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B

JEAE GBS TR LT ERR 26 AR 5 A maRIC L D & MO #EmE 80.50 4F,
LDV F AL 8683 FFL > TV | FExMRELTWD, ZTOERKLE LTE, &
NIRRT AR O W b ERHIE ORI EOATEKRIEDM ERET BN D,
Flo, BNZEELOTFET DL ZABREN, TO—F5 T, MEEGER A ATEE 1E
ORI & il T 2 RIS OIRMAIZ LY | 2 b D3EY & O R EEIFRH
LETERVIETHI 2 EngE < mESnTns (1, 2,

I X Ao . BRI AR B O PN B W T, Z R EE R K A R
LTS Z enh, JITlEE B, EmaiEf; T 5 L TR ROlE&HRTH S [3-6].
ZAVHL, NI B I E OB BTN T WIS Th 2 [7-10], 1L
Hom Y g T 2 B ClE. 2 0@ BIRRICBEI D IBes 2 ARl & EFE L C
W5, LU, BRI U LORERHIIE, FHEICHABR R HMEZ GRS 03, &
BRESEORIK &35 2 LT, Tebb, T8 13X, ERES OEE T+ 72
LAY R 7RV,

(B3E] 13, FHEARREOREDIRETH D, BT, TOREE « ek Mk
S THICELFR & 22 HlEss ., [Eomldds] &amd TE 5, By & U TiomE -
Jifi « BN, ERCOATNE & Bligo 5 g3 % T bh b,

I HMF O BFIZBW T, BIBORETH D, ZOREITIT, T LEWZ(FR
TOVEND D, TT/VEMIC LD ERITREAICEE LT, LL, BBEET LH)
W DOVERLIEIRIE « PRIEOMNLZ B L LI2fFZEIE, 13 & A AL,

P RS (CCla) 13E < ITIFMBER & L CHERA SN TV LB ThH D08, T
lficEEREELRL T, ZOREIE. & hORFEELEEL TWASZ LMD, CCl
1%, FEEER LA E L CHAEILS VBN TV A[11-14], CCls & W 7=HF3EIX,
1960 FER BBk ST, £z, ARBREIMIATONTEY | CClall X 5 FFEEN
R T2 ERg A REIC E o T BT ED Z AW LMNTEN TN D, L L2ARNR



5. FFEEEORE S LTE, BEL-SVOEENHAWGITRY | EEOBRREIIRE R
LAULDOWENMTIEAEZ HED D [3, 14-16], XFHRANIC, BEZ M4 2 EE L~ L
OEMEFBLOZEIL, 1T A LR,

ZTOHHIX, B EZRMOBEOWREETT LV E LTI A, BERBLE IOt %
T LW RN RNSTZINETHAS D, UK, BOEZ Il 2bEaWiT. ®ESHh
TV, BEFEOME] - B, 1) BOEOGE L 725 [Hdmlfan) OERST, 2) &
fnligias OFFE, 3) BST 2R T OMElL, NUEARRTH D, € 2 TABIZE T,
%7 CCls OBFEZ M - BT 2MEDORE AT > 72, IRIT CCla D Efnlidian 2 Mat
L7z, EbIZ, EELLIEEZTRFORE LR AT,



Bl
il

WIBALRF R G T 2 BHRIEA 2 H T 2ILEMDOTE

Bl AR

CCls |FHE~x OB TIIBICH LWEEREEZE L, TOWENR L FOEE L&
FEFIHP L T D DT, QMRS « FTIZ « FFEAD A 1 = X L OFFEFEIT A <
b Tng [11-16], DA B =A L L LT, ¥ h7 v P450 (CYP2E]L) (2L -
TREESHZE, PV 7o XF LT h/L (- CCl), b ) 7o AF Loy
J1)v (+ O0CCl3) , IR AZ > (COCl) D ISMED EWH RN AEL D, b
DT IANB, TNETFH LG L, R b zg S 29, 2R, FHiE%E
BN S D EHEESNTWD (Figl), CCla ZIFHFAERILEGYE L THW
FeiE. 1960 A BB S AL, B OWENH D [12,17-26], LALRDB 5L, £
HOITEACIIRRED CCla HHIZRE S, HE~— I —ThorT7T 7= 7
VAT IF—E (ALT) RT ANT XU RNT AT IS —E (AST) B L OHED
MO EAN Y THENTWD [3, 14-16], =D 5T, BOLIEA 2~ Eik
FED CCls 285U, BUEZIIHIT DK L~ L OBMERBIOMIIL, 1ZEAERD
N, 22T, HB B TIFBUEZ 5| & 2 T mIREO CClalTx3 2 B A MG L.
CCla BAERMEIT X LT, BHEZ M S & 2L S DOERZIT T,

CYP2E1 H,0
ccl, =—> +CCl, l:’} -00CCl, |:> HoCCl; ——> ocdl, I:D CO, + HCl

NS

EUBHT &5
DS BERIE

GSH  GS-CO-GS

SHiE &L

wa

Figure 1. Mechanism of carbon tetrachloride-induced toxicity.



28 EBAEHS L OVER L
1. A3

ETORIEIT, TR ORI X OWHEREE AT Lz, it - IEER B
L OFHZHEE RS DIZE L TIdhli&stak L7z,
2. B

7 WD ddY R~ T 2 &2 HARSLC 2260 A L, 1 & FREICHL S8 Th
ST E T o 72, BARFEH 12 FRE (8 BF~20 BF : B, 20 B5~8 B : KF), =ik 24 +
1°C, MJE 55+5%DRE THE L, BRI MF (4 U = Z VBERE) K UUKIZAH
B ST, AWFRITARF F P R84 R Z: B O/ 215 T 3 L 7=,
3. CCla Bl FE 1R

8 D ddY BN~ 7 A% LT 1-16 g/kg D A D CCla (FnEHliEk) A JEIERN .,
P E TR FICHE- L, 24 FF#%ICBIT DA TRAFEH Lz, BRI 49/kg D&
AU —7 0 (FesiZk) I TR L. 16 g/kg O & TIEAE 10 g H729 0.1 mL
(10 mL/kg body weight), 8 g/kg LA~ F & CII{ATE 10 g 572 v 0.05 mL (5 mL/kg body
weight) DIREZ TN ZENEE Lc, o, HEIIEEOBNE#HZBE L, 14 KFZ
B REA 2 A b TRET LT,
4, Wigp M OH B XU LRHEIZ L% CCla g ERABR

CCls & B 5-9° % 24 WERIRIICHRES TS, - 7 KFn¥ (T F A4 7 A7) % 50 mg Zn/kg
(10 mL/kg body weight), F7-i3#E b K o A - 25 KFui (Feitisk) % 3 mg Cd/kg
(10 mL/kg body weight) ®H&E TR F#5- L7z, 0KEIZ CCla % 4 glkg @ FH & THERE
WL L, 3R Z L ICAFEORBEZ R L, 24 W £ TR 21T ->7-, £7z. CCls
G925 72, 48 KON 24 RERIRTIC AR S - 7 KA % 50 mg Zn/kg DHE TR T
FH D MRS FIER D 715 THEHM L7z,
5. Total RNA O

FFIE R L, ok BT U7 AR K TR ER 1T o714, 4%k 80 mg % 2 mL

Fa2—7IZED ISOGEN Il (=vR> P —2) 0.8 mL 2Nz 7= . IR TRty p— ML



BRZ4TVN, DEPC (FIYEHi3E) ALEE/K 0.32mL %12 FC 30 R L7, =|IE T 15 %
&L, 15 JrffiE0 L7z (19,300xg, 4°C) , 0%, BB OKE) #5100 1.5 mL F=2—
TNZEN FEOAY T a8 —)v (FEHEE) 2Nz, snENRfL7-%, =R T 10 M
Bl 10 Zrfli.0 L7z (19,300xg, 4°C) , BiEZHVERE, 75% =% /—/L 0.5 mL /1%
7215 im0 L7z (19,300xg, 4°C) . ZOVE¥E 2 [FI#0R L=, EIEE2T T —
T ar CTHYRE, 5~10 /A% . DEPC ALK 0.3mL 2Nz, R ~Ly T ¢ v
LTI &2 i L, -80°C IZPRAF LT

6. Single strand cDNA D& k%

~ 7 ANk AR S H L 7= total RNA 1 pg #H%4% 10 uM mixed oligo dT primer (TP:

5’-GCGAGTCGACCGTTTTTTTTTTTTTVN-3'(V=AorCor G, N=AorCorGorT) #
2 puL, 10 mM dNTP mix (Invitrogen) 1.0 pL, Jix ., &2 &7AS 14 pL (27255512 DEPC ALE
K& Z 72, RNA OE G A EET 72812 65°C T 5 7 MINEL7-%. 1 /oK ETam
L 7=, Super Script I1l1 Reverse Transcriptase (Invitrogen) (Z¥sfF =4 CV 5 5xFirst-Strand
Buffer 4 uL. 0.1 M DTT 1 pL. Super Script 11l RT 1 pL /% 7=, 25°C T 5 43f#. 50°C T
60 43, 70°C T 15 i pUs St K ETHmEI%, TE 60 uL 200, ERXL7- cDNA %-

20°C IZfRAF LT,
7. U7 V%42 RT-PCR
cDNA 1 pL (2B S 712572 10 pmol/ pL forward primer (FP) 0.8 uL BLW

10 pmol/uL reverse primer (RP) 0.8 uL, SYBR Premix Ex Taq Il (¥#777/3144) 10 uL, &
BZREE K 7.4 uL 2%, 2z Applied Biosystems 7300 (APPlied Biosystems) % i\ C
PCR UGEATVN, 7 —Z & it Uiz, T IEIeE: Ct & e, 72, U7 v 2 AL RT-
PCR DA} BT T A~ —BLSIZ Table 11733, 7eds, WEBEEHELL T GAPDH Z Y,
HHEEZMIELT,
8. Cd-hem ik

JfgzAi L oK ETm-Oo L BB R K T E A T o7 4% ik 0.1g 2 2mL &

2—71ZED, 0.25 M A7 a—A (T HT7AT A7) 0.5 mL &z i=th. B CREY 10—



MLERZFTV, 15 J3 i@ L LTS (19,300%g, 4°C) , 5o 47c EiFZ VT Cd IR DE#
&2 4T o712, 1% 0.1 mL, Cd (10 ug/mL) 0.5 mL. Tris-HCI (0.03 M, pH 8.0) 0.6 mL % 1.5
mL F=—7CHY | SEEEIRL7Z1%, 5 /IR T L7, RIS, 7y bOgRIMERR 73 %
AWe~EYE—MK 0.1 mLAZNZ T, BEIRML 7% EiR T 3 oMFFE L, 2L T,
100 °C CTF a—T7 OENKAIZ b ETHRIGSE (1~2 7)) . 5 =L L7
(8,000xg, 4°C), 1=:L:%., EEZH LW ISEML F=2—7ICHY . ~EIE—ME 0.1mL
M TIRBROVERE A I T2 o7, 61T, RIFEHTLY 1.5 mL Fa—7|ZHY, ~EIE
—hEhnZ., [FARD FINE Tz LB ECHEMEL (3 B H oz LrBfEiE 12,000xg, 4°C @
¢ 5 L LT2), RIC EiEE B [N 2 721, Tris-HCI (0.03 M, pH 8.0) 2.6 mL
EINZ BN 4 mL S22 7%t Z-2300 (27C Cd BAHIE 952 THIX RIS
AFOF IR A BERE L, 7ed., ME#HIL0, 0.2, 0.4, 0.6, 0.8, 1.0 ppm D 6 H&AHH]
L.~k T Cd BEEH L,

