A
4. 18 ¥, A4 2L #FEdez 43 B
EA7IHA 1M ISOZ 2087 dEAUNE F9 3o
#2879 7153 hyperemiag FEAZHth. 150 F
Qe Ay wiA G 2~38 Ho] #HF AT dan

(+1S0)E ZA ATt

3. Analytical measurements

AoA AFE 279 dgAA e JAA1Y &
wol A v 2HA & Wollenberger tongsS AME
st utgdta e AFE Ad dampAlA FA
gtk 1283 clamp¥® AFZX AL dssue extraction
2 BAAES 5t XA BV RAHUS.
AFzA Y extaction® HARIES ELH FHLE
olu] HuE AFAEE EYE st FHHAG
19 Creatine phosphate(CrP), creatine(Cr), inorganic
phosphate(Pi), adenosine triphosphate(ATP), adeno-
sine diphosphate(ADP), adenosine monophosphate
(AMP), pyruvate ¥ lactate 59 A 3=
A hAHFEEL UVICON Model 930 spectro-
photometer(Kontron Instruments, Tegimenta, Switze-
rland, €=6.13 cm? - ymol ™) & A}£-3t] 340nme]
Ao A A= BAEHAAY Y2 effluentd]
pyruvate$} lactate™® H A9 My o 2 B A QT
19)

MEZxZE2| LDH BHE(LDH) &H

#z A9l LDHE Braasch d7e20oe] Apg3t
ol weld ZFHg WEsE Ag2AS
& % 33} $ml phosphate buffer £ (0.1M KH
,PO,, ImM ADP, 10mM glutathione, and 10mM
EDTA, pH 7.2) %} 4 homogenize 3} %t} ©] homoge-
nateE 100,000y, (Beckman Model XL-90, rotor SW
40)9] £ 2 2087 dAENNA FFdL 0=
333, F2 pellee thAl 4ml phosphate buffer
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A Al homogenize AlA YHEEE 99
RS AT, o7)dA e FEdS A
@3t 37Ce] R#sle LDH,E &
Z4 9] LDH, & s buffer(pH 7.2)9}
o[ &3t 340nm9] FHAoNA 3B FHLE =H4
oz Z2F =T 9, LDH 45

#%E LDH,q o) MILEA S 9otod 4 E3HE Bicin-
choninic acid protein assay reagent kits(Pierce Co.,
Rockford, IL) 2.2 ZAHQon ZAzte] a4 &4
T d9e dE &9 mg FoE FAHAL

5. Data 2410 SA|x2|

2}7}9] dataw meanst SEMZ XAt} Unpai-
red$} paired B X 7t single comparisond Stu-
dent’s ¢ test2 ©]F01F I multiple comparisong ¢
8] X Tukey’s multiple range test®} ¥ 3§ 314 analysis
of variance (two-way ANOVA) testZ ©]Fo]Ht}. p
valueste 95% 9 A LA FJAE AZ=3 9.
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=8 715H AZ2Y dhuAbe] weg 2% AR
ojth. FAYe] 71 HolN S W} HwEe YL
CF9} MVO,E Wistar A48 gte] W9l SHR 1 ¥
4F BTN FAAAL, o] CVRS HAAZ
o Basal Aelol Ao A2 A FE & (myocar
dial oxygen extraction, EQq)& o4z 3} A #Q] 0
FIHQ Wahe HolA dth(H A o)A 60~
70%). o|Hg AREe BFYAoZ AFE oy
Aol st #F BAFHITGL GEtd = Ude
A& ANL ik HTY & A7 FEYY
pyruvatets CFE MVO,E $359S of Sauigte)
Wtz B3ty #3E9e ¥f AEzxASE
719 e 3tA FABHYAT, A A acetate} oc-
tanoates AEEAFo FHE s A4S
Z98goH?. E&, pyruvate ischemic injury9}
2 cardiac stressoll 3 A reperfusion 717HE<H2]
A3 AT F3E9 7535 o2 e
IoGEA AV g A

of LEGH AYERL 7479 FolA oy

9 NAGE T AFEHY £5EH 3 coro-
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Table 1. Effects of energy-yielding substrates on cardiac hemodynamics and myocardial oxygen merabolism
in Wistar andspontaneously hypertensive rats

