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Lipid Peroxidation and Sex-dependent Differences in Iron-deficient Rats.

Mariko UEHARA, Satoru TATEISHI, Hideki Mogl, Kazuharu Suzuxki and Shiro GOTO

Department of Nutriton, Faculty of Agriculture, Tokyo University of Agriculture

The purpose of the present study was to investigate the effects of iron deficiency on lipid peroxida-
tion and sex-dependent differences in rats. Weanling male rats (n=230) were divided into three groups
of ten, and were fed on three diets : a control diet (C) ; an iron deficient diet (FeD) ; and an
iron-copper deficient diet, respectively for 60 days. Lipid peroxides in the liver were determined with
four methods : the three thiobarbi turic acid (TBA) assay and the luminol chemiluminescence assay by
using high-performance liquid chromatography (CL-HPLC), and were expressed as TBA reactive subst-
ances (TBARS) for TBA assay and phosphatidylcoline hydroperoxide (PCOOH) for CL=HPLC method.
By using the TBA assay, hepatic the TBARS was decreased, but the PCOOH were higher in the FeD rats
than in the control rats by the CL-HPLC method. Iron (50~500 g of Fe/g liver as FeCls) was added to
Iron-copper deficient livér homogenate solution. The result was that correlation between iron levels and
lipid peroxide values in all methods were significant. Lipid peroxide value in Uchiyama-Mihara method
was affected by the increasing of iron, especially.

Weanling male and female rats (n=40) were divided into four groups of ten, and were fed on the
control diet (CM, FM) and the iron deficient diet (DM, FM), respectively for 30 days. Serum and liver
TG and PL values, hepatic cytosolic XOD, GSH-Px and serum and liver PCOOH were increased in Iron
deficient male rats (DM). As for female iron-deficient rats, these phenomena were not so paticular with-
out GSH-Px. It was suggested that TBARS was easy to affect by iron level in the sample solution for
assay, and PCOOH accumulates as a primary peroxidation product of membrane phospholipids in liver
were avilable for the determination of hepatic lipid peroxidation in iron deficient rat. We demonstrated
that lipid peroxidation from PCOOH was occured in iron deficiency and sex-dependent differences was

detected on lipid peroxidation in iron deficient rats.
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$A Sk iE, REBBILEENA Zd -y - LTHLNTEY, $RZIRERICIE, B XU
BHRF A — VEEFUSHE (TBARS) OETFAHE STV P, LiL, 0 TBARS 3
BALEOE T REEMTH Y, 84 4 Y OFEFEICL VAIEEIWMARTEI LD, KRZT » MFD LS
KELWHERBDERTHAASNLIAB T, EET v MITL OHEREOEMUEMICE 2 2B I %
{ vy ZFTTERBIZETIE, £BA A+ VICk 32EEO VBB IE—RERYIZEE L, TBARS
LORBEBHRZT v FIFERWTITY, 8 SRR ZIREERE O IR EHE R LEUS O IC DT b ARET
TAHZERHEHBE L7,

X B F &

<FEER 1> HEREME UC, WKEASe B0 Wistar BT v F20IE %V, xR (C) B Aixgk
RZE (FeD) (2571, Table 1 ISR FRHIC 8 HHMABTBE LT o 700 MBEKRTHRT v b & HEIIR
L0 BMBER U, FPDE % A B ALK IS CHER R & L7ce RISk X ORI, R IROBteE
Bt (BEBERT © AA-640-1381) 12 CHIE L7z, RIS EERLISE & & LT Uchiyama & Mihara i,
Ohkawa %, Shinnhuber &5 ¢ 3 # ®» TBA#: CTBARS %, b ¥ XK R 2 LA LAHEL D
CL-HPLC #:% ¢ Phosphatidyicholine hydroperoxide (PCOOH) & %5 L7=,

<EER2> EER1 LFRBELHES v PIOIRICHW, # - MRZARY 8 HMEG %, BmERKL, Ei1
WCHEUAT M L, REI R - MEER L, COMEAED A — MIFeCls % Fe iR & L T50,
wazm,%a4m,mm@@®6&%meLtﬁﬂ®ﬂﬂ3&tCbﬁmcgﬁiﬁfwﬁ@m
PR B OEB B L7,

