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Concentrations of zinc in the tissue of the rat are significantly correlated with the
expression levels of metallothionein-1 in the tissue, suggesting that zinc is bound with
metallothioneins in the tissue. As the results of studies using the rat or the cultured cell, it
is suggested that zinc is absorbed in part by a carrier-mediated transport. The significant
relation was not observed between the activity of a specific transporter and the intestinal
transport of zinc, indicating that some transporters are cooperatively involved in the
intestinal absorption of zinc.
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B E A S TNA D LNk A &S0
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SR TRERE. RZIE, WEMEZR ST 5%
BRI RO RIE L L LI ESB DO EE
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FRIZIRN T, AERNEER SN ERH L
Lo TWVD, TN E TOHFET, 300 FElH
Lz HHENEERE . HHENEREESE Y HABE S 4.
WEN N D OBEZOEMEFLLE R > TN
HT b, FElm, XTI ORI E R
TAH-OOET.LE L TH, HINEL D
HUNTIEIZEENTWD Z ERHA LM
INTWD, HEOABER & LTiE. () Ik
BORERE. Q) HEBLIOZOMNBEIRE DH
BRACET. (3) ARk RED IR, (4) B DR .
(5) W E L O DR, (6) FEAPHFREE
M - ATE~ D (7) SIEEREDHERF, (8)
&R PEt e & IERICIRHIPEIC & 5, 1963 4F
2t MMZBIT DS RZIEDTFAENII LD
THLMMZEN, TO%., BI&KETH DM
[ R H HFOBLE., W - REfEE
MEFNFNHPRZICERT S Z &, mhn
U —EiR CHA R ZIEDR Z 5 Z LN S
TR o7z, & 51T, 1970~80 FARITHIT T
HEPH R ZIE & s Bew & OBEfR, MighRZ &
7V —Z U - JRE R & ORfR, S
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FLWE A TOIRFIEE LT, #ix eBmo
1RIFE -« PBECIGHMNAIRECTH D B2 BN D,
F72. BEBORHE Wb S BAETEDIRNT,
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Vg, AKX R EOES Y VIREE) ©
FL— MEAICLDRZIENHERL NS E
W, BICEEN A HEEZDOLOR 7L
o TWAHTED, —HOFREZETHS 15 mg
O EHLVARBICH D, L= ->T, W
TV A NELCHHEEBRT A ELE
wWLEZLND,

—J5, HWER O LE I & AANENREIZRE L
T, ZTOFEITHA S TlE eV, gkt
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19 ZIP SRE@E IR L i S OPEH 241 5
ZnT REEHURDFIEN H2 7> T D
HLOD, Z ORI A HEN DIRNENEE & D
BRI A HTH S,

AR TR, BOBG#OMENA 4 DO
& Z D% DOENENIEIZ DWW TR IR
ATV, B/ MBI BT 5 ZIP &
FS IR, ZnT SRERCEHRIA & #SH OWRIN IS X
OMANENEE & OBfR A B &35, IR
O EOWE , K HElEEs O ZIP Rl Ak,
ZnT RilgER O R & & OBIfR 2 HIE L.
i Eh O BF AR PN 43 A1 12 kF 9~ 2 s AR o % 5
ZERMICEHMET 5, BO&5% OO
IV A2 ZEMIC B L. ZIP REsFIR, ZnT $
SR OB L IR & OBtR A &
ML, Wz 5 ZIP Rfgsigs L O
ZnT SRR Z N Z N ORGR & 50Nz 3
b, BT, invitro [ZHBWT, /NG ST
B (Caco-2) X UEH/ MR Z HVT,
HE TR DB ERFE (K, Vi 25) <SOSR
B 70 8 & L0 EERINCHKRE L. EEN o EEE
HERFIC )T 5 ZIP REEHAIR, ZnT Rl H
ROAFRIRE I 50N 5, R
% AW ORI L - T, ZIP, ZnT D3
WEBMMNBESND Z EnREENR TV
Tl D, YRR DN T TR L
7= Caco-2 ffifiafE o dfignFiEt D4 E) & ZIP,
ZnT OFBIEE) & OBMR % EEWINENTT 5,
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ITEOWIFEDORE R, WHEMETTHEE LT, &
GRA A DAEMIEENC BB R &H & R
TZERHELNE R oT, R THENIT,
FRICIRWDTHEERNEG BN S, Hix efiRiE L
O BRSO IR OIRMIE & 72 5 ATREME 23 P i
ShTW5b, HEROMIEN~DFA, Hfast
~OYPHITITENE R ZIP ZiE R & ZnT
REEHAEREETHZ EAREN TS
23, HEER DRUCARNENREIZBE T~ B IE R S 5
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WL+ TidAev, AT, IR
DIEWIA - RNENRE, #8 0#5-% OWIIZ
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3. WDk

