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Effect of L-carnitine on Ischemic Myocardium
of Langendorff’s Isolated Rat Heart

Eon Sup Jeong, M.D.", Song Myung Kim, M.D."

Beta hydroxytrimethylammonium butylate(L-carnitine) is highly concentrated in myo-
cardium and it is essential substance for transfer of fatty acids into the mitochondria. We
respect that L-carnitine has protective action to myocardium during ischemia.

I studied coronary flow and CK—~MB isoenzyme of coronary effluent of Langendorff’s
isolated rat heart model. As a control group 5 Spraque-Dowley species rat hearts were con-
nected to Langendorff’s isolated rat heart model and perfused for 30 minutes with Kreb-
Henseleit buffer solution. After cessation of perfusion for 30 minutes they were reperfused
for 30 minutes. In experimental group 10 Spraque-Dowley species rat hearts were perfused
with 10mmole /L of L-carnitine contained in kleb-Henseleit buffer solution.

In equilibrium state, coronary flow was 1.7 times greater in experimental group. During
reperfusion, both group showed equilly decerased flow amount of about 60% of that of equ-
librium state,

CK-MB isoenzyme level of perfused coronary fluid showed no significant difference in
equiiibrium state. In reperfusion. CK-MB isoenzyme levels of control group were 17.61 8,
68U /L at 25 minutes, 23.32+4.15U /L at 30 minutes ; and in experimental group, 13.63+6.
08U /L at 15 minutes and 13.6 +8.41U /L at 30 minutes respectively. Those values in both
states showed significatly lower CK-MB level in experimental group.

In conclusion, L-carnitine prevent ischemic myocardial damage during ischemic and rep-
erfusion state of Langendorff’s isolated rat hearts and also I suggest the L-carnitine act
potent coronary vasodilator during preischemic and postischemic states of rat hearts,
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A2 8o haiMe At 43E BotiA B2
B B = o] H3 o, doddz
TAstE AAFSE75e golel? A2 AuFE A
sty Fx} 3 BEUY o] g2 3B AxE ArtA
Z30) 2lste] atol7t sl wh, ATHE A A2y,
4258 P, ARFIEHY L [l A% &
Fol¥ Qlon o] Qelx HAE MM T F g W
et ol o] A3 d& dvre Agstd
ArHolol & F8% Aol ole] FFHHJ ERE
A271%59 38 2 Asleln YA AFF &
&g P4A I = T

Beta-Hydroxy-trimethylammonium butylate(L-
Garnitine) 9] F9 #8&-& 24 4H(fatty acyl radical)
thAbell podste] x| Mbabo] mitochorideria®] =48 4
A FHEEE 4RI sy, aatr] 42X
Well A Adihg FHAATIL AR 348 do
Z_]_I;}._'ﬂ 1131_5101 9\1‘:}'2'7'9'10'11).

AaAHE e FAT vis] 10009 $=E 7}
7 L-Garnitineo] F#FF A #AF Aol naHe
2 2A4d RAolagte Mol AHAEL HE: 849
Ao FRFF AAFAIA L-Garnitined] Fof &
HE ZARIY O

M= 5 Yy

1. AEME

B A ALgd B2 A Add v st
gofo] ZAE wiFgAIERA AEFEQN o ALSE
sprague-Dowley (3} : Rattus norvegieus) Al 43
HAE AL

B ddo) 9 AFe] vlszg 250—280gm ¥4
orkel el 83 A3e HE3te AYH (Constant
pressure method) ¢] Langendorff &xol'? 14 &}
A3 9| protocolo]| &3 715 HI3HY ot

B AdeMe AARETO2 sulel &, AT
Z& 10vt8 el FHE ALE-sH T

HEUY

1) BHRoY

Ao A1 AR N2 Kreb-Henseleit &3
€& 9=7] 918 Deionized redistiled waterel} E13}
Zol z+ A9 NRE Yol 7 Ig H2eF, 23
9] =tz ol g o FEY MY 4L FE9
AASATHE 1 22).

