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HElel B9t CE H8%o] A 704 XdAastE aa5 o2 JAs=xe
oAl WMEE 4|2 gt B AP Ao A vE E9 C
o HEFEE 47 A8 FE 59 gE2:T, A+ g9 EE 549§ v
EX, 83 vlekyl C& T3¢ vlekwl &, A5 vgd E 2 CE 9% vlet
O E+Cure=2 d¥Ee dvia EE OFAE #xd #231 ¥@d9
Malondialdehyde (MDA)$} 2 FEX 2 3 18 78 §& &3

¥ W MDA F5¢ ¥& 9502 5o dz2TAME= 534£1.33 nmol/ml
A vt EFlAM S 0.78nmol/mle] MDAZF ¥ @Astith vlelwl CEolME
1.36nmol/mle] MDAZ} © S48 WER E CE& W43 FoAs 42+
0.22nmol/mi2 ¥ E}7l EZEth 0.34 nmol/mi®] MDA A A A4t 843 W 2
FERAE e HER Egk CE W& FollAl 70.86:+17.29mg/dl cells .1,
7t v gt Wietwl EZa vERl E«CEoM tEEd vedl CF
Ho HEAYETENL2 G HYTEY2 527 AAHY oA 22 5
o, thEFAA HAHYTEH] g Zoll vls AP HelA vzF
E2 FEOIUT HE CE B Ul 2 TRV M =93 (p<0.05) W 2
F W e 2ch vetd CZAAMY vl O FElsE = grad b8 ¢
$k3 (p <0.05) BlEFY! E+CTollM W& @it} (p<0.05). 284 2eg HEw E
o Co H82 g3 YN 3 Fod2 fEd AAFAEE JAHA 3o

e



HlELYl Bof @ 5AMERT HAA o9t

Z4o] el E, #leY C, A4d 3413, MDA, 25832, 3, 79



A e

2 29y N8g A5ty d8 2E AF Foskd L33 HE ML F
=7t volAln #R3 HETee] vetwl E9 AAE wx b AA8A 2o
(Braughler et al, 1987, Sheard, 1994, Livrea et al, 1996, 2 &, 1985).

Aol A FAHA Fe A8 95 d94 vEwl Ex AA f A
T2 &AM 7HF oW 4 A dAAZA QXA d¥H, TEE,
2484 F 4F E2dAM HEAEA Bodin. 53] AEeud] ARt
?AOHS Mg ERFeln FHoZ 7t ®ol HAEY (Steinbergt Chait,
1998, Brigelius-Flohe®} Traber, 1999), & &4 B&Ae} #84 24259 A3
& dAlste T8 2200} (Waldeck®t Stocker, 199). ¥l EbYl Ex A @ Hqbs}
HLS #FHAAT 2 o]Z A3 tocopheryl BUIZE AtdHEH ZFER LG
Hetl C 5ol o3 £47AE FA2n A B & aits 715 & 7t
4 gtk (May, 1999, 2 %, 1997)

HERY CE ddid o AAANZRE Yolsu QXYY HER E S92
< AMAAFA T (Berger et al, 1997) B Hd o7t A8 ARAGFT A
A= HER Crt Az FgEr] dEFed Fo7t sAHz v
(Halliwell, 1994). HlElY! E= ¢} Zo] A& A5 234 DNA &34 /¢
Az 4 9o B F (Yamashita et al, 1998) HIEIYl E} Co ¥4tsl7)5& A
A3 T e Fmel H 30 nEHojRA o} g}

7 E2# A vEW E¢ CE A AfE A 4olE HlEd E e5FoR
ot o we Akl 4E AAESE REew (A F, 1997), AMge HEy 2
FAA FH7AA AFAAAFE JAE £ dert (Glascott et al, 1996,
Vatassery, 1996, Rifici #} Khachadrian, 1996, Barroso et al, 1997) o} 2 7|4
o] APHA gt ¥ APdAE Ho) AF Foqd I HElR E9 CE
TAO FAER-E W vlElY EB @502 E435E ARG J¥PHY 3
HlstE AR ez AAF=A Ay

g, vER E9 Co B3 O FA2 % 89 ¢ Fr] o A #§EFR )
U T g Mz deR &QEAd.



