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Effects of Iron Overload during Pregnancy on Oxidative Stress in Maternal Rats

Park, Mi-Na - Lee, Yeon-Sook’
Department of Food and Nutrition & Research Institute of Human Ecology, Seoul National University, Seoul 151-742, Korea

ABSTRACT

Although iron is an essential mineral, excess iron intake during pregnancy may increase oxidative stress in tissues.
This study was conducted to investigate the effects of iron overload during pregnancy on iron status and oxidative stress
in maternal rats. Ten week-old female Sprague-Dawley rats were mated with male rats. Non-pregnant (control) and preg-
nant rats were fed diets containing normal Fe (35 mg/kg diet), high Fe (350 mg/kg diet), or excess Fe (1,050 mg/kg diet)
during pregnancy. Rats were sacrificed on pregnancy day 19. No significant difference in weight gain, diet intake, or lit-
ter size was observed according to iron intake levels. Furthermore, serum iron, hemoglobin, and hematocrit were not
different among the rats administered the three levels of Fe both in the control and pregnant groups. However, the iron
levels were lower in pregnant rats than those in the control. The liver and spleen iron contents increased significantly in
the excess Fe group. An increase in liver ferritin levels with increasing iron intake was observed. Protein carbonyl con-
tent, as a marker of oxidative stress, increased significantly in liver with increasing iron intake but not malondialde-
hyde. Glutathione peroxidase activity in the liver of pregnant rats fed excess iron decreased significantly. Bcl-2 protein
expression in the liver declined remarkably with increasing maternal iron intake in pregnant rats. Taken together, iron
overload during pregnancy had little effect on hematology. However, the deposits of iron in the liver and the decline in
antioxidant enzyme activity implied increased oxidative stress in tissues of the excess Fe group. These results suggest
that excess iron intake during pregnancy increases oxidative stress in maternal tissues and may also affect fetal tissues.

(Korean J Nutr 2011; 44 (1): 5~15)

KEY WORDS: iron overload, pregnancy, oxidative stress, antioxidant enzyme.
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369 non-heme iron®] &4=&°] 2+ 7%, 36%, 66%
2 Z71HAE” Al F71 ol Fol MiE oS fjal] AlwE
1 Qe A BEAY] 5852 51 60~120 mg F=ld],
o] 2 YA AA Al el ot AR (YA
Y71 20 mg, $H7] 24 mg)ell vl 5~10v] HE= F7st
Al Eel JAEeH H Ago] ARSI AAIFoL EAbES
771 BHdel, Aoz AUAA =2 slnIER]
= FulE I3 (hematocrit) 2 #2El (ferritin) $H=
nj&ol AL AA|Fo}, FAP| AP (perinatal death) 5
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I} 47 Sprague-Dawley (SD) rats= #oFdro} 2ulk 11
Alo|= AL &, 10575 200 g oldo] EHE o, &3
FARYFE 10 12 wuiAA ohd ok I Y virginal
plug®] TAE 4lS Isiqltt Ale] Zels d4lF (A
Aot v]AAF (HRD)ONA Aol & A o] A=
(35 mg Fe/kg diet), 15 (/4] 108): 350 mg Fe/kg
diet) W FFo)=F (FAF2] 304); 1050 mg Fe/kg diet)2] 3
7] ARAlolE ol A EE AR Alo]XollA
3t nlapy He] ASsion], AFSAl SIS £F 99 + 9T,
BHiEE 65 £ 5%% FAISHIAL, W 12A1KF 7] (7
00 am~7 : 00 p.m )& 2HaI3ct AdsEe +Yat A
9] BE Y2 At AdsEAddede] =4
3219193 (Institutional Animal Care and Use Com-
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Agdajolof A el o2 AIN-93G purified diet”2] 4=
& ZA4E (NFe: 35 mg Fe/kg diet) &2 3}lat, 11
4 (HFe; 350 mg Fe/kg diet)2 A2 1082,
)= (EFe; 1,050 mg Fe/kg diet)2 AAr4=22] 304l
B2 AH7kste] AalFiet vidAF oA 2k AFfgA] W (ad
libitum) 2.2 Fo{8}3itt (Table 1).