1) Bk
a) NIKIPE RS O Rk 53 Af

Wistar SRIEME T ~ b % 18 RpfElia R S
#. pentobarbital FREN T, BEEKEINR X 0 42
12 £ B U Chifn o S 87-, BRI L 72 ifi %
mOEEL . MEY VRS, BT
FEAR T AR FRAHE K I TR B L ONEW &
Vet it BREECRAT Lo, MY > 7 VI s
TSR L, HERRER Y v e LT,
b) RN 2G5 E R

N2 E RN (%Zn) Z AW TR 5K %
TR U 7=, ®zZnSO, & PR KIC AR, #%
BB 50 ug ®Zn/kg L 70 D KD ITHRE & TR
L7z, Wistar RIEMET v k% 18 REfEHEAHE
pentobarbital FRE! T CRERENIRIC T = =2 L —
varElE L, £O%k, KIEFRIRE D Hh
LEFNAIRIRIE (50 pg ®Zn/kg) % A0S
U7z, MEEFROICERER U 72 Ik % o0 Bl L
MAEY TN %57, MY 7 E, #ik
N 514 12 36 OV 24 RIS ER B L 7=,
c) BEOBESEER

BRI L ARICERSE -, BRI
18 FEffaf Uiz, —— 7 )Vl T CRBREDR
WCH == b—a & LTtk WS ER
fifk% 5 mg ®Znkg b L <1x 1 mg ®Znkg T
VT ERAWTRAOES Lz,
d) In situ closed loop 74

fignie 58 & LT, 35 mgkg, 7 mgkg, 1.4
mgkg L7253 L O IZHBEH S &2 pH6.0 O
KHBB (2R L CHENIRIE Z AR L 7=,
Wistar R HEMEZ v M & 18 BRfiE R,
pentobarbital FREE T [EE B (CHALEE L7z,
KEEERICH =2 L — g a2 i L. BETF
WzaziTo7, + (B = — L&
ANLTz, T2, HIEEEHEY EH 2 cm @
BIRGEALIC S =2 — L &AL, /NMEL—
TERAER LT, F Dk, & FRRE O MENTRIK
NG —TNICES L, Hh=a— L&
T THEDT, FD%, RRRFIIZ IR & B
L7,
2) in vitro %R 35
a) Caco-2 it B e fEde 1t 2Bk

Caco-2 #lljm % 10% FBS, 1% antibiotic-
antimyotic, 100 uM MEM non-essential amino
acid solution % &% DMEM % >, 37°C. 5%
CO, 5T, B 7 7 Aah TR L, ML
B EZETHEIIT- -, 5587 7 AT
# L7z Caco-2 #ifid % 0.02% EDTA/0.05%
trypsin % IV CRIBER . 1< 10° fH O Z 12
well Transwell® (12 mm i.d., pore size 3.0 pm)
R L7, BEHIASHUE 2 HEITATV, B
% 1821 HRIEEZE L= b O & ERITH W,
Caco-2 HiJg % KHBB T 1 [BI{E5 4. apical
8112 0.5 mL @ KHBB %, basal filiZ 1.5 mL @
5% BSA &4 KHBB # /., 37°COEiEME L
T2 HMT Vv A v Fa—_varliz, £
D%, apical & HENRIER CEB L, &
570U 1.5 mL @ 5% BSA &4 mKHBB %
WMLIz7L— bk~ AP =T EBHS
., BWFERAEFALG LTz, BRI A o —
I~z B AaiRE & [AARICHIZ L — b~ Bl S,
basal VAR 1.5 mL £ Ca2#El e Lz, Uk
DIFEIZ L | apical 15> 5 basal - ~DFWy
PREEEE R iR A R 7o, ek, KR
ST OEBERIL, L— MK EICERE
L T ER 24TV PR EFZ5R T 1 mM 2,
4-dinitrophenol (DNP) % basal fillZ¥0 L T
W8 FEER 21T o 7,

