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Effect of Dietary Iron Levels on Lipid Metabolism, Antioxidative
and Antithrombogenic Capacities in 16-~month-old Rats®

Kim, Soun Ki* - Park, Juyeon - Kim, Mi Kyung
Department of Food & Nutritional Sciences, Ewha Womans University, Seoul, 120-750, Korea

ABSTRACT

This study was conducted to examine the effect of dietary iron levels on lipid metabolism, antioxidative and antith-
rombogenic capacities in 16-month-old rats. Thirty-two Sprague-Dawley male 16-month-old rats weighing 618 = 6 g
were raised for 10 days with medium-iron diet (35 ppm in diet) and blocked into 4 groups according to their body
weights. One of groups was sacrificed to obtain initial data and the rest 3 groups were raised for 3 months with experi-
mental diets containing different levels of iron (5 ppm, 35 ppm, and 350 ppm) . Total lipid, triglyceride and total chole-
sterol concentrations in plasma and liver, HDL-cholesterol concentration in plasma, fecal total lipid triglyceride and
total cholesterol excretions, thiobarbituric acid reactive substances (TBARS) level in plasma LDL + VLDL (low den-
sity lipoprotein + very low density lipoprotein) fractions, blood-clotting time and eicosanoids levels in plasma were
measured. The results are as follows: Plasma total lipid, triglyceride and total cholesterol concentrations, TBARS level
in plasma LDL + VLDL fractions were increased and blood-clotting time tended to be shortened during 3 months of
experimental period. Low (5 ppm) iron diet improved lipid metabolism via increasing HDL-cholesterol and fecal choles-
terol excretion. High (350 ppm) iron diet decreased plasma total lipid, triglyceride and total cholesterol concentrations

as compared to medium (35 ppm) iron diet and lowered body weight and epididymal fat pad weight. On the other hand,

TBARS level in plasma LDL + VLDL fractions and blood-clotting time were increased with high iron diet. It is plausi-
ble that low iron diet improves lipid metabolism, antioxidative and antithrombogenic capacities in 16-month-old rats.
(Korean J Nutrition 37(4) : 273 ~280, 2004)

KEY WORDS : iron, lipid metabolism, antioxidative capacity, antithrombogenic capacity, aged rats.

i

L BERA A AN, AFE 79 57} 5l

e

-

N E Az F9 gelo)glont o] Az v ghe) A
FAAT7] M ol AT Hwtel $HE, o|eE
Salulele] W 49 19979 EAH AaVe] a7 Flo] Wsith? wabd wQly)d B3]

e AgeARRe o717 et
& 4o] Qe o] PAlsteh shlch

ol

A 70.64], oA 78.1A412 19719 wlg) Y =5 oF
11~12d 7= e 7 AAolA] 654 x3e1+2]
B)Zo) FA3) Z7)8l) 20009 7%E AE)EH= Ro2 1}

o e e of
N

)
o s

3

WE x¥o] 87

ATER b EAsH 2142 4RHHOR

B, 20201d0] =W 14%S A3EA Hol 272
T#HAM] (aged society) & AT RAog R} &)

A 12004 2€ 279

A 20049 49 179

“This research was supported by grants from Sang Woo., Cor-
poration.

$To whom correspondence should be addressed.

3] F-8kar Al ArEolRl gk F shielok”
iAol 2A& hemes, cytochromes, B¥H &4 +
AR e 540 Fukixt Fo8 ARAEHE 9 o]
tirtel Aol HEARPT olZ Ig wEL olx %
A AAA R FEAA ¥l T shE HE
AG7HA] AEATE iR A37oks 2 o4

© 2004 The Korean Nutrition Society



274 | Ao] HE 53 AL, ddske, FEAS

2, FE H8A9Y 9% 2 AERFY WY 1 5%
of tigt AFEo] FE o]FUk” vt AXTE HE
st} vt e Qg TSR A3 A o] &E
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Table 1. Composition of experimental diets (g/kg dieh)