CF CVR EO, MVO,
Rats Substrates . . .
(ml * min! gwetwt)) (emH,0 * mlI! min'gwetwt') (pmol * min'g werwt!)
g g u g
WC  Pyr 7.68+ 0.61% 18.22+ 1.272 0.64+ 0.05%0 3.40% 0.162
Lac 6.87+0.82¢ 15.53+ 1.87% 0.60x 0.022 2.87+0.27>
Acet 10.44+ 0.85 9.84+ 0.89> 0.66+ 0.04P 4.68+ 0.34¢
Oct 12.24% 1.10" 8.64+ 0.93b 0.70% 0.08" 5.86+ 0.534
SHR  Pyr 6.33+ 0.63% 16.60+ 1.502% 0.77+ 0.022b= $.25+0.272
Lac 6.19% 0.58% 16.59+ 1.46% 0.72+ 0.032* 3.02+ 0.30%
Acet 7.23+ 0.75% 15.48% 1.95%* 0.78+ 0.01P* 3.92+ 0.48>*
Oct 9.04+ 0.82h* 11.40+ 0.96b* 0.75% 0.028b* 4.06+ 0.395*

All values are means+ SEM(n=8~11). Hearts were perfused using a buffer supplemented with each energy
substrate for 20min. WC, Wistar control rats 5 SHR, spontaneously hypertensive rats 5 CF, coronary flow 3

CVR, coronary vascularresistance ; EQO,, myocardial oxygen extraction ; MVQO,, myocardial oxygen consump-

tion + Pyr, pvruvate ; Lac, lactate 5 Acet, acetate 3 Oct, octanoate. Values in a column not sharing a common
superscript letter are significantly different within WC or SHR hearts(ANOVA, followed by Tukey’s test, p<{0.
05). *Differences between each substrate WC heart group and its SHR heart group are significant{unpaired

Student’s t test, p<0.05)‘
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Fig. 12 ZtZt9] N2 o2 quA A& B4 e
EYFH AR BF3NAE we BFEHY arterio-
venous pH(ApH)$} venous-arterial pCO;(ApCO,)
& Yehd Aotk 9714 pHS pCO, 1 A=
HHEAe zA g EFIF2Y eqilibrate HF 9] A
Hz2o] g3t fFoHQ HIE 2HP3A B
2¥YF ] ApHS ApCO = 433k ZE A
g 71dd g 2EE U A5E RAFUL,
EsHWoz o7t AFEAY pHY pCO= 72t
7.40%0.029 35+ 1 AEE YAFEHA FAHA7 o
Fol o] n¥RF] AFIAY dHAHQ acido-
sisE 9o dts Aojth oy ARESLE uFLYH
AAEE AR CVRE WAH S acidosisol & d
Sgzgo oA dntt FHAGE A A
33 k. ¥, ApHS ApCOe B3¢ 3
Yu#H Aol Fol7 AUA Y 71 wet AT
Aol & Yeril ek, 28 ¢A AFNA lactae R A
w219l acetate®} octanoaters ApH9} ApCO, & 4%
3 ZFAAIAL, R xe Aol {93
7242 Jehllth 28 o B8 ol AW
o gEiM ¢
Mg Ba¥e id ddna 5 3y,
B £87)50) o)A £ lactatest A 102
pyruvatedl] Hl# A2 F£HHEL FLA T car-
diac arrythmiaE Z 3t} HFZ work load7t &
JEWA o]E AAE RAdix: & F Ut
HAE# lactate 4T LDH,ol E 232
TE Table 29 893t AT) AR HZ acetates}
ocanoated] AE F FHAHAZNAMY pyruvate A
Ae Z3] FA. Pyruvat€7]‘ old g & 73L& F
A& W pyruvate AL ALY A o] &l
1) A lactate”} pyruvateZ HE{H 7] ofFolaL
& 5 ok 2y, d7tE #5949 pyruvatert
24999L AR HAE F= ¢id 2Rd=
Bratn, Ao 18943 A3 pyruvate A8 S
FAUAA Bt freAoz FEAlZo. #it o}
Yz}, lactate7} dAQoz o]2H FLE A3}
3E A4 A} v 3he] lactae 443 F7HAT.