b) VHAbAE RN it SR

LB RSN 525 13 Grass & Sweetana &
D IFIEZ FS 7= in vitro diffusion chamber 75
12 X v FEifi L7-, Pentobarbital FREFT. 16-18
e U7 Wistar RHEME 7 » k OREE A U]
AL, RE/MGERH L, fE Lz
ZKE LT KHBB HCA v Fa_— g
L. #hr (+F6Ws. 250, [BIG) mCm)E
% HEE% . 5% % diffusion chamber (23575 L
72 Donor N HEEREIK Z RN L, T2k % B
Ik L7, KHBB Tiifi7= L 7= receiver {fll 5> H %
B 7Y T2 T, BT TR
H B &0 KHBB N Z 7=,

3) PCR

Wistar RHEMET ~ b & 18 R A S
#. pentobarbital FREE T, MEESKEINRE © 2
M Z2EE U C st &8 7=, S fElds 2 BT
L . RNeasy mini kit (QIAGEN) % F\ T\ total
RNA ZflitH L7z, fifith L7z total RNA (1 pg)
I ReverTra Ace (TOYOBO) % VT’
BB %470, first strand cDNA #1572, 551
72 ¢cDNA Z M\ T, PCR #4T7-72, PCR (%
rTaq DNA Polymerase (TOYOBO) Z M\ TAT
ST, FTNEND PCR AEFM % 2% T H e —
27 CHEKRUKE 2170, ethidium bromide
([ TYetath . LAS-4000 (Fuji Film) % FV T



R 2 HIE L7z, B-actin (NEREEHE) (2D
THRBRDEIEZATV, FH TV OIEE AT
b L7,
4) HHER OO TE B

= =2V T EB L, 60% nitric
acid, 30% hydrogen peroxide, 60% perchloric
acid ZJEXINZ, Ay b7 L— bk ETHE -
A% 2 | B0k LT, BRIk LTz,
VAT U 7= R Z 7% nitric acid 5 mL 2001 %
TR 1 BFHEE TR ST, MEREE L
Too BREREHINEEEM B L LT v
2 (Ga) % 100 ppb & 722 X oMMz 7=tk
ICP-MS %z VT, #ighz JIE L7,
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1) ZyMZBIFZHN RS DlFEE 540

fE T > MBI A M HAEEL IO
ik en BN EE ([ DWW TR 24T > 72 (Table
Do £, Khigerh oo dhigaye B X i e o dh g
BE (1.lpgmL) KV HEWI ERHLMNE
ootz BEERHEBCBOL T, s X
O RAZ BN TE W ISR FE 23 ERR S iz,
Z v MZBT D I L ORI AT
FTICHRE SN TWA~ T AR B EHs
WL T, KERMEITRD LN
Too BHITHIT 2 HEREEIX 120 pg/g wet tissue
T, WEMGOMBOT TR b EN-o Tz, it
D% L Dl E DK 10 ThH v, 22H LT
EBWZ ERHLMNE Aoz, BN ELENTR EE 1
B |2 HEig: U TR Dy > 72208, M AS EBAZ D
WANEE 1T IC L > TRELS B AR DL Z LN
IRENTZ, WRICBITERENRLEL, B
ENBEENE BT, £, BEE 5
DOENL (4805, 2=, [EIG. FEG. ER)
W CHSMBE ZHE LR R, imEo®m
HEE—HKL, FESKbEWVEEZ T Z &N
R I N7z,

Table 1 Tissue distributions of zinc (ug/g wet
weight) in healthy male Wistar rats

Zn Concentration Zn Concentration

Tissue (ng/g wet weight) Brain Region (ng/g wet weight)
Brain 9.79+0.6 Olfactory bulb 9.8+0.4
Heart 10.5 £0.2 Thalamus 8.7+0.2
Lung 12.1 £0.04 Hypothalamus 8.5+0.1
Stomach 124 +29 Hippocampus 122404
Liver 198 £1.7 Striatum 10.5+0.2
Spleen 142 £0.5 Cortex 11.0£1.2
Pancreas 155 £0.1 Cerebellum 9.0+0.7
Kidney 169 +0.1 Midbrain 8.1+£0.3
Duodenum 11.8 £0.2 Medulla 6.7+0.2
Jejunum 13.8 £2.2

Tleum 273 £53

Colon 149 *£04

Rectum 156 £23

Testis 18.7 £0.1

Bone 121 £27

Plasma 1.10£0.2

Results represent the mean = S.E. of 3 rats.