Az 2 A9

84 (55 ¥, Sprague-Dawely, &7, A FEHAE) 20088 F& FAF
F4 WEE, 7 v EE 4% ved EZ, A5 ve7 C§ F4 4
et9l C#, 3 vlElgl E 22la vlEy) CE ¥4 F9% HgRl E + CFeg
ztzy 5vlA Y 4709 2o Utk AR e BEL ARF9 dfem Ats A3
Fo AT vid MNE2SRn AY FF Al AR Bo §498 FAHASL

xa& Fe(OHR(Z2F 4, viold zejeh)S 3Uvict ¢F HHF o w2
0mg/100g ¥ T3t vlEFR E(RILE, vleld meehE ®iY 5 IU/100g
e B WE FAIEew (5 5, 1991) HlEMY CHIEHIC FALS, A YA )
e Y 1mg/100g v B WE FASAC

FopgAl 20de] ZAE F AdH2E 3G9 AAAY F odnd FH

(Becton Dickinson Vacutainer systems, USA)e] 94L& xoch & 4 C
oA 1000gZ 5% F YAET (VS-5500CF, Vision Scientific C. Ltd)§ F+ &
Fe st -20CoA 2@
g F Malondialdehyde(MDA) ¥ X+ Yagi(1976)2] #yo g A4t
A" 100LE 1/12 N 2 4mest 8+-8-A17] 1L 10% phosphotungstic acid 0.5
meE H7hehdch 5EF ALAAM @3 AZ F 2 4(4000rpm, 10min)A 71T A
o 1/12N 34 2mi9t 10% phosphotungstic acid 0.3m¢E t}A] #H7bsiglch o
g Al YA EE4000rpm, 10min) FAE FFHF 4mE THT F
thiobarbituric acid&24(0.67% thiobarbituric acid T&% + 71 o}MEAL 111,
v/v) Imeet EF F BE& 24 608 T HEAAY. 2= B4 48 o
& n-5gE o2 MAE FESA 97| 515nmet $A} 553nmel M F
=8 SA}AHKLS-5, Perkin-Elmer). MDA9 FEA¢os 1133-
tetraethoxypropane S ©)§8to] A sl

Y T SREAL TET FRRYEE o83ty B4y vH(Beutler et al,
1963). W8 30E 270 FFHFo TFE F 450uo] wlEtelagog Hstst
of RFAART9,000rpm, 1083, 439 500ptc) 03Me] AE A 2000484

A



250449] 55'-dithiobis (2-nitrobenzoic acid)£9-& &g 12 F 412nmeiA
FBEE SAH4d SFEHALY T2 Beutler 5ol AA g 1E(1963)E o
83td, & mg/df cells = 420nmeIA e FF= F/13600 X 307 x 100 X
750/30 X 750/500 X 2,750/500 X 100/PCVZE a5

Ay 79 Fet HA 4, dEI, 181 9¢ AR ¥ FREE F
AslHt}h (Spectra AA 220, Varian).

3 Hletyl Co F5+& 24-dinitrophenylhydrazine (DNPH)¥ & o] &3l &
A3tArt(Roe?t Kuethler. 1943). & ¥ A& 4Te| A A4 &= $(1000g, 10&3h)
S 0omeel AT 2mee] 10% WERIALE EFERAT olRAE AR
(900gol A 1087 3 4259 1.2m9 04mée} 24-dinitrophenylhydrazine &4
(0.027 mol/ ¢ copper sulfate b5ml + 066 mol/{ thioure: 5mé + 001 mol/ 2
2,4-dinitrophenylhydrazine)& &E%38la 37Co &2, A 347 Fok wgA A
ok 1081 25 FellAM AR F 27kE 12M 389 2mE HOME o
520nme} oA FREE FH3AUT

Y F4(RBC), H¥TLAH(HCT), @44ZFHb), FHETEAHMCV), H
THETEYNAFMCH), HZHITFEALFEMCHOFT S AF T4
(b5 - m/hemal, SEAC)E ol-§38te] BMstdct a2l A8y AFPAAMNE F
oz 243U (Baver, 1982) & 2 E¥¢ ¥ 20mE 10714 T E F
=9 NaClel 8143085 065 060, 055 050, 045, 0.40, 035, 030 2 0.0%
NaCl) ¥ d-2¢] 2087 AX3Art. 94(2000rpm, 5878 F 540nmelA &3
58 43l Y AL 1) L& HHP8453, Hewlett Packard).

FAAYE ANOVARM S & F AFHALE ¥e] FAH ol& Faf
AxAFLSD).2 A8 Pgle] 5%elulel 1S dE BAHE Ro%
Zbol7t Sl Aoz MU, RE FTALH L SAS(SAS Institute Inc, 1985)
Z2aYe o8t A



2 %

MDA¥ =¥ 2t7} diaF 5341133, Hletgl EF 4561036, HEHT C2 670+
1.36, BlEFR! E+C* 4224022 nno/m¢ZA ¥lelR]l CE2 thzTol ¥ 3 1.36nmol/mé
o] Z7Mp 00B)aH L BELN EF o Hl# 2.14nmi/mio]l F7Hp <0.05)3 % Lo
v el E+Ctell vl & 2.48nmmd/meo]l F7Hp <0.05)3tRd. HE EX2 d=
T wsl MDAV} #ZAasdow vER E+CE2 8leyl ETd H& 0.34nmwl/
m AaPov F Fhd EAHeR {93 Aol BolA ektHFig. 1).

g Y SFERL FEE 4 TEE dRF 901211950, BlEIR! EF 9762+
36.17, BlEFY] CF 96 28:£18.46mg/de cells ©]1 3 H]etwl E+Co] 70.86+17.29mg/
de cells® 713 @& FFo]UtH(Fig. 2).

