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=Abstract=
Effects of vitamin C as antioxidant on recovery of left ventricular
function after ischemia and reperfusion in isolated rat heart

Han Young Ryu, M.D.*, Cheol Joo Lee, M.D.*, Dong Moon Soh, M.D.*
Ho Choi, M.D.*, Sang Hyun {hm, M.D.**

The large number of past investigation on extended myocardial protection clearly indicates that cold
potassium cardioplegia and topical cooling have limited capabilities. Accordingly, more recent experimen-
tal approaches have focused on the modalities of reperfusion and their implication on postischemic myo-
cardial recovery. Oxygen may play a crucial role in the development of ischemic and reperfusion injury.
Reactive oxygen radicals may be produced during ischemia or reperfusion after incomplete reduction of
molecular oxygen or from other pathway and then induce fatal injury of the heart. The important obser-
vation of oxygen-induced myocardial damage during reperfusion has led to the concept of applying oxy-
gen free radical scavengers. So, this study is on dietary vitamin C supplementation as antioxidant in rats
to determine whether or not they have a higher tolerance against cardiac ischemia-reperfusion injury under
Langendorff system.

Male or female Sprague-Dawley rats(190-330g) were randomly separated into two groups. Group A
was not treated (n=10). Group B received vitamin C supplement (n=10). Experiment was performed 24
hours after vitamin C 200mg fed orally as injectable ascorbic acid.

There were significant differences in contractile parameters between control and vitamin C-treated
group. The RLVP (rate of post/preischemic left ventricular pressure) and Rdp/dt(rate of post/preischemic
dp/dt) were significant statistically between two groups(p<0.05). But, RHR (rate of post/preischemic
heart rate), time to first beat and stavilization were not significant.

In conclusion, pretreatment with the antioxidant, ascorbic acid, was found to preserve left ventricular
contractile function. But the precise mechanism of action of ascorbic acid has not as yet been determined,
so further study will be required.

(Korean J thorac Cardiovasc Surg 1996;29:593-8)
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Table 1. Krebs-Henseleit solution

Salts mmol/l
NaCl 118.0
KCl 4.7
CaClz 2.52
MgSO: 1.64
NaHCOs3 24.88
KH:PO4 1.18
glucose 5.55
Na pyruvate 2.0
A =

2 BFA] Al EEA el oxygen free radicalBo] HE o &
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Table 2. Post/preischemic LVP*

. Mean SD p-value
Group A .8891 213
Group B 1.1407 223 .019
* LVP : left ventricular pressure
Table 3. Post/preischemic dp/dt
Mean SD p-value
Group A .8958 357
Group B 1.3290 348 013

3t o} Latex balloong 2A1uhs &8 FAAZ 44
3led o) 247] gt o] 10mmHgH Al 4 FA|31c}. Latex bal-
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4ce] AlA A (St. Thomas cardioplegic solution)s
70cmH:09] gt o2 387 F9istan AAH AAS 30
B ¥ A)# ). 308 ¥ Krebs-Henseleit £3}94-2 20%
o)A AMBFAZIHAM AFF F A vpgo] s A 2
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Table 4. Post/preischemic heart rate

Mean SD p-value
Group A 1.0124 131
Group B .9900 A17 .691
Table 5. First beat after reperfusion(second)
Mean SD p-value
Group A 11.3000 9.866
Group B 11.4000 10.543 983

Table 6. Time to stabilization after reperfusion (second)

Mean SD p-value
Group A 372.6000 174.142
Group B 309.6000 155.182 .404

EES ¥gld vl& Group BE 114% SD 3| E-8§&
Bo] EAA g §2% 4278 BedtHTable 2).

2. dp/dt

A2 2R 2 dp/dtE A3 =9 Group A
9] AL HEFE YT 89.6% SDe] HEFES Hgo
v} Group B+ 132.9% +SD9] 35588 R 94 §
AXo 2 9% 278 B cHTable 3).

IPNETESS

Group A7} 101.2% +SD9] sH¥F Autg52o 355
€ Xo 99%+SD9 3EES 23 Group BEY} F2
3EES RYPgoy} AR o7 AP Bolx ¢
FcH(Table 4).

4 RHEE X HHETIR| 2] AlZH

Group A¢} B7} 27} 11.3%+SD, 1142 +SD2] 27
L Hof FFo] u]5g 27& B rHTable 5).