dd4olo) 2= AAIE 7ML (sodium caseinate,
A-FAE T S5 A& (corn starch, ), A412), A
Ol df+4 (a-cellulose, Sigma, USA ), & (CJ, A=),
BlEH E3HE (AIN-93 vitamin mixture, ICN Biomedi-
cals, Inc., USA), 712 &E3HE (AIN-93G mineral mix-
ture, ICN Biomedicals, Inc., USA)S A8 29 &
Yo 2= ferrous sulfate (FeSO,-H,O; Samchun pure
chemical Co., LTD, Korea)& Al-83slon, 1423} 7
P oA d HFo = QIR ok Ao vistE
Z| A slSPHA AT ferrous sulfate”} Alo] AAo] TF
& AolA 7] Y5t ferrous sulfate U2l A g (20%)
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Table 1. Composition of experimental diets (g/kg diet)
Groups?
Diet ingredients” NFe HFe EFe
Cornstarch 529.486 529.486 529.486
Casein 200 200 200
Sucrose 100 96.9 90
Soybean oil 70 70 70
Fiber (a-cellulose) 50 50 50
Min.mixture? 35 35 35
Vit.mixture.¥ 10 10 10
Methionine 3 3 3
Choline bitartrate 2.5 2.5 2.5
t-Butylhydroquinone 0.014 0.014 0.014
FeSO, - 7H,O 0 3.1 10
(pre-mix? with sucrose)
Total 1,000 1,000 1,000

1) AIN-93G purified diet  2) NFe: normal iron (35 mg/kg diet),
HFe: high iron (350 mg/kg diet), EFe: excess iron (1,050 mg/kg
diet) 3) AIN-93G mineral mixture 4) AIN-93 vitamin mixture 5)
Fe pre-mixture: 101,500 mg Fe/kg
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J#ste] Aefa} nlg] £3518t 1% pre-mixture (101,500
mg Fe/kg mixture)E THE &, t}2 o] E 3} ufjglst
At ARV B AASE ATl Al Ao] HHHS

Nzsf
WH] (mating)AlZ] Y& YAl 042 Aslar YAl 199
H= o Al He) v|dAl
EfYl FAlEte}, F3FEE, Ao
% 80 mg/kg BW)oll oJafl SAAFTE P2 5 ofA|
AFHstR o, snamEylat sutE A
AU FHS Fupal AejH FHof| =35k,
FAELZ Q84 4Co)A] 2~3A17F HA]EF Z 3,000 rpm
of| A 2083t Y4lEelsto] 2 XS
Y ae] Basielct 7k ] 9 A2t 221
4 (0.9% NaClg)2 Hj2lste] A7]of
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A A (serum iron)?] %= A = transferrind} 2
T Fe''& Aol A FefAl7|aL 2HAIQ] ascorbic acidE
o] gate] Fe" & FHUAIZIH, FHIH Fe™ o] 2-(5-Nitro-2-
Pyridylazo)-5-(N-Propyl-N-Sulfopropylamino)-Phenol}
Agtsto] ZA9] Aol E shetES FAJsk= I (NPSH)
© & 590 nmol|A FFEE S4sh= Fe Kit OFHA|2HE),
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A&)S AHgskott dla=4l (hemoglobin) &= X8
< o]-&sto] 540 nmollA FF=E S745H= Hemo-s Re-
SAFF), A2)E AHgatatt slntE S (he-
matocrit) BJAIAT (micro-capillary tube)ol] &S A
oo, AAER 3 AE F 70 e vERE 54
sheict

Z22)9] d 3HF 24 SleliAe 1, W, At 24 27
0.5~1 g A== FAE S4ste] 2t 870l ¥iL, 7 mL 65%
HNO:¢} 1 mL 30% H,O,5 #7}ste] Sxutulis)] (mi-
crowave digestion, ETHOS PLUS, MILESTONS, USA)
£ AZE I Fof|, 1% HNO, g0z 343t A5 ¢
A& GE3A (Atomic Absorption Spectrophotometry,
GBC904AA, Australia)E o|&3}o] 3 5%E 248 .3 nm
of| Al ZABHTE Ao AFEEE HE 22|t 10% HCL
Bl 12A17F o) FHFUT L 33 SREE o] 1z
AlZ1 & AR8-5HT,