B, zh dE 2 a2ln WM e EFig 39 e =Fig )& &3R8
touAe Ayer 7t ¥R ET 261064377, HET ET 2642517317,
Blelyl C# 3234.3+951.4, HlEFR] E+CT 25136+637.7ug/gol U1 o] A¥=x
Y2 & 3576.616975, HIET EZ 4076.11239.7, HlELRl G 4090.8+380.7, HlE
7l E+CE 2890.1+14528ug/gol Rtk ¥, 7h WiEZ @1 ¥ HAFLdAe
T FAHLE /o3 Aolg HelAv #dL YL FEE F F9
g Apol & Kol gskrh HlE Zhzbe] WAl WY AW, 25 W HEEE
HlER Co] Faol o3 AsRAR M, 2 23z W Fo AFEE FUMH
Aow, e E+«CiolAe veR EX# CTEY % %7 ¥t} (p<0.05).

A U TeEEE 2 g2F 47+31, R EZ 35£18 HEW CT

1607, ¥E) E+Cat 14T09ug/gelR 2 o] va) wlgtwl CE# vlEy]
E+Caol A fefstAl @ttt (p<0.05). ¥ERl E+CEe 2% W FeE¥ze o
Z73 vjelg]l Edol vls] ¥gten (p<0.05), vEw CEe HEY ET 1Y o
A sekd HER CEAAY vAd 28 W FHAFEE ZLrE 9T 2Ede
FHEET HER oo ofte Fidde AFE RYoy 9% Aol B
o] A gkt

AL Aol = FAAYTEH B9 2T 60284076, HIER] ET



5750£2.38, HlEIY C3 57.80+2.95, H|e}gl E+CT 57231 1.98f ¢ 2.8 thEF o
H[ 3t} HER] 7o YT AP LA W pEolglen, HFHEFENL
FEe 2T 33281650, HlEMYl EE 36.62+831, BlEY CiT 33.60+550, H
B9l E+CT 3535+234g/de, BAHETEALFL 2tz d2F 20091415, Hl
Byl ET 21.12+527, wigwl CF 1933+242, ¥EY E+CT 20.180.79pg o2
H et Evot vletdl E+«CoolA BT wEe Y TE ML F9
A FAHRE FH% Aol HolA Fgovt & FEE EYvh 28z HE
T, AETFEAY, aLAF 4 WYFLE AT e {F48 WEE HolH
2k tH(Table 1).

HYT HIPHANAE dAE Akeldl Ael& BolA &%i(Fig. 5), 83
W oHlElel C8 B 47 dE7 0161001, ¥vEHY EF 0151002, ¥gR CT
0.13£0.02, HlEMY E+Ci 0.14+00lpg/go. 24 Z+ F7he) §o& XolE nolx)
2 tvh(Fig. 6).
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Fig. 1. Effects of Vitamin E (Vit~-E) and Vitamin C (Vit-C)
on the whole blood malondialdehyde concentrations in rats
overdosed with iron,
* Different alphabets mean a difference (P<0.05) between
expenimental groups.
*  Control: 30 mg/100 g vw Fe(OH)s,
Vit~E: 30 mg/100 g »w Fe(OH): + 5 IU(5 mg)/100 g vw Vit-E,
Vit-C: 30 mg/100 g vw Fe(OH)z + 1 mg/100 g vw Vit-C,
Vit-E+C: 30 mg/100 g vw Fe(OH): + 5 TU (5 mg)/100 g ow
Vit-E + 1 mg/100 g ww Vit-C.
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Fig. 2. Effects of Vit-E and Vit-C on the whole blood glutathion
concentrations,

* Jron and vitamins were administered as in Fig. 1.
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Fig. 3. Effects of Vit-E and Vit~C on the total Fe concentrations

in spleen, liver, feces and hind limb muscle.

* Different alphabets mean a difference(P<0.05) between experimental
groups.

* Iron and vitamins were administered as in Fig. 1.