Group Experimental diet”
Ingredients | L M H
Corn starch 700.7 7007 700.7 700.7
Casein 180 180 150 180
Corn oil 60 60 60 60
Soybean oil 40 40 40 40
Low iron mineral mixture” 35 - -
Medium iron mineral mixture™ 35 - 35 -
high iron mineral mixture” - - - 35
Vitamin mixture® 10 10 10 10
Choline chloride 2.5 25 2.5 25
L-cystine 1.8 1.8 1.8 1.8

1) It Inifial group, L: Low iron group, M: Medium iron group, H:
high iron group

2) Low iron mineral mix (g/kg mixture): Calcium phosphate, di-
basic (CaHPO.2H.0) 500, Sodium chloride (NaCl) 74, Potassium
citrate, monohydrate (K:CeHsO:H.O) 220, Potassium sulfate (KzS
(MgO) 24, Manganous carbonate (43 — 48%, Mn) 3.5, Ferric
citrate (16 —17% Fe) 0.886, Zinc carbonate (70% ZnO) 1.6, Cu-
pric carbonate (53 —55% Cu) 0.3, Potassium iodate (KIO3) 0.01,
Sodium selenite (Na:SeQ:5H,0) 0.01, Chromium potassium sul-
fate (CrK (SOs)ameo) 0.55, Sucrose finely powdered, to make
1000 gram.

3) Medium mineral mix (g/kg mixture) : Calcium phosphate, di-
basic (CaHPO2H,0) 500, Sodium chloride (NaCl) 74, Potassium
citrate monohydrate (K;CHsO;HO) 220, Potassium sulfate (K-S
(MgO) 24, Manganous carbonate (43 — 48%, Mn) 3.5, Eerric
citrate (16—17% Fe) 6.06. Zinc carbonate (70% ZnO) 1.6, Cupric
carbonate (63 ~55%, Cu) 0.3, Potassium iodate (KIOs) 0.01, So-
dium selenite (Na,Se0:5H,0) 0.01, Chromium potassium sulfate
(CIK (SO4) na0) 0.55, Sucrose finely powdered, to make 1000
gram.

4) High iron mineral mix (g/kg mixture)}: Calcium phosphate, di-
basic (CaHPO2H,0) 500, Sodium chloride (NaCl) 74, Potassium
citrate, monohydrate (K:CoHsO7H:O) 220, Potassium sulfate (K:S
(MgO) 24, Manganous carbonate (43 — 48%, Mn) 3.5, Ferric
citrate (16—17% Fe) 60.6, Zinc carbonate (70% ZnO) 1.6, Cupric
carbonate (53 -55% Cu) 0.3, Potassium iodate (KIO;) 0.01, So-
dium selenite (NaSe0;5H,0) 0.01, Chromium potassium sulfate
(CrK (SOa)2z20) 0.55, Sucrose finely powdered, to make 1000
gram.

5) Vitamin mix (AIN-93M) (mg/kg mixture) : Nicotinic acid 3000,
Calcium Pantothenate 1600, Pyridoxine-HCI 700, Tiamin-HC! 600,
Riboflavin 600, Folic acid 200, D-Biotin 20, Vitamin B12 (cyano-
cobalamin) (0.1% in mannitol) 2.5, Vitamin E (all-rac- ¢ tocop-
heryl acetate) (500 1U/g) 1500, Vitamin A (all-frans-retinyl palmi-
tate) (500,000 1U/g) 800, Vitamin Ds (cholecalciferol) (400,000
WU/g) 250, Vitamin K (phylloguinone) 75, Powdered sucrose
974,655 g

3| 938 population—based studyellA] AFo] F7go]|
upel AW AR F2o] F7ksta o)¢} tlE] cardiova-
scular disease (CVD) risk factorge| &4 F71sich=
B3Vt Qo) olAztx] HE ®Fo} CVD riskel vl
2= Gl #3F TANAT (intervention study) &= 9]
o A7gojctk