ArstA AEH A0 AL F2AE8N (homogenizing
buffer; 154 mM KCIl, 50 mM Tris-HCI, 1 mM EDTA, pH
7.4)& 0|83t 10% 7F 72N (homogenates)< THE9]
MDA, protein carbonyl ?}%h—} catalase, GPx ¥ GRY]
AL A5k SEl Heko Bradford methodE ©]
251 Rl Ak kit (PQO1-12, Dojindo Co., Japan)E Af
€313 BSAE standard® 3Fo] 600 nmel|A], x&Az}ASH
A== malondialdehyde (MDA)S thiobarbituric acid
(TBA)S}O] HFS¥ o & ZA3}= Ohkawa 579 o
2 540 nmo)|A] microplate reader (Bio-Rad, USA)E 9|
Boto] SAslet ThulAe] Alsle] X E 2= 2 4-dinitro-
phenylhydrazine (DNPH)E 7} carbonyl groups (al-
dehydes®} ketones)©| 2.4-dinitrophenylhydrazone
(DNP)E @43H= Whgoll 7123t Levine 579 Wo &
370 nmoJ|A] 33 =5 =43519t) Glutathione peroxidase
(GPx) &4-& colorimetric assay kit (Oxford Biomedical
Research, Inc.; FR 17, USA)E, Glutathione Reductase
(GR)9] E4-& colorimetric assay kit (Oxford Biomedical
Research, Inc,; FR 19, USA)E o]-8-5}o] B354 A (spec-
trophotometer; Beckman DU-650, USA) 340 nmol|A]
=759t Catalase®] B4 Aebi”2] Wyol uhe} £
Astlon, 18 1 mg @A 7120 2 catalase”} 1
umole H,0, 5 &3l5}= 42 1 unite2 AAkSFITY
b ZA9] ferritin, bel-2, bax ¥ caspase-3 Tl 4=
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50 ug®| =% 12.5% polyacrylamide gelf loadingdt

agent (%

F

T AN
o rle



JERECEE DR DR

)

AEGA

3. Sodium Dodecyl Sulfate-Polyacryl electrophoresis
(SDS-PAGE)Z ThiA S Hal\ 7T} (7195 2589 25
mM Trizma base; 192 mM glycine; 0.,1% SDS, pHS.3,
40 VE 1AIRE 2, 80 VE oF 2A1%h), hlEEe] & chuly
Ho|E8M (10 mM CAPS, pH 11.0; 20% MeOH)<
018310 400 mAof|A] 2417 52 polyvinylidene fluoride
membrane (PVDF; Millipore Corp., Bedford, MA, USA)
off Ao]AlAth Aol 22 5% skimmed milk/TBS-T (20
mM Tris, pH7.5; 500 mM NaCl; 0.1% Tween-20)-8H
oA 1A17F §9F A0 A blockingdltt. o4& TBS-T
Lol o g 1087k 33] AIAsE & anti-Rabbit Ferritin poly-
clonal antibody (Dako Corporation, Carpinteria, CA;
1 :5,000), anti-Rabbit Bcl-2 polyclonal antibody (Santa
Cruze Biotechnology, Santa Cruze, CA; 1 : 5,000), anti-
Mice Bax monoclonal antibody (Zymed, San Fran-
cisco, CA; 1 : 5,000), anti-Rabbit Caspase-3 polyclonal
antibody (Cell signaling Technology, Beverly, MA;
1:1,000)2 4 ©ollA] overnight hybridizationd}ich 1
T ALofA 1027t 33] AJA & 1: 500082 3|43 27}
Ab-gsto] Al2ofA 1AIZF 52t hybridizationA]F
), o] A& 104871 33] AlHgE &, oHAollA] Enhanced Che-

miluminescence (ECL, Pierce) detection reagentol 4]