Spleen Liver
12 —

cu {ugig)
O = N W e N 2 D
Cu (ug/g)

muscle

faces for 10 days

B

g ,

Cu {ug/g}

g8 8 B §

Confrol Vit-£ Vit-€ Vit-£4C Confrol - VitE  Vit-C  VH-E4C

Fig. 4. Effects of Vit-E and Vit-C on the total Cu concentrations in
spleen, liver, feces and hind limb muscle.
+ Different alphabets mean a difference (P<0.05) between
experimental groups.
* Iron and vitamins were administered as in Fig. 1.
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Table 1. Effects of Vit-E and Vit-C on hematological parameters of rats by

overdosed iron

Groups Control Vit-E Vit-C Vit-E+C
RBC (10%/pt) 9.23+194 8.78+197 9.43%+1.36 8.88+0.32
HCT (%) 556+113 55.1+11.1 488+90 54036
MCV (f1) 6028+0.76  5750%+238 57.80+2.95 57.23+1.98
WBC (10%/at) 423+0.73 6.88+2.21 7.03+2.18 5.10+127
Hb (g/dl) 1795+064  17.83+1.66 18.00+1.27 17.90+0.48
MCHC (g/dl) 33284650  36.62+8.31 33.60+550 35.35+2.34
MCH (pg) 20094415  21.12%527 19.33+2.42 20.18+0.79

* Jron and vitamins were administered as in Fig. 1.

- 11 -
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Fig. 5. Effects of Vit-E and Vit-C on the erythrocyte fragility.

* Iron and vitamins were administered as in Fig. 1.
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Fig. 6. Effects of Vit~E and Vit-C on the plasma Vit-C concentration.

* Iron and vitamins were administered as in Fig. 1.
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20

Days
Fig. 7. Effects of Vit~E and Vit-C on body weigth gains

* Iron and vitamins were administered as in Fig. 1.
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Fig. 8. Effects of Vit-E and Vit-C on feed efficiency

* Iron and vitamins were administered as in Fig. 1.
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Aol Ho] BEaE gM: FEI ZAsd 4274 AYYL W] ¢
AEE 53 iRy 4371 AEdAM A5 4" F Utk S il
T4 olfex FZFAHEE Ho3E  cytochrome] Tl FA3H
peroxidase, dehydrogenase, xanthine oxidase, aconitase 53 Z& o 712 &
29 ZAAR o) LW 4G7) FEAA FRAPL AR PN B2 AT AL
HALE FEAd ¢ Ak #ZFe S Y0 FARPE AF vE Bt 2
A1 ob-& e myosin® actomyosin®] FAEHo FA Fe] Holg oo, A7 n
Rl EE 9% LodMe L d%og FA3 ZrR SAFHo wdH(FH
5, 1991) HEtY E¢ CE ZA+E WE5¥dE B9 human immunodeficiency
virus QA A 3~ azidothymidine, 3'-azido-2’,3'-dideoxy aymidineo] <& g
A 42 nEZE=Yot Agd &4E& At Delaasuncion et al,
1998).

Ay Az FRE Fof ol 4ol 1997129 FAHFE HaEHNE W oo
Za+0] 106.3g BlEFY] ETe] 90.8g Hl¥}W) CEo] 629g BIEFWIES} Co] ¥ 439
86go. 24 HlEtdl CEo] 7 @vh(p<0.05). ®letwl C3} wEw E+C#e)
HzT3 vy Ex Brt dol Helld AEE A FAR AS TAZo] o
A=E Ao vepdct

At BE dEow $¥oq% dzey FAF 3 F19)H & 5(1996)2]
A 29 Mg 22 2AE 2AHFig. 7). AEAHFH ABA&(Fig. 8)
< H 23S o o2 Ay ArsdA Tl vxsdn dETe) ARHHF
T AIREEC) 2 ZAEE EAed AGF AF B 4 AR 49
& o gk

A ol AWAA ofF &AL A T HASSELE £AEHZOH)E

AL 5 den Fo Fo2 g Bt d9En QA2 ¥ BAHD
(McCord, 1996), 487 9 2 AX% XA F2 FHLE QA A4

