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Effect of Vitamin E Supplementation on Lipid Peroxide Levels
of Blood and Liver in Zinc Deficient Rats®

Lee, Kyung-Jin - Lee, Eun-Hee © Chyun, Jong-Hee§
Department of Food & Nutrition, Inha University, Incheon 402-751, Korea

ABSTRACT

To study antioxidant role of zinc, the effects of dietary zinc deficiency and vitamin E supplementation on lipid per-
oxidation were studied. Levels of zinc and vitamin E in blood and liver were also measured. Forty Sprague-Dawley
male rats aging 8 weeks old were used as experimental animals. Zinc deficient diet (Zn, 0 ppm), zinc normal diet (Zn,
36.5 ppm), and vitamin E supplemented diet (1,000 IU «-tocopherol/kg of diet) were used as experimental diet. Dur-
ing the first three weeks, rats were divided into zinc normal (ZnN, 8 animals) and zinc deficient (ZnD, 32 animals)
group. Eight rats from each group were sacrificed to get blood and liver after 3 weeks of experiment. The remaining 24
zinc deficient rat were then divided into zinc normal (ZnDN), zinc deficient (ZnDD), vitamin E supplemented (ZnDE)
diet groups. After another 3 weeks of experiment, all animals were sacrificed as well. Thiobarbituric acid reactive sub-
stance (TBARS) levels in plasma and liver, conjugated diene levels in liver were measured as lipid peroxidation index.
There were no significant differences in food intake, body weight gain, and food efficiency ratio among groups. Weights of
liver per 100 g body weight were not significantly different. There were no significant differences in Zn levels in serum.
Plasma and liver TBARS level, and liver conjugated diene level were significantly lower in ZnDE than in ZnDN or
ZnDD, and significantly higher in ZnDD than in ZnDN. Therefore, it seems that lipid peroxidation is accelerated by
dietary zinc deficiency and recovered partly by vitamin E supplementation. (Korean J Nutr 2008; 41(4): 291~298)
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Table 1. Composition of basic experimental diets

Ingredients Diet (g/100 g diet)
Corn starch 17.0
Sucrose 48.0
Casein 20.0
Corn oll 5.0
a-cellulose 5.0
Vitamin mixture” 1.0
Mineral mixture” 35
DL-methionine 0.3
Choline bitartrate 0.2

"Composition of vitamin mixture (AIN-76)

: The 1 kg diet provided the following vitamins

Thiamin - HCI 6 mg, Riboflavin é mg, Nicotinic acid 30 mg, Cal-
cium pantothenate 16 mg, Folic acid 2 mg, Cyanocobalo-
mine 10 g, Biotin 0.2 mg, Vitamin A 4,000 I.U., Vitamin D 1,000
I.U., Vitamin E (a-Tocopherol), Vitamin K 50 xg, Pyridoxine -
HCI 7 mg

?Composition of mineral mixture (AIN-76)

: The 1 kg diet provided the following minerals

Calcium (as calcium phosphate, dibasic) 5200 mg, Phos-
phorus (as calcium phosphate, dibasic) 4,000 mg, Sodium (as
sodium chloride) 1,020 mg, Potassium (as potassium citrate,
H20) 3,600 mg, Magnesium (as magnesium oxide) 500 mg,
Manganese (as manganese carbonate) 54 mg, Iron (as ferric
chloride) 35 mg, Copper (as cupric carbonate) é mg, Zinc
(as zinc carbonate), lodine (as potassium iodine) 0.2 mg, Se-
lenium (as sodium selenite - 5H20) 0.1 mg, Chromium (as ch-
rome potassium sulfate - 12H20) 2.0 mg, Chloride (as sodium
chloride) 1,560 mg, Sulfate (as potassium sulfate) 1,000 mg

Table 2. Zn and Vitamin E levels of experimental diets
Vit E level (IU/kg)

In Level (ppm)