=0 AT A2 AE GFdeel AoA AE e B
) BAE FAlo yehdch 7ol xote] 44 2
n)g]e] W3l So) clog AR JgFFo| oba = 9l
b e 51716 QlojAE A HREAFHZ Qg ofe
ZoRth= Ay dE AFe] W Af W5 T &
7] Aol o) Atk 8171 90w, Ramk-
rishnan %' National Health and Nutrition Examina-
tion Survey (NHANES) I¢] thiz} FollA] 71417] o34
=8 oz AR A= CVD risk factoribe] A
Ae A 1 F 2 diat 2 AR} o] A
o] ATx %oy, FdE dteE & = ogE o
FolAE AW AEALZ] FETF A3 2EY AT} F
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AFEEL Sprague—Dawley® 47 83 (SAM : Ta-
cN (SD)BR, () &% 5& dA74) 40vEE ez
slom, A 154M€E HUE W £ 55 ASARE &
20 Fof 1091 s nFA R (FAS 5297
DE HEA F A 1097 F (35 ppm) HEAo|=2
AEA Ak AE 1670€0] HYES ] AF°] 618 =6 g
el HEE AFol ek FY (randomized complete bl
ock design)ell ol&l) 8vlg]® 4708 HHE o 71 =
3 & 27] diolgE 7] sl FAssith vnA) 37
2 3703t & vlel¥ stainless steel cageolX] ARSI



3, Aol B AEA HEE Gtk T8 ARAS
2% 22~24T, FE 45%WY 2 A AF#H2H lighting
cycled 1272 F712 Q7HA 3isich

Al AREEE 2l0]9] YRS <Table 1>3} Skch
2lo] o] gstE o2 244 % (corn starch, tf
g AW FYoEE S5 HF (corn oil, F7) ¢ o
S (soybean oil, CI)E 3 :2 (w:w) & HEE 4jo] A
Palo)9) 10% (w/w) FFL8 A3y, old 4
O &+ casein (edible acid casein, Scerma Goulburn Co—
operative Co., France) & 2l0o] A48 156%FF=0=2 AL
S35t 77147 HlEfS Aoka-g ARSste] E§s A
(AIN-93M) & 242} Ao|fAlY) 35%%} 1% T2
Aojef] 4o] FFBITE o] PHFL dFUe 33 A
st Aol S0, AT ¢ Dol 23] TS Az
Z4E 3i%lon, 2o] A 2 AR AT
3= 9] 98t AF S 241 Aol Ao aF& wF

Ak

2. MY 1Y A B, En} || M

ABFES W8] 8UXFE 12A17H4 23]o)] AA o
A (metabolic cage) ©llA 24A13H5<Ee] W& AH A
o} oluf Holof 2z W Adie] 2=l e W] 9
st el Ao] 1S YolFa] @gith AR gl
T 2F 9AIRE 24 9A7A] diabdelA e AFHEN
I e 2A 9ARE thed 2 A7 o] £
o] AFEAOlA AolE HAHFEE 3 T AR A 3UH
Qi 2" 9AIRE thA] 12A17HE?E Al §S A
Fsth o] 717 F B2 A glo] TEIS L, A s
HE BAE £33 3 20T YF 2otk 48]
ol FaE APFTEL 1242 A4 A7 F diethyl et
herZ wiFAIA A3 5 10 m FAPNE ol &3t 4%
ol AL AHsIIct olu] AL 3.8% sodium citrate
4 0.1 ME WFE coatingdt TAE ARSI ©]
o} 22 o R AT AL FuHE AE YA
98 ethylene diamine tetra acetate (EDTA)7} €19
+ polystyrene tube®l| @} ice bathel| 2087} W3t
F Q%27 (refrigerated multipurpose centrifuge uni-
on 55R Hanil) 2 2,800 rpm, 4CellA] 30837+ 94 £
a3t} g4®e F ofellE9 red blood cell (RBC)# &
e weshy, g4 F 9d%= 88 U AsEH% LDL
oxidations &7d387] 938} —707C deep freezerol Xk
8t3, YH+= eicosanaoids 32 $l&] 3 600 peel
EDTA €% 57 0%} absolute alcoholel %<! 0.04 M in-
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domethacin €9 3 & o] 7PE7A] £88 ¥ 4 A
AL —70C deep freezerol B#&9c}h 29 EDTA &
AL 2 g9 disodium EDTAS 0.8 g NaClg £H55%
%9l ¥ NaOHZ pH 74%& %51 33 $HTE HFF
37} 100 m¢7} HEF A23 22 Z indomethacin £
I 34 "o 71E]o] arachidonic acid”} prostagl
andinsZ A=A GE= i)

