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Adriamycin £o] 3 313 AAA LK S|4 Al EAE 9
ol v %] &= vitamin Ce| <3 gk
Ned, 4=M, 2x/3, Wz
e sta o)} 3 - A ZATmA

AFE AAELS GAlM f-83H AHEEE s =e] ADR Fo] F9) A% 22| ADR F 214 4
THFANA dehds AzAbde] Wlwg #AskT olof] WA= vitamin Co ¢JeE vlw }Js}ﬂ $l%}°4 =3
Ade At A FE2 AT 250~300g9] 2HE AHg3tden AF kg 20mg == 5mge] ADRE
B2 Foi3 o5 1000 mg/ete]/dayol = vitamin CE A&l o] vpAA] shgiet. ofAl Feo 19,3
4,593 149 A3 F APFES UAA AEE 23] 6ume] ek AW AEoo Al zAbE
TUNEL A& o] -8-38ke] Astala 2] 98 Ale] §A Azstsich
ol o] Ay Az v&3t 3t
LA 2T 27 QAT EZAME 42412309 HlZAPE FAA 27} epgot
2.20mg-ADR o Zol A& 215 Mg%f’% ol 19 7= 267443270, 39 7 FA] 17.7+£41470 9} 59
745 1781318709 AlZAbE FAAMZ7}F ekt

3.5mg-ADR £ 2ol A= 317 swgz%%ow 19 ZA7A] 10.8+195 32 A 41+124,59 7 7A)

5.6+10.27) 9} 149
4.20mg-ADR=} vitamin C W £ 5 Aol = 313 214
124719} 59 A=A 16.2+33.6709] A ZAFE
5.5mg-ADR} vitamin C ¥ &-F-of A|o]| =
19.774, 5¢
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A7A) 10.8+17.3702) A ZAFE kA A 27} vrelygt)
ZEZolA 1Y AFA
!

8.8+1957, 38 ATA] 41+
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2ol A 19 AF}A] 17.0432.370, 3 AA| 122+

ZATA] 7.1£14.070 9} 14 A5HA] 72216770 9] Al EARE FAIA 27} debee
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Adriamycin (ADR)2 daunomycing Zt=* Sre-
ptomyces peucetius®] &< o]el Streptomyces
peucetius var. caesiusell Al F&% A A A
(Arcamone 5 1969)= ztAHA Sk, A o)A sulkal,
% Wxe 5o mde Jehin 53 =74
Mol A= g S48 Aazas dehy
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U = (1981)2 DNA o] 7z #Hlx
ADRe] o]Fud7zel #e)g oAlste] DNA
polymerase”} DNAo] A3 = x] 235174 =o] DNA
9] A o] JAE 39t} Sugioka S (1984)2-
ADR®] t)A} 3 A E uh-SA5Al7)el] 2] DNA
7} S}¥ "eha bt} Burke 5 (1987)3) Keizer 5
(1990)2 ADRe¢] aglyconee 2 )AL= A} amino-
sugar ¥-91¢] 727t WEEE JAdA A=

A B ETR oble) o8 Rabg
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Bristow = (1978)-2 3kx}ol| Al ADR %3} Al A A
Ao M= ZE5AAFY A, TSAZAA YR A3, A2 ADR (of=g] o}nto]
o A, MZ=AW FE=FA, AFRA P} 34 A13]AH)& 20mglkg == 5mgkgs 704 13] F
Ao] 47} Frge L dhel e, o= 3 W= AFetod om, vitamin C ¥-8-Fo{ -2 ADR F4} ¥
7] (Olson = 1974), A (Rosenhoff 5 1975)¢} 3] 1000 mg/=}2]/dayel] 3] %= = vitamin C (733 ®]E}
7 (Mettler 5 1977)o| M= ehp, 53] 3159 - A, A FFA FANE A gl FedA w)

pm

A AR fiEe Hlew °H’£lz:l det o FHEIAS

Doroshow (1983):= ADR®] 4AHg-2 & oF 7+ Agze %—&% DR %o % 19, 39, 59
Aol AT Fe] el 23 zﬂ gtz s 5l 14 IYAA ALE HEsHaeh 20mge]
9] 3, Steinherz 5 (1991)& ADRel| 9]t 4452  ADRE Kol gqj-}q FEL 69 oAS AE
&2 A7 F 4~20d A el= vepdax 5 S4A] Reke] 14dAe] e d& 5 ddn