acidicdt AL Cro &7l &

ApH (units)

ApCO; (mmHg)

Oct

Acet

Fig. 1. Bar graph showing the changes of coronary ve-
nous pH and pCO2 under perfusion conditions
of basal substrates in Wistar control rats(WC,
(1) and spontaneously hypertensive rats(SHR.
W). Meansx SEM. Pyr, pyruvate ; Lac, lac-
tate s Acet, acetate ; Oct, octanoate ; ApH.
arterial minus venous pH ; ApCO2, venous mi-
nus arterial partial pressure of carbon dioxide.
Values not sharing a common superscript letter
are significantly different within WC or SHR hea-
rts(ANOVA. followed by Tukey's test, p<0.05).
*Differences between each substrate WC heart
group and its SHR heart group are significant
(unpaird Student's t test, p<0.05).

ol A e AFE R lactae 44 -E A E CFol
A% AF2 AasFe 2 VIQEG. A
dae 724 #7155 HY, COy, lactate 3 ade-
nosine $¢] 388 24 o8 14H o o] Fo]
Neg1om?) a8t veid d8# £58L
7 F3A4 S R ol BEEA 3o
o= AxE FHHUTL & 5 Ut} o] AT AL
a¥GF AR YA o] &= N ARFE
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3]

LDH,q

(pmol + min~'g wet wt™')  (umol + min~'mg protein™")
2.67+0.242
2.96+ 0.36%
3.88+0.22"
4.21+1.02>
4.32+0.13%*
4.28+ 0.62%*
3.82+0.972
3.96+ 1.292

Viac
1.023+ 0.1922
25.015+ 3.304°
0.483% 0.123¢
0.213+ 0.0594
1.760% 0.249%*
22.498+ 2.798b
0.831+ 0.124*
0.434+0.1419*

+ml™Y)
0.132+ 0.0282

[Laclv
0.049+ 0.0184*

3.683+ 0.253"
0.050+ 0.012°¢
0.022:+ 0.0084
0.331% 0.053%*
3.616+ 0.247°
0.127+ 0.027¢*
8~11). Hearts were freeze-clamped after 20min basal perfusion for measurements of the lactate dehydrogenase(see ME-

(umol

(umol * min~!g wet wt™!
0.181% 0.096°*

30.163+ 2.8372
0.974%0.171b
0.065+ 0.017¢
0.033+ 0.014¢

24.776+ 2.635%
0.925+ 0.080°
0.1944 0.036<*

[Pyrlv

(pmol * ml™")
0.016+ 0.007¢*

3.883% 0.086%
0.158+ 0.031
0.007+ 0.002¢
0.003+ 0.001¢
4.022+ 0.0922
0.156% 0.017°
0.028 + 0.006%*

Lac
Acet
Oct
Lac
Acet
Oct
All values are means® SEM(n

Table 2. Coronary venous lactate production and cardiac lactate dehydrogenase with and without isoproterenol in perfused rat hearts
Substrates

Rats
wC
SHR

I A 4529 oA oAt

A LDH M HQ ondAe] F274& Fostal
At Az, AZW ARG E cytosolic redox
e oA 2] LDH equilibrium® ZHS BAE #A
31 IoHY2Y Pyruvate?} lactate® Asg o
NADH¥ NAD? reducing equivalent® 3} A
A9l cellular oxidationd Z 3} B AFoM 1
Heha AFERY lacae A0l BT A ob
NtA =, BAFFY 4713 45S EAF ocata-
noate?] 3 $-Z A 9stie 1¥YFA AFE2 YN
pyruvate poolZHE LDHo| & lactateZ¢] flux7}
g4 3o 43z lacae’t 2 A} (Table
3). 47NN Aagge Ba¥e HBAES FF
7149 4382 B4 38t cytosolic NADH/NAD*
ratio® Z7HAZE Aol #3F R FFEYoR
Qate} TFFo] FAadL IROE Ut oy
o] AFH 1¥8¢H AFdME LDH, 7t S7H%
Aol ol 1S AL Aotk AFzH
LDHE pyruvated} lactate 2 A&t gle oy
A odaAM z2dgoldgn T A AT