YA 35 F ice bath$lollX FA] 718 W ice cold
salined]] Wol A¥e b5 AR E 2718 AAS F 4
& 431 vk 70T deep freezerol] B@3lo] |8}
T S ARt o Faugk A A oy 1
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garo] X F5= Fringsyl' o2 7+ X9 5
+ Bligh¢} Dyeryl” & o] &3l Z433ict a4, 3t
9] AR EES} FEAEHE 5= E4HS ol &
A kit (FFAIDH & AREste] B4 A= s43lo, HDL~
FY~HE $E% LDL % VLDLE 34 A7 & &
o2 ZHsh= B4 kit (oMitAIeh) & o] &3l n| WAk
3k3ict

LDL + VLDL fraction& #2|3}7] 1514 dextran sul-
fate solution (0.91 g/L) =} MgCl, (91 mmoD & 5% (w:
w) o2 A& E3E 50 WE & 500 wel 718t 4T
oA 1A17H5%} incubation A1Z1 ¥, 2500 x geollAl 15
ZF AAET el AaEel § ASAE Ak ofel
pellet2 1 ml2] phosphate—buffered saline (PBS)S& %
o] MlojZ % tiA] 1 ml¢) PBSE ¥l 59§ LDL+VLDL
TBARS &3 ¥-4ol AR-3}3IE™ Phosphate—buffered
saline (PBS)¢]l %<1 LDL + VLDLU9] @9 8- 1 o-
wry®'7ol #3t] %43 F LDL+VLDL protein 100
18l CuSO; 8 4 (0.25 mmol/L)& 7Ht Hel| #F v
7} 1m7} =% PBS buffer& APtk olF 24417 F<t
37°C water bathell4] incubationA]Z] ¥, Ferenoux™ %
o] W o g TBARSS ##E& S4sp3ict

AY $1 AR AF 713 FEY AEFES ethyl
ether® vEHAIA MBS ths FAPIE ol&st] 47l
A HAE AfFst AFHE Y F 1 wE R ET
w3 FA] 1.7% CaCl, - HLO 200 wE 718t & 7}ks] 4]
of & H, e CaCl,E 7}t ATHH §a7F A of
7kA)8) Azke g =489t Thromboxane B (TXB,)
1+ unlabelled TXB,$} 4% peroxidaseZ labelled
A TXB, 742 8% 2] specific antibody2] 2% ¢
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Ao et competitions FAZ F enzyme immunoas- @Y A% A1 4A} patterno] 43719 thEX] o
say (EIA) kit (amersham phamacia biotech, UK) & A}  AJ¢i7]9] 2t AF o] ARFRT) 2L 23S 74k
431921, Prostacyclin (PGL)E TXB,%} & 929 7] mEolg). B A 9] AT 2o Aol F - 1
EIA kit (amersham phamacia biotech, UK) & ARE38l0]  FEo vjste] @gkovt A5 7 2 HFud Ay =z
450 nmeIA microtitre plate photometer (SPECTRA A9 FA7L tha ¥ AL AARA0|2 2F3%S 9
MAX 340, USA) 2 &3 315t : AW AR iAol GEE vx Aito] FAATHE By

2o} YRR o Ko Aol A= et
A=Y 3 W T AL FAAE, FFU2HE,
HDL-Zd2HE 55 ¥ 9% |l HDL-ZdAEHES £
= - ZYAE 2 vl &2 <Table 3> Yt 3 W £ A
j :,0% = _;) 25 ol A Izl}mcan s/;n:ltlpli —raor;‘g:(}a testel] Hre g oMo o it 167088 27l nls) 197499
4] AR HFRZE FodS BASI | ARFSoA] =gron] 7 = ZARFG = FojFog
7V gokon, AR, pA¥Eog Roly AFE/IEY
AlIS 7Hil O 1AL
aly Hit A 0F 7o ATS oYy 84 U 24X 259 & ZyA
HE 55 £ 28 AL vodx 1918 /gsJ:rL_o]
7)ol Bl fFoAow Eked, 19/0€