A
Stephens 5 (1996)-2- vitamin & £-3| vitamin E7} 2. MEAIY ZHAM

ASATE EAA APAB) NP EE B

AF3 AR z=21-2 0.1% glutaraldehyde-4%

71 7, F Casado (2001)= Al A A 5
Fha st Farrest 0 (200L)= ] paraformaldehyde f;}% ) (pH 7.4)el] 18A17F o]
AlZ oA FAEE A AT AR ol A

= A7 F 6umFASl sepnane AL
ATARE dorl AAIeE Bl dAAS o

et

sHAkEtEA Q) vitamin CE Fofslw /A o] 753}
ttx slglom, Qin 5 (2001)L 31F ] AAZA
Z o] ujekol| A vitamin CE Fo33}H norepinephrine
o] g om zh4sl= Baxe] w3t B-29] &
& ARAA AEAPLE FaAZGT .

ol & QAT A4%7} 4] ADRF
o] & 317 AR o|A] M EAFE W) v X = vita
min C2] ¢J3Fe ololw wx} 2 AlF L A)d) sy}

AEAEE Falslr] ¢ whgo= TUNEL
(terminal deoxynucleotidy! transferase (TdT)-mediat-
ed nick labeling) B4 1=]& ¢]&3F ApopTag kit
(Intergen Co., USA)E A}4-3}9idt. etvtelsl 2 3t
>34< A2 5 0.02% proteinase K (DAKO Co.,
USA)E Al2o| A 15%, 3% HAS A S 5E7F A
Z3leieh. TdTS o] &3} digoxigening 2%
DNA 7}=te] 3'-OH @ete) Rzsls= 7438 37°C
ol Al 1A 7 AJ&E}el . o]e]A] stop-wash bufferE
1027 A 8319t} Peroxidaser} ®2-2% anti-di-
goxigenin 3}A] & Al-2-0j|A] 30% 243t 3o DAB
(Vector Lab., USA)E o] &3}e] 787F vl A7) o}
& 19 methyl green g} 0 2 2L AA 51
A% 250~300g 19l | Sprague-DawleyA) 47 oh. AlZAFE z3dlo] FAlghA] kolnr] ¢)3}ed
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2 20mg-ADR (adriamycin) o3} w]gll C B Ay Ao x3s}A] o9k
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Table 1. Number of apoptotic nuclei in the left ventricle of therats Mean+S.D. (P-value)
1day 3day 5 day 14 day
ADR ADR+-VitC ADR ADR+-VitC ADR ADR+-VitC ADR ADR+-VitC

Control  4.2+12.3
5mg 10.8+19.7 17.0+32.3(0.18) 4.1+124 12.24+19.7(0.005) 5.6+10.2 7.1+14.0(0.477) 10.8+17.3 7.2+16.7(0.237)
20mg 26.7+43.2 8.8+19.5(0.002) 17.7+41.4 3.7+12.4(0.008) 17.8+31.8 16.2+33.6(0.77)

P-value between 20mg-ADR and 5mg-ADR< 0.05
Abbreviations : 20 mg-ADR : 20 mg-adriamycin treatment; 20 mg-Vit C: 20 mg-adriamycin treatment with vitamin C; 5 mg-ADR : 5 mg-
adriamycin treatment; 5mg-Vit C: 5mg-adriamycin treatment with vitamin C

g 2 MEE

23 N AZAEE QA ZH2oA] A Apubers: (base)

£ = AR (@e)eld Tz BRI, ARE

g 18 O (endocardium)Z =} Al A4ulzkat (epicardium)Z ol A]