R

Amersham Hyperfilm (GE Healthcare Bio-sciences
Co, USA)Z ol8sto] :=&AXl 5, dAsiqltt 2E2o=
UePd W= (band) WA 2] 2}e]lE Image J T2 ver-
sion 1.37 (Wayne Rasband, National Institute of Health,
Bethesda, MD, USA)Z £43}99t} Loading control®
A] B-actin E0]&A| (Sigma Chemical Co,, St. Louis, MO,
USA; 1: 500008 AH8310] actin Y 2S =451t

A% A= SAS program (version 8.1)2 ©]83o] &
A Agsiglon, e AdAne it 5 24 (mean
+ SE)E Yehigleh Ho] A3 +Eat Jalol e 2714
QQlo) 2 FFS B 7] Y514 two-way ANOVA test=
AssraL, vlgalFet AT 1k #9442 p < 0.05 4=

Z9J|A] Duncan’s multiple range test® H|xl, A5}t
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Fig. 1. The body weight and food intakes of non-pregnant and
pregnant rats. A) The growth chart during experimental period.
B) Food intakes during experimental period. Con-N: Non-preg-
nant Control fed normal Fe diet, Con-H: Non-pregnant Control
fed high Fe diet, Con-E: Non-pregnant Control fed excess Fe
diet, Pre-N: Pregnant rats fed normal Fe diet, Pre-H: Pregnant
rats fed high Fe diet, Pre-E: Pregnant rats fed excess Fe diet. Values
are mean + SE of 6 rats per group. Bars with different letters are
significantly different at p <0.05 by Duncan’s multiple range test.

(Fig. 1). 27] AFolMe 2e Aol o83 2ozt
gl oL}, 10 o] %7 dAFe] AlFe] STk 2T A
o BYA dizel vlsl JAF S AlSol fejHer F
7FFAEt (p < 0.01). Aol AFFe] B A A3 =29
VI LA Fet Bl FHoll mis) Al 4] A
ol S7FskH (p < 0.01).

OlofFe] XAE|
Al HAAF 9 7T,

3 Autel 100 gA|5ol

off AISF3ITE HIYAIF| <}

9 A2t 220 BAE &7
z2] BA9] Hl-&& Table 2
AF9] 7E, =, Aef 22ofA
W5 A HH ol uheh 22FA1Y] 2fol= ¢lgint 1
L ALl vlsl QlalF]e] 1F 2AFAZE fold e g St
ST (p < 0.01). & 222 v]QJAIF e} AAIF HFoflA
2tol7k RARAIRE AalF A Ae] S7HE Qs Alsell o
gk HlE-2 Tasioint A2t 2212 dAlof| olsf) F7F S
Bola, 3] HE AFIeE ol Aut vldAlF el Blal A4lF
oA Fold o F7FsHT (p < 0.01).
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Table 2. Tissue weights of non-pregnant and pregnant rats

Groups Liver Brain Spleen
g g/100 gBW g g/100 gBW g g/100 gBW

Non-pregnant rats

Con-N 529 +0.11" 229 +0.03° 1.59 +0.03" 0.69 +0.02° 0.61 +0.03° 0.27 +0.01%

Con-H 5.15+0.13° 2.33 +0.05° 1.60 + 0.04 0.72 +0.01° 0.62 +0.02° 0.28 +0.01°

Con-E 522 +0.19° 2.38 +0.05° 1.60 +0.03 0.73 +0.03° 0.58 +0.06° 0.26 +0.02*
Pregnant rats

Pre-N 9.20 +0.22° 3.16 +0.08° 1.61 £0.03 0.55 +0.02° 0.68 +0.02°  0.24+0.01°

Pre-H 8.84+0.22° 2.98 +0.08° 1.62 +£0.03 0.55 + 0.02° 0.68 +0.03*  0.23+0.01°

Pre-E 9.25 +0.29° 3.05 +0.08° 1.64+0.03 0.54+0.01° 0.78 +0.04° 0.26 +0.01%
Fe level NS NS NS NS NS NS
Pregnancy s o NS s . X
Fe level X pregnancy NS NS NS NS NS NS