Flo. ~NEVE—NEIZZY oMk 10 mL (ZxL T, 50 FAALD A~ YA #A K 2N
%, 1,500%g, 20 °C O 5A4:T 10 3z L, 5 b7k % 15 mL @ 50 BLALD~ N
AEBRIE K CYES L, 5 ArfEliE L (1,500%g, 20 °C) L7z, IEBEHZ 10 mL D& K%
INZ T, ARIMERAARE U=, = D%, 5 syl (1,500xg,20°C) L7zt D ki % Tris-

HCI (0.03 M, pH 8.0) T 10 5L 7cbDE~EIE—MRELTZ,

&

9. MLl

=t

e (% SPSS 19.0 (SPSS Inc.) #HWT, BUOEROAEZEMEIT x 2 FME. 2 HEH
DR IE t E . 3 BELL L DD Lk iE 1% Tukey-Kramer method (2 & % — AL E 47

BT K> T LT,



Table 1.  Oligonucleotide primer sequences and PCR conditions for real-time RT-PCR

Gene Primer sequences PCR Product
(Accession No.) Sequence (5’ to 37) length (bp)
MT-I Forward TTC ACCAGATCT CGG AAT GG

(NM_013602)  Reverse GAG GTG CAC TTG CAG TTC TTG 99
MT-II Forward CCT GCAAAT GCAAAC AAT GC

(NM_008630) Reverse CACTTG TCG GAAGCC TCTTTG 118
GAPDH Forward TGG TGAAGG TCG GTG TGAAC 98
(NM_008084) Reverse GTC GTT GAT GGCAACAATCTCC




3 HT EBRRER
BBLIE DU LR B RGBSR L D B L B ARG O

ARIETIE, BEA G ST CClaDEHEL O, #5REOHRRZ Fhi L=, 8
Wr D ddY RBEME~ T 21T, CCla (FYEHIZE) % 1-16 g/kg O HE TIEPEN, #£0 F 721X
FFRICEE Lz, 2024 BMBOETEREE L L,

ZFORER, JEERNE S TIE, CCla% 4g/kg D ET 80%, 8g/kg Ll ETIZ&TH~
DANEE LTz, £z, AL TIE 16 g/kg DI TO I 40 D EIENZRD B,
K THEGIZBW TR LIZHEIZB W T, BEIIMR S o7 (Table2), LA
FORERNG, CCl 5 24 FFIZIBW T, 4 glkg O & CHEBENE G- BEEIEH %

RYEEARM L LT, RO 21T -7,

Table 2. Mortality of three different administration routes on acute CCls toxicity

CCls dose (g/kg) i.p. p.o. s.C.
1 0/5 0/5 0/5

2 0/5 0/5 0/5

4 4/5 0/5 0/5

8 5/5 0/5 0/5

16 5/5 2/5 0/5

Mortality was tracked for 24 hr following exposure at a given dose level.



B2 Mg KO KU ARG S AR B ESE R 2 D305

FLHOMRFHI LV | CCla DBSFEA I Z J Fem skt (49/kg, NEENE L, 24 IK¢fHl1%)
HEWDT, £ 2T ORICESEZ I S5k E LT Hligh (Zn) & K74 (Cd)
Tz,

CCla A2 5 TlE, BUtILi 5 6 FRfl#2 ) HRded H AV, 24 FEff#£ 121X 6 P8 (7 PH,
85.7 %) D~ ADKENHERINT, ZORMBITE 1HOMREE —FH Lz, —H.
Zn % 1 R G- L7 BRITIL, CCla#%5- 9 K[l #4 7 b BOE R S Vbh | 24 R4
TIZ 28 (7 VB, 285 %) DL &EAMEM A L L7z (Fig. 2), Cd ORifL-TH,
CCls #2559 [ 12 7~ & BOE S HERR S AEW | 24 IffEITL TIL 2 P& (8 L1, 25%) D3t
MRS AL, Zn EIRIFEREROFE R Z R L2 (Fig. 3) » S HIZ, Zn T OWTHI#S
Z 1 H226 3 HEhdke a4 G- 4 Sk U ClRBRO B3R A FE L7 & 2 A, CClaix b
24 I E TIZRW T, BEERZERITHEI L7z (Fig. 3),

Zn KLOVCd 1, oA Z aF AL (MT) ZFE T2 RN TNAHDT,
g O MT 8BL L ~L & mRNA LU R ONY LX) L L TRt LTe, & O R,
Zn LY Cd TZEREN MT OB REOFBENBEO LNz, S 5612, Zn It L T
(3% 5 BAR AR R BAE T UHE S 5 8 & 72 > 7= (Fig. 4 and 5),
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Figure 2. Effect of multiple pretreatment with Zn on acute CCls toxicity.

Mice were injected s.c. with 50 mg/kg Zn three times per 24 hr. After pretreatment, mice were

injected i.p. with 4 g/kg CCla4. The mice were observed every 3 hr for 24 hr to calculate mortality

in each group. Data indicate seven mice. *P < 0.05 versus CCls group.

£ CCl,
0.8
-8-Cd + CCl,
=
E 06 | 'A _______ ﬁ
o
E 04 £
A7
0.2 5

/—I

om - -/. . .

0 3 6 9 12 15
time (hr)

18 21 24

Figure 3. Effect of single pretreatment with Cd on acute CCls toxicity.
Mice were injected s.c. once with 3 mg/kg Cd 24 hr before CCls injection. After pretreatment,

mice were injected i.p. with 4 g/kg CCls. The mice were observed every 3 hr until 24 hr to

calculate mortality in each group. Data indicate seven or eight mice.

10



25 1.2
<
; 2
& 20 £ 09
I 15 I
2 2 s
< 10 <
0] Q
= 05 = 03
= =
= =
0.0 0.0
control 1xZn 3xZn control 1xZn 3xZn
(C) * %
1500 %
2 1200 ]
o
2 900
L
)
©
(=%
2 200
=
0
control 1xZn 3xZn

Figure 4. Effect of multiple pretreatment with Zn on MT levels in mouse liver.

Mice were injected s.c. with 50 mg/kg Zn every 24 hr for three times. (A) and (B) : Total RNA
was isolated from mouse livers. Quantitative RT-PCR analysis was then performed. The amount
of quantified target mMRNA was normalized by GAPDH. (A) and (B) indicate MT-1 and MT-II,
respectively. (C) : The liver samples were collected followed by determining the MT protein
levels. Data are expressed as mean * S.D. of three or four mice. *, **, significantly different

from compared values (*P < 0.05 and **P < 0.01).
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Figure 5. Effect of single pretreatment with Cd on MT levels in mouse liver.

Mice were injected s.c. with 3 mg/kg Cd. (A) and (B) : 24 hr later, total RNA was isolated from
mouse livers. Quantitative RT-PCR analysis was then performed. The amount of quantified
target mMRNA was normalized by GAPDH. (A) and (B) indicate MT-I and MT-I1I, respectively.
(C) : The liver samples were collected followed by determining the MT protein levels. Data are

expressed as mean £ S.D. of three mice. **P < 0.01 versus control group.
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CCl Z iFfERE G & L CTHWEMZEIX, 4 BRIMNAThhTnd, £
5D ATRIREED CCly H 5 CRERIFIRE 2258 U, ka9 OB 2 fiF
3 5#E Lo TnD [3, 14-16], ED—J7C, EEZ I3 5 @A L~ L D FEM:
FELOMEIX, ZEAER LNV, ZORKIL, BoEERMOBEORHEET L&
LTEZ, BERBEOMIEEZEITTDEVIRBRRNI LK D, £io, Bk
T T 2mBEIRITROOND b DD, BG5S ZTIEEDHREIHROH S
IbBM%E ZNETICHLNICHETW AN LSRR SN S, L, EELOMR
A TOEYMITFREEIC LD TH b RESNTWDIND, BSEL | & T mIRED
TN T DIRFNREMNIET 2 2 L BT ICHERNRER TH L L EZHND,
Flo, BREESIERE T I ENREIN TV A EELIEEH D Z b, TXTO
IR TR A T 5 Z L IXNEEE D 5, £ 2T, BHFEEOELET L &
L C.CCls Z W5 Z & T EEWMENTREE IR D18 R4 B L CLmiIREE D CCls
2 X B ESEHEMEDOM I % BitA LT,

AT, CClalZxt LT, BREALE L L BREELCEREREORKEZIToT, vV X
2B T D ERENEKL, RO RE LR TGO LDs 1L Z4 0.9~4.7g/kg, 12.1~
14.4 g/kg. 30.4 g/kg &5 H D [27-29], A IO 4 glkg DHETOERENE G132
NOEOWEELE—HTLH2LOTHY, BOLKTHEGIZEALTHEEHRE —FHL TV
(Table 2.), &IZ. 4glkg DHED CCls JEFEN& 512 L 2Btk LT, Zn & Cd
D 2 FFDALEWE RV T, BEEICxT 2 FPHIZVR 2 Mt Uiz, BRI G- ClEsEs
PREFETERAEM LR DR~ 7273, Zn % 3 ARG 5 2 & TEIE A BRI
KEHEDHZEEZHALNIL (Fig. 2). 51 MT BB LTWAZ EE#BHAICLE
(Fig. 4).

MT 1% 1957 I 7 ~ OF e b Al SRy FOEBBEG X VXV ETH Y |
ZORERT 2 VD 3 BN AT A VL0 R e EE AT 5 [30-32), Zhb
OIERIEA R ORHRET, PURBILIER P AMER 72 EIERIC S 7= 5 [33-36].

13



Fo RRED Cd ZRxEGT 22 LT, B5tLas T HED Cd 1Tk LT, Mk
T, FAUIMT OFBICER T 5 Z LA TnDd [37-39], £72. MT XK
HEH72 MTKO v 7 ATl Cd ® LDso DEAE AR~ 7 2 L g L, 6.9 K< 72
HZLELMESNTND [40], 2D Z b e&REMEICK LT, MT IXTEE /& %
HoTWb bWz s, 62, @EElE T, HEELSIEEZ T enmb
NTWLTERNTI ) 72 RBREAIE LTHONTWSH/NT a— MIxXFLTHF
BRIZ MT KO ~ U A TS MEAHINT 5 Z &2 bkx 7Z2fbBicxt LT, MT 1EB5
) 7B 2 B LT\ 5 [41,42], £ LT, Cd 7217 T%2<, Zn & MT 2 KEIZH
BT LI ENALNTEY, Bkx RBEWITT 2 e T CE 72 [31, 43, 44],
CCla Tkt 5 Zn DEL TN E TIZFEMENTIY . Zn 12K o> T CCla AR
TLZEHBRICHLMNE > TS,

L7L, MTKO~ T 2 ZHWT % Zn 5 TElE BN T 2 i & 2E L[45, 46].
MT 7% CCla DB Z2PIR T & 72 0 15 2 2 digm DR M TR > T\ D, RETIE
Zn O G-23 1 B TIERBSE RS IGHER L H 5 6 OO e BIEMGIIERO 5T,
B3EIDHTFEGIZ L > T, BRBRBIEDHERNFRO bivTe, £ ORI MT OB{sFFEEL
T MRNA KOF X7 LRI ER GBI Th o7 2 &b Btk &
PERFRO LTz, D EMNE MT A CCla DESEREIEICKR LT, AR 7K 1T
HoHZENRBEIND, MTKO v U 2% HWWoETT MT 3FEE L2 W R T o
BRCh DI ENOMEREIE Z eI d, £72. ZhboRE ToRs
BT LDso 72 & L T 2 EHEFITIREE TH 7= [45,46], 2D Lonb, MT LISk
DORFDOREGITE M~ 7 2 TIID RN E DD | [EEDEGWN/NISNTZDIZ—ED
ERDGEOENIZDOTIERWIEA I D, L LARNRG, RETIE CClh #5575 D MT @
FBLL L &R L2y, CCla & MT & DG 72 & OEHER R AEMET OB, 51%