Bl 2 _ . wol FAsiglon ML) THE Fhd ol

g e Ne =87 #2E

2 ol i (1) 20mg-ADR F-o #

] 2 4 B ;| i0 12 14 D.':::'a okl BEo] & 197 A4 8= 267+

= 20mg-ADR -~ 5mg-ADA 43.27) (Fig. 4), 3Y el M= 17.7+41.47) (Fig. 5), 5

i PR o SNl G ‘2_:_]—:,—0]]/\-]—“——_‘- 178i3187H_g] H]E/g]_:g og:/\ék";\—é‘7]_

T2 ¢l (Fig. 6).
Fig. 1. Number of apoptotic nuclei in the left ventricle of the
rats. Abbreviations: 20mg-ADR : 20 mg-adriamycin (2) 20mg-ADR=} ¥] Bl CH$-Fo

treatment; 20 mg-Vit C: 20 mg-adriamycin treatment 193 XA Z8-=oA= 8.8+19.57) (Fig. 7),

with vitamin C; 5mg-ADR: 5mg-adriamycin treatment; &) Lol A = + i o) Lol A =

5mg-Vit C:5mg-adriamycin treatment with vitamin C. s E] ,_01] 1 = Gl 12'47“ (Flg' 8)' ° é ‘f 0" 1 - 16.3.2
+336702] MzAbE oFAM =zt FEE S (Fig

9.

EAbE FAHES o] 8 S Wil Tablel (3) 5mg-ADR o 7

2} Fig. 1ol A28kl oAl Fol F 19+ 944 —Z— 5ol A 108+
19.57) (Fig. 10), 34 oAM= 4.1+12.47) (Fig. 11),

59 e A= 5.6+10.27) (Fig. 12), 149 Zol| A=

24 Iu - ; -
10817319 AZAE FHAEA BAHUG
1. MEARZ A2 (Flg- 13).
(4) 5mg-ADRZ} vlE}E] CH 8 Eo L
D H=T obd) Fol F 19 QA ZEZeAE 17.0+
TDTE 83k o W2 =7 3237 (Fig. 14), 38 2ol A 12.2+19.77) (Fig. 15),

1} e
N AMEANE FAMEZEE FEEHA sk (Fig. 5Y4elME 7.1+£14.07 (Fig. 16), 144l M=
2). ANz AN e QAAY ARZEZol A 7.2+£16.7709] H=ZEANE FAME7F REE G
T 42112309 MEAFE A EL BAE G (Fig. 17).
o} (Fig. 3).
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Olsonz} Mushlin (1990), Olson 5-(1981)-2-

SR

o &= SOD, catdlase, glutathion 53} 7+-& sFAls}&
Ao] zhelu} AlAel] wlstel HA EA517] ool

A-5-71e 3l elRIEA wh-g-gekar Ehod )
Arola 3 (2000)- d2] 2zl ADRe| AA5A
282 AT EA E] FAMglo] M EAPE 23t
Aoz Jut 71538 datelgly sl em, Kunisada
= (2002)2 ADRE] X2 AAZEA| Zof| A EeL
= AlZEAbE S R} S8 mel 927
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Atk Aask Ao} Gl Gam 24
Aoz ADRS 3t A S = 71=& ) (additive
effect) = 1/}15}»}1] St=v}3 3} Auner 5
(2000)-> A mggFret @ 15mgkge] ADRE
Folstel e Wi 257k AspsEA Aol 1A
sta olwj e AAtelA MEAEe] vhehdta
ahgiet.