WA, WNIRITEER DI ER > A & AX BT 1A
COBEAMFILZ (Fig1), SIEEHCR T 5 A
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Fig.1 The relative expression levels of MT-1 in rat

tissues (above) and its relation with the distribution of

endogeneous zinc (below)

The correlation between MT-1 mRNA and distribution of

endogenous zinc, except for ileum, is significant (P<0.05).

Keys: 1;Lung, 2;Stomach, 3;Liver, 4;Spleen, 5;Kidney,

6;Duodenum, 7;Jejunum, §;lleum, 9;Colon, 10;Rectum,

11;Testis, 12;Brain.

MT-1, MT-2 & B I IEDHBIBMRE NI ER STz,
WITNDT A Y 7 —LIZBNTH, HGT
DIFEFNTEENTEE DO N K& < FHE» B
AEANERD HN=T-0 ., EEEZRSL T,
MR EAERH L& 2 A, MT-1 mRNA 3§
BB L g N AR B O AR B 2SRRI
B (p<0.05) To ol HEx Ol A0 2 R E
THRFE L TMT-IDNEETHDLZ L AR
THRLEEZDOND,

2) BEEHTYMIRBITHDEANEIERS IO
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SR 22 T8 RN AR 2O B R % OO BSR AN 43 Afi
IZOWTHRET L 72 (Fig2), HEgNZeE RINLIAA
WS OMmPEEL 2-a 23— kX |
ETNANILTEN D ZENRRALMNE o7, TH
JAHC BT 2 3605 TH D . 434 FA
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Llpole, 7o, HIRLERNMAKEZFHET D
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Fig.2 Concentration-time profiles of 68Zn and
endogenous zinc iggthe plasma following intravenous
bolus injectiﬁgn of Zn
The dose of Zn was 50 pg/kg. Each point represents the
mean = S.E. of 3 rats.
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IZHART, BRAOBATIHES . IM~DBT
FIZEAERD N7z,

HRER DAL IR 2 B 5 235 B Y
T, BEFFTEBIOHMESRMETOT v M2
High 22 ERINLAK 5 mg/kgd> 5\ % 1 mgkg?
ZNEIREOEE L, bR EHER & E L
oo AMERSRAE T O i Ho i - Rp ] b AR T AR
(AUC) L 1 mg/kg T 62.2+10.9 pg'min/mL,
5mg/kgT 202.2 +26.1 pg' min/mLC&H > 7=,
HER DI ITZ N E I 32.4%,21.1% Th
D, BHEOHKIZE b, ORI
IHETF Le, —0, BREEMATICE TS AUC
1% 1 mg/kg T 20.0+1.39 pg min/mL, 5 mg/kg
T 142.9+33.2 pg- min/mLToH 0 | WILHILZ
NER 104% & 14.9% Thotz, Hulseit:
ToLE LT, R T TR kR
DERITE SRV, ORI KT 5 Z
EWHI BN E TR,

AN B DO FEERIRINIZ BE T 2 B R /N T A
— X —ZH5ENIT 5 HBYT, insitu closed
loop #:% FAVN, MERD WL N 5% ORI
{22V TR L7 (Fig.3), 0.12 mg/kg (K5
&) AL UESA, Mm%k s
%900 CheEIRIEIZREEL, TDHK, el
W LTz, 058 mgkg (H#h&) BLO 2.9
mg/kg (F#h&E) ERFIZBNTYH, KEik
JEIEE 5% 90 5y Th oA, 0.12 mgkg
HRp 358720 | mgE SR T 5%
240 4y E CTHEGEHNCIZIE —EDME AR LT,
0.58 mg/kg $#&H5-FED AUC X 0.12 mg/kg #
LD 475(5TH 0, &G ELEL AUC LD

—&— 2.92mgmL' (35mgkg')
=0~ 0.584mgmL'(7.0mgkg')
—d— 0.116 mgmL* (1.4 mgkg')
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Fig.3 Plasma concentration-time profiles of zinc
after introduction of solution containing various
concentrations of zinc into small intestinal loops
Each point represents the mean = S.E. of 4 rats.
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3) Caco-2HiflEds L ONEEET ~ MEE RS A
Wz HEgR Din vitroZg i@