Uz ol wE AFzAe oA #HFEH
ALE ] g A3E Table 39 2%H AT A
4o Ao v ATP A7} 2AHEA £
9 ADPS} AMPR ] HEE 7M. A4
oA ZFAYS lactate= pyruvate$} H] @3t ATP
pool& A9 MstA A A] FoHA Tl sHES]
CrPE A2EAIA AuAdjALe] AFQ) CrP/Pi H &5
ZAAZ. A, 2¥FFNAE BFYA S vl
st FAYE ATP, CrP 2 CrP/Pig R 9HQ &
EZ7A 2BAZ oM, AL 1BFYE ASAA
Az Ao AA el A] 58] FFel 25% A=
Y ARHUTY CF} #adty daFFo] AFE
FFFANA Lol A 5EY] AFA o] HLF
AL A HFAE A AT o] 8 =T F
7hE o] Az A9 lactate FH-& Z3HHEA oA
AgAol Hojl Aoz My Ech(Table 2, 3).
Octanoatex AAAWM A9} 18AFH 2FA AAZE
Z el R A eHEo A Rl 2R E
FA e BolA feldhA R, A5 adyA
SEEY 12 4% 9 B J5d AAE
Zdslgrtn £ 4 ok Ocancates ATPS ¥3 &

3

> o Hr

X

s

THODS). WC, Wistar control rats ; SHR, spontaneously hypertensive rats ; [Pyr]v, coronary venous pyruvate concentration ; Vpyr, coronary venous pyruvate

output 5 [Laclv, coronary venous lactate concentration ; Vya,coronary venous lactate release 5 LDH,q, cardiac lactate dehydrogenase activity ; Pyr, pyruvate ;
Lac, lactate ;5 Acet, acetate 5 Oct, octanoate. Values in a column not sharing a common superscript letter are significantly different within WC or SHR

hearts(tANOVA, followed by Tukey’s test, p<{0.05). *Differences between each substrate WC heart group and its SHR heart group are significant(unpaired

Student’s t test, p<{0.05).
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o

CrP/Pi
1.85+ 0.072
1.13+£0.11P
1.08+ 0.10°
0.86+ 0.10¢
0.91% 0.082*
0.92+ 0.082*
0.73+ 0.06>*
0.74%0.07°
extraction(see Methods). WC, Wistar control

Lac
6.9+ 1.02
16.4% 2.6°
3.6+ 0.8¢
3.0+ 0.4¢
11,5+ 1.2%*
28.2+ 3.9
7.3+ 1.8¢*
2.5+ 0.3¢
CrP/Pi, creatine phosphate and
WC or SHR hearts(tANOVA,

ATP, adenosine triphosphate ; CrP, creatine

16.54% 0.912
0.56% 0.05°
0.19% 0.07¢
0.12+ 0.08¢

12.64% 0.87%*
0.71+0.11°
0.20+ 0.04¢
0.20% 0.03*

ificandy different within

followed by Tukey's test, p<{0.05). *Differences between each substrate WC heart group and its SHR heart group are signi

test, p<<0.05).

ND?
0.92+ 0.10°

AMP
0.80+0.11°
0.03£0.082
0.78+0.11°
1.42+0.16°
0.81+ 0.06°

6~8). Hearts were freeze-clamped after 20min basal perfusion for myocardial

1.86+ 0.11¢
, adenosine monophosphate ;

, acetate 5 Oct, octanocate ;

ADP
0.29+ 0.162
4.09+ 0.10b
3.88+ 0.32b
3.81+0.16P
1.86+ 0.522*
4.32+031P
432+ 0.26°
3.61+ 0.24¢

Pi
(umol * g dry mass™!)

