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Summary

Iron (Fe) and zinc (Zn) are suspected to be easily depleted in humans at the same time, because dietary sources
such as meat and major absorption inhibitors such as calcium and phytate are common for Fe and Zn. To determine
the effects of Fe and/or Zn deficiencies on physiological parameters in rats, forty 4-week-old male Sprague-Dawley
rats were assigned into 4 dietary treatment groups: severely Fe-deficient (FD), moderately Zn-deficient (ZD), severe-
ly Fe-deficient/moderately Zn-deficient (FZD), and control (Cont). Body temperature of FD and ZD were decreased,
but that of FZD was not changed. TIBC was decreased by Fe deficiency. Hemoglobin and hematocrit were
decreased by Fe deficiency and increased by Zn deficiency. Total body water per body weight was increased in
FZD and intracellular water/extracellular water ratio was increased in ZD. Plasma erythropoietin concentration was

markedly decreased by Zn deficiency.
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1. BFHERL

FEER 7= FRHE AIN-93G 7 12#E LT, 7V I FEKy b IV CHIB L7z, SRS Table 112733 L7z, AIN-
BBGITHEHWOLNDL INT HEA VITHEDP L EENL DR EVHEL v, —F, HMRZEHRAESE
BL72OWIAE VS LR G OICEEOHRZIE L v, TODHET TICHE SN TW A%, o
HARZ W LISROBMRZIZEONTEB Y, RELNVIZBIT A8 - TEOMEMH Ol HEA TV RV, e
i, BEUROMERLC, EDTA RS X OHMA Milliporett ; MilliQ) TrE# LM L7z I V2 HE¥ A v &M L7,
2. KBREESLVHEE

FEBRIZIEHASLC £ W A L 72 485 Sprague-Dawley 2T v + & Hv7zo 1HEH 720 10085 D, xFHEEE (Cont#),
FRESRHACZRE (FDRE), PAEREaisn' Yl ZHE (ZDBE), BREESk- i e lign RN Z B (FZD ) o ABF Ik E
WD LB YNz, Bil21 2T, BENS0%, WIRGER A 128FH (W7 0 00-19 : 00, BFHI19 @ 00-
7:00) YA 7 NVOEYWET, AT VA= T4HHEE, HAIFE L7z, B LU0 4 BRI ERERE Lz,
Ty o FE X[ FEBREY Y O i 28 [ R ITBI S % 2688 (RRBFERE65) IB X OARFO[BERY: BiWEBERSH
B % LTl o 72,

fE19H HICHAKREOMEZITE o720 flF24~26H HIZHOMRERZWNE L7z 27THHIINAF A Y E—=F U R
(Xitron #1825 4000C) THKs = RRfAKS R @ TBW, MK @ ICW, #Milasbk @ ECW) Zllg L, EEfoICW
LECWOlta ko722, % 28-20H HIC 1M A OB IS L, HBMIREHE0 228 (HAGEH® 5 Celltac
MEK-5258) CHLEEHIZ: & AT B Y Y OMEE TR 572 NI M2 ) v MEF ¥y EF Y —FETlllE L, &l
13000 rpm, 4CT205 R0 LTI % 58 L, -80C THAEHIE T THAT L 720
3. #EtE

7 — #1342 T Tukey D% HEILEME R L O ICRLE 00T (two way ANOVA) T#MT L, & ToH7F— % Tl
5%% AR Lize #alY 7 MESYSTAT (SPSS Inc.) B L "L 7 L VHiatH#k > 7 b Statcell ver. 2% v 7z,

Table 1 Composition of diets

Group Fe 7n
(mg/kg) (mg/kg)
Cont”* 35 30
FD 0 30
7D 35 45
ZFD 0 4.5
* AIN-93G formulation

Diets were made with EDTA-treated bovine milk
casein (vitamin free casein, Sigma-Aldrich Fine
Chemicals Co.).
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Fig. 1 Body temperature of rats.
The columns indicate means, and the short bars show standard deviation.
*Significantly different (» < 0.05) from Control group using Tukey’s mul-
tiple comparison test.
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Fig. 2 Plasma TSH concentration of rats.
The columns indicate means, and the short bars show standard deviation.
*Significantly different (p < 0.05) from Control group using Tukey’s mul-
tiple comparison test.
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Fig. 3 Plasma T4 concentration of rats.
The columns indicate means, and the short bars show standard deviation.
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Fig. 4 Plasma NO (nitrate/nitrite) concentration of rats.
The columns indicate means, and the short bars show standard deviation.