4, S~
BE EARAXE ARTY 7 2FxE Akl
Az} BAREA (one—way analysis of variance) & 3t

1. &j°| EEO} AFSTiAY DA ¥

ARFZY Aol JFAF, AF 371 2 37 FA:=
<Table 2>°l AAEHA ) AFL 167085 2717l vl8)
3ML) AFEFQ 19493 AY TSl BF F7ts}
R FYAo)R= o} AR FHETANA i
wSon, FugApe] T gt 27)7el vja 19742
P AGTSIN %1, O F 19088 AFETY F1
g A FAZ} 27120l vls fe)Hez B ol
2 Aol FFE 2lo] U A FF0] AIN-93 diete]
A Ag7ge] B adult ratdl]l FFHE FET Be}h w347
HEo AR7IEA AFo] FU4 Ao AmeT 2
AT Ao] W) A £ i BA AHT AL A}

M SR f9Fez 7H Boer /'ﬂ
éf ﬂ:d_—‘:’c% £o2 FS I8y, HDL-Zd2HE
EEE ARETAM FAHoR HolA B AYPFY o
o) 7} ¥ Ro® yeht HDL-ZHAHESN F £
A2HES] v]go] 1670187 27179 Hl&rt} Fo4&
ol 23|18 & ZoF vepdth (Fig. 1).

FYT Aol TF wko 164€H 277l vl
197198 FHET] 8F X4, 3494 2 F2d9~
HES 57t FoFoE 22 2 dAFA @aﬂ =
7tst 7 % A, FAAY L FFd2HES F
7} S7Fths Um# Kime] A2Psh k= Zolct. f&

Table 2. Food intake, body weight gain and epididiymal fat pad weight in raf fed diet with different level of Fe”

Groups Food intake (g/day) Body weight gain (g) Liver weight (@) Epididimal fat pad (@)
| - - 14.27 + 0.65° 10.65 = 1.37°
““““ L Heeoxo0s1™® 7113 +£1149% le1axon® 1872+ 178°
M 21.31 £ 0.66° 83.60 = 14,99 17.81 + 0.55° 13.58 + 1.65%
H 21.72 + 0.24° 44.85 + 13.16 16.21 = 1.19® 1425 + 1.1

1) Mean + Standard error (n = 8)
2) Values with different alphabet within the column are S|gnmcanﬂy different at @ = 0.05 level by Duncan’s muttiple range test
3) Not significant at e = 0.05 level by Duncan’s mulfiple range test

Table 3. Plasma lipids concentration and HDL: total cholesteroi ratio in rat fed diet with different level of Fe"

Groups Plasma lipids (mg/100 ml) HDL : Total
Total lipids Triglyceride Total cholesterol HDL- cholesterol Cholesterol ratio
| 281.90 + 21.61% 2222 +2.98° 86.03 £ 9.76° 18.86 + 3.88° 0.22 + 0.06™

L 381.01 £ 26.61° 44.85 = 510° 148.93 + 1461 42.85 + 7.90° 0.31 £ 0.07

M 494.78 + 54.08° 84.44 + 2.87° 18294 = 550° 27.42 + 3.50% 0.15 £ 0.02

H 332.49 + 34.45° 49.53 + 7.76° 118.94 + 14.86™ 25.30 * 4.58° 0.21 =£0.03

1) Mean = Standard error (n = 8)
2) Values with different alphabet within the column are significantly different at @ = 0.05 level' by Duncan’s multiple range test
3) Not significant at = 0.05 level by Duncan’s muitiple range test
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Fig. 1. Plosma total cholesterol and HDL-cholesterol concentra-
tions in rat fed diet with different level of Fe.