- 14 -



2 Abge] B Ao vl EAA HAaags dol 25 AfFEl FdH
o] &2 Al&9 MDA T¢ 4tstA E& Ee] AWH(A 5, 1985). H¥TF
FHAEE o] 8T AFANA ferricyanide o 4F3tH aA& AAs7] Ha F
79 99 vEiRl €4 e HE BV ¥F5F8E denMay et d
1996), A AH ez ANYWYS do FF ZH(Tanaka et al, 1997)3 ¥
A AL (Bisby et al, 1994) 283 89ld) =&AY d wed E9} C7 d4tshA|
2A gE5FAEol Aol FHHNALG. 2 dHdME HE Eg CE ¥4 749
o AP AE vEY EE 9% 0E o3 4¥Td vl MDA Hadto
eyl EE 9508 Fo3e AR i3 Zart Holdg ¢ & A 9
£ A4 gogs o970 224 AAE 283 tocopheryl iz 2 F-H HlEH
C7t FAARE st ADste] HER EZ thAl $9A4A 32N 985
w8l 3] WEoz A HEw CEe MDA %7t tizgdd H&d &
I A2 vEd CE 33 FAAL 499 #Ag 5348 veid Aoz
AETHe] F, 1997). ¥ A ARgg vlEY Co wEc ¥F o AW HT
vleb) C 3¢l 05mg/100mg pw B 20 B £3& 59T RoZ MDAY
Aot vuste] & o HER FAFA A AAHE FHEr] FEE FAS
BejF),

~

FFEA 22 Fgtoldl, SFEEIAL 283 A2HUAY HZEA ofn| et T
Aol A, YA R & B9Y SFERALSE HEF YolA LaF A
HEmest et al, 1963) ZFEA L Exgo] 22 xg AOBES JAES
e, 222 glutathione peroxidase?| 7|@o] Ho] Autil #4328 422
HaAgery e o =] fdzE MAY 5 glch(Halliwell, 1994).
€ 4304 vlelY E¢ CE FAlol FoF LA M W ZFEAL w2st
Bad & A< AA2AE ol 49% + L SFEA 2] AstEo vehy
= FHY A43%F FFERAS(GSSGE AT F 2FeA AbspE9d] [100
X (GSSG)/(GSH+GSSG)] 55 HESIa, ST o7 Hatsleie] e
Z 1Al 7] glutathione peroxidase, glutathione reductase 5¢ #d A4 & &34
ato] HESIH, Al2H<Q A4do] Bog dEldoht ZFEAL i #odE U

_15-—



EF 59 vAe 9%S AEdMFEHI T, 1997).

AL AT M B 94E F rtojAnt kg Adele @A 3-4g
2ho] Fhf-Eoilvt. 2 F A9 66%7F @A) Eoj: 3%7F M 18]
3 30%7F AR P2 ferritind FHAo|tH(May et al, 1¢36). 9 F5+ 3
YA HEolv A2 o] e AT 2YUA AFH FHEA, A
grRozs Ade a7 o3 A9 AFFHOE oFojn Fed AL
transferrine] 2J3] ¥ WE o) At 0 transferrin®] AHFTHE =H%
4% Ho] RoiHW Y W 2 Fxrl A e, & vFAYE @
Fel A& ARZA b AEY B4 99 H 24%FS 2oz o 0lmg, ¥
B2 02-03mg 282 WoZ 06mAL o|Fo2 I2F 0.ldmgA =7 @54
g2y AXd olg Aoltt(Bothwell, 1995, May et al, 1996). dytdoz Y
d dFe &4 e ¥A ferriting FH3NAN 2 AP vgRIY Fo
of W& Az 7 AU XY AFFe ¥ f&8 ¥, L, dEHS agn
WA FA gl

HEEe FEdAM FRIE 248 T3 FFHAN. Holu T FFE
&% el =g gdEHe = Wetest HA Tl E7)9 A HEw C
ol ZAT7Fdol & &% pHZF WelAd THEF7E dAlE F FHAEF
Yolwtd, Atgol HIERR! C 056%E A7tete] Fosideu 2t Fs=s 7
aAZ ey g FHoz A AAES A Hunt et al, 1970). =N A
T AR F 25%9 HER CE HEte FARE A9 FEAPe FHAE B
Aot 2 AgdAe vEwl B¢ Col B B =g Fy) W A5 7o 3
F3 wjdFe] AT A = AR s A AAHAG, HEF Co
Fool o3 A7l W A F=st g vd 28 W H FEE gk adgn
gl C& o ToA FelgEst Aty oz voith weql Es} CY €%
ZAgedHes 285 W 4 FEx vEY C% 4% TEY 9 Frlsle 3L
Baa A W d ¥ES FY¥EE o #Zasgrh old Ty ¥EE
Lominadze %(1996)¢] T&ld¥ AlEZ #53% Sprague-DawelyAl 42 339
Tl FHEEY 18+2e/g BTk EAW vy Fe fEoUT oF Bk

Fol 714 =& Ad 79 1097 F AFS Y HlElY E9 CE FA

- 16 -



oA 27 Wz Fojstde Wok by 4 ARe BETh gy B4 Wz ¥
g Weg B9 C: AW 7o A7) o @] ¥gg FUx oy T
2% A HEY B9 CE FARIE e Az A% S48 29 £ g Aol
.