1) Values are Mean + SE of 6 ratfs per group 2) a, b values with different superscript within a column are significantly different at
p <0.05 by Duncan’s multiple range test  3) NS : not significantly different among groups
*. p<0.05, **: p<0.01 by two-way ANOVA test

Table 3. Litter size, total fetus weight and total placenta weight of pregnant rats

Groups Litter size (Number) Total fetus weight (g) Total placenta weight (g)
Pre-N 13.1 £0.5" 22.44 + 499" 5.44 +0.44"
Pre-H 13.1£0.9 24.85 + 2.80 552 +0.27
Pre-E 143 +0.5 21.39 £1.79 5.67 +0.30

1) Values are Mean + SE of 7 rats per group  2) NS : not significantly different among groups

Table 4. Hemoglobin, hematocrit and serum iron concentration of non-pregnant and pregnant rats

Groups Hemoglobin (g/dL) Hematocrit (%) Serum Fe (ug/dL)
Non-pregnant rats
Con-N 14.4 +0.1"% 473+1.2° 3358+ 9.5°
Con-H 143+0.3° 47.3+1.2° 330.2+ 9.8°
Con-E 14.0+0.2° 47.9 +0.6° 3426+ 7.2°
Pregnant rats
Pre-N 12.2+0.5° 40.1 £2.1° 131.8+ 9.1
Pre-H 122+0.2° 42.4+1.6° 100.4 + 14.9°
Pre-E 12.1+£0.3° 40.6+£0.9° 154.6 + 25.6°
Fe level NS? NS NS
Pregnancy *x *x o
Fe level x pregnancy NS NS NS

1) Values are Mean + SE of 7 rats per group  2) a, b, ¢ values with different superscript within a column are significantly different
at p <0.05 by Duncan's multiple range test  3) NS: noft significantly different among groups
#+. 0 <0.01 by two-way ANOVA test

QIAle| EHit o] whah §-2]FQl xfo]g HolA| okotr
] 42318t ofu] gt ule] o gAY
9] 4= (litter size)E Z78skL, 2t BA8F] (fetus)<} BRE
(placenta)®] FAIE S43 2}, BT Aol d HH 4=
Fof| mheka] el Aols Eolll ATt (Table 3), ofH]
ok ube] o glAF Q] vhElaes A A ARl FHet 13
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Table 5. Iron contents in liver, brain and spleen of non-pregnant and pregnant rats

Liver Brain Spleen
Groups
Fe (ug/Q) Total (mg) Fe (ng/9) Total (mg) e (ng/g9) Total (mg)

Non-pregnant rafs

Con-N 402.1+16.0"”  2.12+0.08° 11.3+0.2" 17.8 +0.4" 879.4 + 14.9° 538.8 + 26.9%

Con-H 470.2 + 35.6™ 2.41 +£0.18% 10.7+£0.3 17.0+0.7 757.7 £ 25.9° 467.9 +23.3°

Con-E 584.1 +70.7° 3.02 +0.31™ 11.1+0.2 17.7 £0.2 1109.0 £ 164.8°  598.3 = 49.9°
Pregnant rats

Pre-N 129.5+13.1° 1.18 £0.10° 10.5+0.3 16.9 £0.7 476.1 + 48.2° 326.6 +37.1°

Pre-H 391.8 +359° 3.45 +0.28° 10.8+0.4 17.4+0.5 697.7 +89.2° 465.3 + 50.4°

Pre-E 530.7 + 47.3° 4.86 +£0.39° 10.4+0.2 17.1+£0.3 722.6 + 55.0° 550.8 + 32.7%
Fe level o o NS NS * o
Pregnancy o o NS NS = o
Fe level x pregnancy * ok NS NS * *

1) Values are Mean + SE of 6—7 rats per group 2) a, b values with different superscript within a column are significantly different
at p<0.05 by Duncan’s multiple range test  3) NS: not significantly different among groups