B fiialc B 5 Hsh o K% A B 5
T 5D HBEY T, Caco-2 AR EL &R A FV T
MR B IE DR 21T > 72, FERTRINEE O
HRIZHES T BT OBERARI Papp (T T
L. figH D Caco-2 Bl IZFERIEME D fERE S 4L
7z, DNP BILELSH B W TIRIRSE T ¢, #idh
® Caco-2 FHAMEITIK T L, 7' 7 7 A /VIER
IPREE 2k U CEMZ R L, FERIEIED K
L7- (Fig4), Z#5HDOHRIE Caco-2 AAEH
J& W\ k9 2 M0 ZE 18 L2 I s FELAR 3 A A
FTHEREMEEZRIE L TS, 2T, ik
45 O BENHRIE L Michalis-Menten ZC2RE L.
HERENT 21T > 72, I T U AEHR Ky,
e KA E Vi, 52 BRSO BRI Ky 13
ZFH., 11.7 uM, 31.8 pmol/min/cm?, 2.37 X
10 cm/sec TdH - 7=,
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Fig.4 The transport profiles of zinc across Caco-2

cell monolayers

The concentration-dependent transport of zinc was

determined under the various conditions. Each point

represents the mean + S.E. of 3 experiments.



Caco-2 fifinfg oFEEME% 7 v F/NGEES
ALAZ I D g O R ELE R ME & i3 5 72
¥, in vitro diffusion chamber system %% FU >,
Ty MLV BEEEL - 8. ZeM. [EIBRkS
MBIz 56t 2 dEgnF e & 5 L 7=, Caco-2 |2
BIFAEET 07 7 A0 LR, FERRIEEN
g STz, +FfICB T 5 Ky ld 12.1 1M
Th v, 2215 (10.0 uM) 35 L OMEIHE (10.0 M)
LV vbTFhicEWEZ R L, £, +2
FERSIZ BT D Vinax 1 29.4 pmol/min/cm?® TH ¥ |
Z2f% (40.9 pmol/min/em?®) 35 X OEIG (40.6
pmol/min /cm®) XV H/NEWETH 72, Ky
W THEBIC BT 3.47X10° em/sec, 2205
[ZF T 1.98 X 10 em/sec., [AIIFIZ I T 2.53
X 10° em/sec T, + FRIBICRIT HIEI A b
K&hoiz,

Z v MELESEHIMICB T 58 kT
AR —%Z —F X O metallothionein E{xF DI
BAB 5N 572D, Real-time PCR £ %
v, #8BETFORBLZFM L, ZIP4
mRNA DO FELEIIELE O A TR 5
N7phro 7z, ZIP5 mRNA 13- _F8 05 TREMN
m< . BB T o7z, ZnT1 (2B L CTixk
X RENLZEITIRD DR o T2, ZEIBICE
FARBERDTNCENST. 2 D3
Bl OENLZE & L E B EALIC BT DRk
HA D E Vo & DR IT—E D RIRIZERD B
IR o Ty AN RIZHEN O WAL B WIN I %
L. ZIP4, ZIP5, ZnT1 ODWFRHDEEH )N
FRZRE WD TIER <. D Olgikiag
D ZRECEE S LT, @R sinbs Z &
R T HREREEBEZTND,

WIZ, MT-1 B X O"MT-2 @ mRNA D1k
BAMNICRB T 2B EZRE L), MT-1
BLOMT2 OFHITE BICEBICBWTE
W ERHALNE 2o Tz, 2T MT-1 B &
O MT-2 DFEBLE S e Kl sl i & ifR B 4
B EERLTEY, /NNEHEO MR OFEIE
(% LTy MT M) 52088 % R7- LT
HAREMZ RB L TS EEZBND,

RWFFE TSI L7727 v MNBEEIZ B T
HEREHADO R EOEIII L TRE VG
DT, IR OVEE R I 1T D A
KR O %G « %8 &2 X0 S EHn 5 7=
DX, HER ORI G5 X 0 Kk
BB KEL LB IEGAOFERME, K
I DA 2 ZREICHETT 2 L ENH D
LEZOND, SHROMZEETIIZ DL S i
AR LIEWEEZTWD,
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