DIETH D,

14



2

T & OV g © D WAL R 3R AT 59 2 Egn Al 5 DB EZIR

B HY

CCla i X 2 MEICx LT, Zn % 3 [IFi G T HITBIEN ERIHET HZ L 2 R
HL7z (B1E), UL, R~V TOAEEEZHE LR THY | a2 & 0
BIAATHD, Fo, ZnOCdIE, MT 2FHETHZ ERNHMOLNTWE—5T,
O EE 2 EORE R EIZHHFE L TND I & bR IND,

% T, CClaBBEHMEIZXIT % Zn ORIBIEM & = OIF MO 2 Bz, I
i & B> MT DB 5% kst L7z,
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28 EBAEHS L OVER L
1. A3

ETORIEIT, TR ORI X OWHEREE AT Lz, it - IEER B
FORRH I EDH S H OB L TIERLRRLHE LT,
2. B

WO ddY RBEE~ T 2% HA SLC 22 HIEA L, 1M BTREICHNL ST

ST E T o 72, BARFEH 12 FRE (8 BF~20 BF : B, 20 B5~8 B : KF), =ik 24 +
1°C, MFE 55 + 5 OREECTHRE L. EE&E MF (4 U = Z VBERE) £721% CE-2
(AARZ L7) KOUKIZE REBRS Wi, AR 2 R B R E RSB L O
EINFBERF W) IR B2 OAKGR 215 TR L7,
3. Zn {iif¢ 512 X % CCla FtkakBA

CCls #5372 72, 48 KO\ 24 HEMIRIICHRER SN « 7 KA % 50 mg Zn/kg (10
mL/kg body weight) @& TH F 5 L7z, 0 K2 CCls % 4 glkg O F & THEREN#
B U, 6 RefIR (ST, R isids & OVl & R T Tt ds T OMRE U7z, it K O
B FRIC LD LT, F01g % 2mL F2—T A, RIKERICANT- %
T-80°C IZfRf7E LTo, £7o, HEO A L OB OME 2-3mm 7°2128) 0 5317 T
T U a— T I DHEy hOFIZANT-%, 15% TRV~ Y AEER (pH7.2:
YRR 2Nz, MAAEAZEZER 7 (T AT L) I T2 b D& RAF LT,
Mig13 10 Z3 L (3,000xg, 4°C) L7=t%, LiF (ML#E) ZHY . -80 °C THrfr L7z,
4. HACFRY ST A—Z — Rt

ALT BXO AST [ZhT7 AT —F CH-TARNTa— (FiehiZk) o7 abha— gt
> TIT72 -7z, 96 well plate (NUNC) (ZIfi 8 1.5 pL 2Nz 7=t% ., ALT F7-1% AST HHE
fERa 375 uL iz, 37°C TS5 oA > FaX— bk L7214, ZERHK 37.5 uL =i
Z. 37°C TI15 pMpUG S ¥z, =D, OnF1RiE A 150 pL iz, EHIZ 555 nm
DY 2R E LT,

MaL Z2Fa—)UHIZTRT v A a L 27 a—L (FEHEK) oFaha— 2
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> TIT72 o7z, 96 well plate [ Zif 4 2 ul 20Nz 7-% , 5 EGEE% 200 uL iz, 37°C T5
A v F 2 — b L7tk Fi R 600 nm, FIE R 700 nm O 5 TG A HIE L,
R = R

7 L7 F = 1% Creatinine Liquid Reagents Assay (DIAZYME) ® 7't k 22—/ LIZHE-
T L7z, 96 well plate (2% 4 uL %N x 7-1% . Reagent 1 % 135 uL )iz, 37°C T5

A F a_X— L7, 550 nm OWOLEE A HIE L7z (Adfl), IRIZ. Reagent2 %

F¥a_X— kL7, B 550 nm O ZHIE L7 (A2fl), AEDD AfEDIRY
EEFIN N, M7 LT F= i EH LT,

JRFZEFE (BUN) IZIRFZEFE B-7 A FU a— (FEHEE) o7 aha— U iE->TfT
72572, 96 well plate (21 8E 2 pL 2N 7% REEHKE TV T — B A 20 : 1 DR T
IRFL 738 (sl A % 100 L iz, 37°C T 15 73ffA > F = X— bk L7z, Wiz, HBE
A B Z 100 uL iz, 37°C T100fA > F =— L7k, EHIZ 570 nm OUL
EZRE Lz, 2D OBMEORMIIE /T A —% —CHREMEZIER L., TOHKHEIC
2 RN 22O EE 0 B LT,

5. MRERER{LORE

2 ML F 2 —7 T~ ARFHEALAL £/ T B A% 0.1 g 2 A, 7'e7 7 —EBAf ke s —
(FHTATA2) %E T ice-cold PBS 0.9 mL &z, AR CHREY R —MILERAEITU,
15 /y i L7z (19,300%g, 4°C) . EiE 25 ul, 1 %V B8 (FrytfiiZk) 150 pl BEW
0.6 % 2-F A/ Ve — Ll (TBA, Fiytffidk) 50 ub 2 1.5 mL F=—7 24, {EFfL
721% 80°C T 45 M BUs S ¥ 7%, IGHE 200 pl % 96 well plate (2L, 532 nm DOW
HEARETHZETIRERB (L EZHE L, 728, kAT r—h O IR
FEI1T 10 mg/mL (2B TODRFEFEMEL T2, £/, 0.6% TBA (X HEATIIMH KD
TBA0.06 g Z I 2K B 7K 6 mL (Z¥AL724% ., 50 °C TRAICEMT 2 F TS ST
%, AmL OFEE (T HTATAY) ZMAT=bDZMHEH LIz,

6. FPLERILSIDRIE
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1/
Kl

KeptER b 711 Total Antioxidant Power (TA02 : Oxford Biomedical Research) ?»~' k=
— IVZHESTHTIR o T2, 2 ML F=o— T2~ ATkl ik £7- 1 X gtk 0.1 g # A, 7
n7 7 —EA e —%F e ice-cold PBS 0.9 mL 21X | R CAREY 1 — MLER A1 T
W, 15 Jr L L7z (19,300xg, 4°C) . [7F 3 uk % 96 well plate (212 72 (Z Dilution
Buffer Z 117 uL Nz 7=, D%, 450 nm O ETWRIEARIE LT (T1E), 12, Copper
Solution 2 30 uL Nz, ~A 7 w7 L— KU —& —CiRMLEE%, IR T 3 oA v
F 2 _X— | L7=#. Stop Solution %z 30 puL N2 FEE 450 nm ORI ZRIE L= (T2
), T2l D TUEOWNE 25\ a2 B BB (L MEEZ R L, 7o, Mios
U= EIEOH R EEIT 10 mg/mL (ZEDE TObH 2 £ L7,

7. @

NI T r7ay 7 OFEMIZEBIEEE (V277 NFa—bo—ZU— %I T
Ty AT I VX N UREEL) TIT oo, 15% MR L~ U RRERR TRAF LT
Yo TNk, LR OSSR T 21T 72, D80 % =X / —/L : 8 I
[#1, @90 %%/ —/L 145, @95 % =%/ —/L 14 K], @100 %% / —/L 14
RefHl, @K% 7 —/L 1 5 FffH], ©Kk=% /7 —/ 5 K], OF L @2 K,
®F v L 3], @F v Ly 4 HEH], @R 7 v 3HER], @RT T v 13
RFfE], @/NT 7 ¢ > 3 IEH, DFF 12 TR ABRMOMSHK TR, T4 a—T v
TEC TR T AR YT earI—L (BT 77, 0T v V%0 fRAE
) ZHNT, RT T4 ERAILED L LTI 7 o7 my 7 BER LT, K
CTAT 477\ h—b (KR TR T 4 um Y10 OB 21
AL, 38~40 °C DIt L TUIF RS EZH L, AT A N TR (MeiRfs L%
MAEH) IZHiE, 43°CICRELTA Yy h b — bk kB (T XU V)T HT-,

8. Hematoxylin and eosin %4435 J2 Uf periodic acid-Schiff Y& 4

ATA AT AN ET O R 2 BT DRTH S F 2 L U CRIER, AT 7 1 >
DB ZAToTee £, RNT T4 VMBS ELTZDICF LN ATy RT3
ST OGS HE¥A b RI%EHM L7z, €T D%, Bk s ) — KT Y ) —),
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100 %% /—/, 95 %=X /—/L, 80%=% / —/LDIEIZ 3 HMT 2%y MIIE
VN P TIe

Z D14, hematoxylinand eosin (H&E) 4 TlX, ~A ¥ —DO~~ F XU 2 T12 45
[tz 1 RERIAKE K CRBE LT, 0%, RBK T - 7o, B DO A >72 0.1%
TV T3 MR EIT o7, WICOKEE . 10 B, @70% =% /—/L 110 B
[, @80% =% /— b :10 B, @95 %= % / — b :10 B, ®100 %= % / —/ :
3451, ©ARTL ) — 1 355, QKT L/ —/v 35300, O T TREZ Lk,
SHICHF T L TI3NMT ORI EO1E¥,E 5T o721k, B L. BAME THIZ
L7,

Periodic acid-Schiff (PAS) Yefa TiL, il /X7 7 ¢ U #IT/KEAR TAKEEE 2 53[H]

BT 1 3K BE L 721212, 0.5 % & 3 7 BRE/KIAHK (Sigma-Aldrich : 0.75 g D1
3 U REE R A 150 ML O 7R KICEEfRE S HERR) T30 osh & 87, 0%, K
WK TARBER 10 3, ZBEEKT LMo 2%, vy 733K (Fehisk) 227 A
N7 Z A BIZ/NAY —L e~y T T L, 60 77 M U7z, iz, 2K (Sigma-
Aldrich : E'a i) U v A 279, 1M g 225mL &2 K 477.5mL Iz THE
pR) T 2 MG S B 1E¥% 3 A5 L7212 KEAK TAREEE 10 43 L7ztkic,
KK TLOMMESE Lz, Z0%, ~A ¥ —DO~~ XU U TLoMEERE L
%, KIEKTAKBEZ 10 43f), ZRRKT L oMEER L7z, =612, OT0%=% / —)L
10 B[], @80 % =% / —/v : 10 [, @95 %= / —/L : 10 f#[H, @100 %= % /
—/b 3 53fH], @Mk Z ) — 355, @KL ) —v 345, D6 TEAERE

fife, SHICFT L TI3NMT OIS SELMEEL SETTo 2%, HAL, B

THIZE LT,
9. Cd-hem &

91 BRI FEICHEC TEEL (page 8), 728, Btk BuIhiE L e E A
)=l ANAT=8, LIRE TS 0.1 g 8REL 7=, F7o, 55 1 LT Re), E1E% 0.25mL
INZ T, MEtLz,
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10. #Eat
R iE 1% SPSS 19.0 (SPSS Inc.) % A>T Tukey-Kramer method (2 & 5 —Jolc i 4y # 5y

M2 Skt L 7=,
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3 FEBER

91 AENATE G ORI 3 1T 2 Pk e 3R R MRS KT TR R

ARIETIE, £9. Zn IZ K DRG0 RZNFIETHRET L7z, CCla#¢5 6 K121
BIFLMEEF O ALT BLWAST #H|E L7 E Z A, CClz Lo THER EFNR
ST, Zn DR#EE THj /X T A —2 —OD B ER S 17z (Fig. 6A, B), £7-. #
o L AT a— Ul FERRICHET L7 R, CClall X » Tl L= E o DS Zn Hif
BT btz (Fig. 6C),

WA AR & W4T U GRS 2 E i L7, 9. H&E JAic L5
MR b 2 fEt L7z, control &bkl L, CClagt G~ 7 A TliL, 7 r~F D
i« R B OGFRRER 72 E SRR S Tc, £ D— T, Zn Z i S L7z CCla & 5
TIE, BETIERWS DO CCls B GHE & Ll LT, MRRSEAIIC b 5F 2N HET
LTWDRRNBEL N (Fig. 7). SHIZ, 7V a—r 2042 PAS Yeth & 5
L7=& 2 A, control Tl AR EIRIZZ Y a—7 U RERB L TWA0, CClh#Ek b~
AT Z UV a—rrNEEAERB LTV, ZRUCX LT, Zn i 5725 &
7N a—F o OFITRO LN L DD, —EBEDOS Y a—7 L ORFENER SN
(Fig. 8), 723, H&E 4fa3s L OV PAS Yefa |2 B\ T, Zn DR 50 Tl control #f &
g U, B S0 72203380 biien o7z,

WIT, KO FEBICHTIRIZ 3T D CCla BRI 2 Zn O REMFET D721,
fEA ML ADRIEZEITo T2, BB{EA N L ADIRE L LT, TBA KR L 5 IRE B
=, P EREM Lz, ZO/E, CCLIZ X > TIRERM L&A O, #t
AL T DIR T3 O B DN, Zn DHHRG-TEN L D RAHE LIz, 72 Zn OH
AT T, IREREC R ICEMIIHER SN2 7o)y, Fi{b 1 OfF B2
RSN (Fig. 9).

