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ABSTRACT

Background and Objectives : Many diabetic patients suffer from cardiomyopathy, even in the absence of vascular
disease. The aim of this study was to see if dietary antioxidant supplementation has an inhibitory effect on the
progression of cardiac tissue damage in streptozotocin (STZ)-induced diabetic rats. Materials and Methods : Spra-
gue-Dawley male rats (n=60) were used as experimental animals; they were divided into the normal control group
and the diabetic group. Eight weeks after STZ injection (65 mg/kg of body weight), the products of lipid peroxi-
dation (malondialdehydes, MDA), and the antioxidant enzyme superoxide dismutase (SOD), and catalase activities
were determined in the cardiac tissue homogenates. The cardiac tissues were studied by light microscopy (LM) and

electron microscopy (EM), and the tissue lesions were graded by a semiquantitative score. Results :

The histolo-

gic scores for perivascular fibrosis, interstitial fibrosis and myocardial necrosis according to LM were significantly
lower in the combined vitamin C & E treated rats than in the diabetic control rats. The ultrastructural scores for
the overall cardiac morphology, mitochondria and myofilaments, according to EM, were significantly lower in the
vitamin E treated rats and the combined vitamin C & E treated rats than in the diabetic control rats, even though

this was of less magnitude than that in the insulin-treated diabetic rats. Conclusion :

These results suggest that

antioxidants such as vitamin C & E might have a beneficial effect on diabetes as an adjunct therapy against lipid
peroxidation and diabetic cardiomyopathy, in addition to the effects of instituting strict measures for controlling
the blood glucose. (Korean Circulation J 2006;36:261—271)
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Fig. 1. Grading on based on the extent of myocardial necrosis. At 0: questionable. B: 1: minimal (less than 25%). C: 2} mild (less than 50%.
D: 3: moderate (less than 75%). E: 4: severe (more than 75% (H & E stain X 150)).
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phate buffer(pH 7.4)2 Ald & 1% 0sO4&2 22} 1143}l
F49] Lufeithz AR5k 1247 F Bpon £
sufjsieict, A F91E 100~120 nm o} ZEPEHSE vhEo]
uranyl acetate?} lead citrate= ©|% FMS A|Yst = #
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Fig. 2. Change of body weight in rats during the experiment. The
body weights of diabetic rats were significantly reduced and vitamin
C and E treated rats were significant increased after 12 weeks. D.M:
diabetic melitus (diabetic control group).

Table 1. Level of plasma glucose, insulin, cholesterol, triglyceride in
STZ-induced diabetic rats

Glucose Insulin Cholesterol  Triglyceride

(mg/dL)  (uU/mL) (mg/dL) (mg/dL)
Normal 15910 21.2%1.2 73.3%£5.7 86.5+5.4
D.M 45639  14.7E£1.4 1224£45 137.3%£55
Vit C 43424 156+09 119.2£48 132.8£5.6
Vit E 439+33  154%=1.1 117.4%=56 128.2%45
Vit C+E 429+%34 158%£1.3 114.9£3.7* 127.6£5.6*
Insulin 175%£25* 201*14* 765%£57* 935%1.8*

All values are means =SD. *: p<0.05 vs. D.M rats. D.M: diabetic me-
litus (diabetic control group), STZ-induced: streptozotocin induced
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2t o Blste] §-918kA =9k thp=0.0001)(Table 1),
STZ Fof 8¢ 59 4 F Ze|2HE =t T4 &
= B giR oA AN 2 2ot fofsH| =

UHp<0.01). BIEWI C Fof Ghegt’ oL} HEINI] E 5o

et M Ty tR2F of vla Felt 2folrt ¢lol

O}, HIEH C/E Fof Gt A= iy iRt o

vlsf f-olst g Horkp0.05). QU&d Fo] P’

ol I & FHAHE =t FAANY e T o

Z3 o viE) AAE TS B UtHp=0.0001)(Table 1).

NBIEA BNE
STZ Fol 85 & A £29] MDA 5= i iz
‘ol|A 32.1+3.4 nmol/go 2 FAF thERE 9] 12.9+3.1
nmol/giq FofeIAl $=8ktHp=0.001), H[EMI C Fo] P
22 98 6+4.2 nmol/g, HEF E Eof T’ & 98 9+
4.2 nmol/gO & 9F 7+ BFoA Tk ozt I Fost
Aol Holx] gigtont, MIEH C/E Fof Gieat’ oA=
27.6+4.8 nmol/g, Ql&EH Fo] Gt oA+=19.6+4.6
nmol/gO 2 i th’ of st F-oJ5kA WthZ
7} p<0.05, p<0.01)(Fig. 3).

ZR19| Superoxide Dismutase(SOD) % Catalase Y=

STZ £ 8¢ & A% 249] SOD %= T of
27 oA 2,07+0.33 U/mg protein©& A izt 9]
1,39+3.8 U/mg protein Ht} 9514 =tHp<0.01). H]
EMFl C o] G’ & 1,75+0.36 U/mg protein, H|E}
Y E 5o it o A= 1,74£0.32 U/mg protein©& F
o REOA Py iRt 3 o3k ZjolE Holx] oF
Ao, HERI C/E Fof Bt of| 4= 1.65+0,43 U/mg

protein, Ql&EH Fo] Wit of| A= 1.59+0,48 U/mg pro-
tein 08 THeH TR of H]3e] oA UAITHZIZE p
0.05, p<0.01),