2o AW AHE 9% ZF¢ ANLF HY LN E T2 LATAN
thol, A4, AW, AgdE o ZFPEA Aozt JemE2 asop g
(Beard et al, 1996). &2 Fo] FoxW LY N¥FH £Fo] dojun
MCHCE %ol t}(Braughler et al, 1987, Sheard, 1994; Livrea et al, 1996; %
S, 1985). @A WAFEL 2 200 FAFHLE #FAF AolE Ho)A AR
o HgYl E BT HEtY E9 Co W8 FAZAY TR TE4L
Fa oA TFIN L TR A Y FoqTH vER C FAFEY 22 S
S BA%, hRLAME ATHIEFEH o] thE T & vz gL FEE
BYeHE D). 32487882559 4T HYET 39 Ao o3 dd
HogE dNL7L AAad AFE Ausiy FTAIYTEAY Tt B4 &Yl
4 REZ2 A7 NBAAM vedg. F 3 aF R AFY WHo) f@
2 7 oy HAAETENLY 2 FAHETEALTEE olAE e
B, Hetdl B¢t Col &5 9e F9 AF Fo2 A3 2Ad FaHdT
€49 Frte WoAETENLF 2 YEAETHALERY FLE AAY
T AU

AT A AAe AL A¥T AL AYTe £33 XU BA
g Hr7hete 2o Wol AR AYYY FwWae] F7EIAY AY 4
AAHo] asA HE AFTHe s Az, AF o 98 v Evt
AREE HYT o AXA F hEEIA Y] 24F Y dialuric acidet 34k
Bt a(H02)0 2@ Ashabgo 978z A7 F¥ o] ofslEo] §£go] @
AAHA 5, 1985 =F 5o} dhgd, 1999.). £ 4¥& MDAZ AN #o%
AR7E dE Ao B oad 208 Ao AARo, HPF LY ol& Kol
A" 71eze FEEAA Gt wHA A F01989)e] 4Pd@IHE vFo B

=17 -



H 60d =9 A¥rIeld MDA ¥ oiuet F ok AAME w39 #

Je olg & 4 ANE Aelth

g4 W vER Co sxe TR FAHLE FoF AolE Rl R
Hl & Zb o] #Axs o vERl EE Fod AdTe 83 W wEd CY
FEE HE o vlE 22 A4S BAvk A e CE FAF wolA ¥
F HlEel Co Fx7t 7bF @oked olE gyl Evt FEA & dHddA
AW A2y s=&5 dold wies Col 93 Ado] FHAstAx HER C7t &
A Aoz B

dEHoZ HER E9 Co ¥&L2 879 2 f2d ANAHUGE AT
o 1o HEtR E9 RFALE Bt AdFe|th

-18 -



A3 59

Barroso, M.P., Gomex-Diaz, C., Lopez-Lluch, G., Malagon, MM, Crane,
FL. and Navas, P. 1997. Vitamin C and vitamin E prevent apoptosis
induced by serum removal independent of Bel-2. Arch Biochem. Biophys.
343(2). 243-248.

Bauer, J.D. 1982, Laboratory investigation of hemoglobin. pp.105-106. In:
Clinical laboratory methods. The C .C. Mosby company, ST. Louis.

Beard, JL. Dawson, H. Pinero D.J. 1996, Iron Metabolism: A
Comprehensive Review. Nutr. Rev. 54(10). 295-317

Berger, TM., Polidori, M.C., Dabbagh, A. Evans, P.J, Halliwell, B,
Morrow, JD., Roberts, L.J, and Frei, B. 1997. Antioxidant activity of
vitamin C in iron-overloaded human plasma. J Biol Chem. 272(25)

15656-15660.

Beutler, E., Duron, O. and Kelly, BM. 1963, Improved method for the
determination of blood gluthathione J. Lab. Clin. Med. 614 . 882-888.

Bisby, RH. and Parker, AW, 1995, Reaction of ascorbate with the
alpha-tocopheroxyl radical in miceller and bilayer membrane systems. Arch

Biochem. Biophys. 317 : 170-178.

Bothwell, T.H. 1995. Overview and mechanisms of iron regulation. Nutr. Rev.
53(9). 237-245.

- 19 -



Braughler, JM., Chase, RI. and Pregenzer, J.F. 1987. Oxidntion of ferrous iron
during peroxidation of lipid substrates. Biochim Biophys Acta. 921(17). 457-464.

Bricelius-Flohe, R. and Traber, M.G. 1999. Vitamin E: function and
metabolism. FASEB Journal. 13(10). 1145-1155.

Delaasuncion, J.G., Delolmo, ML, Sastre, ], Millan, A., Pellin, A., Pallardo,
FV. and Vina, J. 1998, AZT treatment induces molecular and ultrastructural
oxidative damage to muscle mitochondria: prevention by antioxidant

vitamins. J. Clin Invest. 102(1). 4-9.