72, Zn ORI GIZBIT D MT D224 BiEtd 2 BT, Cd-hem iEIZ K 5 MT @

RE 21T > 72 (Fig. 10), £ DOfEH, Zn DR 5-T MT &2 1113 ng/g liver (control &
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i L, 26 5 E5H) ETEALEOIZX LT, CCh =& 595 Z & T 711 uglg liver
(36 % N ETRA L TCWDZ ERHALNE ST,

B
A) 1500 ® 1500 1 pij

1200 1200 |
g 900 - 5 900 x
i %k g .
2 60 o 2 600 4

0 —
0 L —— —
control Zn CCl, Zn+CCl, control 7n cal, Zn+Col,

150

120 4

total cholesterol (mg/dL)

control Zn CCl, Zn + CCl,

Figure 6. Effect of pretreatment with Zn on ALT, AST, and total cholesterol levels.
Mice were injected s.c. with 50 mg/kg Zn three times at 24 hr intervals. Twenty-four hours after
the final pretreatment, the mice were injected i.p. with 4 g/kg CCls. The ALT (A), AST (B) and
total cholesterol activity (C) in plasma were determined 6 hr after the injection. Data are
representative of mean + S.D. of five or six mice. *P < 0.05 and **P < 0.01 versus control group,
and *P < 0.05 and **P < 0.01 versus CCl4 group.
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Figure 7. Hepatoprotective effect of pretreatment with Zn on acute CCla toxicity.

Mice were injected s.c. with 50 mg/kg Zn three times per 24 hr. Twenty-four hours after final
pretreatment, mice were injected i.p. with 4 g/kg CCls. H&E staining of livers were taken 6 hr
after the injection. (A), (B), (C) and (D) indicate control, Zn, CCl4, and Zn + CCl4 group.

Figure 8. Glycogen storage effect of pretreatment with Zn on acute CCla toxicity.

Mice were injected s.c. with 50 mg/kg Zn three times per 24 hr. Twenty-four hours after final
pretreatment, mice were injected i.p. with 4 g/kg CCls. PAS staining of livers were taken 6 hr
after the injection. (A), (B), (C) and (D) indicate control, Zn, CCls, and Zn + CCla group.
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Figure 9. Effect of pretreatment with Zn on MDA levels and antioxidant power in acute CCls-
induced toxicity.

Mice were injected s.c. with 50 mg/kg Zn three times at 24 hr intervals. Twenty-four hours after
the final pretreatment, the mice were injected i.p. with 4 g/kg CCls. MDA levels (A) and the
antioxidant power (B) in the liver was determined 6 hr after the injection. Data are
representative of mean = S.D. of five or six mice. P < 0.05, *P < 0.01 versus control group
and *P < 0.05, **P < 0.01 versus CCla group.

1500 -

1200

900 -

600 -

300 A

hepatic MT protein (ug/ g liver)

control Zn CCl, Zn + CCl,

Figure 10. Effect of pretreatment with Zn on hepatic MT protein levels in acute CCls-induced
toxicity.

Mice were injected s.c. with 50 mg/kg Zn three times at 24-hr intervals. Twenty-four hours after
the final pretreatment, the mice were injected i.p. with 4 g/kg CCls. The MT levels in the liver
were determined 6 hr after the injection. Data indicate mean + S.D. of five or six mice. #P <

0.01 versus control group and **P < 0.01 versus Zn group.
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2 TH  WREARTE G OSBRI 31T D WUMEAL IR R m R S I E TR

5B LEOBF T, MBS RIT 2 B A G Leh, RETIEERICRT 288 %
Rt L7,

T, L LDICEREORIE L R DML NNT A =2 —DRELToT, 7 VT F=
> TlE, CClalZ L » T EH L7=HAEA Zn ORij#5-C control L ~)L(Z E TRIE N
Hiv7e (Fig. 11A), 72, hOEE~— I —ThH 5 BUN IZOWTHFRIERICHRET LT &
A, aryha—/LLULETEEELR2NHOO, CCl ML LIk s L, A
B DR S vz (Fig. 11B),

WIZ, MR/ T A —42—LWIT LT, H&E YetalZ X B Mk IfEAT 247 > 7=, CCla
B 512 K o TEBEO TR E (T DO DRSS 2 X7 FFER ERGRO bl %
72, Zn DR GTI NG OEEITRD b < o7 (Fig. 12),

IHIT, BRI LD CClamMEIcRBIT D Zn O E-Z2 X 3G 57291
HTHgE & RIBRIC AR E it & il b D ORIE 217 - 72 (Fig. 13), T DR, CClalZ L -
THIIN L7 IR E R ER L&A Zn ORI G CIEFHE L~V TIERWb 0D, HE 2R ED
R LTce £t/ W T B IREEERKFIERIC, CCla il K- T Lzhlk(k
F103 Zn OFHFEEHIZ L > TEABRRD bz,

WIZ, Zn DHHRGIZBT 5 MT OB L a2 HHY T, Cd-hem A2 L2 MT &
DOREEIT-> T, TOFER, Zn OF[EE T MT &3 control A & LbE L, 23 1% L5H-L
7= (367 pg/g kidney) . LTkt L T, CCaz #5795 Z & T 70%LL L) (108 uglg

kidney) L7z (Fig. 14),
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Figure 11. Effect of pretreatment with Zn on acute CCl4 toxicity as measured by creatinine and
BUN levels.

Mice were injected s.c. with 50 mg/kg Zn (three times, g24h). Twenty-four hours after final
pretreatment, mice were injected i.p. with 4 g/kg CClas. Creatinine (A) and BUN (B) levels in

plasma were determined at 6 hr after i.p. injection. Data are presented as mean =+ S.D. of five

or six mice. **, significant difference between compared values (**P < 0.01).
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Figure 12. Nephroprotective effect of Zn pretreatment on acute CCls toxicity.

Mice were injected s.c. with 50 mg/kg Zn (three times, q24h). Twenty-four hours after final
pretreatment, mice were injected i.p. with 4 g/kg CCls. Kidneys were harvested 6 hr after i.p.
injection, fixed, processed, and stained with H&E. (A), (B), (C), and (D) provide 20 X
magnification images of representative H&E-stained sections from kidneys obtained from
control, Zn, CCls, and Zn + CCl4 animals. Section for (C) reveals swelling, degeneration, and
the appearance of protein columna (penetration of protein) in renal proximal tubules in a CCls-
exposed animal, in contrast to the mostly normal renal structure seen in (A), (B), and (D). Green
arrows, black arrows and orange arrows indicate swelling, degeneration, and protein columna,

respectively.
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Figure 13. Effect of pretreatment with Zn on acute CCl4 toxicity, as measured by MDA levels
and antioxidant power.

Mice were injected s.c. with 50 mg/kg Zn (three times, g24h). Twenty-four hours after final
pretreatment, mice were injected i.p. with 4 g/kg CCls. MDA levels (A) and the antioxidant
power (B) in kidney were determined 6 hr after i.p. injection. Data are presented as mean =+

S.D. of five or six mice. **, significant difference between compared values (**P < 0.01).
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Figure 14. Effect of pretreatment with Zn on acute CCls toxicity, as measured by renal MT
protein levels.

Mice were injected s.c. with 50 mg/kg Zn (three times, g24h). Twenty-four hours after final
pretreatment, mice were injected i.p. with 4 g/kg CCls. MT levels in kidney were determined 6
hr after i.p. injection. Data are presented as mean = S.D. of five or six mice. **, significant

difference between compared values (**P < 0.01).
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CClu T < MOTNEIC B ZE 525 2 ENMbNTWD Z &b IFREFmELE

i3

W& L TRSHERINTWS, £O—FHT, BIRICbEEZRKITTZ EnHE SN T
WH[12,17-26], F7=. U L7- CCla x HE#R 575 &L » I L0 2
<D CCla RHEMT 2L VOMEBHFLET D [47], ZnbDZ &b, T Tk
<. BEABMBERICRY 252 HEZ D,

AREORFHZ LV | I - B HEILIC CCli L » Tlligs~DEZENH DO L, &6
IZ Zn ORI G- THlEZF O RS & b I AL TR 72 S ONSHLIR A5 5 ORI E I 23
WO BT, o, HETIE CCL 5 6 Kl W T H EHEZRIIEORETH DL D
IZxt LT, BgIC BT 2EFITIARMEICRB L TR0 . AR - SRERIEOH
Bl PICEERHGR SN e holz, 202D, KD XA —VORE WIS
fliEids T L rIREMEN E £ o T2,

CYP2EL MR L7~ 7 ATIX, CClall X2 MMl Engs £ 5 Z LG s T
W5 [48], F72. CYP2EL IFHIRSCEIBICHILL TWDHZ E LN ER-STEY,
BRI B W TUIRFIC R EICRBN L < BO HILTWD [49, 50, T & & & D
CYP2EL DR ELE A k32 & | B CH O NICHBEENZ N L AL E R > T
W% [50], CClaiZFIZ CYP2EL IZ L » THREf &2 T Tot%, T VWA S, £D
TFUNNDBEMEEEETHLDEZL LN TS, T, BT E Y & CCla
FHENZWVICHLEDL LT, BETIIWORE L 2o —K & LT, CYP2EL %5 &
DEVWHREET 2 Z LRI, £/, CClIZRIT 2B EENHE L v BE Ik
ZORTNIEL, ZOWRHMEIFFTHHDENZD,