*: p<0.05, **: p<0.01 by two-way ANOVA test
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ZEQ| prots AEYA
7k 234 W A TAFSHE 2] #S] MDAS == H]YAl 3
°ﬂ Hlsll Al FollA S7tehe A= Ao, A9 45
ol whEkils FolAQl ApolE KolR] Attt (Table 6).
‘?ltﬂoﬂ chal o] 415} 2] 52 protein carbonyl (DNP) %
L= AT FAF mRolA A el vlsl e
) oA oA o r FTsHIeh
ALy HF ol wE YAl §ehe Akt aa0] B
S X9 (Table 7), ¥4l F2k vlUAl 3] HFoA GPx &4

Table 6. The contents of MDA and DNP in liver homogenates of
non-pregnant and pregnant ratfs

MDA

DNP

Groups (nmole/mg protein) (nmole/mg protein)
Non-pregnant rats
Con-N 0.54 +0.04"° 2.93 +0.36”
Con-H 0.64 + 0.04% 4.09 +0.34°
Con-E 0.50 +0.01° 4.42 +0.39°
Pregnant rats
Pre-N 0.65 £ 0.04% 1.83 +0.27°
Pre-H 0.69 +0.07° 2.24 +0.29%
Pre-E 0.63 +0.05® 2.83 +0.28°
Fe level NS *
Pregnancy * o
Fe level X pregnancy NS NS

1) Values are Mean + SE of 7 rats per group 2) a, b, ¢ values
with different superscript within a column are significantly dif-
ferent at p < 0.05 by Duncan's multiple range test  3) NS: not
significantly different among groups

*: p<0.05, **: p<0.01 by ftwo-way ANOVA test

o] Tk} A TN FolH o R gastRn
alases 9979l zJol&
3} TR FTA A 119l
tha Z7bstct

I IO HEE B AF

Fig. 2014 E+= v}l o] Western-blot #4] Ai}of A
2k el el e uglIFoIAE Ae) 3ol
ﬁ7].751-/\§ G oo 7 7rAsh g_]-tqoﬂ 0] A] T]oﬂ/ﬁ‘— x%/d—
FE Aok aEs Adegel B8 iR
ul, Sl R Sgeo] Fokslsic) S, mpgel He

AR AN AE B BAAHT ConN)el B3] £

1L, GROJY cat-
Eo];(] O]—O]—]:]- GPXL‘ 7(4/\}%42}3]
AA|HT} QJAIA]o) B A Q] EHAo]



=t 9F 53] x| (Korean J Nutr) 2011; 44(1): 5~15/ 11

Table 7. The activities of antioxidant enzymes in liver of non-pregnant and pregnant rats

GR (mU/mg protein) Catalase (U/mg protein)

Groups GPx (mU/mg protein)
Non-pregnant ratfs
Con-N 27.7 +0.0"*
Con-H 28.0 +2.0®
Con-E 20.8 +1.8°
Pregnant rats
Pre-N 32.8+3.3°
Pre-H 26.5+1.0°
Pre-E 24.9 +1.8°
Fe level NS®
Pregnancy o
Fe level X pregnancy NS

180+ 1.5™ 92.5+28%
19.6+1.2 101.3+4.1°
18.8+0.5 91.1+3.5°
19.1+0.8 96.9 +1.4%
17.6+0.5 97.4+1.0%
169+1.0 96.9 +3.1%

NS NS

NS NS

1) Values are Mean + SE of 7 ratfs per group 2) a, b, ¢ values with different superscript within a column are significantly different
at p<0.05 by Duncan's multiple range test  3) NS : not significantly different among groups

*+.p <0.01 by two-way ANOVA tfest

Con-N Con-H Con-E Pre-N Pre-H Pre-E

A)

— R s T S
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pocln  — » - T S S 2

1]

Con-H
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level (Con-N=100%)
A o ® O N B
o O O O o o
Il Il Il Il Il I}

N
o
1

% change of ferritin protein

o

Con-N Con-E Pre-N Pre-H Pre-E

Fig. 2. Protein levels of ferritin in liver of non-pregnant and preg-
nant rats. A) Western blots show the protein expression levels of
ferritin in liver of non-pregnant (Control) and pregnant rats at
three iron intake levels (N: normal, 35 ppm, H: high, 350 ppm, E:
excess, 1,050 ppm). B) Bar graph represent the relative density
of ferritin protein level in liver. *: means a significant difference
from Con-N at p <0.05.