Table 1. Krebs-Henseleit Buffer Solution

gm/L m Mol
NaCl 6.90 118.0
KCl 0.35 47
MgSO«7H0 0.296 1.2
KH:POq4 0.16 1.2
Glucose 1.982 11.0
NaHCOs 1.99 23.7
CaCl:H20 0.184 1.25
2) AEzd

Aol Ax% WLY Langendorffe] 72 & Kre-
b-Henseleit &Z % & F& AF2E Ao Fo| 21
Eol= 100cm H:0 o139 ¢t fA3 = &3t A
FZdd 7|2 B-& AR st3 Carboxan(95% Oxygen
1} 5% CO2¢9] E§7|4) o2 4FN e 71x3slste] of
FAFoNN HALE bR Ase ArbEgte] of
500mmHg ©]7, ol 2tslgta-qhe 35—45mmHg=
FA A PHE 7.35—7.40 B WHE F-AA A
71283 E@xjolol w7 (Heat exchan-
ger)$} &Fole VWMALY AH2¢#7](constant
temperature circulating pump) & A}g3sted A3 A
B Fo] 37C e 58 FAANACE £3 thE N ol
B2y A9R AFE Rea) et 444 Jex
g A stdel dAste P Feol A2 2
2737 HEE dugr) o) w4 wEd s o
Toll FEatdrh(ad 1 F2).

MY ME YUY

434 ¥3E Pentobarbital 1.0mg /kgg =244
F9ste] AAvkAE Ao dEFH 0 &E AF
WHAEEo] £4E A& FAFRF e 1335t
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Fig. 1. Experimental Model

Table 2. Comparison of Rat Heart Weight between
Control and Experimental Groups

Group Number of  Weight of Heart
Cases (gm)
Control 5 1.1
+0.12
Experimental 10 1.0
+0.16

AMALE Aersti FA] A Fsled wEEe) Age A
3ted 4T 9] Kreb-Henseleit ¢F&olol] o] AlulEo]
AAEA 4ge] TA(Wet Weight) & &3 s o).
Aol EAle uvl=ZA 2 OhausAte] E-300J 8o 24
FUsiA EAsATHE 2 F=2).

FAE A% A5 Qe o5 ol 83 4o
HENE 523l Kreb-Henseleit 288 293}
Atk A2 RAIFE ghEo] HEHF 4o Biatg
Az olv B¥ a3 23 & A A oL g
2 8 JF9 A4 w-g 53l latex balloong #4]
Aol Algte o)¢k7) grEl o] 10mmHg ¥ A A
¥ 4JebEel 92 (Left ventricular developing
pressure) & & monitore)] A& vtz e B
A

4) &% Protocol

¥ 2489 ¢Me 837 448 Langendorffdxoi
JEANUFE 3087 B 4e (Equilibrium state) &
A &tk ololA 30E7te] FHF F 30879 A
BRE AR ATy Fuist &4e Qo #
HF 1 creatine Kinase MB isoenzymex| & &%
A8t
By deol e 1058, 205, 308 &
FEAE ZHINYN, FAFFAE v
L2 WREF D ABF 1, 108, 208,
30%0l 7tz #3389t Creatine Kinase MB iso-
enzyme& FA31719% AFA e A P e o
M 1583 308 glm ARFFde 18, 158,

3089 A2 A F st FAsl o2 2 F=).
5) CK-MB isoenzyme &%

HdE4Y e T3 SA% BHRFANA creatine
phosphokinase isoenzyme2] A #2412 Abbott La-
boratories At¢] A-gent CK-MB isoenzyme diag-
nostic Kit& A&-3ted 2% st}

HEFEA ) o] 88 BAnge ovtAlE 5o glo

g dARZE CK-samplet CK-M &4 reagent
HEAlA CK-M €45 & dAsteE B oy e
Al Z = phosphocreatinine# ADK& & CK-MB
Zul 2 8ted WH-gAlA creatine®} ATPE whe 1,
+&o]%] ATP+= Hexokinaseoll ¢}&) glucose®} wk-g
3ted Glucose-6 phosphates}t ADP& A4 &}A =},
Glucose-6-phosphate= G-6-P dehydrogenase vl 3}
o] NADP& 6-Phosphogluconolactone @ NADPH
£ A4 7 oAl A A4 E NADPHE 340nm
o] u3oll A spectrophotometry W o g &3
(29 3 F=).

S oM oM 2

-

dadn

D AE W EANY BE a7

WEE % Aol 37 23] AEe 2 7
S FF RRolA PRHRFE YUFA ZA] A
Fo] snEgom Gz Alolo] folg Autsel ol
O #4 ShEel 2% Aol wAY £ AT
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Time (min)

0 10° 20 30 40 50’ 60 70 80’ 90’
‘ Equilibrium Ischemia 1 Reperfusion
coroinary
Flow 10’ 20 30 ' 10 20’ 30
CK-MB 15 30 r 15 30
Fig. 2. Experimental Protocol
Stage A

CK sample + Antibody Reagent —> inhibition of CK-M activity

Stage B :

Phosphocreatine + ADK—QL Creatine + ATP

ATP + Glucose Hexokinase , Glucose 6-phosphate + ADP

Glucose 6-phosphate + NADP -G-6-PDH , 6-Phosphogluconolactone + NADPH
Measure NADPH amount spectrophotometically at 340 nm.