29.0+ 2.5

31.9+ 2.1°

34.9+ 2.9b

31.3+ 2.62*

39.9+ 1.6

38.6+ 1.1b*

38.7+ 2.8P

22.9% 1.4
ADP adenosine diphosphate ; AMP.

ND, non-detectable. Values in a column not sharing’a common superscript letter are sign

Cr

Pyr, pyruvate 3 Lac, lactate 5 Acet

87.2+0.8°
Cr, creatine 3 Pi, inorganic phosphate ;

93.4+ 1.72
30.3+ 3.6°
30.1+ 2.2b
35.8+ 3.8>
31.5% 1.8**
32.6+ 1.9
38.0+ 2.1b*

CrP
429+ 912
31.3+ 1.8>
32.5+ 2.0
29,1+ 2.4b
31.3% 1.92*
30.8+1.72
97.7+ 1.6>*
28.3+1.3>

ATP

21.1+0.8%
21.3+ 0.7
17.1+ 1.8P
15.5+ 2.3b
17.8+ 0.72*
17.6% 1.92*
15.0+ 0.9>*
15.9% 0.7°

All values are means+ SEM(n

Lac
Oct
SHR-Pyr
Lac
Acet
Oct

Table 3. Cardiac adenylates and metabolites after 20min basal perfusion in wistar and spontaneously hypertensive rats
Acet

rats 5 SHR, spontaneously hypertensive rats ;

phosphate ;
creatine ratio ;

Rats-substrates

WC-Pyr

24 - a8
ZANZAAT B4EQ ADPY AMPE 238 7
A3t o) R BB o] o AP o] FaFE
FAsAYz FYPHddE AE #3FE 5 Ao
ARz e AMPY endo ET ecto 5'-nucleo-
tidased] ¢t} adenosine®.Z E-&] ¥ o] #FEH 4
smooth muscled] ZE&371% 32, o] AL F o &
85 o] xanthine® uric acid2 ¥ &t} Adenosines

ficant(unpaired Student’s t

£ A4EY FAFLEL M EHAERA, E
A7 A o)A octanoate’t CFE AAFUA F7H A
& ATPY] B32 9% adenosineo] TF A4 o
#2EH 9 smooth muscled] ZH&3 Ao Bl

2. 1500 2|8t coronary functional hyperemia2t
oll4x| o|lE=oll ChEh &t

Table 4o& 1509 th3 A} BFFse) 2HE
¥ A 59t} Octanoate’} BFHUE WE AL
L 150E AAUA 18YFH EFA Az
Aol AT AFH A 71%H hyperemiad et
Ul A th. Acetate$} ¥l 3] FA AL 1509 B 584
Ao g B4R E0,9 A AXAE &
AAFIHA B8R & CFY F7183e BAFAR
MVO,E AWM 136~212% 2 BASAZAH.
Octanoate 715 % hyperemia 4% FEA7]A
2391, A3 E09 FrYAR] AFdx Eeti
A2 o] A4 uptakeE 7M1 I A B3t ol @
ATHE L Aol F A 2HA o] &d W A
AR A4 R AL 75 FHE 2HITE
Ae BAFAT). ¥t o} guinea pig HE ©)
23 H29 & AFWA acetate®} octanoateT
Ao g7 AF2ETA FANE iaﬂf‘h:}—‘:—
AL QEstgrt #9, nIPH AoME FEH
T 1509 A CFE 41~84% HER *J%*l?%
7)% # hyperemia®} W33 =7} %39 A 7} v) aL st
A ST MVO,E B A Q) 9.7u] ZF7tel vl E A
73~132% 3ol F7HatAS otk q7lME 1¥
AF AT HaFE 5HE 2UE FAH EO,
7t A9 HuAA FtSPAG PR £
fo] B HAow HUH(Table 4). ¥ FTE
1509l 2] AN purines AHE A 3HA
939} AW catecholamineEdl] 93 7] hypere-
mia-& MVO, 4% 7 adenosine 4% Futg
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*Differences between each

*Differences between each substrate —ISO heart

+1SO
p<0.05). F Differences between each substrate WC+ISO heart group and its

8.01+0.62**
5431+ 0.88%*F

9.51+ 0.82%*
8.84+ 0.63**
6.89+ 0.41
5.80% 0.70%*F
7.18+£047%*F
6.13+ 1.64

MVO,

(pmolt min™! g wet wi™!)