A4 ADRES] ¥ A== B2

goz vehls 3agg Fol7] 9 Aolew
7 3}3sl= dexrazoxane (ICRF-187) (Imondi 5 1996,
Speyer 5 1988)3} ALstAHE-3} A7 o] E 3t
< 3}= flavonoid (Haenen 5 1993, van Acker 5
1996)% Felshw AAHAALGo] st slo
2 A8z gld. Myers 5 (1977)-2 vitamin E7}
ADRe] DNA @4l ml3: dak& eixlsta gho.
WA okeel =4g clatin s, Zhoust
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a7 =714 7]2 BaxE Z=71A)7]9 Bcal-2%
FAaAA AZEAEE doZlvka 9} o3t
& vitamin Co] o2 ZHAAIZ 4 glekar 3
%-2m, Chen 5 (2001)2> #AkEAS 7HA& vita
min Ce} E7} NADPH oxidaseE 7}4A]7]31 SOD
o] & T/MA 8t AF AN Heptes E
s AT B

2 Ao ADR Tz A TS Zo A
AzAbE FAAM 27 F71ekel e Smge
FolA] Mo 20mg £ A7t BAH o=
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Folz2 BAMHoz folsAl A4kt 5 mge)
ADR#} vitamin CE ¥ 8 o3t 7] A ZzApd2
238 Frkslgl ot 149 AFAlel: vitamin C
W8T Lo A FrAEtedh 3 AR M EAL
Ho Mgt BAZEe] F23HA xFel7t AN o] A
= 1000mge] vitamin C2 A< Eo33ld 18

Pyl
nt
)
+
(=Y

%9l 20mge] ADRE & 744 57 FALEAE %
$otel AEAE FHAEE 2T, oFeel
NSRS B ohle AUSHEel s
ekt A9EES 69 A% F BE Hoch A4

@l 5mge] ADRE F 7ol %7] ADR| =
g0z WAEE= AFER ] ¢fo] thA Ao vita
min Col o3k AYEATo] el Aol ofmel
2hgo] | &=HWA vitamin Co] &7} el
T8y} F & EFA vitaminCe] #Hgo 2 AME
Abde]l Azl sEom FFastr] R
AL AA, vitamin C2] feko] BE3A} A,
vitamin C7} ADR®] zhg-0 2 A== ALEA

83

of W AkstEde FAdsA AA, ADRE
Hgoz vehs Azabde] AbEREAY d
A3t oFEe] AA DNA £4-2 doA vehte
Zol FHA Al Aoz AA4E . & A
A AzAbE o] 2FdAE HdEe 34 U
A el AlE 29 o M=AbAt
wel = b ohdE AlEAbE o
= A FEE 32 AYAise
uj F-o]e}. ko 2 = vitamin C7} Al EA}
4L s Bel-29F Baxe] HM]E&E&
Al A = dFHelord A

=
A== ]
T

)
N

| e

7

>
)

of¥
fo

o (B tl I & oo
>
)

o 2 o g o

o
)

o4l Aste Fyshd

o},

Arcamone F, Cassinelli G, Fantini G, Grein A, Orezzi P, Pol
C, Spdlla C : Adriamycin, 14-hydroxydaunomycin, a new
antitumor antibiotic from S peucetisu var. caesius. Bio-
technol Bioeng 9 : 1101-1110, 1969.

Arola OJ, Saraste A, Pulkki K, Kallajoki M, Parvinen M,
Voipio-Pulkki LM : Acute doxorubicin cardiotoxicity
involves cardiomyocyte apoptosis. Cancer Res 60 : 1789-
1792, 2000.

Au WW, Butler MA, Matney TS, Loo TL : Comparative
structure-genotoxicity study of three aminoanthraguinone
drugs and doxorubicin. Cancer Res 41 : 376-379, 1981.

Auner HW, Tinchon C, Linkesch W, Holwachs-Baumann G,
Sill H : Correspondence re: O. J. Arola et al., Acute doxo-
rubicin cardiotoxicity involves cardiomyocyte apoptosis.
Cancer Res 60 : 1789-1792, 2000.

Bristow MR, Thompson PD, Martin RP, Mason JW, Bolling-
ham ME, Harrison DC : Early anthracycline cardiotoxicity.
Am JMed 65 : 823-832, 1978.

Burke TG, Pritsos CA, Sartorelli AC, Tritton TR : The struc-



tura basis for anthracycline antibiotic stimulation of oxy-
gen consumption by HL -60 cells and mitochondria. Cancer
Biochem Biophys 9 : 245-255, 1987.