Table 4. Liver total lipids, triglycerides and total cholesterol con-
centrations in rat fed diet with different level of Fe"

Groups Total lipids Triglycerides (TSS Z:;I:jfr:) Eﬂ%% 167]]%,33001] H]E—H sobAls W, 9% W S
| 578315947 551 t06° 38l -osse oo o/ISH RoR Az ol ddd AN o
L5006+ 519 445+ 045 2870220 T oF mo|g Aejel
M 5331 +9.84 503 + 0.3 2,55 + 0.07° | A g Howe F A, S9AY, F ZuiHE
H 5454 %862 3.56 + 0.98 260 + 0.25° MRS <Table 55>9F Z9kT} 27] dlolgFe] Moz o)

1) Mean * Standard error (n=8)

2) Nof significant at ¢ = 0.05 level by Duncan’s multiple range
test o]-_L;.t-]]
3) Values with different alphabet within the column are signifi-
cantly different at ¢ = 0.05 level by Duncan’s multiple range test

)4 wjdeknct 197098 AS7Se XA wjaske] =
ol & A<} H] =3 2998 ez & Umdt
Kim™"9] d7d7e} dA|sh= Folch ¥ FAE AT

Table 5. Fecal weight and lipids excretions in rat fed diet with different level of Fe"

Fecal excretion (mg/day)

Groups Wet fecal weight (g/day)
Total lipids Triglycerides Total cholesterol
| 0.49 + 0.12% 2643 + 1,97 0.19 = 0.06° 1.71 + 0.56°
R e N 1 s252+787  086+017 1001 +287°
M 1.05 = 0.19% 47.66 = 6.09 0.67 £ 0.12° 437 +1.38°
H 0.73 = 0.09% 51.47 +7.82 0.66 * 0.08% 3.86 +0.93°

1) Mean = Standard error (n=8)
2) Values with different alphabet within the column are significantly different at @ = 0.05 level by Duncan's multiple range test
3) Not significant at @ = 0.05 level by Duncan’s multiple range test
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HAHE dirlell &S v)XE AR Holed Howd
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9. AO] HEO| GBSO DJA= AT

durx o7 A HE-L Fenton reactions 3k hy-
droxy radical® Ao 24 Ay radical BAdel B
she Zlow dulA] Uk® HiE ) eiel £ 714
gl Ao gzt AFES T3 £ o, A I
) AF-Z free radical S &3 2AEFE zA5HA
HArth= Ryl iAot} ®£3 Bacon 92 fEl¥ H
o]2o] AlgollA atheroslcerotic lesiong 218 ARt
Busdon o in vitro AP AN E AR-0F micro-
somal lipid peroxidation®o] &= ith 1ok

B A= CVD risk factor® F% k= LDL £3
U AR A3VE ke dokny) s 84| LDL + VL-
DL ¥#8& #gste] A4 zbskE = (Thiobarbituric
Acid Reactive Substances : TBARS values) 2 43}
o] 1 A7E <Fig. 2>l AAEATE 197183 *‘%‘TLL%J
LDL + VLDL 3 y NAziiss ke 167183 27)
9] ggol nial Foton foHolxE ot ARFE
o] @¥&FE AWt Fo] Fe AR RG]
t} Swain 3'"& TAAEE o A AR ARF
s} 6}}\]._;;],__,] ArAg }_,\}3}0:1 ¥ 2eko) g——%"
ksl BEX RS 0T Busiilon Adas 872
dpdez wEHE 4o (500 ppm) & 12577 TE8E
2lo] f ExsiAuhl ko) H24F 1 ) FYHAEHE
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Fig. 2. TBARS level of LDL + VLDL fractions in rat fed diet with dif-
ferent level of Fe.

Table 6. Blood clofting fime and plasma eicosanoids contents in
rat fed diet with different level of Fe"

Piasma eicosanoids contents

Blood clotting
Groups o (seC) Thromboxane 6-keto-prostaglandin
Bz (ng/d?) Fi, (ng/d?)
I 5314+ 1.56™ 1241 = 1.69%° 1.75 + 0.28°
L 5333+ 9.75 2552 + 7.35° 7.67 +£2.16°
M 4752% 914 1963 + 8.76% 391 + 1.66°
H 42,71 £ 11.35 773 +1.971° 2,61 + 0.90°

1) Mean = Standard error (n = 8)

2) Not significant at ¢ = 0.05 level by Duncan’s multiple range
test

3) Values with different aiphabet within the column are signifi-
cantly different at ¢ = 0.05 level by Duncan’s multiple range test
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