Fig. 3. The Assay Procedures

Aeleld dizgolA 108 6.3 £1.30ml
/min, 2089 7.1+1.85ml /min, 3040l 7.1+2.08ml
/min ol A& Foll A 10800 12.6 £2.87ml /min,
20%-9) 11.8 +2.54ml /min, 30%9] 9.6 +3.23ml /min
o2 qfE&FH vuste Al EA FRHUG.

AAFA] q2FAE B Jelo] BaFake oF
0% R FHRFHFo] FAHYeH HHAFIME
HE el o 60% A== 7HAHe Yot =z
TRt FA FA HA

FT BE PREF ABFA BRFL] 22e

Sy Aol FEFHE] A% A AR o
ul% L-carnitine®] & 3o 2d e

2 39 3, 1Y 4,67 FF).

o
s

v o

3

il
>

=

N

3) BHFAH| CK-MB Bt #i5}

B Adeiol dawe] BFAe CK-MB #7}
1580l A 3.32 +£1.63U /L, 308 3,08 +0.83U /L&
A AEFoie zhzt 445 +1.30U /L, 4.45 £1.43
U/LZE FAtolell frofgh atol= glich ABFA
A 15864 17.8 +1.14U /L, H& Tl A
13.63 £6.08U /L, 30%-4A dlz=7ollA] 23.32 £4.15
U/L, dd794 13.6 £8.41U /L8 FF 73] 4

Mr ot

Table 3. Comparison of Coronary Elow Amount(m] /min) bewtween Experimental and Control Group

Nurr}ber Time (minute)
0
Group Cases Equilibrium Reperfusion
10 20 30 1 10 ; 20 30
Control 5 6.3 7.1 7.1 6.4 5.9 3.9 3.9
+1.30 +2.08 +2.08 +2.14 +2.14 +1.36 +1.36
Experimental 10 12.6% 11.8% 9.6 7.8 7.4 7.2% 6.4%
+2.87 +2.54 +3.23 +1.86 +1.85 +1.83 +2.07

* 1 P<0.001 versus control * : P<0.05 versus control
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Fig. 4. Comparison of Coronary Flow

20—

CK-MB (TU/L)

s e e rTLal
ob—
EQI5 EQ30 RP1 RP15 RP30  TDME(MIN)

Fig. 5. Comparison of CK-MB Isoenzyme

Abej b v wdte] &4 X7} 4489 o1} Lcarnitine
o] Foddl AFFoNA FAstA 57 FUATHE
4, 719 5,6,7 }F).

il =
IR hF Y AESHe doe] das
BFE pAAAEY FHE FE o o9d B0
2E 4t B8RS TN Avn @4 2
];}.5.13)

Hr A dg Herse BHor o)
A EHg o] &3 Ay gutks]) AP glo
B A 252 o]FolA] L-carnitined £ Ao &
A kA2 HAg st

1905%1 Russia®] Gulewitch$}t Krimberg™Ve o
27k S8 2{FF B0 ofH BFE wHsa
fresh 3= meat 9] 5528 Latino] 9] carnisolA] ¢l
&35l carnitine®. 2 #WwWadr) o] % 40zt F

CK-MB (TU/L) CORQ. FLOW (ml/min)
o -
CORO. FLOW
- o
CK-MB
20 [
\»

15 16

10 14

5 (- 12

EQ10 EQ20 RP1

EQ15 EQ30

RP15 RP30
RP10 RP20

TIME(MIN)

Fig. 6. Comparison of Coronary Flow and CK-MB
in Experimental Group

CK-MB (TU/L) CORO. FLOW (ml/min}
25 12
i -
CORO. FLOW
110
200~ o
CK-MB

5
O

ob—

EQlo

RP30 TIME(MIN)

EQo Rpi1
5 RP20

EQ30 RP10

Fig. 7. Comparison of Coronary Flow and CK-MB
in Control Group

Table 4. Comparison of CK-MB Isoenzyme in Coronary Flow(1U /L)

Number Time (minute)
of
Group Cases Equilibrium Reperfusion
15 30 1 15 30
Cantrol 5 3.32 3.08 5.07 17.61 23.32
+1.63 +0.83 +2.19 +1.14 +4.15
Experimental 10 4.55 4.55 4.71 13.63* 13.6%
+1.30 +1.43 +2.17 +6.08 +8.41