Group”
1—3 wks 4—6 wks 1—3 wks 4—6 wks
InN (n = 8) 36.5 - 50 -
InD (n = 8) 0.0 - 50 -
ZnDN (n = 8) 0.0 36.5 50 50
ZnDD (n = 8) 0.0 0.0 50 50
InDE (n = 8) 0.0 0.0 50 1,000

"ZnN: Zn normal group (1-3 weeks)
InD: In deficient group (1—3 weeks)
ZnDN: Zn normal group (4—6 weeks) after Zn deficient (1-3
weeks)
ZnDD: Zn deficient group (4—6 weeks) after Zn deficient (1—
3 weeks)
InDE: Vitamin E supplementation group (4—6 weeks) after
In deficient (1-3 weeks)

AEste] o2 E 10 ml L2 IS AH s
g2 97] 915 20 ml conical tubeell 500 IU he-
parin 2 ml& ¥ $ AFst dAE 571 FHA] @
T% 93 3,000 rpmolA 1583F 4 EEskelor &
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TBARS

d% TBARS+ 2-thiobarbituric acid WHO.Z spec-
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%3l A= plasma 1 g & TBARSS nMZ ZasI3Ic”
ZF TBARS =4 % 2-Thiobarbituric acid (TBA)§& ©]
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Table 3. Food intakes, body weight gains and food efficiency ratios

Table 4¢] YERHS

e FAE 7 *—101%7& frol&ol A= ekgkont 354
e oL ol 3 (ZnN) Bt} ozt o =
Skom ofd A ? P Agd2ols Fad 654 Sl
A& ofdo] AT (ZnDD, ZnDE)©] oflg/d2lol
(ZnDN) Bt} 328 Z3s Uehfglch
T 19| ofis:

7 Aole] dY3t 19| ol E
ble 4¢l VFERHSITE

4 ofd9] s FoHd Aol fIlo ofdE
T (ZnD)o] 4 (ZnN) Hep v Ao|glr). o}
A 52 Hols T 67Alol % ofdAg Aol (ZnDD)
o] o}elgAdalolit (ZnDN) Bk w2 Aes vehjitt.
HER] E F7HE (ZnDE) ofddg 2ol (ZnD) 9 8

Table 4. Liver index and Zn concentrations in serum and liver

Liver index In concentrations (ppm)
Group" (g/100 g body
weight) Serum Liver
InN (n = 8) 233+0.18"  1.14+0.39 3.00+ 0.40
InD (n = 8) 2.48 + 0.42 1.01 £0.18 299 £ 0.92
ZnDN (n = 8) 2.43 = 0.15 1.15+£0.10 2.65 £ 0.31
ZnDD (n = 8) 2.59 + 0.43 1.07 £ 0.17  2.77 £ 0.49
InDE (n = 8) 2.50 = 0.13 1.01 £0.27 2.69 £0.45
NS” NS NS

"ZnN: Zn normal group (1-3 weeks)
InD: In deficient group (1—3 weeks)
ZnDN: Zn normal group (4—6 weeks) after Zn deficient (1-3
weeks)
ZnDD: Zn deficient group (4—6 weeks) after Zn deficient (1—
3 weeks)
InDE: Vitamin E supplementation group (4—6 weeks) after
In deficient (1-3 weeks)

?Values are mean + SD

¥NS: Not significant among groups at p < 0.05 by ANOVA

Food intake (g/day)

Body weight gain (g/3 wks)

Food efficiency ratio

Group”

1—3 wks 4—6 wks 1—3 wks 4—6 wks 1—3 wks 4—6 wks
InD (n = 8) 15.89 + 1.30” - 46.63 + 8.62 - 0.140 + 0.03 -
InN (n = 8) 16.48 + 1.55 - 4775+ 7.70 - 0.139 + 0.03 -
InDN (n = 8) 1535 + 1.33 14.39 + 1.08 51.00 = 9.89 21.13 + 5.49 0.159 + 0.03 0.070 + 0.02
InDD (n = 8) 15.80 = 1.01 1521 + 1.09 55.38 + 12.33 16.25 + 20.73 0.168 + 0.04 0.049 + 0.07
InDE (n = 8) 15.58 + 1.67 14.68 + 1.77 51.25 + 12.02 13.00 + 13.79 0.155 + 0.03 0.039 + 0.04
NSY NS NS NS NS NS