STZ £ 853 & A& ZZ9] catalase TATE Tk
W 2 oA 43.6+2.2 U/mg protein® =2 AHA}F t=
9] 225419 U/mg protein®th FJ51A =94 tHp=
0.001). BENI C Eof @i’ 2 38.5+3.1 U/mg protein,

BIERI E £ e’ 2 oflA= 36.6+0.8 U/mg pro-
tein & ¢F 7 MR T iR I foJ3F AolE
Holz] eiglont, HIEF’] C/E Fo] Gt of| 4= 31.2+2.4
U/mg protein, & Fo] Yt o A= 27.6+1.6 U/
mg protein &= ‘%h‘% izt o lsto] f-olskAl Wk
th(Z}2} p<0.05, p<0.01)(Fig. 3).
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Fig. 3. Level of tissue MDA level, tissue SOD and Catalase activity in
STZ-induced diabetic rats. *: p<0.05 vs. D.M rats, T: p<0.01 vs.
D.M rats. MDA malondialdehydes, SOD: superoxide dismutase, STZ-
induced: streptozotocin induced, D.M: diabetic melitus (diabetic
control group).
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E: vitamin C and E group. F: insulin group (Masson’s trichrome stain X< 300) .

e izt of miste] Dt F91e] wddfeRel 4
T Atol9] ZHdo| w4 ARt Amo s o] 79
Holz] eigkar, 28]9 mlER Cike Folgh e C Fo
Bt o A= A 249 Iaks o ARl Fee Bl
o wbd WjER O/E o] Bt oA et
off wlgte] Gk F=91o] wldfet W A Aol H
a2 Aete] Foleh Aas Halon A 249 Ippt
o] e o] WEERIL lad Fof Bt oA
€ 9] wddReh ® A2 Aol HAS] w4
et B T2 Ak 79| Kol Rotth(Fig. 4).

M 229 A s T 2T oA 3.6+0.6
oz g dizt’e] 0.240.2 Hop FoJ5H 34t
0.001). W[EHI C Fof et ol A= 2.840.4%, HEI E
Fol Bheat’ 2.610.680% ¢ ¥ BT Tl it
I frofet Zol7h §iRiet. WIER] C/E Fof Pt o=
2.240.5%8, Yad Fof P A= 1.6+0.5822 &
o B Py iRt o vlsl FolsHAl WkTHA Y pd
0.05, p<0.01),

SHARE WIERI C/E 7ol By’ 3} A&t Fof B
o vlaste] i A 229 i e el £

of Pt oA frofsHAl B W3kth(p<0.05).

i

At I dY 24(Fig. 5)

Wt oA APAIE AR ade LU
(myofibril) 7} A8}l 54 A Q3L sarcoplasmic reticulum
T} T—tubules 50| H]1A ZF AEE|o] Qa1 11 & Afo]<]
nEZEgofo]] &4fo] qilet, olof mlste] i iz

2o ATAEE TG 2 Z-bandE THFT U B
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vacuoles= 7M1 AlZZEE QA Qlar Feltd A &
& ATAIELS] HAdo] SRIE AL nEFERoke] E4fo] 4
skeict
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= 7 A=A, A A2 5 AEAlERe] A9 vt
FrofotAl =R QQIAL HlEFERole] EAE o S| 4
Sigie}. Whd WER E Fof Gt ofu} 53] e ¢/
E o] i’ o A= sarcomere?] w4 9 ATAEEO] &
dll(myocytolysis) 50| B2 HAE|QlAL n]EFZERoRe] &
A= go] faEoe] gty et Fo] Pkt oA A
 HiE oA B 4 U skl SR et vla
& 2k AE=E|o] Q)= sarcoplasmic reticulum} T—tubulesE
o] Tt TAEAL nEZE o] &A= A9 Uit

ATA|E O] mlAA Gx0] F PEA] WSt s T
W 2t oA 8,840,652 At 9] 1.1+0.4
el vlste] f-ofehA| #=3taL(p<0.001), HE C Fo] G
T oflAl= 8.4+0.55 02 G Rt 2 [f-OJ7F Ao
7h (deh, 2y mER B Fo] Bt 3.040.8%
o8 Gy iRt of HIste] FolstA WkaL(p<0.05),

HEHW] C/E Fo Gt 2 2.3+0.680% ¢ Hdrhp=
0.001),

nEFEg|ole] FejA] Wt Free Tl iRt oA
3.8+£0.570% WAtk 9] 1.1+0.47°] vlste] {9
Sl £2k31(p=0.001), WIERI C Fof Phea' oAl 3.3+
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0.77082 Tk txt’ 2k F-YJ3F Zpol7h ilet, 12
U HEH] E Fof G’ 2 2940 87082 i of
Z3t o) vlate] (-2lahA| Wekil(p<0.05), HIERI C/E &
o Tt 22,120,685 22 B 2ItHp=0.001),

AL AR FEA HEE s Py iR
oAl 35+0.67 0% A dixat’ 9 0.2+0.28%T} F<]
31A #3(p=0,001), HEFI C T Gt o A= 3.3+
05802 Tt iyt 3 F5k 2fo)7h §ldch 1
U HIEN] E Fo] G’ 2 29406802 Tty thR
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Fig. 6. Semi-quantification of cardiac morphology by electromicro-
scopy. Rating for overall morphology (A) mitochondria, (B) and myo-
filaments (C). *: p<0.05 vs. D.M rats, T: p<0.01 vs. D.M rats. D.M:
diabetic melitus (diabetic control group).
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