Bustamante J, Galleano M, Medrano EE, Boveris A : Adri-
amycin effects on hydroperoxide metabolism and growth
of human breast tumor cells. Breast Cancer Res Treat 17 :
145-153, 1990.

Butterworth Jr. CE : Vitamin safety, a current appraisal, 1994
update in Vitamin nutrition information service, Vol 5,
Parsipanny, NJ: Roche Vitamins Inc 1-10, 1995.

Cheeseman KH, Slater TF : An introduction to free radical
biochemistry. Br Med Bull 49 : 481-493, 1993.

Chen X, Touyz RM, Park JB, Schiffrin EL : Antioxidant
effects of vitamins C and E are associated with altered acti-
vation of vascular NADPH oxidase and superoxide dismu-
tase in stroke-prone SHR. Hypertension 38 : 606-611,
2001.

De Beer EL, Bottone AE, Voest EE : Doxorubicin and me-
chanical performance of cardiac trabeculae after acute and
chronic treatment : a review. Eur J Pharmacol 415 : 1-11,
2001.

Doroshow JH : Effect of anthracycline antibiotics on oxygen
radical formation in rat heart. Cancer Res 43 : 460-472,
1983.

Farre AL, Casado S : Heart failure, redox alterations, and
endothelial dysfunction. Hypertension 38 : 1400-1405,
2001.

Feinstein E, Canaani E, Weiner LM : Dependence of nucleic
acid degradation on in situ free-radical production by adri-
amycin. Biochemistry 32 : 13156-13161, 1993.

Fukuda F, Kitada M, Horie T, Awazu S : Evaluation of adri-
amycin-induced lipid peroxidation. Biochem Pharmacol
44 : 755-760, 1992.

Haendeler J, Zeiher AM, Dimmeler S : Vitamin C and E :
Prevent lipopolysaccharide-induced apoptosis in human
endothelia cells by modulation of Bcl-2 and Bax. Eur J
Pharmacol 317 : 407-411, 1996.

Haenen GRMM, Janssen FP, Bast A : The antioxidant prop-
erties of five (O-fB-hydroxyethyl)rutosides of the flavo-
noid mixture Venoruton. Phlebol Suppl 1: 10-17, 1993.

Imondi AR, Della TP, Mazue G, Sullivan TM, Robbins TL,
Hagerman LM, Podesta A, Pinciroli G : Dose-response
relationship of dexrazoxane for prevention of doxorubicin
-induced cardiotoxicity in mice, rats, and dogs. Cancer

Res 56 : 4200-4204, 1996.

Keizer HG, Pinedo HM, Schuurhuis GJ, Joenje H : Doxorubi-
cin (adriamycin) : a critical review of free radical —depen-
dent mechanisms of cytotoxicity. Pharmacol Ther 47 : 219
-231, 1990.

Kunisada K, Tone E, Negoro S, Nakaoka Y, Oshima 'Y, Osugi
T, Funamoto M, Izumi M, Fujio Y, Hirota H, Y amauchi-
Takihara K : Bcl-xI reduces doxorubicin-induced myocar-
dial damage but fails to control cardiac gene downregula-
tion. Cardiovasc Res 53 : 936-943, 2002.

Mettler FP, Y oung DM, Ward JM : Adriamycin-induced car-
diotoxicity (cardiomyopathy and congestive heart failure)
inrats. Cancer Res 37 : 2705-2713, 1977.

Myers CE, McGuire WP, Liss RH, Ifrim |, Grotzinger K,
Young RC : Adriamycin, The role of lipid peroxidation in
cardiac toxicity and tumor response. Science 197 : 165—
167, 1977.

Olson HM, Young DM, Prieur DJ, LeToy AF, Reagan RL :
Electrolyte and morphologic aterations of myocardium in
adriamycin-treated rabbits. Am J Pathol 77 : 439-454,
1974,

Olson RD, Boerth RC, Gerber JG, Nies AS : Mechanism of
adriamycin cardiotoxicity: evidence for oxidative stress.
Life Sci 29 : 1393-1401, 1981.