"ZnN: Zn normal group (1-3 weeks)
InD: In deficient group (1—3 weeks)

InDN: Zn normal group (4—6 weeks) after Zn deficient (1—3 weeks)
ZnDD: Zn deficient group (4—6 weeks) after Zn deficient (1—-3 weeks)
ZnDE: Vitamin E supplementation group (4—6 weeks) after Zn deficient (1—3 weeks)

*Values are mean =+ SD
¥NS: Not significant among groups at p <[J0.05 by ANOVA
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Table 5. TBARS and conjugated diene contents in plasma and liver

TBARS (nM/mg protein)

Conjugated diene (O.D./mg lipid)

Group”
Plasma Liver Liver
InN (n = 8) 1.27 + 0.42°° 0.008 + 0.002° 0.89 = 0.18°
InD (n = 8) 1.11 & 0.236Y 0.014 + 0.005° 0.81 +0.18°
InDN (n = 8) 0.99 + 0.28° 0.012 + 0.003° 0.93 £ 0.13°
InDD (n = 8) 1.81 + 0.68° 0.014 + 0.004° 1.13 + 0.20°
InDE (n = 8) 1.22 £ 0.53° 0.007 + 0.001° 0.92+0.15°
p<0.05 p<0.05 p<0.05

"ZnN: Zn normal group (1-3 weeks)
InD: In deficient group (1—3 weeks)

InDN: Zn normal group (4—6 weeks) after Zn deficient (1—3 weeks)
ZnDD: Zn deficient group (4—6 weeks) after Zn deficient (1—-3 weeks)
ZnDE: Vitamin E supplementation group (4—6 weeks) after Zn deficient (1-3 weeks)

*Values are mean =+ SD

“Means with the different superscript letter are significantly different at p < 0.05 by Duncan's multiple test

gotel FEE Z7h Al 93 A ok gow

vhepst

F A 1 g ol RS 7F Aol 493 o]

- hS4 %
weRlA) ket 2o olele] Aol ofgt kA9 ofel 5
i A WehA] eRgkor HIEl E ke S 9EE T

A e ZOF AbmHT

g7t 1o TBARS &

743 2ke] TBARS 9 Table 5ol LrERSIT

g% TBARS &2 37A¢ll= otddgs (ZnD) % 4
g (ZnN) 2kl 241 Aol 7k §igict otddq ¥ 7
HolE Tt 657Aol= ofdgdAol (ZnDN) Rt
opAZAA Aol (ZnDD)o| 402 A UEbsT (p <
0.05).

7ke] TBARS 2 354l olddAT (ZnD)o] 4
At (ZnN) Bl 91402 =7 Yeldtt (p < 0.05). oF
AAY & 7t Ao)E FFF 65Al= vlEl E Akt
(ZnDE) ©] o}A772o]i (ZnDN) 2} otdZdg 2ol (Zn

DD) Xt} 7F TBARS 3ol f94 0= it} (p < 0.05).

It Conjugated diene &3

At ebe el Sl A= A HhteEe] AEE 7
o4 conjugated diene®] ¥#S =748t A3+ Table 5
of vrER it

7] conjugated diene &2 3FH0 ofAATE (ZnD)
W A (ZnN) gkl 921 xfol & vepiA] ekt
olddy & 7t HolE FFs 6FAld s ofdFdA ol
(ZnDD)¢] o}A7g7d2lol3 (ZnDN) 2 HIEPIEH 7R (Zn
DE) Xt} 79 conjugated diene Hefo] F-2)A 02 &7
et (p<0.05).