2. MIFHREEI ZTIRED AOHPE

#E43 Table 212k L7ce SROHAMRZOER RN SN 720K 1Z58 (Mg, Fe, Mn, Se, Mo ; ZnTlidp = 0.050),
WSO HMRZOFRMENR SN0 HE 348 (Mg, Fe, Zn, Se), #k& MisShOMEMER AR SN 7201358 (Ca, Fe,
Zn, Mn, Se) 7257z, Cu, As, NilZ ZJCRCESHIHTCTO L EILBME TOHAELEVRONLh 7,

FRHMK ZIFIZH 572 Mn, Se, Mo BEDZALIZ MR ZIRFIIZER S, & IZSeldZB LA b N ko7,
Se DWW X gk - SRR Z L SRR ZOHIH D REIC %2 L b EZHND,

F 7z, WERIBIREFMICH VSN2 Zoi I FDBCHIMER TR SN0, HEREFFMIEI W 5 BRI
BEEALETH D EAURB SN,

Table 2 Plasma mineral concentrations

Group 1 Mg Ca Fe Zn Mn Se Mo
(mg/L) (mg/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Cont 10 135 = 1.7 1011 = 6.1 686 = 146 1350 = 84 495 £ 092 525 = 32 131 = 16
FD 10 164 = 11% 925 = 52 323 + 63 1196 = 115" 098 = 092* 438 = 34" 84 + 20"
7D 7 156 = 17 855 + 135% 915 = 198" 994 = 189" 367 = 1.88 562 + 52 136 £ 4.1
FZD 9 173 = 20" 1035 = 66 321 = 53 956 += 74* 263 £ 151% 545 = 40 100 = 2.7%
ANOVA-P Values
Fe 0.001 0.087 0.001 0.050 0.001 0.001 0.001
Zn 0.011 0.395 0.009 0.001 0.677 0.001 0.591
FexZn 0.323 0.001 0.008 0.030 0.002 0.001 0.078

Values are mean * SD

*Significantly different (p < 0.05) from Control group in the same item using Tukey’s multiple comparison test.
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M AP IR D 4T TR & MR OM HEAENC A E R E A S N iz B ARE (TIBC) 38R ZI2E Y EH L7z b
5 v A7) YEMFE (Tri-Sat), NEZ @Y ¥ (Hgh), A"~ rZ Y v b (Het) 3FD# & FZDEETHA L, ZDEET
F5- L7z (Table 3). #A/K%r& (TBW, ECW, ICW) % {ll5g L7455, FD#® TBW/Body weight 23 Cont#EIZHA~
ARICHEMLTEBY, SRZICE > TRAKGEDHNT 2 2 WS 2Th5 720 ZDEOICW/ECW Hid Cont B I
HARFEICHM L7z 72, FZDBECTLHIMT 2MIMICH Y, WIMKZIC L > THIRRNAKDE, 3 7% b BT
JEAR X TWDH I EDHL NI -7z (Table 4) . fF 19H HIZHE L 72 ok 21T,
(p =0967) s ICW/ECW lDZBA 5, WK ZRIIIRIMSERAA L7z % 2 5h, Hetk Hgb? ERFIIEIMO T
TR L, MEEMIC L D 2 AR E N7z, Trf-Sat® EHIZHEHRZIZ L DR TOEOFIHEZRIMET L 724

RIZEEZERONT

Table 3 Hematological parameters

EREATIEE T2 - 72

Group 1 TIBC Trf-Sat Hemoglobin  Hematocrit
(ng/dL) (%) (g/dL) (%)
Cont 10 643 += 22 107 = 23 124 = 06 379 + 18
FD 10 935 + 26" 35 = 07" 69 = 04 211 = 18"
7D 10 604 = 41° 151 = 29* 143 = 04* 430 = 147
FZD 10 964 + 33* 33 = 05* 74 = 05% 222 + 16
ANOVA-P Values
Fe 0.001 0.001 0.001 0.001
Zn 0.626 0.001 0.001 0.001
FexZn 0.001 0.001 0.001 0.001

Values are mean = SD

*Significantly different (p < 0.05) from Control group in the same item
using Tukey’s multiple comparison test.

Table 4 Water distribution

Total body water/ Intracellular water/

Group n Bodyow cight Extracellular water
(%)
Cont 10 650 = 48 260 = 0.25
FD 10 69.1 = 44 273 £ 042
ZD 10 676 = 3.0 310 = 050"
FZD 10 716 + 52° 307 = 048
ANOVA-P Values
Fe 0.007 0.645
Zn 0.077 0.002
FexZn 0.991 0.505

Values are mean + SD

*Significantly different (p < 0.05) from Control group in the
same item using Tukey’s multiple comparison test.
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Fig. 5 Plasma erythropoietin (EPO) concentration of rats.
The vertical axis indicates plasma erythropoietin concentration shown
with using the logarithmic scale. *Significantly different (p < 0.05) from
Control group using Tukey’s multiple comparison test.
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