ojF oz F7Iskct (p < 0.05).
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It ZTR9| Bax, Bcl-2 R caspase-3 HHE £F
Ao A MZAPE (apoptosis)d} THE Q1=

7(]_04 /'\_Z,__Q_ H]OIA]jZ,]_Q,], o]A]_ﬁﬂ. 1;].
woich vl o) 43 o] 27kl
ax o] o] Z7kstel, 3o} A Mol
= A3 A ARl i weld e s Srlskalc 2,
dAlFelM = A AF 2 Sl whet 252 st

S H3loh (Fig. 3). o4, Bax Thlao] & H|Y
{4 A Adakgol sk RE QR 2o folem 3
Z¥ehgich, Bel-2 Tha IR Q141 2ol HlglAl Fol vl
Lolxo g Zrlelded] ujdAl HAF A AT v)s)] A

45 2 U AT I A fofson i,

S vl

Sju sl LAsiSIch QAN B
o el pel2 ey

%Oﬂ Hlﬁﬁ
s Zo) 53% 1 Zo]| 1]
x THIRWC} Bel-2
Ia.gﬂ;él 2Zzol @W T 2 Zow ﬁiﬁ}‘ﬂr/k g, Cas-
pase-3 T #E2 H[AAIF o] s JAIFollA oFE
Z7Ve= 73—6;}% HY oL fFofo|A]= 3kt Caspase-3
BE 37 9-9]4o] ¢i9ar, 17 kDaolA]
< Bl 2 E Aol At B d Akl wish
ojx oz st

=l

B¢t ofu] Fo] d A1t AW A Aefol &
AFATFE A, ATt Aol nlAl= aabrt
2 ApAdztel dx|ete AE B9k Southon 579 A
25 ZA5E YA F9F 17 mg Fe/kg dietet
100 mg Fe/kg dietE HFAFE o, AlF 4ol dF]Zol
ojulF el A A3 59 FaFE v gtk 35, 75, 150
7} 300 mg Fe/kg diet?] Alo]& Ho3t Kochanowski®}
Sherman®] Ao A e 722 AutE "o}y et 5, 16,
100, 300, 1,000, 2,500 % 5000 mg Fe/kg diet7}A] K
o} W2 oFo] H Alo]2 sl Finch 579 A4S B
, 7P W2 =221 5 ppm¥t 2,500 ppm O =72 4]
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Fig. 3. Protfein levels of Bax, Bcl-2 and Caspase-3 of liver of non-
pregnant and pregnant rats. A) Western blots show the protein
expression levels of Bax, Bcl-2, Caspase-3 as a marker of cell
apoptosis. Results represented that Bcl-2 protein level of
pregnant ratfs fed exess iron decreased significantly compared
with rats fed normal iron. B) Bar graphs represent the relative den-
sity of bax, bcl-2 and caspase-3 protein level in liver respectively.
*. means a significant difference from Con-N at p <0.05.

1,050 ppm 99| *%OIEE At AoldFgol =
zJolE Holz| ke Ao 7 AbRErt Sochaski 579 A
ToAE A717ke %d_ % | oJaf Fol2Ql Alsias B
0:1‘_—_]3" ;‘d_q] qu
jection, IP) HiHo |91, FEolgs
mg/d& =2 FEo|3oh

B ?ﬂ?oﬂfﬂ H|AlF et dAIFe] 71, =] 9 A} 229
FAE 5 Ho] AdF ol b FoHQl ZpolE Kol
orortl Kochanowski®t Sherman®] G004 ¢lAl &
QF ofu] F7} 35 ppm} 300 ppmé| & Alo]E S
ZH AJgk 22]o] fAofl = 2fo]7F §l9iet Lin¥t Kirksey,”
Finch 579 d7o|ME 22]9] frl= d 43 559 9
TS WA ropa] ® AT Avkel dAEkgich 1, vl
AlFol| H]sf O‘*LH«I z2o] AlFs7tet T ANE &