Gershoff, SN. 1993, vitamin C: new roles, new requirement. Nutr. Rev.

bI(11). 313-326.

Glascott, P.A, Gilfor, E. and Farber, JL. 1995. Relationship of the
metabolism of vitamin C and vitamin E in cultured hepatocytes treated

with tertbutyl hydroperoxide. Molecular Pharmacology. 48(1). 80-88,

Glascott, P.A,, Gilfor, E., Serroni, A. and Farber, J.L. 1996. Independent
antioxidant action of vitamin E and vitamin C in cultured rat hepatocytes

intoxicated with allyl alcohol. Biochem. Pharmacol. 52(8). 1245-1252.

Halliwell, B. 1994. Free radicals and antioxidants. A personal view. Nutr.
Rev. 52(8). 253-265,

Hunt, CE. Landesman, ]J. and Newberne, PM. 1970. Copper deficiency in

chicks: Effects of vitamin C on iron, copper, cytochrome oxidase activity,

and aortic mucopolysaccharides. Brit. J. Nutr. 24 : 607-614,

- 920 -



Ibrahim, W., Lee, U.S, Yeh, C.C. Szabo, J., Bruckereza, G. and Chow,
C.K. 1997. Oxidative stress and antioxidant status in mouse liver: Effects

of dietary lipid, vitamin E and iron. J. Nutr. 127(7). 1401-1406.

John, LB. Harry, DB.S., Domingo, J. and Pinero, M.5. 1996. Iron

metabolism: a comprehensive review. Nutr. Rev. 54(10). 295-317.

Livrea, M.A., Tesoriere, L. Pintaudi, A.M., Calabrese, A. Maggio, A.
Freisleben, H.J,, D’'Arpa, D, D’Anna, R. and Bongiorno, A. 1996. Oxidative
stress and antioxidant status in beta-thalassemia major: iron overload and

depletion of lipid-soluble antioxidants, Blood. 88(9). 3608-23614,

Lominadze, D.G., Saari, ]J.T., Miller, F.N,, Catalfamo, JL. Justus, D.E. and
Schuschke, D.A. 1996 Platelet aggregation and adhesion during dietary

copper deficiency in rats. Thrombosis & Haemostasis. 756(4). 630-634

Lopez-Bote, C.J, Rey, Al, Sanz, M., Gray, JI and Buckley, D.J. 1997.
Dietary vegetable oils and alpha-tocopherol reduce lipid oxidation in rabbit
muscle. J. Nutr. 127(6). 1176-1182.

May, JM, Qu, ZC. and Morrow, JD. 1996. Interaction of vitamin C and
vitamin E in resealed human erythrocyte ghosts. J. Biol Chem 271(18).

10577-10582.

May, JM. 1999, Is vitamin C an antioxidant for the plasma membrane?
FASEB J. 13(9). 995-1006.

Meydani, S.N,, Meydani, M., Blumberg, J].B., Leka, L.S. Pedrosa, M,

Diamond, R. and Schaefer, E.J. 1998. Assessment of the supplementation with

-21 -



different amount of vitamin E in healthy older adults. Am J. Clin Nutr. 68 :
311-318.

McCord, JM. 1996. Effects of positive iron status at a cellular level. Nutr.
Rev. 54(3). 85-88,

Osweiler, D.O., Carson, T.L., Buck, WB. and Van, G.A. 1985. Metals and
metalloides. pp.87-106. Clinical and diagnostic v terinary toXicogy.

Kendall/Hunt publishing company (in the United stats of America).

Rifici, V.A. and Khachadurian, A.K. 1996. Effects of dietary vitamin C and
vitamin E supplementation on the Copper mediated of HDL and HDL
mediated cholesterol efflux, Atherosclerosis. 127 : 19-26.

Roe, JH. and Kuether, C.A. 1943. The determination of vitamin C in
whole blood and urine through i the  2,4-dinitrophenylhydrazine derivative of
dehydrovitamin C. J. Biol. Chem. 147 : 399-407.

Sheard, N.F 1994, Iron deficiency and infant development. Nutr. Rev.
H2(4). 137-146.

Anonymous. 198b. pp.58-82. SAS/STAT guide for personal computers. SAS
Institute Inc. North Carolina.

Scarpa, M. Rigo, A. Maiorino, M. Ursmi, F. and Gregolin, C. 1984.
Formation of alpha-tocopheryl radical and recycling of vitamin E by
vitamin C during peroxidation of phosphatidylcholine liposomes: an electron

paramagnetic resonance study. Biochim Biophys. Acta. 801(2). 215-210.