<EER 3> WKEASg Hith D Wistar RMEMHE S v FOILE I8 (CM, CF) L#XKZ& (DM, DF) @
FHA BT, SHEMEAFEBE LT o7, MEMRTRBMBERIC CIBRIRLEZ 8L, EBRI1IZ
UL L, AL L @ OB CIHRE DB £ 4, SekiRiE i esURLg, EFPott
EEHITHIE Lizo BRERS L LCEB LU b ) 7)) &5 4 FEEFGASE LML RNE * »

Table 1. Composition of Diets (%)
Groups Control Iron-deficiency
Casein, Milk 22 22
Starch, Corn 32 32
Sucrose 30 30

Qil, Corn 5

Cellulose 5 5
Mineral Mix." 4 4*
Vitamin Mix.? 2 2

Total 100 100

1)  According to A.E. Harper {J. Nutr., 68, 408, 1959)
2) Panvitan Powder (Takeda Chemical Co., Ltd.)
#* : Fe (C¢Hs07) * 6Hz0 in Mineral Mix. was excluded.
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FC, IMiEB L ORI VIEE - oLV RFu )b, MEHDL-2 VAT - VERH RS Ty
ZMEEF v M CHE L, IFRRIEEE SRIEE L%, EE2NETH I LIZLYRD,
4 BB L LT Xanthine Oxidase (XOD)?”, Superoxide disumutase (SOD)®, Glutathione Peroxidase
(GSH-Px)?, Catalase (CAT)? Dl % 4T -7

185 N7 BAEIC DV T, Bartlett’s Test 21T\, 5 % KETHAZED ) OBFBAEE, BAHIE—HET
WV EHEL, Kruskal-Wallis DREZ, BHER LOBEIE, DB LTk, FHEFADL
N7 b DIZDWT, BEEROBKDEE LV B2 Dunnet’s Test %, 2 L < 7% W EIZIE Scheffe's Test Z AV
THELBET- 7217,

WBREEE

EEEAEE B ORI 1 TBA HEA55  FIH ST 525, TBA #3834 K Td 5 Malondialdehy-
de (MDA) DAOWEIC S FIET 52 EAHHNTWAEY,, ThbIMME O R0ME, &5 TBA it
BEICTHRES LREHTEL L) IIRF STV D, LA L, MBMAES Y V87 B HIZEBA
F Bl s ROMOMBERERICANONTES T, £4 TBARRKE LTRA—HABOELD S
VGBS B A LB T A IC L EO B NTBY, TRTORMNEDORELERTLIL
TEZRY,

FEER 1 CRERZEHGICLY, FEFOHKREIHRBOZNEEBLPIEELZRT I L2
(Fig. 1), T OMEREPBIRENTBAKICEEY5E22b0LE 2, BRILZXKERY TH S
TBARS & — k&K TdH 5 PCOOH & & DI # 1T - 72& T 5, Uchiyama & Mihara, Ohkawa, Shin-
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Fig. 1 Iron and Copper Contents in Liver
Values are Means *+ SE.

Matching superscript letters denote significant differences, P<0.05.
C . Control, FeD ! Iron-deficiency
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nhuber @ TBA 3 {#ECTIHETMHIA %R LzDiZxt L, PCOOH B L7z (Fig. 2)o = DOFIE 2 Wat
T A2, FER2 TIIESRIMC L 2K MEEICL 2B LIEEEOEE 2 B Lz, 8- #XZ T v b
JFREY A — MIZ500 ng/g DEFTRML2E 2 A, TBA 3EIRVT D TBARS ASINT 2 M %7 L
72%%, CL-HPLC KT, SRESINC & ) 10pmol/g FEERMA T HIC L &% 5720 51, SRR %250~
500 2 g/g IZZAL S, SRIINE & BMLIRE =B OHB % et L7245 R, TBA3ETIRIEOMBELR
L (r=0.91~0.98, p<0.01), £kiREED ERIZPED TBARS OMINAIA b/, —F, CL-HPLC 5T
&, BOMBEER LD (r=0.91, p<0.01), SR L Y PCOOH #ix10pmol/g FRE AT 512 &
&% »7: (Fig. 3)o CL-HPLC #ECO 8k O EFIZHE D PCOOH BDWMA IO WTIE, WESWHS
ERAA VLN FHINRT VI L2 b, WHERR D RILE % B I2TV, 8T % BA S gt £
hatBbhs,
RIS, COMRINER3 CHRZMET » VOBMBILIELEOLH 2 BETHIIH7 5 T,

PCOOH EZ MWV A Z & & L, MiE - FEIEEHRS B & O S&RBEREE L e TR 21T 72 &

%, SRZIZEHMES L UFBIEER S OE8 I3 TIHE TH - 72 (Fig. 4, 5), $RZ T v DI
HE IR CER T AIERSEL TR I ZUEIAF, VVIRE, IVATU—PRRESNRTE
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Fig. 2 Hepatic Lipid Peroxide Values by Four Methods

Values are Means + SE.
Matching superscript letters denote significant differences, P<<0.05.
C : Control, FeD : Iron-deficiency
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Fig. 3 Effect of Iron-addition on Hepatic Lipid Peroxide Values
Values are Means * SE.
Matching superscript letters denote significant differences, P<<0.05.
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Fig. 4 Serum Lipid Contents

Values are Means * SE.