Olson RD, Mushlin PS : Doxorubicin cardiotoxicity : anaysis
of prevailing hypotheses. FASEB J 4 : 3076-3086, 1990.
Padayatty SJ, Levine M : Vitamin C and myocardia infarc-
tion : the heart of the matter. Am J Clin Nutr 71 : 1027-

1028, 2000.

Qin F, Rounds NK, Mao W, Kawai K, Liang CS : Antioxi-
dant vitamins prevent cardiomyocyte apoptosis produced
by norepinephrine infusion in ferrets. Cardiovas Res 51 :
736-748, 2001.

Rosenhoff SH, Olson HM, Y oung DM, Bastic F, Young RC :
Adriamycin-induced cardiac damage in the mouse : small
animal model of cardiotoxicity. J Nat Cancer Inst 55 : 191
-194, 1975.

Scarpa M, Rigo A, Maiorino M, Ursini F, Gregolin C : Form-
ation of alpha-tocopherol radical and recycling of apha-
tocopherol by ascorbate during peroxidation of phosphati-
dylcholine liposomes. An electron paramagnetic resonance
study. Biochim Biophys Acta 801 : 215-219, 1984.

Singal PK, lliskovic N, Li T, Kumar D : Adriamycin car-
diomyopathy : pathophysiology and prevention. FASEB J



— ADR-M|ZAIH| o|x|= Vit.Ce| Ak —

11:931-936, 1997.

Speyer JL, Green MD, Kramer E, Rey M, Sanger J, Ward C,
Dubin N, Ferrans V, Stecy P, Zeleniuch JA : Protective
effect of the bispiperazinedione | CRF-187 against doxoru-
bicin-induced cardiac toxicity in women with advanced
breast cancer. N Engl JMed 318 : 745-752, 1988.

Steinherz LJ, Steinherz PG, Tan CTC, Heller G, Murphy L :
Cardiac toxicity 4 to 20 years after completing anthracy-
clinetherapy. JAMA 266 : 1672-1677, 1991.

Stephens NG, Parsons A, Schofield PM, Kelly F, Cheeseman
K, Mitchinson MJ : Randomised controlled trial of vitamin
E in patients with coronary disease : Cambridge Heart
Antioxidant Study (CHAQS). Lancet 347 : 781-786, 1996.

Sugioka K, Nakano H, Tsuchiya J, NakanoM, Sugioka Y,
Tero Kubota S, Ikegami Y : Clear evidencefor the partic-
ipation of OH in lambda DNA breakage induced by the

enzymatic reduction of adriamycin in the presence of iron.
Importance of local OH concentration for DNA strand
cleavage. Biochem Int 9 : 237-242, 1984.

Ubezio P, Civali F : Flow cytometric detection of hydrogen
peroxide production induced by doxorubicin in cancer
cells. Free Radic Biol Med 16 : 509-516, 1994.

Van Acker SA, Kramer K, Voest EE, Grimbergen JA, Zhang
J, Van Der Vijgh WJ, Bast A : Doxorubicin-induced car-
diotoxicity monitored by ECG in freely moving mice. A
new model to test potential protectors. Cancer Chemother
Pharmacol 38 : 95-101, 1996.

Zhou Z, Kang YJ : Immunocytochemical localization of
metallothionein and its relation to doxorubicin toxicity in
transgenic mouse heart. Am J Pathol 156 : 1653-1662,
2000.

L egendsfor Figures

Fig. 2. Negative control, there are no apoptotic neuclei in the myocardium of |eft ventricle of the rat.
Fig. 3. Apoptotic reactions in the left ventricle of the normal control rat.

Fig. 4. Apoptotic reactions in the left venrtricle, 1 day after 20 mg-adriamycin treatment.

Fig. 5. Apoptotic reactions in the |eft venrtricle, 3 day after 20 mg-adriamycin treatment.

Fig. 6. Apoptotic reactionsin the left venrtricle, 5 day after 20 mg—adriamycin treatment.