_22_



Steinberg, FM. and Chait, A. 1998, Antioxidant vitamin supplementation and
lipid peroxidation in smoker. Am. J. Clin. Nutr. 68 : 319-327.

Tanaka, K., Hashimoto, T., Tokumaru, S., Iguchi, H. and Kojo, S. 1997.
Interaction between vitamin C and vitamin E are observed in tissues of

inherently scorbutic rats. J. nutr. 127(10). 2060-2064.

Van Den Berg, G.J., Yu, S, Lemmens, A.G. and Berynen, A.C. 1994,
Dietary vitamin C lowers the concentration of soluble copper in the small

intesinal luman of rats. Brit. J. Nutr. 71 . 701-707.

Vatassery, G.T. 1996. Oxidation of alpha-tocopherol, vitamin C and thiols
In rat brain synaptosomes by peroxynitrite Biochem. Pharmacol. 52(4).
579-586.

Waldeck, AR, and Stocker, R 1996, radical-initiated lipid peroxidation in low
density lipoproteins: insights obtained from kinetic modeling. Chem. Hes.

Toxicol. 9(6), 954-964.

Yagi, K. 1976. A simple florometric assay for lipoperoxide in blood
plasma. Biocherm. Med. 15 : 212-216.

Yamashita, N., Mureta, M., Inoue, 5., Burkitt, M.J., Milne, L. and
Kawanishi, 5. 1998. vitamin E induces oxidative damage to DNA in the
presence of Cu(ll) ions. Chem. Res. Toxicol 11 : 855-86.

FAE. 1998 w7 B AE, AUAdAN, A€ 279-281 pp. 39. AAE, 3

4, waE, B4, o935, 1985 ARFA7 AYFUYL ¢ FPue A3
gapol mAE P, deaslBa A, 252). 125-132,

-23 -



A4, olAs, A7, 1997, Vitamin C% Vitamin E * 27} #9529 £
L x| uhabslel] ol A& 9E = EAeE |, 39(3). 267-274.

A9 7A9E 1997 o, 72 L. 461-465 pp.

=23 US4 1996, Caffeine, HE 2 vitamin E E¢59 A raty 4z}
7vz22 WA AP EY d 2 dAa FYHER W e
3], 36(3). 577-598.

olAY, Ay, ZHA 1997, HEY Co WA FAFFA7L #BFHe HAHH
rel R AAA FHAstateg) @ ¥4 Y thromboxane Ap Aol nA& 4.

=g Fst3 A, 306). 639-647.

Z2FF, wbdd 1999 AdEW A AEy A A fEA AdHE ¥
ol A% AT AAAHY W S, FTR AR 23(3). 213-218

A A9E =AH, HA4, FFA. 1991, Vitamin E7F FE Fo=2 2
g rate] A ARG vl A= G, Qg 53] %], 31(3). 265-270.

-~ 94 -



Vitamin E and C reduced lipid peroxidation in rat overdosed iron
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Abstract

Antioxidant effect of vitamins E and C on the Fe-dependant lipid
peroxidation was a controversial issue yet. To fine the cooperative action of
vitamins E and C in the protection against Fe-dependent lipid peroxidation of
rat erythrocyte membranes and effects on mineral Fe and Cu concentrations
in body organs, malondialdehyde (MDA), glutathione (GSH), Fe, and Cu were
determined in rats overdosed iron with vitamin supplementation. Control
group was treated with Fe, Vit-E group was treated with Fe and Vit-E,
Vit-C group was treated with Fe and Vit-C, Vit-E+C group was treated
with Fe + Vit-E + Vit-C,

Blood MDA concentrations of control group were 534%+1.33 nmol/mé. The
MDA concentrations was reduced by 0.78 nml/m¢ in Vit-E group compared
with control group, further reduced by 0.34 nmo/mf in compared with Vit-E
group. Blood GSH concentrations of Vit-E+C group (70.86117.29mg/d¢ cells)
were lower than other groups. MCH and MCHC of Vit-E and Vit-E+C

groups were lower than other groups in normal range. MCV of control group
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were higher than other groups in normal range. Liver Fe concentrations of
Vit-C group were higher than other groups (p<0.05) and muscle Fe
concentrations of Vit-C group were lower than other groups. Spleen Cu
concentrations of Vit—-C group were lower than control group (p<0.05). Spleen
and muscle Cu concentrations of Vit~-E+C group were lower than control
groups (p<0.056). In this result, vitamins E and C had a cooperative
antioxidant effect compared with vitamins E on the Fe-dependant lipid

peroxidation.

Keyword : vitamin E, vitamin C, lipid peroxidation, MDA, glutathion, Fe, Cu
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