Matching superscript letters denote significant differences, P<<0.05.
CM ! Control Male, DM : Iron-deficient Male,

CF . Control Female, DF . Iron-deficient Female
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Fig. 5 Liver Lipid Contents

Values are Means *+ SE.

Matching superscript letters denote significant differences, P<0.05.
CM : Control Male, DM : Iron-deficient Male,

CF : Control Female, DF : Iron-deficient Female

DI kgEERC Y AR EEE Rh 57, ISR LT Sherman'® 25, FIKE90g HIL OMET » b
% V2 I8AMTE OEE T, SREFMFERERFICGZ5EBEIRVL0LLTEBY, $RIICK
ZIiES L OFBIRE R, &R b0, ML D, AEHRkL UL NEVL 0, BRZEHKS
HHAYEY & ) B TEH 2 2B b0 L Bbhs, ‘

—75, BRRZEFICIX, OB Z M ICBET 2720 F*t #Fe® 10351, XOD Otk
AYHIEDRESN TV, XOD RIGEHEFE (07) ARROBELVDLILTVDLI e, &
DM LI 0" ORAEMIMEER T DWREIZEZ SND, L L, REBRD XOD &M idE{bA,
BARFRIZSTCTUZELCB LT, HHEOMMOEN, 0 OFRAMMEEKRT S Lz, kK
ZOWECHBEICH LBL 2% EENALN, £ LTI SOD DFF#EIE 22567, CAT %
FEREY, GSH-Px DAEMEEZRL (Fig. 6), FFEB & OIiE $ > PCOOH & 1330 L7 (Fig. 7)o
DL, BRIEE D AMETHALRERED LADPALN, FEHBERERLE VDN LIBEEDR
WEFIT L, HBLBEREGOEEL LABALNEWT L0 6, EFSNEERE L REIZHS:
LENT, BRLEEEOMMEER LR LN IS, 7, XOD EHMELERILE % Kue3° &
b, /=32 -5 — L LTHRZTHA L2k b 0 28 L 7280550 & 00 B2 RIFL TS D
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Fig. 6 Activities of Hepatic Metallo Enzymes

Values are Means + SE.

Matching superscript letters denote significant differences, P<<0.05.
CM . Control Male, DM ! Iron-deficient Male,

CF : Control Female, DF : Iron-deficient Female
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Fig. 7 PCOOH in Liver and Serum

Values are Means * SE.

Matching superscript letters denote significant differences, P<0.05.
CM ! Control Male, DM : Iron-deficient Male,

CF ! Control Female, DF : Iron-deficient Female
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Fig. 8 Iron Distribution in Liver

Values are Means.

CM ! Control Male, DM : Iron-deficient Male,
CF : Control Female, DF : Iron-deficient Female

DEEZLD, SHOMRFVLELEEIND, —F, MTEHFWE - EPRERTOEH %L,
XOD i&HE D L5 b B8 Td 245, GSH-Px DI &7 LA L (Fig. 6), PCOOH BN Eig
ENnihoiz (Fig 7)o SN, MCHEBONEHEN ML VE L (Fig 8), BIMIKRAEIZHRY 12w
CEUIEETLIINDERDND, 7, ZOKESKEIIDOWTIE, Estrogen S5 LT 5579,
Estrogen {21, $iBLAEA S22 LMo NTB Y, AR S/ BB LIEEE & imbBEEIco
WTHENH bRz DRSNS,

UEOZ EDPOLEKIREVHL NIEL ZUERBORE, &84+ 2 & BEEDL v CL-HPLC *
WL, TBAEL D bAREERIERELRD, RZET v l*ﬁ@i@;ﬁ?nﬂﬁﬂﬁgi@i%bﬂko WCDEHH
MEEFER L, SRZIRBIIB D REEBBRLIE & B OMEII O W T LR L7,
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