CCla X T VX NMALANZ /3 EE & dL, CYP2EL IZ L » TR S iz 7 ¥ v s fafsic
fFAET DI 7 NV Z T F 2 (GSH) Ok & fEA LIbSEE Z 5, FORES, i
HINRE SRS 2 I L CREEN AT D, GSH X FE Rt E & L Tabh
TV, CCla#xGEIFM DOMIZ GSH 23 L, B 7 v & F 4 (GSSG) (T4
SNDZENRLNEIRSTWD [61-54], F£7-. CClafxh 3 IV T HHART:
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PN HEENRE SN TS [55], DI b, GSH 72 EOHMIEWE /it -
THEIMSHTEL Z LN CClymMERBIZCEE CTH Y fkx 2WENHE I TV 5,
MT I3 GSH & [FAERIC SH &2 & > TRV | HilR(L) « TV NAIR Dy —REL A
THZENRMBNTWD [33-36], F7=. GSH L H#EIL, MT OF VANV AH R Y
¥ —HEIX 300 fELh EEn 2 Ens [34]. MT 2 ER-SE5Z L8 GSH &8s+ 5
ZE IV BPIEREmOLND LB X BND, KT, Zn & 3 FFiEEGT5
Z LT, I - BT 20 fERL L MT AFFET L Z LI LTs, ZOSMETT
CCla #5795 & MT &Il - B CTZNZEN 43 % & 71 %D 1RO b vz, &
FBR T MT OREIZHEMA L7z Cd-hem{EIMT 375D Cd L#EGTHZ EEFIA L,
Cd & LA MT &2 HIET 5 HETH S [31,43], D7, TV ML -
THEI N MT I ERUCZE L L, ZORER Cd fFEARENHAT L2720, BiEE L
TSN EHREIND, Z2OZENLLMTRAED TV ANATI RV —
REIZ &> T GSH 72 E Do HiR b mE OREME & L THRET 52 & T, CCLIZX
STHEBEIND T VR LTI E 2 &R STz, £z, MG L
72 CClak MT AT AZEbWMESNTVAHZ L L EDRMAIFFTLHHD &0
Z %0

FLEEE2EOMEND, Zn 2L > THFEI NI MT 23 CCla il L » TaFE i
57 VANOERZIHT S Z & T, BEBEBRIL2REDTHROA N B ELIZL
o TV ZEMERSND, TRLIERBEFOMEIE L RETHL L VA D, L
L. INETORELHKSTD L, Zn 2B RO CICEHELZKEGT 52 L TMT
BORBFE L~V ERKEEHOTND, 2O LM, HIEE WD FEBOEE~D %)

JERTHDHEBEZDND,

29



Rl
il

HINATR G2 7 0N BB KRIE TR

BLHE HY

T rENCE S (BB) TEAAL EHE, R FEoOTRHER So R TEN s
LHAMBEEMTH LT HERITEEZISEZ T2 MG SN TS [56-
60], 2D Z &b, CCls & RERIC, IFFEEEEMAEHE LT, LIZULIFMIETHWS
NTW5, BB Ot RBIMEI LB ORILZ /25 [62-66], £3°. BB 23 CYPIZ &
- CH#f %235, BB-3,4-oxide, 2-bromohydroquinone, 4-bromocatecol 7 12 HL S
5[67-69], RDEPEE LTI PHABERSIND, ZNHDT Y —F D UNVTHiRtb
WEICHIRE SN D (GSHRF A — L Z X7 LIST D) &2 b5, Lirl, 2
D7 Y —F DHVPNEEIRIZ D &, GSH 72 EOMENE Z o R, kA L
ANFES N, CaRAFT AL VANRET D, 9 4 BFEL LT, ATP OFvg-Cllie
N Cad EFANGI & S, RMEIITHER L 725, F7-. CClald GSH & BEHIITIX
B ERERNT R ALAIE L THB I TWD A, BB X GSH f&¥BbA# & Lo
HENTEY, EAMENRRLRS [61], 2D Z b, BB CCls &1L RA 2 HEMS
B2 A LR EEREEME LTEALNTWD, MT 28 CCL 7217 T72 < | BB
(2t UC b BN RN H 5 72 513, RS &2 BT 2 amic 3 2 sz R o
RGN D,

% 2T, BBIZ L DHEMEITHT 5 Zn Rl G- O m R R 2 et L7z,
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28 EBAEHS L OVER L
1. A3

ETORIEIT, TR ORI X OWHEREE AT Lz, it - IEER B
FORRH I EDH S H OB L TIERLRRLHE LT,
2. B

BE O ddY RBEME~ 7 2% HARSLC 225 A L, 1EMAEEREICH L S8 T

SRR A T o 72, BARFEH 12 BEE (8 WE-20 B : B, 20 W-8 BF @ F), =R 24 +1°C,
MFE 55+ 5 %OEREETHE L, EEHAE CE-2 X UVKIZHHERS -, RiF7EiT4
YR R F IV R B2 DGR 215 TN L7,
3. Zn i 512 X % BB BB

BB (M AU{bak TEMASHE) 245925 72, 48 KON 24 FEERTICAEEH S - 7 KF0
Y% 50mg Zn/kg (10 mL/kg body weight) D A& TR F& 5 L7-, 0Kf#IZ BB % 1.2
glkg O ETEPENESG L, 24 Bl Z S ICAGFORBA MR L, 72 FEH E °Blg %
ToTz, E12. FEED LT BB &5 18 HEREI#2 I\ FFIE - B ifids & ONLiE % FREE F T
s OB L 72, Tl & OV gl 0.1g &2 2mL F 2 — 72z, RIRERICA
N7-1%T-80°C IZRAF LT, 7. RO ALEL L OVER O E 2~3mm 32124
DT TCT 42— Ty I7Dhty hOFIZ AN, 15% MRV~ U AR EIK
(pH 7.2) Mz, AL EZEZER 7 (T AU ) T2 b OB RFE LT, 1
#1310 JrfEiz L (1,500%9,4°C) L7-#. KJE (m4%) #Hbv . -80°C TRAFLTZ, F
7o, JFlgds X OV g 0.2~0.3 g Z3BR%E O Il 2 74k 2 R %otz K 5 Ca JIE
Wz, 7235, BB X0 Zn OF 5% 14 RRIZ 506 L 7=,
4. HAACFRY T A—Z — Rt

ALT, AST, 7L 7 F =L BUN 135 2 O HELFIRRIZFEZME LT (page 16),
5.H&E 45 L UM PAS 4eta

H&E Hufads LU PAS Yetaid, 55 2 mOJiELFRIFRICEML7Z (page 19),

6. AEEEEELOME
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~ 7 AR AR O IR BB L ORI E IS 2 B kL RERICH L= (page 17),
7. PUR{E I ORE

~ 7 A ORPIERL 135S 2 EO HIELIRIERICEM LT (page 18),
8. JRTWtIZ XD CalllE

JHgiFs £ OV figk 0.2~0.3 g %) —1272 5 & 5 ITIRE 7o Mk 2 3R E O~ A 7= 1%,

SR e (Sigma-Aldrich) @ fiFfe (BAA L FHRA=th) %2 1 4 TRE7EKR ((WEesR

BMEMZ7 L—TFR) Z05mLNz., —BsOs Sz, FHIZ, BB L > TK(EESE
fii L7z, 90°C T 2 Fff#], 110°C T 2 B /s S H724%, 130°C £ TlE % LA S+,
JRACISFERIZTE T 5 F TRIGS T, e, IBAIKPZIE LT BRITAHRE 2 FEREIN 2
Too PUBKETH, Ay allloTT 4 NV E—AilEFN LN 5, WEREKTA
A7 T AaZHNT, 5mLIZRD LI ART v T LT,

Ca iR, 7ot Z-2300 (CTHIEL T, MEfLL T, 0, 0.2, 0.4, 0.6, 0.8, 1.0, 2.0,
4.0, 6.0, 8.0 ppm DEEHERRZ VY, IR OEHAT Ca AR LIz,
9. Cd-hem %

01, F 2 B LI FIEICHEL T (page 5, 20).

FRE 1L SPSS 19.0 (SPSS Inc.) % HAWT, BIEROHFEEMEIL x 2 ’IRE. £ DO
DB D i & 1E Tukey-Kramer method (2 X 5 — ol 55 # o ric & - TEha L 7=,
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FLEH T rERUE o BOEEMEIC T D MEhaT G- O zh R
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12 JC> 8 #ER D ddY SAlEME~ w7 A2k LT, 1.2 g/lkg D =D BB % BN 53
Ll FhH 24 BT 58.3 %D~ 7 ADITNMER I N (TUEAEL) . F7=, 48 Kf
M TILT L ITEAED~ T ANI L Lz (11 PLELE) , £D— T, Zn ZHi#
H42 L, T2H#T10E (8.3%) O~ 7 AN LI=AS, 48 Wil £ TIIsETHILE
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Figure 15. Effect of multiple pretreatment with Zn on acute BB-induced lethal toxicity.

Mice (groups of n=12) were injected subcutaneously with 50 mg/kg Zn or saline for a total of
three doses at 24-hr intervals. At 24 hr after the final pretreatment dose, mice were injected
intraperitoneally with 1.2 g/kg BB. The mice were observed every 24 hr until 72 hr post-BB

injection to determine mortality in each group. *P < 0.05 and **P < 0.01 versus BB group.

33



952 T HRERRTEC G- MRS 31T 5 BB BRI KT TR R

BB # 5- 18 #2231 DRI~ DEFEIZR T2 Zn O R EZHREFT Lz, £3. T
fEE 2 M2 BT, miEF o ALT 3 X OVAST ZHIE L7z (Fig. 16), % DOF5HE,
ALT O F¥IfEIZA) 4000 1U/L, AST Ti3f 7000 IU/L £ T LR PR INT-, Fhi
LT, Zn ZRi% 57925 &, ALT 28 441U/L, AST 73 117 1U/L & IEREIZBR Y 72 < 3T
VMETH - 72,

I, AALFRIRET & IEAT U CRAPROMET & JE0 L 72 (Fig. 17), £7°. H&E %t
IC X DR REZE (L 2 RAT L7z & 24, BB #5~ 7 A TIRHLEIRMITIZZ <
DEFLNPRD bITc, TO—F T, Zn L T2 2 & T, BERITIT L A EHER S
o,

Pl Ofeb A - v 2 2R IES 5 BRI, TEEEER b X Ol b )2 0E L
(Fig.18), Z DR, BB IZ L - TIEEME(L O b NI LI DR TR 5
N, £72. Zn ORI EGTEN S DL H K LT,

6T, HiEHF O Ca BRI L > THE Lz, ZOF/EHE., BB HHIZL -
T, g o Ca ENAEICHMT 203 LT, Zn RG34 56 &, A Ca &
DD DR S 47z (Fig. 19),

F72. Zn OFIFEGIZBIT D5 MT OE 2 HFd 5 BT, MT &0ORIEZ{T- 72
(Fig. 20), ZOfER, Zn OIS T MT =i, xFHREEDOR 33 %0 1240 ug/g liver £ T
EFH U7z, Znic X #FE S MT &I, BB 2% 53252 LT 26 % A L. 909

ug/g liver ThH - 7=,
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Figure 16. Effect of pretreatment with Zn on hepatic function levels.

Mice were injected subcutaneously with 50 mg/kg Zn for a total of three times at 24-hr intervals.
At 24 hr after the final pretreatment dose, mice were injected intraperitoneally (i.p.) with 1.2
g/kg BB. Plasma levels of hepatic enzymes were determined 18 hr after the administration of
BB. Panels (A), (B) indicate ALT and AST, respectively. Data are plotted as mean + S.D. of

groups of four or six mice each. P < 0.01 versus control group, and **P < 0.01 versus BB

group.
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Figure 17. Pretreatment with Zn protects animals from acute BB-induced hepatotoxicity.

Mice were injected subcutaneously with 50 mg/kg Zn for a total of three times at 24-hr intervals.
At 24 hr after the final pretreatment dose, mice were injected intraperitoneally (i.p.) with 1.2
g/kg BB. Animals were euthanized at 18 hr post-intraperitoneal injection and livers were
harvested at necropsy. Liver specimens were fixed and processed by standard methods, and
sections were stained with H&E (A-C) or PAS (D-F). These micrographs provide 10x
magnified images of representative H&E- or PAS-stained sections from liver obtained from
control (A and D), BB (B and E), and Zn + BB (C and F) animals. The image in (B) reveals
severe necrosis around the central vein (zone 3) in a BB-exposed animal, in contrast to the
mostly normal hepatic structure seen in (A) and (C). The image in (E) reveals almost complete
depletion of hepatic glycogen following BB intoxication; in contrast, pretreatment with Zn

prevented some of this glycogen depletion in BB-treated animals (F).
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Figure 18. Pretreatment with Zn counteracts the effects of acute BB-induced toxicity on hepatic
MDA levels and antioxidant power.