Table 6. Vitamin E levels in serum and liver

G b Vitamin E
rou
P Serum Liver
InN (n = 8) 20.28 + 4.677° 26.78 + 3.73°
InD (n = 8) 17.26 + 2.51° 21.74 + 1.26°
InDN (n = 8) 19.73 + 1.34° 23.71 £ 0.81°
InDD (n = 8) 13.06 = 1.51° 18.80 + 2.40°
InDE (n = 8) 25.09 + 4.15° 32.06 + 2.28°
p<0.05 p<0.05

"ZnN: Zn normal group (1-3 weeks)
InD: In deficient group (1—3 weeks)
ZnDN: Zn normal group (4—6 weeks) after Zn deficient (1-3
weeks)
IZnDD: Zn deficient group (4—6 weeks) after Zn deficient (1—
3 weeks)
InDE: Vitamin E supplementation group (4—6 weeks) after
In deficient (1-3 weeks)
*Values are mean + SD
“Means with the different superscript letter are significantly
different at p <0.05 by Duncan’s multiple test
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47} 2tellA vERl E
o Ve At

g7 vl E -2 35Aol vetl E AFATEe]
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Tas 67l otdAP Aol (ZnDD) o] ofidF

7420l (ZnDN) Btk HIER E 3 oo d3

HIER E9] oko] fojdow v YeRdtt (p < 0.05).

HIER] E #7k* (ZnDE) 2 HIER] EE F7F 33384 &

& ofd Aol (ZnDN) #} ofddg Aol (ZnDD) K.

ot g4 HjEl E o] fold oz = veRstt (p <

0.05).
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qow Y YERtT (p < 0.05). 1AM F 7 Aol
B 67 okddH Aol (ZnDD)o] ohl
1% (ZiDN) BT} 40 sken] (b <0.05), ¥

vl E A7t (ZnDE) & vjEl E2 F7} 35ekA] 94
oplg ol (ZnDN) 7 ol 4ol (ZnDD) Xt 1k

o 32

o] el E §Ho] oA e A vebdtt (p <0.05).
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B ZF Aozt 188 AfolE YERAA] ekt
7} Aozt 84121 atol= GIIAIRE ofd A Aol&
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O AMREW HER E H7tel gste] A #aks) &
go] JAH= Aor Helt,

izl A IikshEe] A #Ql TBARSE 33t A
WAto] WS Azl A ARt i ze] ogh AXNkE o=
A€t Bray 77 2o] ofd ARl w9t k] micro-
somellA ZHr 2z B4o] FrhE Itk Haskgla
Burke 5" o] ofd A 23] mitochondria$} mi-
crosome 8] Iitslrh dojttia Baskiith B A
of| 5 ofde] Age] oal e 7He] A A EE 54
o] 373k AT o Fel gstel AA iy
A Z5 vbd vjER] E 7l oJsixe dAlES Ho
ofd Ay F=ol o] b vlEl E H7p} ofd A
3 7= MdskET vl 23 ole Ao Alsdnh
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2|83t

] el E $- BlER E A3 Tl wdskal
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oA s v YeloH (p <0.05), AIEH0R ofdd
3 5 7} Aolg st 67Alol = okddg Aol (ZnDD)
o] ofdAY Aol (ZnDN) Ryl ol o= oA Yeht
(p <0.05) ofdo] A=A gitst Jes sh= vIER E
daigo] F7kete] I3 vlEhl E FFo] Sopds &
AT} o]= A oA 9} v AR oA FHtol| Al A
= ksl Zhgof nlEbyl E7F Wol AREEQY] Wi
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T (ZnDD) #} o}A7% 210l (ZnDN) Bt} HIERdl E A
Fgo] gol M T fFolH oz vl E %7t =4 U
Ebt
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gated dieneS ASAAFERZ vlEl E= A A3z}t zF

= AAsh= kst @37t Qo Aol kel vlE
W E A7k okl Ag S-S AN a3t e
Ao Z AgrHL

4 Lo

o o]
o =

B A= AT 8% Sprague-Dawley Al 71 33 40
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o 7_17_11— 1,}Nro1 }JG—]}JO]E 513 ]_ _'4 E}}\] ZnD:rL—O‘ o}
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