—1SO

3.39+ 0.392
3.051+0.492
5.47%0.78°
6.44% 0.38°
3.36+ 0.282
3.10+0.10%
3.831£0.74%
5.78+ 0.89%*
4—6). Cardiac inotropism was increased by infusing isoproterenpol(ipM) for 15min. WC, Wistar control rats s SHR,

+1SO

0.86+ 0.01%*
, followed by Tukey’s test, p<(0.05).

0.88% 0.01**
0.89+ 0.01%*
0.90% 0.02**
0.89+ 0.01%*
0.90+ 0.01%*F
0.88+ 0.01**F
0.90% 0.01**F

EO,
EO,, myocardial oxygen extraction ; MVO,, myocardial oxygen consumption }

—1S0O

0.67+ 0.042

or SHR hearts(ANOVA

substrate WC heart group and its SHR heart group are significant

group and its +ISO heart group are significant(

0.75+ 0.032>*
0.81+ 0.02b*

0.66+ 0.012
0.70% 0.022
0.68+ 0.042
0.74% 0.03%*
0.72+ 0.022*
, pyruvate 5 Lac, lactate ; Acet, acetate ; Oct, octanoate. Values in each column not shari

+1SO

13.05% 0.85%*
11.31£0.91%*F

1549+ 1.47%%
14.58+ 1.08%*
10.77+ 0.88**
937+ 1.18**F
8.83+2.20
9.124+2.92 .

CF
(ml - min™! g wet wt™!)

—1SO

7.65% 0.443
6.48+ 0.992
10.73+ 1.82P
18.24+ 0.49¢
6.66% 0.55%*
6.14% 0.372
7.48+ 0.83bcx
9.60+ 2.99¢*
All values are means+ SEM(n

hypertensive rats

Lac
Acet
Oct
SHR-Pyr
Lac
Acet
Oct

Table 4. Cardiac hemodynamic responses to isoproterenol under perfusion conditions of different energy-yielding substrates in Wistar and spontaneously

spontaneously hypertensive rats 5 18O, isoproterenol ; CF, coronary flow ;

ApCO,, venous-arterial partial pressure of carbon dioxide ; Pyr,
a common superscript letter are significantly different within WC

Rats-substrate

WC-Pyr

A A2 ouA At

oo gl YHOIw. 4o quALY B4
oA QlelA Wat 2AHAY, AU ®

aFFdMY E7¥2 adERY FFELQ ade-

= A
T Al

nosine 4 FX3to] HAE o874 715w 89}
EAES 45T AR ARE AF7FE &
A e g Fdod. 28y, 1509 9% CFSt MVO,9
Z7H3HE 1Estd P YFH AT adenosineo
FRAARE F&sA g A 2o BY, 1509 F
713t Bl prostaglandins 2 superoxides$} 22
A9 A FEHEAE e HBAM adenosinedl
g FAFAALE AU LE B & Ut
1509} 9§ A3 H9) lactate output(Vy,) & Fig.
20 YeRRAT Lactated A5 AT E basal

= Aol e 1847 4P 2R lactaed] A Aol
\2/* Ao 2 Z7hEY o (Table 2), 1500] 9@ fac-
o tate A& pyruvatedl 5o Xt b x| o H] &)
g AqHoz ZUEUch ol AL ALPL o] &3 1
5 ol A 15090 2§ hyperemiaZt HA = 7] o
g Bolgtal B 4 3101 (Table 4), Augdo] A
& 5o AFAAUA AT U o] &I} Fah
E 7 siactae B 4 Qlth Al pyruvares 318}
552 A9 hcae B4E 32 FHAAAY, LDHacte
Ly 1509 ddAA %t Festgens Awde 150
. ;f o] % LDH,,9) %7}8 $98ta 28 2 2rh(un-
_‘;’ f published data).
£ Fig. 391 150°) @ Az 9] oA 3323
S gaEd 9@ Zns soEgd. 1509 9§