Mice were injected subcutaneously with 50 mg/kg Zn for a total of three times at 24-hr intervals.
At 24 hr after the final pretreatment dose, mice were injected intraperitoneally (i.p.) with 1.2
g/kg BB. Animals were euthanized at 18 hr post-intraperitoneal injection and livers were
harvested at necropsy. Specimens of liver were assessed for MDA levels and trolox levels. Data
are presented as mean + S.D. of groups of four or six mice each. *P < 0.01 versus control group,

*P < 0.05 versus BB group, and **P < 0.01 versus BB group.
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Figure 19. Pretreatment with Zn counteracts the effects of acute BB-induced toxicity on hepatic
Ca levels.

Mice were injected subcutaneously with 50 mg/kg Zn for a total of three times at 24-hr intervals.
At 24 hr after the final pretreatment dose, mice were injected intraperitoneally (i.p.) with 1.2
g/kg BB. Animals were euthanized at 18 hr post-intraperitoneal injection and livers were
harvested at necropsy. Specimens of livers were assessed for Ca levels. Data are presented as
mean + S.D. of groups of four or six mice each. P < 0.01 versus control group and **P < 0.01
versus BB group.
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Figure 20. Effect of pretreatment with Zn on hepatic MT protein levels following acute BB-
induced toxicity.

Mice were injected subcutaneously with 50 mg/kg Zn for a total of three times at 24-hr intervals.
At 24 hr after the final pretreatment dose, mice were injected intraperitoneally (i.p.) with 1.2
g/kg BB. Animals were euthanized at 18 hr post-intraperitoneal injection and livers were
harvested at necropsy. Specimens of livers were assessed for MT levels. Data are presented as
mean + S.D. of groups of four or six mice each. *P < 0.01 versus control group and **P < 0.01

Versus Zn group.
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BB DiEMfias & L CHIERDS A HHNTWDEN, £O—F TEIRIC L IEE 2 &IZ
T EBFEESN TS, £ T, RETIL, BB # 5 18 FF#Z 21T 5 B~
EN\ZkFT D Zn OB ERE LT,

£, BB HHICLABEEDORIA—F—LLTFEFDO 7 LT TF=BLO
BUN Z & L7z (Fig.21), £ DGR, Wi/NT A —F—T, £ 6 OFEHEIL, 45418
L 32 fFICHML Tz (P<0.01), ZHUZX LT, Zn ZRiERE5 35 &, BRI
DR LT (P<0.01),

WA, FARR RO & 9 L 72 (Fig. 22), H&E Yetill X Dk PRI e b & it
Liz& 24, BB &G~ U A TIHIEAMIRMEIZEEN RO Sz, €D —J77T, ZnHl
FHTIE, BB &G THRO N ZEEITMER I N ho T,

Fo. BlgF oA ML AZREST 5 HAT, TBEERR B L Ok 2 {E
L7z (Fig. 23), DR, BB IZ &k o TIREBMERILDOHINZ b TNZHIER(L ) DI T 23
WO LI, £o. Zn ORIFEGTENLL DZELDHEE LT,

EHIZ, CaREAWE LIz, ZORE, BB ELHICL- T, Big+H D Ca lRENS
BICHINT 2 olzxt LT (P <0.01), Zn ZEi535 L. Ca iEITARICHE D Lz
(P < 0.01) (Fig. 24),

72, MT DRIEZAT- T2 & 2 A, Zn OHiE ST MT &2 548 pg/g kidney (control
L, 52 % E5) ETEA L72DIiTxt LT, BB #4575 Z & T 343 ug/g kidney

(36 % W) FTHWAOLTNWDZ ENBHLNE -7 (Fig. 25),
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Figure 21. Effect of pretreatment with Zn on renal function levels.

Mice were injected subcutaneously with 50 mg/kg Zn for a total of three times at 24-hr intervals.
At 24 hr after the final pretreatment dose, mice were injected intraperitoneally (i.p.) with 1.2
g/kg BB. Plasma levels of renal enzymes were determined 18 hr after the administration of BB.
Panels (A), (B) indicate creatinine and BUN, respectively. Data are plotted as mean = S.D. of
groups of four or six mice each. #P < 0.01 versus control group, *P < 0.05 versus BB group

and **P < 0.01 versus BB group.
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Figure 22. Pretreatment with Zn protects animals from acute BB-induced nephrotoxicity.
Mice were injected subcutaneously with 50 mg/kg Zn for a total of three times at 24-hr intervals.
At 24 hr after the final pretreatment dose, mice were injected intraperitoneally (i.p.) with 1.2
g/kg BB. Animals were euthanized at 18 hr post-intraperitoneal injection and kidneys were
harvested at necropsy. Kidney specimens were fixed and processed into paraffin blocks by
standard methods, and sections were stained with H&E. Micrographs in (A), (B), and (C)
provide 20x magnified images of representative H&E-stained sections from kidneys obtained
from control, BB, and Zn + BB animals, respectively. The image in (B) reveals swelling,
degeneration, and the appearance of protein columna (indicative of penetration of protein into
the renal proximal tubules) in a BB-exposed animal, in contrast to the mostly normal renal

structures seen in (A) and (C).

40



4 (B) 0.6 - . *
< 30 L * —_
z I S 045 - [
s 3 03 I
T [
[ =
= 10 2 015
o
0 1 0
control Zn BB Zn+BB control Zn BB Zn+BB

Figure 23. Pretreatment with Zn counteracts the effects of acute BB-induced toxicity on renal
MDA levels and antioxidant power.

Mice were injected subcutaneously with 50 mg/kg Zn for a total of three times at 24-hr intervals.
At 24 hr after the final pretreatment dose, mice were injected intraperitoneally (i.p.) with 1.2
g/kg BB. Animals were euthanized at 18 hr post-intraperitoneal injection and kidneys were
harvested at necropsy. Specimens of kidneys were assessed for MDA levels and trolox levels.
Data are presented as mean + S.D. of groups of four or six mice each. #P < 0.01 versus control
group and *P < 0.05 versus BB group.
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Figure 24. Pretreatment with Zn counteracts the effects of acute BB-induced toxicity on renal
Ca levels.

Mice were injected subcutaneously with 50 mg/kg Zn for a total of three times at 24-hr intervals.
At 24 hr after the final pretreatment dose, mice were injected intraperitoneally (i.p.) with 1.2
g/kg BB. Animals were euthanized at 18 hr post-intraperitoneal injection and livers were
harvested at necropsy. Specimens of kidneys were assessed for Ca levels. Data are presented as
mean * S.D. of groups of four or six mice each. *P < 0.01 versus control group and **P < 0.01

versus BB group.
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Figure 25. Effect of pretreatment with Zn on renal MT protein levels following acute BB-
induced toxicity.

Mice were injected subcutaneously with 50 mg/kg Zn for a total of three times at 24-hr intervals.
At 24 hr after the final pretreatment dose, mice were injected intraperitoneally (i.p.) with 1.2
g/kg BB. Animals were euthanized at 18 hr post-intraperitoneal injection and livers were
harvested at necropsy. Specimens of kidneys were assessed for MT levels. Data are presented
as mean = S.D. of groups of four or six mice each. #P < 0.01 versus control group and **P <

0.01 versus Zn group.
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CCly IXREM R IFEELE A E L THHN TN DD, T X TONFREE Z#E5HE T
ETWVLDITTIERY, T7bb, ZnHif G2 L > THE LN KR A CClh DA T
BNZBRTHDLZEHHEDR, O D, MOFRmESCEFRELF &K T
LBk U CTHERR « — b2 REtd 2729012, GSH Mk & & L Tafis T
% BB # HWTHERAEIT- T,

ARFTIX, Zn ORI G XL 5T, BB IZ L 2 EHEMEE 48 Rl & Clikseaich
Hil9 2 2 LA HERB T E 72 (Fig.15), iz, MIBSBIROME &~ — I — Ok A M
THENENDEE CHREEOMSIEM 1RO b7z, BB O@MEIX, IFiE TIL3EIZ BB-
3, 4-oxide. Bfigi TiZ 2-bromohydroquinone. 4-bromocatecol 23 fEE % 5| &L Z 3 & & %
LNTHY | Il K> THEAEMR R > T D [67-72], 2D Z &b, [T & Bl
DENZNIZIBNT, BB OR#WAMEIT 22 LB 2 b,

FPIERELAS C I/ R D JRERPHIC I 72 - TEESE N BIEE T & 7= (Fig. 17), ALK L
T, B CIEBREEF LA RS IR LTV e, 2D OFERIEL, BilR T OREE LR
ETHY, BB IZXL B4 G| &l Z T lss (BUtlEA) & LI TH L 2 L%
N as RN

ARRD &30, BB IZX 2 mMERBMEITIZEMTHY . 26D DIEHAIC
EHLT, Bix fbBEWaE VT, BIEBRROMENTHOI T\ D [63,73-77], Tk
FCE, MBI R, MIRRE O Ca IREN EATHZ LndmESNTWD, £,
MDA IR E R L DR BB & LTI b Tn 5, ARE Tl L O o
Ca 725N MDA BHEEIZHAD LTND Z EnbA7< & b Efka7BERE X 0 (3a1T
DIEARTEEZBIRL TWD B2 LND,

SO, MTIET VAN A TR % —BOEFITEH VIR EME TH Y . Zn T &
S>TREICHFEIND [31,43,44], Zn OF{HE T30 FHE< MT &8N+ 5Z L %
MR L TWD2 (552 %), BB & 57 2% & 18 & IITNTFIE TIE 26 %, Bl TIX

36 %D MT &1 LTz, Cd-hem IEIXMT 287 2D Cd &6 T 52 & &R H
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LTW5 [31,43], TDizh, TV Lo THBEI N MT IZELAIC 21k L,
ZORER Cd FEERENIHRT D720, il LTSN EnEZ b5,
DZEMBHE MT BAEDT U HNVATR Y v —HEIZL - T GSH 72 KOt o Hifz
LB OREWE & L THRET 52 L T, BB ICX > THEIND TV IMTH LT
BHEHIIZME < Z EDRBE IS,

Nigel 5 O#HETIL, BB #4555 Kl £ TD ALT = AST DIEOHES A et L= &
Z AR KA RITIRE ~ — 0 — OB HER I TWD 18], £, TEFELZRT
T RNT I 7 =0% 12 B [79]. CCla X 24 B[] [80] LW o #HENH Y, BB D
ERR TRV EWVWZ D, Zn BTG OZR L LT CCla 12 X 2 BUERMIT 24 Wi t4
FETIEERICMH TETHWDAIEBB bR TH L2, BB TIX 72 FFfEE TIX 1 LD
YUAPKE LIz, ZOMEMEEMOREDOBENMNC L > THESN D LB R LI,

BB IZ L HEEFEETZ LMK L TH, Zn DR G TER LR TE L2 L &2
H U7, BHOIEETT VB B2 MG T 2ERZH O E K2 b,
SBITERICEIER & L TESEE S & 29 & 9 REEMLISHGREZIRE L, L0 ER
DHDHHDIT LTV,
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B HY