5 MAFF &oist X\ Bt ok E W 7K AlZH

Group A7} 372. 6&+SD, Group B7} 309.62 +SDE
AP TN GE 153 P E 24 B Fou 54
M o2 §2)547) & WkTHTable 6).
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peroxynitriteS-0] lt}?. Free radical A2 Z7}= =4
A 520 T dA4s 2 HagAe F
o Fxate] Al Tl A A A EA B Ry oz 7hA
Aoz ZAHI| T g o]2d YAATELS Y F
of] 2| F-F E<F free radicale] AAE = S HogF= A
FE7E spA e Fa ek o st A|EEV) o2 ¥
Zﬂd)f-rrx_”‘o}—a‘ HA)3}7] 913ked a3 ] 5L ql=u] HEA ]l
FEo] F71A7F olek. A A= free radicale] AL vt
] = 72l allopurinol5-¢] o37]e 43l 5= 4 A
# free radical-2 A3} Z1g1H] vitamin E9} C7} o 7]
ol 43k}’ Allopurinol-®- hypoxanthined fALo 2 W3
A7)+ xanthine oxidase®] A AA AAEARA], AAX
Aol allopurinol®] HA A& 3151 A$ P A ZEAH
o) elupx &3-E vehdcla o2 Ay Se] iFslasl
o} 19 Malkiel 5-'9- allopurinole] &7} wj /% o}A3
2y ite] AkEE-& A A A A vlele] Co f-’ AnE
W7 ek B watedch A" A §3E = viElwl E
=3} free radical scavenger24] 3 3} 2| 7o) 2| g A
9] &4 WA= vlEll Co} A lew AsaHs
5 3t "ok, Free radical®l = vle}l E<} w8 sl
2 2l 22 S40] Aok, sk B ARl
U 9-F Eoll A ARAFE< free radicald] 4e-& B
]i‘l‘:}—‘: BIE Qi 58], 3 ulekl B9 57}
T F ol S B ol e o] vl Y
Fol Wom We4F 1T 27} 0% Bol Hrk
7;&% 8]l Z3HA) sk, vlelwl Cx free radical S A A5t
= 543} vleinl B9} A5 AN S8l 715224 free rad-
icalell &3l W7 HE Zh= 3] 80| A
N3} A LA o)A 7 A Q] 84 o] dHakshAl o]}l
Sisto 57& #AAFH 358 A e FASAA £H
2 F<t 18] £F 1Yo vlERl CF Foiste & A4
g Aok g 343 Frei®®e QA2 o)A
vl C7} 7Hg Al 443 AsHA| 9l S g1 Fsl4a
ot & AN E AY 24204 vlElR] CE A5
st] by e 2 Sy g AAFA HAMAU7 S 3B
F& ¢S viA = AFHE Lo} Sistos)Y A F oA
AR vEl] CE A5 AP} T3¢
< 2T A A viglnl C 27} 8 e 24
Haedl o= gatstatg el A vlelal ¢/} 93lglon
N7 AS FFo] FF3he AMIE Vel gl

rL

— 596 —



o #-21%)
1996;29:593-8

Ames"= A E 7] AdAHANA YAHE A A
TR e AeZ ERstd e AAWAA A== 3
Ab3} A 2 & catalase, bilirubin, urateZe] ¢).o.
AR wp ool s] 24 E ot glo e FFe)
7Fs-3 ascorbate (M)E}ql C), a-tocopherol(¥]€}ul E),
-carotenes-2 ATFHZ A Frp7} 7hedicla b
t}. SiesT- reactive oxygen species 52} ¥l7H7] of o2} b
ofpete] oy}, A aejy Aoz ¥HE F ddw
sttt & Eof 97717 7b4 2 hydroxyl radical-2-
oot 7| ’ﬂ-"—i‘”‘ vroj= o) st Atz 7)s
S Y3 EAES YT £ T2t sloloksir] WE
o] AbRqtegqls) HEdH oz =43 A 7} ¢l
o) Apdakg-2 vlelnl Cu vlell ExR AbeE abgt
3l A7) S22 dgstA "t $5 dAalksiA g
2 o] 5ol A 2R 7| 23} g ofv]9 At
stAeighe- 4k3lE - 9le 714 Y FREg o B 3
sloll A 2 71 8] kg R QlA] A DA 7 AV A 5}
= Ad g Edoldela A BE AL ZA9 7]
AL E8)4 Adojibiu] o] S6H catalaser} glutachione
peroxidaseS-ol| 23] H20:2] A2} 2L free radical A7+
B4 AAE T3 Woiste A+5 L.