work load7} F718t & wo B4 AN FHRLL
TR 3¢E ATP+CrPE 40~45 mol - g dry
mass”! AEZ {FA3GA g QLG A Al Ao
Ne A%st 225 28193 CrP/PiE £9&¢]
A4S JEA Y. 53], pyruvates A4 oF2] A Q)
Z7944 o2 e Fale AT FHY

g A8t 44 2 e 5 AN
ol fElgt X P2 JE-3rh= Jlo] dFHASG
(Fig. 3, Table 4). Basal Jele} vlaA7EA 2, 1509
ofz] Z ol ZANME lactaes TELFHANA 1o
7] 33E Ea8EHd oA fed duAdez
Z8-3kA] Zch o] 9ztol, lactated} A& Lo
Uz 33tEe Ang ZesdA ADP+AMPY

SHR+ISO heart group are significant(paired Student
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Fig. 2. Bar graph showing release of coronary venous
lactate with perfusion of different substrates in
absense and presence of isoproterenol. All va-
lues are meanst SEM. Cardiac inotropism was
increased by infusing isoproterenol(ISO, 1uM)
for 15min. [, Wistar control rats ;. sponta-
neously hypertensive rat ; Viac, coronary venous
lactate release. Values not sharing a common
superscript letter are significantly different within
WC or SHR hearts(ANOVA, followed by Tukey's
test, p<<0.05). *Differences between each subs-
trate WC heart group and its SHR heart group
are significant(unpaired Student’s t test, p<<O.
05). **Differences between each substrate -ISO
heart group and its +1S0 heart group are signifi-
cant(unpaired Student's t test, p<0.05).
¥ Differences between each substrate WC+I1SO
heart group and its SHR+1SO heart group are
significant(paired Student’s t test, p<<0.05).

9ol 2718 doFAt. 9714 octancate Y
7 33t 423 nzx B33 lactatet} ace-
tated] H)3] ZEE UhE ADP+AMPS 32 U9
A g1 238 #astdch ol 2 ADPSH AMPE
2ajztgo] o AP o] oA EHIEEC] #
gz ey Aog B 4 gtk ayER, 4%
oz #HHE °ﬂL1X1 A3t AFzA o] AiAFH=
AAAQ B3 2875 S FANE W F2E o

o
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ATP+CrP
(umoi « g dry mass™ ")

) ATP+CrP
(urmol « g dry mass™")

CrP/Pi

Acet

Lac

Pyr QOct

Cardiac adenylates and metabolites in Wistar
and spontaneously hypertensive rats in the pre-
sence of isoproterenol. Hearts were freeze-clam-
ped after perfusion with different energy-yielding
substrates for myocardial extraction(see Me-
thods). All values are means® SEM. Cardiac ino-
tropism was increased by infusing isoproterenol
(1pM) for 15min. [, Wistar control rats
(WC); WM, spontaneously hypertensive rat
(SHR) ; ATP, adenosine triphosphate ; CrP,
creatine phosphate ;  ADP, adenosine diphos-
phate ; AMP, adenosine monophosphate 5 Pi,
inorganic phosphate ; Pyr, pyruvate ; Lac. lac-
tate s Acet, acetate; Oct, octanoate. Values
not sharing a common superscript letter are sig-
nificantly different within WC or SHR hearts
(ANOVA, followed by Tukey's test. p<<0.05).
*Differences between each substrate WC heart
group and its SHR heart group are significant
(unpaired Student’s 1 test, p<<0.0b).

Fig. 3.
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calcium uptake® THEGF A ZastGoHd). 43
29 contraction-relaxation 3] Z o)A ] w] A3
A XY Ca?t dynamicses ZEYF 439 p FEA
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1EGF Y B 25 WA EAME prostagla-
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= 2] =
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