81, 2 BT CCla BRI X35 Zn il 5 O Bt O MEt, 5 3 % Tl BB
(2R DBIEEIEICHKT D Zn A G- OB OB 2 FE i L7z, ZblEtnth
AN = ALDR D FEEEE(EM TH D, RIS TEHEONEEE T LVEIC
xtUC, MR ORiTEG CEIEA IR DR PO, Ll b, Znil kb
AT 512 K o THTFlE S L OB B O i lids (263 D mtE A B L T\ D 2 & 28 &5 20
IZLTWD, 2OZ LT, HOWIRPEERFIA—TE22THZ LT, BNREICE
D72 TR BE O OREEHMENIIND D Z & TN D2 L B ET
TR, DFEY | FIECENE & WV o el S B liEas (272 2720 TR < ZligdEs
BIZE - TEHLETIHAEBHETE R, £/, Zn DR GIZ X > T, BFEOMHIIX
HOENE LTy, ED XD RRFDRE & 72> TEIED G & 2923 5 22 HR
TRV, FTo, ZO XD RWREITEE DM DR FELRV,

AN T MTEREORmZER CHERER 2RI L TWD, £, FEFICHE
LTCh, BEEOKRKESGE L THALY T ARINT S Z E0NHLNER->TND [8,
12, 66], T, FEEMAEZ AW ERET, Midz Cd LT 2BRIC, Iy U Laats
FRVEHT T Cd OB SR S D Z &2 R LT\ 5 (data not shown) , Cd
ITEatEEME L LOEELI SR 92 &, £72 CCla° BB & FIFRIC, BBbA F LA
DILEZSIZR T ZERHLNER-STWND, ZDOZ b, FHE L= EER B
WAL T D EHERSND, IS T L EEEROVEMT Cd O@mMENRE S &
WO ERIZ, Ay ARFEEOKRKBEGLAMIBIERT 22 L3 EZ 60D,

ZIZ T, ARETEINY Y ARZEEH 2 TRV D AMUJEE T VBN % (ERLS
52 & T, EBRT AT T LD CCla DFMEIZEEE L TV D &S 0MRET LT,

45



28 FEEMER L OEBRIT R

1. 3

A TORIEIT, TIROFRRZER L OWHEHREEL M Lz, it - IEER R
FORFICHEH L DOIZE L CIEhl&ita L7z,
2. B

WEED ddY REEME~ 7 2 %2 HASLC 226HEA L, 1 ERBEEEREICHL & Th

DRRFT AT o7z, PAREJE ] 12 KFfE (8 IF-20 IRf - B, 20 F¢-8 I5f @ 1), =81 24+ 1°C,
M 55+ 5 BORETHE L, CE2(HAZ L' T) £LEFAINVC T LARZE (£ =
B VIERE T AIN-93 Z B HE(Z Lo T D BROTZEE) KR OVKITE RS 7, A
eI B R F B R T B S OB 23 T LT,
3. ANV T LRZEEIGEE ST T-EWOIMSED VT LNPREORIE

A4AERO ddY RREME~ D A& 2 BEICA T, BE A (CE-2) BLOI LY T ARZ
BEEZNENHBIZE X, 4 HASMEZITo70, £/, 1 HEM I S ITEREOWRE L E
Mg D& L bz, 2HE I &ITMIEFT O AT NREEZRIE LT,
4. CClamtakliR

8 WiH £ THIFE L7- ddY R~ 7 21ZxF LT, CCls % 2 glkg O & CHEEN &
5.1, 6 RefElfg 36 LN 24 R I ik 2 B U7, ki3 10 4 fi.0r (1,500%g, 4°C)
L7cte, BiF () 2Hv | -80°C THR{F L7z, 7. CClaix 5 24 KifHi#% TlE, Ff
W R CHFIE A L=, A0l g & 2 mL F=2—712NA, RIKZEHFICANT-% T-
80°C IZfRAFE LTz, F7o, HIEOLEEDOMEZ 2-3mm T 2280 5 TF 4 v 2 —
Ty 7Oy ORI ANT ., 15% TRV~ Y CREETTR (pH7.2) Z0Z. X
LR % 2SR AN TAT o T b D &2 RAF LT,
5. AP RTA—Z — M

ALT, AST, ZL 7 F =2 BL O BUN IZ5E 2 D kL RIFRICE L 7= (page 16), M4E

POV LREET TN T L E-T AN a— (FOGHZE) O7 aha—/LWIE>TIT-
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72, 96 well plate (NUNC) (2 2.5 uL 200 Z 72 | #%Eik 2 100 pL Ji 2 724, FE ik
W50 uL Wz 7=, FEREEZ ML 2%, BEHIZ 610nm OWNEEZHE L=, i
S OBUEDF TR /RT A — 2 —THREMREIER L. £ OEAEIT R 2 FER 72001
FEXVERER L,
6. NEEIEMILDORIE

~ 7 AN AR LD MR E M ER L OWEILE 2 O HIELFIRRICEM L7 (page 17).
7. #ERA S ORIE

~ 0 Al R ORFUER L S35 2 BOIFIELFRRICE ML 7= (page 18),
8. H&E Hufids L UF PAS Yt

H&E Yetads L OVPAS Yetaid, 5 2 O SIELFRRIZIEM LT (page 19).
9. total RNA D

total RNA OfHIITES 1 O IELFRIBRIZERL7- (page 4).
10. one step V7 /L% 1L RT-PCR
U7 )vZ A2 RT-PCR % One Step SYBR PrimeScript PLUS RT-PCR kit (Perfect Real Time :

HNTIAA) DT aha— Wit~ TIT-o7z, Total RNA 30 ng [ ZAE A& {s - (R B 72
10 pmol/ pL forward primer (FP) 0.8 uL &3 TF 10 pmol/uL reverse primer (RP) 0.8 L, 2
x step SYBR RT-PCR Buffer 4 % 10 uL, TaKaRa Ex Taq HS Mix 1.2 uL. PrimeScript Plus
RTase Mix 0.4 uL, ROX Reference Dye 0.4 uL, DEPC LER/K 4.4 pL iz, Zhx
Applied Biosystems 7300 (APPlied Biosystems) % i\ T PCR STV, 7 — X & fRHTL
2o BUGSAIE 42°C T 5 43 M BOG S 721 ,95°C T 10 BRIBVAEME 24T - T, £ Dk
95°C T5 ., 60°C T31 W& 1% A7 Lé LT, 40 A 7NV EITo T, 7B,
FERTIZILEEEE Ct k& Nz, 2, U7 V2 A5 RT-PCR O 74~ —Hd5I 4 Table 4 (27~
T, ek, WEREHEL LT GAPDH Z MV, & HIEMAMIE LT,
11. #eat

R 1% SPSS 19.0 (SPSS Inc.) % A>T Tukey-Kramer method (2 & 5 — ol 4y # 4y

2 Skt L 7=,
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Table 4.  Oligonucleotide primer sequences and PCR conditions for real-time RT-PCR

Gene Primer sequences PCR Product
(Accession No.) Sequence (5’ to 37) length (bp)
TNFo, Forward GAA CTT CGG GGT GAT CGG TC

(NM_013693) Reverss GTGAGG GTC TGG GCC ATA G 84

IL-6 Forward GAAATG ATG GAT GCT ACC AAACTG

(NM_031168)  Reverse TAC TCC AGG TAG CTATGG TAC TC 94
CYP2E1 Forward CAT TCC TGT GTT CCA GGAGTACAAG o1
(NM_021282)  Reverse GAT ACT TAG GGAAAA CCT CCG CAC

GAPDH Forward TGG TGAAGG TCG GTG TGAAC

(NM_008084)  Reverse GTC GTT GAT GGC AAC AAT CTC C 98
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3 FEBRR

ET. WU LARZRICET DB ERE Lz, 4 BHEORBEISRME TIZHBWT,
FREIZELTTEERE LT ARZRETRERETRD /e -7 (Fig. 26B),
ZDO—JT, MEFOH N T LAREITGE 2 BEOED BRI, £z, 4

] DOFEEE THI 30% DD 2378 L= (Fig. 26A), ZDZ &b, 4B DAL
U LRZROFGEET, REZICHEIL 2 BT AMFEET L~ 7 ADIERIC
R L7z,

WIZ, ZOFEMHTFT, CCax#h L, B EBORGI 217072, TORER, Iy
VARZEEG AT~ ACEBWTUL, BHEREEGA T~ T A LRI LT, CCl D%
PEIZEIR S 4172 (CCla $25- 6 FFf], 24 FEf#2 O AEH ALT 36 LTV AST OTEME EA-1Z
BE RGO 50 BIEE THh -7z, Fig. 27) . RIZZ LT F =B LT BUN OHIE %
CCla 5 5- 24 WF[E]C5EHE L 7= (Table5), = DfEH, CCladHEHIZXL > T, Wi/NT A —
Z—O ERPHER SN, IV T ARZEDOEBITRO GNRhoTe, SHIC
gz DWW, BBt A b L A~—A—& LT, IEE#HEL (MDA) & Hilz{bJ)% &
L7c&Z A, CCiZL»TESF L7z MDAER IV T ARZRETIETHA L, HiEgk
INZIAN D LRZE TR T OFIE 23 8ES Lz (Fig. 28),

WA, KRR 2 5206 L 7= (Fig. 29), H&E YealZ L 2 kM e 2L & et
L7=& Z A, control Ci, fRE S/ IMEN IEH 72 REFRE A /R L T D DIZXF LT,
CCls #hi~ 7 2 TlE, BEFENILHIHIC DT » THER STz (Fig. 29A), £ D —J5 T,
AN T LREEZAGEE LT CClak G ClE, BERLGIE L7 CClhfk G~ A &
Lol UCL MARFAIC B IEEEE DT L CW A REEN S 57 (Fig. 29C), & 512
7V a—b oYt d 5 PAS Yt a2 SEhE L7z & 2 A, control CIINTlEARR2MAIZ Y
Va—rURERBLTWe, £, BFBZGEE L CClh &~y A TIEr Y 2—
FUNEENERB LTV, ZHUIK LT, Iy U LARZEZKGEE LT CCly
HBEETIE, 7V a—=FroRMNTERO N2 bDD, —EEDO 7 ) a—77 » ORFH
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sl == (Fig. 29F),

WRIZTINT T LREZEBIZE D CCla IFEtE DB L LT 5 HAY T, RIEZRT Ak
A ELTHILILD TNF-ak IL-6, £72T7 U HNARICHEE S TW5 CYP2EL
® MRNA 38184 Y 7L % A I RT-PCR IZ CHlE L7= (Fig.30), = D#EF., TNF-a &
IL-6 1% CC &K GIZL-> T, AERLEADRBDOENTNDN, WD LARZETIE
WEBEBE Lo~ U AL HERB PRS-, £72,CYP2ELIX CCla 5T,
30 % HIEDIR TR b, T X D2 TR S o T,
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Figure 26. Effect of feeding a normal diet versus a Ca-deficient diet on body weight and plasma
Ca concentration.

Mice were freely fed a normal diet or a Ca-deficient diet for 4 weeks of age for a period of 4
weeks. Plasma Ca levels (A) were determined every 2 weeks and body weight change (B) was
observed every week. Data indicate mean + S.D. for 8-9 mice. ™ P < 0.01 versus 0-week Ca-

deficient group, * P < 0.01 versus normal diet group at the same week.
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Figure 27. Effect of Ca-deficient diet on ALT and AST activities in CCls-induced toxicity.

Mice were fed a normal diet or a Ca-deficient diet for from 4 weeks of age for a period of 4
weeks. At 8weeks of age, the mice were injected intraperitoneally with 2 g/kg CCls. At 6 hr (A
and B) and 24 hr (C and D) post CCla injection, plasma ALT (A and C) and AST (B and D)
activities were determined. Data indicate mean + S.D. for 6-9 mice. ™ P < 0.01 versus control,

#P < 0.05 and # P < 0.01 versus normal diet + CCla group.