A AEo] & A3lel A o] 83} LangendorffA ]+ A4
3] (constant pressure model)>. & A Z hydrostatic press-
ureE 0] 4% A2 t}E 32L& constant flow model
o] <lc}. Langendorff <=%13] 2+ w24} A (non-working
Langendorff system)3} 2}q]Ad (working heart perfusion
system) TIAZ v 5 oglew »AQA AR{A
Langendorff system-2 Al A7]15¢] 3HdTol ]S &8
Aoz agte}. mpita] AAEE vl 2hgiA sEA 2 A
& 3hgl 2w -8 2.943l7] 98 Latex balloong #FA414
o) Atd3dted 10mmHge] HAA 47| g /25 o).

A2EE A& FHA AN A velt] CE A¥ 24474
o] ATFAste Y L AJFF FAAY 753 Ho
F& AF%E vl Ak AMLE ol AYFE B A
vt o} 7R gl Atel] A 83 dl= T3] =&t} welA
U5 AAIBE FH A A 9 A=A 87" g
3l A 2HEe 7%, Blebel E 18] 2 vl Co EE
33l ATFATe2A HAAY 7535 X =
o3 gFol| sl 3FF FALs) & of| Aol St

o1EE

= £

HED AR vletgl CE AY 2447 Aol AT

BIEFZI CTt HZE MBOA 5{H L THRF

= Sald 715350 0ix|

Sefsted W % ARF F AAUAL 755 Bl v

dpol iate] ZAIRE A3} T}e T} e AEE

1.

f—

I

7S

g

o

-3

=2}

10.

1

j—

1

)

13.

— 597 —

AT A

Asich.
A AT AT5EH HREES T F Aold] 72
g Aol7} Sl om BE AQTolA &) UA Eakeh.

AR FEE L Y 2T 2F ERA N BAA

o4& elsdeh
BHE7h o) A7k} Wejet A %o} 4
w 74219 A|7HE T Afolel] & o]/} qlich.

s

. Stewart JR, Blackwell WH, Crute SL, Loughlin V, Greenfield

LJ, Hess ML. Inhibition of surgically induced ischemia/reper-
fusion injury by oxygen free radical scavengers. ] Thorac
Cardiovasc Surg 1983;86:262-72

Gauduel Y, Duvelleroy MA. Role of oxygen radicals in car-
diac injury due to reoxygenation. ] Mol Coll Cardiol 1984:16:
459-70

. Jurmann MJ, Schaefers HJ, Dammerhayn L, Haverich A.

Oxygen-derived free radical scavengers for amelioration of
reperfusion damage in heart J Thorac
Cardiovasc Surg 1988;95:368-77

transplantation.

. Sies H, Stahl W, Sundquist AR. Antioxidant functions of

vitamins. vitamin E and C, Beta-carotene, and other
carotenoids. Ann N'Y Acad Sci 1992 669:7-20

Sisto T, Paajanen H, Metsa-Ketela T, Harmoinen A,
Nordback I, Tarkka M. Pretreatment with antioxidants and
allopurinol diminishes cardiac onset events in coronary artery
bypass grafting. Ann Thorac Surg 1995;59:1519-23

Frei B, England L, Ames BN. Ascorbate is an outstanding
antioxidant in human blood plasma. Proc Natl Acad Sci 1989;
86:6377-81

. McGoon DC. The ongoing quest for ideal myocardial protec-

tion. J Thorac Cardiovasc Surg 1985;89:639-53

. Menasche P, Grousset C, Mouas C, Piwnica A. A promising

approach for improving the recovery of heart transplants. J
Thorac Cardiovasc Surg 1990;100:13-21

Daily PO, Pfeffer TA, Wisniewsk BS. Clinical comparisons of
methods of myocardial protection. J Thorac Cardiovasc Surg
1987;93:324-36