Fig. 7. Apoptotic reactions in the left venrtricle, 1 day after 20 mg-adriamycin treatment with vitamin C.
Fig. 8. Apoptotic reactions in the left venrtricle, 3 day after 20 mg-adriamycin treatment with vitamin C.
Fig. 9. Apoptotic reactions in the left venrtricle, 5 day after 20 mg-adriamycin treatment with vitamin C.

Fig.
Fig.
Fig.
Fig.

10. Apoptotic reactionsin the left venrtricle, 1 day after 5mg-adriamycin treatment.
11. Apoptotic reactionsin the left venrtricle, 3 day after 5mg-adriamycin treatment.
12. Apoptotic reactionsin the left venrtricle, 5 day after 5mg-adriamycin treatment.
13. Apoptotic reactions in the left venrtricle, 14 day after 5mg-adriamycin treatment.

Fig.
Fig.
Fig.
Fig.

14. Apoptotic reactionsin the left venrtricle, 1 day after 5mg-adriamycin treatment with vitamin C.
15. Apoptotic reactionsin the left venrtricle, 3 day after 5mg-adriamycin treatment with vitamin C.
16. Apoptotic reactionsin the left venrtricle, 5 day after 5mg-adriamycin treatment with vitamin C.
17. Apoptotic reactionsin the left venrtricle, 14 day after 5mg-adriamycin treatment with vitamin C.
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Abstract

Effect of Vitamin C on the Expression of Apoptosis
in the Adriamycin-Treated Rats

Youn-Kyoung Seo, Joon-Sup Park, Jeehee Youn, Doo-Jin Paik

Department of Anatomy & Cell Biology, College of Medicine, Hanyang University, Seoul, Korea

Adriamycin, a member of anthracycline class isolated from the culture medium of Streptomyces peucetius var. cae-
sius, is one of the most effective and useful anti—neoplastic agents for the treatment of hematological and solid malig-
nancy. The efficacy of adriamycin has been shown to mainly rely on free radicals generated during its inhibitory activity
of DNA synthesis and its metabolism. However, the production of free radicals elicited side effects including chronic
cardiotoxicityits. Such aspect occasionally limits the therapeutic use of adriamycin.

This study was aimed to investigate the dose effect of adriamycin on apoptosis induction of the myocardium of |eft
ventricle along with the effect of vitamin C on adriamycin activity. SD rats weighing 250~ 300 g were injected intraperi-
toneally with either 20 mg/kg or 5 mg/kg of adriamycin and drunk vitamin C at 1000 mg/animal/day. Rats were sacri-
ficed at days 1, 3, 5, and 14 after injection but rats injected with 20 mg adriamycin died at day 6. The heart were paraffin
—sectioned at 6 pm thickness, stained following TUNEL methods. Stained cells undergoing apoptotic death in myocardi-
um of left ventricle were counted and stetistically analyzed.

The results were obtained as follows;

1. The muscular layer of |eft ventricle from nomal rats contained 4.2+ 12.3 apoptotic cells.
2. Distributions of apoptotic cells from rats treated with 20 mg/kg adriamycin were 26.7+43.2, 17.7+41.4, and 17.8+

31.8 at days 1,3, and 5, respectively.

3. Distributions of apoptotic cells from rats treated with 5 mg/kg adriamycin were 10.8+19.5, 41+ 12.4, 5.6+10.2,
10.8+17.3 at days 1, 3,5, and 14, respectively.

4. Coadministration of 20 mg/kg adriamycin and vitamin C resulted in 8.8+ 19.5, 4.1+ 12.4, and 16.2+ 33.6 apop-totic
cellsat days 1, 3, and 5 post administration.

5. Coadministration of 5mg/kg adriamycin and vitamin C resulted in 17.0+32.3, 12.2+19.7, 7.1+ 14.0, and 7.2+ 16.7
apoptotic cells at days 1, 3,5, and 14 post administration.

Taken together, these results demonstrated that treatment of rats with 20 mg/kg adriamycin induced more apoptotic
cells than that with 5mg/kg adriamycin and vitamin C reduced such cytotoxic effects of adriamycin.
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