o] BI7MYZFAL (intraperitoneal in-
FE vk e & 20

nancy outcome)ol] AFet JgFS u -1% Zﬂi’.i B E
o] ghp o B oq:r“’ﬂ/\i WUA7] Fet ol o] A o) A
F7F eote] Uk S FAC G FEAE AE 2 2
ﬂh A K2zl wat & e
FAlof| f-2)2el gakS 54 9kt Southon 57¢]
—?ﬂWE B e FATE oY A AR 29
Fg HhR] grobx] B it Axke}l da|skeict. -avhet
RE gio R 3 2 579 AFNE A HFAE 517
HatdasFo] 3uf o4t AdFgh Lat 3ulolst AAHEE o
v oA Algore] Al 7], PAF, AeS7HE 2 A
of It Hrwof x| zpolg Ho|x| gt 12yt Finch 5
o] Aol M= A 4% 5 ppm 2,500 ppm o2
o oA A4l 2097 HAYFY AEE A4S B
L, 16~1,000 ppmAfe]} g=Eofl A= f2f Q) iPOl—E—
o]Z] grotth TR AAIF 9} 177 AAlFollA] TheF
2122 (10, 50, 250, 1250 mg Fe/kg diet)o] trJrE o)Al
Azte] 2ol vt A, 7HE 2 4222 10 ppm

WA AR 1t A

O

G

Alo| & A3l 739 JAIFZEE ol gAF e A=
GoRE ¥, T2 $EAME Aol BolA gsteh Tran

=
570l o5t QAIA 20 mg/kg BWE| H& AFsAY &
3 A 5% 400 ug/dL o1l A9, H Bel 54 4
o] ZF¢-8-AF (spontaneous abortion), &ALt (preterm de-
livery), AH2AFY (maternal death) 5©] Yelithal sicl

wHEbAd, —E —?Oﬂ/ﬂb Ho| AWE 422 QIglar, HAre

T

42 (1,050 ppm)S YAlo] Aifof tiafjA]=
e AT e 4 2 Aoz e
A (e}
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H 27]ol= 11.0 g/dL o1, 71 olF°ll= 10,5 g/dL o
ojc}” 7} 5] B el oJ5td AAF SD rato] o 3w
=228 A= 12.6~174 g/dLolal, R =sle 34,7~
51.2%% QIZtoll Bls s We HelE 7M. & A
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2 £F9 Zulo] W2 GPx A9 FAax RuEeh”
wheba] 2 A-toll A QA7) Fee] A ol whet GPx &
do] 71 WA kS v Ao ® AbrET,

R glolol A g = ROS7} AlE 2 28-35)0] uj&
Frgfof ubof| A o] 2xde] Wk} dojutal, apoptotsis-
specific protease® &% caspases?] W0l o) A=
Aol £REL” £3], Z2IaWshE NZAFE (apopto-
sis) IOl A AlEZARE £
Bax@} A|ZZAPHIA|21A} (anti-apoptotic factor) €1 Bel-2
o] Hlgo| FashH, 11 Hl&o] F7IsHH ANEEAPHC] Z11¢
ohar gk B 3 Avfola= v|dalz|eh dalz]ef 7 =
2 H|3E2] APHo| TWEEH= Bel-2 family ©HAIQ] Bel-2
of Bax THlZ O] =Fof|A] 2polE K, H|YAIZ|Hek=
AAZ|of| HerA o2 AlsAPE HE elso] F7st
Holg] A=z M M4t 9JAlZ: H]o]
L Fof| vste] MZAFES %16k Baxe] ol A &
7FAAIRE FAlO] AlZZEAPES AASk= Bel-29] e &7
STV B TIAEY] APEE drolal 9l Ao E HQl
o}, ey, deEy 3 o] HE dAlFA Hel A
£ Bax thlEL IO E =] §AE= B Bel-22] ¢
2 2 A7 Fasto] Bax/Bel-2 Tl H]&o] Z7HES
BH A AbHe] 71 7 /de Bodnh whebA, 9
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012} (pro-apoptotic factor)$l
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