Grech ED, Dodd NJF, Bellamy CM, Pervy RA, Morrison
WL, Ramsdale DR. Free-radical generation during angioplasty
reperfusion for acute myocardial infarction. Lancet 1993;341:
990

. Roberts MJD, Young IS, Trouton TG, et al. Transient release

of lipid peroxides after coronary artery balloon angioplasty.
Lancet 1990;336:143-5

. Garlick PB, Davies MJ, Hearse DI, Slater TF. Direct detec-

tion of free radicals in the reperfused rat heart using electron
spin resornance spectroscopy. Circ Res 1987;61:757-60
Chambers DJ, Braimbridge MV, Hearse DJ. Free radicals and



F89 9 o F-2] A

HIEF C7F A& MEOIM 518 ¥ MARE SMA 7S5 20 0ixls d& 1996;29:593-8
Cardioplegia : allopurinol and oxypurinol reduce myocardial in- 16. Cavarocchi NC, England MD, O’Brien JF, et al. Superoxide
Jury following ischemic arrest. Ann Thorac Surg 1987;44: generation during cardiopulmonary bypass:is there a role for
291-7 vitamin E? J Surg Res 1986,;40519-27

14. Vinten-Johansen J, Chiantella V, Faust KB, et al. Myocardial 17. Ames BN. Dietary carcinogens and anticarcinogens. Oxygen
protection with blood cardioplegia in ischemically injured hearts radicals and degenerative diseases. Science 1983;221:1256-64
“reduction of reoxygenation injury with allopurinol. Ann 18. Halliwell B, Gutteridge JMC. Free Radicals in Biology and
Thorac Surg 1988:45:319-26 Medicine. 2nd ed. Oxford : Clarendon press. 1989

15. Malkiel S, Har-El R, Schwalb H, Uretzky G, Borman JB, 19. Burton GW. Vitamin E : molecular and biological function.
Chevion M. Interaction between allopurinol and copper: poss- Proc Nutr Soc 1994;53:251-62
ible role in myocardial protection. Free Radic Res Commun 20. AAA, 249, Langendorff 22|F A 2&0|AM L-carnitineQ|
1993;18:7-15 S8 M M0 0[X|= Sk HF A 1991 ;24:429-37

~2PxE-

FAol| ATRF N B 2Abe A2 2ZF AAAY R G4 Yl g wileze=
A7k olehe 2 o] Atk waba e AP EL AdFe whd] 2 ¥ F A3 Hell A3t
Z3 o] w3 A 9t AT A Abdol o Al Z&EA o) ¥had Al © Za oxygen free radical scavengerd]]
He Aol Fobdx ik webd  mAAE HelA FAsAZA e CE W F
Langendorff systemS o] £-3ted 58 B AAF A FAA 7)5-2 W3t St

HARS A F 190-330g9] Sprague-Dawley#] S ot 7 glo] AHEslgdvh H oA vlglRl S Ho)#] o
& 2L Group A (n=10)2} 8131 1 200mge] vle}w)-S M9l AP 7S Group B(n=10)g} 3l A
H7o A4-9= vEl C 200mge ATFoI3 F 24X 7l Algsligcl WL 14 E7-E 53 A9
AR AeLE F9I8 F A4S A E51e] Langendorff systemel 72 3}5L 8] -4 ARFE A3
FEol.2 W35l Krebs-Henseleit solutiong A3t e}, A1 AW o 418 44 8le] polygraphE -3l
FAAe] e 7)1 5S dAstAch A4 2083 AlAte] ek = w7bA] 7|oh o St. Thomas 4
AR B o2 ARG AR 3087t s - A7) L ohA] 2087 A BFAIH T 2 Groupel| 4 S E A F-¢]
A Aljke] v, dp/dte) u), uhE-22] B, ARF F- 3 ubg A k= o 7kx] 9] A& GroupZtel ¥
@bt #4149 vl Group A7} T 88.9%, Group B7} 114% 2 A 7o) 22g)A ¥gte
1] dp/dtE Group A7} 89.6%, Group B7} 132.9% = A& Fo] 22 QlA ke 2zt vhE2] o],
APF F A b5 D A o 7hA o) A7k vl e A A 290t Aok

AgM o e A 24 vlelw Ce 88 Y ADF A FAA 715385 =3 At 22y
FF A A 4-E e o & A s B Age] s 7E

— 598 —