* 1 P<0.01 versus control ¥ : P<0.05 versus control
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84& 223 AUYr}t g#ke] Vitamingto] A s
HA] Fraenkel”¢] Vitamin BT2}2 A= ES slg o
v}, 19631 Frity7h 7H8ulol A A e zt8she
mitochondrial of3)
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73} carnitine acyl transferase@} i H 334 =
7. 1980t o) o] 2 &) Rebouche$} Engelo] 1Al
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A= A8 HAolgte teAE ATz Ui
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Carnitine2 Q&3 o2 43S L-carnitine®
243 B¢4d 38 Dcarnitine?] F7FA ei7t 4
Aol &A%t e L-carnitine® 289 &A1&
2 FHate Wy holvt Fgoll A F ol e Ak(lys-
ine, methionine)oll A §A 3= A" = AHO
2 93A ol g4E RS PR EHgn g%
ZA AN Kol FEo FE TS FI,

L-carnitine amino Akl A FE®H A ¥ zEe) &
242 g3 A¥A 25 7t gou? QA
A9 Bago] gle EFE b F oFAlo|th. L-car-

ALALE AT

membrane bound enzymeol

nitine< Branched-chain
amino acid(BACC'S) g} &
o= JIS ¥,

T3 AAW L-carnitine?] ¥ & &) 24 &
FrEthe FAIoI Y I ok 408 A FET}
Eoun EZFAZoN HEgTo) vl A2 10080
= A o] Uk 1Y BAF AR ZE 500mgol
5 1Y 1-15g0]739] #3F B8] dArte] F4e] oS
T AT,

Aol v Agoz= AA A dAEY &3
ANole TG E FRFY G} Qe g
%9 triglyceridess =& AsAF& 715 % At #
Ao &= lung capacity?] 719 3F5FE Z7IA)7)
£ 982 o1 19909 Krepetko$2-& canine lung

ol Aol A L-carnitine ¥ oA pulmonary sur-
factant 7} Z7}3led oxygenation o] 34 v}
= A S FEEkd

714 g AN AAZ lactate?} Hrol &3
=¥ glycolytic pathway©ll inhibitiong ¥ 7)=4)
I ZA471AL  glyceraldehyde-3-phosphate deh-
ydrogenaseo| 2|3t NADHS®] A4S oAtz
Lactate %7} 15—20mM o] 3¢ A¥W Fxd 7

2= amino acid ¢} A4

2= glycolytic inhibitiono] F-AFAL} 33y e] o
FEfel M= F3) dojdg = Wil

F&d A4 A8F ADFY A F3oletn
T 4 3o o]nf 9] substrate 24 &=
sl—t Zo]tHeB2 o= glycolytic inhibition®] A &
< energy®] FEAAE A7 ) At A
Al Aok A ztEo] M Lcarnitine2 3 Q.3 ATP
&) A A HAHS mitochondria W& o]
A7 R8-S 20 UdgoE sEd oM BB
_9_ 7]\:}]6‘1— 2= 0} 7." E] = 7}30]:],7.8,9,10,11)

vl

& 3]

L-Carnitine-2 371480 A] AgALs 22 o] 23}
= ALl A Hejgto g6 B Ao By 33z
Fo Eox Fu FA ABFE od g £
A2715 35S 7S I8 Aeg Azt o

o= A A E ) 2] =] "Ako] preischemic equilibrium
Al dad A E Aol 7] ufEol Aol el 2 FFA
= U= RolatA ATP A4ito] " Ao}y,

AAEo] BAHAA o] 8% Langendorff3dx =
A3 (constant pressure model) 0.8 A& hyd-
o] &8 ez, vhE Foge
constant volume model ©] T2 o &
stz AL A7 a7E Wste v e gEd S o
o Aol ug 27148 TS FeHE UL 5 Aok
Langendorff ##3z2x AP AMF £3
(non-working Langendorff system)$} ZA

rostatic pressure®

e

o r&l

pad
off [o

Al (working heart perfusion system)® &4
o H]ZdA 9FA langendorff system2 437
o] sl & g8t} YA £ BAE ol &

WE gL vAgge R 8% Aoz Ag
£7) A4 £BEF 47150 NS wAYHL
2 288 AV15 ¢ H¥AN F AWe A0

= 59 ddA= ‘E%—’F Atk vzl EEAZ A
et s Ayt AP n ek A xte] A7
27t AAHolw A7} 7tedslal, FAA ol Holuh
© g s Avk ¥ dFE S By A8
Latex balloong 24 4lell 49l ste] 10mmHg o] 4
A BNRE FRAFAL -3 22 AT vFgAd o)
Z% et e 4 Do) M= Thebessian veino| v} o)
TRt Y] /&S T8 ARHo] 18] F 1-6ml
A= W& shesivhn b Teu 2 AEF 24l
B3 244 2 9] Thebession ¥ F 322 2= coronary
effluent ¢ &7l W& =] 7] W&o BAFF] 025
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