Table 5. Effect of Ca-deficient diet on creatinine and BUN levels in CCls-induced toxicity.

creatinine (mg/dL) BUN (mg/dL)
control 0.34 £ 0.05 20.03 £2.82
normal diet + CCl, 0.72 £0.15™ 32.69 +10.82"
Ca-deficient diet + CCl, 0.71+0.14™ 29.79 +7.59"

Mice were fed a normal diet or a Ca-deficient diet from 4weeks of age for a period of 4 weeks.
At 8 weeks of age, the mice were injected intraperitoneally with 2 g/kg CCls. Plasma creatinine
and blood urea nitrogen (BUN) were determined after 24 hr injection. Data indicate mean *

S.D. for 6-9 mice.” P < 0.05 and ™ P < 0.01 versus control.

51



(A) B)

40 e 0.5
— = 04
5 30 = 4
3 . =
< a5 % 03 *%
o -
= 20 4 £
2 I o 0.2
8 b
o o
- . o
0 o4
normal diet + + - normal diet + + -
Ca-deficient diet = - + Ca-deficient diet - - +
cel, - + + ccl, - + +

Figure 28. Effect of Ca-deficient diet on MDA levels and antioxidant power in CCls-induced
toxicity.

Mice were fed a normal diet or a Ca-deficient diet from 4 weeks of age for a period of 4 weeks.
At 8 weeks of age, the mice were injected intraperitoneally with 2 g/kg CCls. MDA levels (A)
and total antioxidant power (B) in the liver were determined 24 hr after injection. Data indicate
mean * S.D. for 6-9 mice. ™ P < 0.01 versus control, * P < 0.05 and * P < 0.01 versus normal

diet + CCl4 group.
control normal diet + CCI, Ca-deficient diet + CCl,

¢

H&E stain

PAS stain

T

Loathigs
xR, o
~

. ; L3 4

Figure 29. Ca-deficient diet protects animals from acute CCls-induced hepatotoxicity.

Mice were fed a normal diet or a Ca-deficient diet from 4 weeks of age for a period of 4 weeks.
At 8 weeks of age, the mice were injected intraperitoneally with 2 g/kg CCla. Animals were
euthanized at 24 hr after the intraperitoneal injection and livers were harvested at necropsy.
Liver specimens were fixed and processed by standard methods, and sections were stained with
H&E (A-C) or PAS (D-F). These micrographs provide 10x magnified images of representative
H&E- or PAS-stained sections from liver obtained from control (A and D), normal diet + CCla
(B and E), and Ca-deficient diet + CCls4 (C and F) animals. The image in (B) reveals severe
necrosis around the central vein in CCls exposed animals fed a normal diet, in contrast to the
mostly normal hepatic structure seen in (A) and (C). The image in (E) reveals almost complete
depletion of hepatic glycogen following CCls intoxication while on a normal diet; in contrast,

Ca-deficient diet group shows prevention of some of this glycogen depletion (F).
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Figure 30. Effect of Ca-deficient diet on CCls-induced liver inflammation and CYP induction.

Mice were fed a normal diet or a Ca-deficient diet from 4 weeks of age for a period of 4 weeks.

At 8 weeks of age, the mice were injected intraperitoneally with 2 g/kg CCla. 24 hr after CCls

injection, total RNA was isolated from the mice livers. Quantitative RT-PCR analysis was

performed. The amount of quantified target MRNA was normalized by GAPDH mRNA. (A),
(B), and (C) indicate TNF¢, IL-6, and CYP2EL, respectively. Data indicate mean + S.D. for
6-9 mice. ™ P < 0.01 versus control, * P < 0.05 and # P < 0.01 versus normal diet + CCls group.

N.S.: not significant.
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ARETIE, 4 HBDO NN T DRZEOIGE T, KRECF - B~0EE S 722 XD
Ny AAJEET NV~ T ARERS 2 2 L3k, ZORM T T, CClh k&S LT
LA, INTTLRZEHTHES IR SN, BEICOWT, ZTRO b
minole, ZOZENB Y CClanEmiEas I TH L Z LRI NnND, £/ T
g&F DTy AREIFASEIORG CITARREZTRO OGN N2 Z &b (data
not shown), MAEFF DIV 7 ARENEE CTh D Z & HRE ST,

CCla MR T D MER AL U LOER R ZB 6823 2 BT, CYP2EL D%
Bl A E LTz, CClalx CYP2EL IZ L » TIEMAL 22T T Vb igolcfBlz, 7V
JIVEE M CYPEL #8325 2 L C, CYP2EL OB ENWDT 52 ENRHLNE
725 T % [81,82], £7-., CCla gt Z#Hil3% H D & LT, CYP2EL DI BL &) CCly
BeHREE L, BIEL TS Z EEHEIN TS [83-86], ZDZ &6, CYP2EL
DIEBLE D [FIE D CCla DRI R 5- L T\ D AlgEME A FRE L7, LA~ CCla %
HBCH#EE O PRO NN, BRI TOEITRBDO LN o7, ZOT b,
TV AOB5IE CYP2EL IO THH L\ 2 5,

CCla IZ L 5wl CYP2EL IZ X o TREESIND TV HNINHALA P L A2 LT
FEAEERT L EEZ BN TV H[12,48,87,88], =2 C. b A ML A~—h—L L
THOLITWADIEEBREBLZHE Lz, TOMRE, IV U ARZETITEFERELD
HIFE BB LENBD LT 2B 6ne Lic, 7o, RIEL CCla HMEIZEA L
THEZ < OWMEDFET H[16, 55, 86, 89, 90], KIEIZRIT DI T ARZEDEE
ERRE L7z & Z A, TNF-a$ L OV IL-6 MRNA FEBLE DR/ B IV 0 AR Z A THE
b, ZNHDZ &b, D &b IEEEIBILOTUE & RAERISITH LTy
UANGEET LD LEEZ LMD, IFEIEBLDOTUE & RIEFUG DRI ITEEGHTH
L7, ENENZIHIL TWDH, b LIL RIS LTHAT T ADEE L TH
HINIHA BN E 720 TR, ZORIZONTEIABROBEE D TH A I,

i, AAYT AL T FME, E DD TEETHOBERMIBHEDHIEICHS L
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THRY, AN T LT TR ANT T DFEGZ /37 DFFAERHIIN I L2 T LR
EEFET 272004 AT X FN - R T+ F TV AR—Z —7 EEAR RIS
BHECELB LH > TV D[91], £z, AEIZEBWTIL, AT AEBEOEL FL TV
HT®, FEMRREIN TE TV, 2070, 5%, MlRNO Ly T LDl
IR E % X0 FERICRRET U, IR BRAIC L T MR ORI ZLE T S X O b h
W2 BgE T AU, B RIBRERICZRY 9 5, AMRIZZ DAL R DR L IR D
LEZD,
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FIFIR AR, B i AR AR A DO PR B W C R BB E 2 R LT D, 2070,
ISR B I T E O BEDEE SNTZBRICEZ S ORBEEZZ T Dl Th D & v
25, TIBIE, EMmAHERT 2 L THERES TH Y | TS MOBEE/IZ L o
TATEEEBRICO N 0LT W E LN TND, 207D, RO IREZ B
7 RRBIZR D Z &N QOL % EH- S # 5 ECTEEL > TL 5, CClh (FfE~ OENY)
THIICIE LWEEZ R L, TORMENE FORE LIEFIHEL T D, 202
EERFIRLTC, FREERRMEE L THREETEASAVWSLR TN S, CClaz i
FFEI% 1960 AR HBItA S L, A2 BREIMICTORTEY . KXW Sk~ ek
DORFEELZBBIELFERPALNERoTWD, Z2O— T, B2+ 5
KLV OBMFRBLOIIL, 1 ZEAER LN, ZORKFE LT, BEEFHRD
BEEOIRRETT L E LTHE L, BERIAOIEEZITT S LWV ) FEIL, ZhETIC
Ronigv, £z, BEREEISS T 2WERDRITEO N0, BotLql s 27
EEOHEICOWTIIRDPRBO GNBRNVERHELE SN D, R EIZT EN D57
DOIEAAE ORI Z1T 5 Z L IFFEFICHETH H, £O—F T, MEGEFEAIRATEH
EIROLERERATHZ EBNERT, BET D00 HD 2 EnbEREF &R
EREE DMK T DBEEM 278 2 2 & b IFFICHBERMREK TH 5,

91 ETIE, BUEA I & T CCli G D5 il LU GRS DIRB 21T - 7
R, ERIL 4g/kg, BERBEIIEENEE LRE L, ZORMETICK LT, Zn
Z 3MFTR G952 & T, CChlz X Bt mtZ w22 2R LT, 2D
MHER L Zn 2 Cd @ 1 ERH#ES THEBSEORMERIZRD bz b DD, T2
PHNEERS bz odz, Fio, Zn R CAIZHE L THRES DKL LT, MT 2
FIFoiv, MIRFPORBEZRE Uiz, ZORE, BGEEEFR 7258 BN & B3t
ROWAITEENPRD T,

55 2 T T Zn Z Rk G L72BED | CCla BaE d MM O BA MRS 4 T & B s %
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WC, HEBURGET L7c, TR & B Mg (238 T Zn 18 & 2 il o b 28414k
FHNT A= —B L OMBFENBIRICB W THLNE o2, £, Znilk - TR
F- L7z MT 25 CCla D 5- T S 23l 2R Uiz, LLEORERN G . MT 34K
AL E ORAEE L U CHSRET B2 2 Lic k0 A IHIL CVWD 2 L 2R LT,
F7o, Mg BBOGEORE AT L BEFEIIRETHY, ButLol sk
TEAESFIIR CH 2 Z LR ST, 72, Bt ISBEFOHRE LR LT Zn
Lo THEEISNTZMT DT HNAIR Dy —Fea N LIz ChH -7, ZD7=
O, BUEZ 5| & 2R LT, Bl AT O 72T RED MT 2358 S 5 4%
ENRHDHENRD,

# 3 ETIX, CClUADITEEREMEY THDH BB 2T, Zn 1T X HH1HEE
THEWER VR BN D MRFET 21T o 72, T DR, CCla DFGR & [FARIC Zn DR
BT, BBIZXABUEEMEZET A L2 R LT,

FATETIE, BOEESI SR ITRTOFEME L THLC T AZERL, BV D
LMFESRIE FTO CCla mYEICx T 22l Lz, BT U AMED~ T
A, ABEMOBI N T ARZEOIEITER LTz, TOREE, FEE~—7— -
ARG - IREREE L L ORIERT A b A Ve EOHER Ik LT, KL
T LMIED~ 7 A TIEFEOREIEA O bivizc, £72, CClaDmME# R &7 5
CYP2E1 ® mRNA FEHL L~V MG LIS AERZTRO b olc, 20T &
O, BRIV T AMAEIZ K D CCla B DIEM AL & LTI T ¥ VA RCARE 0 BB 5
SAFERBLOR TR Z 5 Z L R I LTz,

INET, CChz B ITEEZ 5 S Z T bamIcB VT, By v AN
DHIDN, TNUHITMAEEDOKEKBLIG L L TIRA LTV, L, Rtk
WT, Iy APHIRSEDE RN DA X MIbEETHZ L2 /M LT, v
VU MIAEREDHERHC R AT R 72 BB & Rl LT D, 20720 MEAAIEIER IS 2
2Dl Z s, BB CHEMARIERAZHOMNIT L2 LIIR#EETH D, LinL
7285 CCla ISR DALB NI N T S AL 7 M Lo THEMUENEET 2 00 5 i
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T5 2 ENHPRNIGSERICABRRMIEL 25 Z i s D, £z, AT UL
DZT Ly MIEELZZT TR, #EFEME LTRSS TS, AHFET,
T 6 Z NIRRT 5 L BIEOEMMRA R T 5 6 D Th D AF T O FHIK
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