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Effects of zinc deficiency on rat liver drug-metabolizing enzymes
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Zinc is an essential trace element that plays many important biological roles in the body.
In clinical cases and experimental animals, zinc deficiency results in several unfavorable
features including growth retardation, hypogonadism, rough skin, and general lethargy.
Regarding drug-metabolizing enzymes, there have only been reports that zinc deficiency
reduced the content of mRNA and protein of male-specific CYP3A2, CYP3A18 and
CYP2C11, and increased the mRNA levels of female-specific CYP2C12 and CYP3A9. We
investigated the effects of zinc deficiency on alcohol dehydrogenase (ADH) , hydroxysteroid
dehydrogenase (HSD) and cytochrome P450s in rats. Cytosolic ADH1 activity was lower in
male rats than in female rats. The lower ADH1 activity in male rats was increased to the
level of that in female rats by zinc deficiency. Microsomal 20 8-HSD activity was detected at
a high rate in male rats but was under the limit of quantification (LOQ) in female rats. The
high 203-HSD activity in male rats was decreased to below the LOQ by zinc deficiency. 7-
Ethoxycoumarin O-deethylase activity was inhibited by chloramphenicol in female zinc
deficiency rats, but not in female control rats and male rats, indicating the induction of
CYP2B1 by zinc deficiency in female rats. The mechanisms of changes in enzyme activity in
male rats will be discussed based on the impaired testosterone-hypothalamus-pituitary axis
originated from hypogonadism caused by zinc deficiency. The mechanisms of CYP2B1

induction in female rats are still unknown.
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BRI VBRI S Twn a1,

Zn R ZIE I E LT R ZHED Tl b 4
B, B MIBWTIX1960 E18 I RE=NED
InRZHE GEBEAE, MNAE, TSR T) 2%
OB Y, DWTHE - RERE, AR
&, BE, BREDEEEE (BHERmEE %),
BB OB OBIEA RS 7212, BETIE, &
B 1) — RO BEARBEO P I ELATT R E
FhTniwnw/o, RIEICh-2m710) —
SRR e EOERIC X o T RO R ZRED
BB EPREIC RS TWAE R, T2, R
g () o GREFIC T RS REOIRT, Alfast
LG, BIRGIE), WK, MR (5
NEFE,) D) &L OB ML N TV 5 23512),
S50, BIETWE, FIRA, BELH, buksl,
MU FRBLOPN=F 0 VEHI R ED
HANPFHFOZn X L— MEHIZX D, RO
InDSBENCHRES NS Z L2 X o TR Z 5 EH|
PERBEREEICMA, WHRLFA Ty v T 7 —
ANT—=FLR RO b L EERORIICE
5 7Zn DB RIZ X o TR Z B RER EE )7
MLTETWA D,

ZDEHZ, IniTEFRNITBWTHEA OER
ERICEELRBEX2Ho TWAI20 2 0b 5T,
EWRBEENDEBIZOVWTOREZL (%
W, HET Y MIBWTInRZIZ b &, MR
7% CYP3A2, 3A183% %5\ 132C11 D mRNA &
LSOy v BEEFRERA L, BIFEN L
CYP2C12 % 3A9 D mRNA B AT % & v o 72
T v b OWEERE S 2 N 7 0L PAB0 D S
AMONTWEILTERWD, 22T, AIfET
ZHEHE Wistar 2T v P EHW, ZnRZH
ADH, e FuFfi2aynuf FRAKZEES
(hydroxysteroid dehydrogenase, HSD) 8 £ O* ¥
N7 T L PAB0 7 & OFE A W HEER IS RITT
BT OWTHRET L 7z,

KBEMHR B LUTE

HEH
JrFnr¥uh—K4x— b (DEPC), =¥/
=, Ry /=), = pa7hV—7r7V

AU Y) RN, T FT U ANILVT 7=},
TUFATFUY, FhaA—A-6-1 YEE—F )
YL, T3 —Z-6-1) Y RRIGUK RS (D
AR TR & A 5, 3-(N-morpholino)
propanesulfonic acid (MOPS) Z#k & F/1t
EWRMP S, TSV aTaYA R, b)Y
JVIRREE, 7H O — A, reverse transcriptase
polymerase chain reaction (RT-PCR) H SuperScript
First-Strand Synthesis System!¥{f ¥ ¥ ho =
YRS 5, Loading Buffer I3tk &M =
vRy V=5, [-nicotinamide adenine
dinucleotide ( 8 -NAD*) (&4 ) = ¥ VEERE T3
(#%) 75, TaKaRa Ex TaqlZE W&k &MHtH
b, ¥V =), T-Z+Frx)riddrw
TNVE)wF TN HRAEERS, A DNA-
Hind I ¥ — % — X New England Biolabs Inc.7*
5, PhastGel Dry IEF, & JEKKEH
Pharmalyte 3~ 101X 7~ ¥ v AL FH A v
AMG, 20a-k FOaFxF vy ryuasyzruy, 20
- FuF T 7us A5 0 v IZSIGMARER S,
17-AFNVFAMATFO Y, WL TAT T 06
KFY, nicotinamide adenine dinucleotide
phosphate (NADP+), reduced nicotinamide
adenine dinucleotide (NADH), 7 3 /¥ |
7= VIR, p-=ha Ty - ViEF T
47 A7 RS 5,5, 4,6-pregnadien-6,17-
dimethyl-3,20-dion & STERALOIDS INC.%* 5,
f.7 v b NADPH P450 reductase HiIlLi& 12 85—
fLFEGERAR TP OWA L7z, 2O E
B O AT TR D b D 2 A L7z,

InRZ7 v bOIER

AL 4B O MM Wistar 2T v b (HAR T
AN T =), WM AK20%, TFA PO
A63.7%, I—YFAN10%, LT — A
7E—=2%, IFXTIVIRE313%, €Y I VR
HG11T% % HBEERE L2 2n RZE (Ing®
. 1.6mg/kg Fi§) ¥ 721%, FEIRAIE (CE-2, H
Ko V7)) %5HABS %2, InRZBXUxET
v MEERELZ, 2, HNE#HZZELC
mE23+1TC, mESSE5%, WEY 1 7L
12K (A 7:00 ~ 19:00) DBFEIZTHB L,
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KiTBHIZE 2 7-.
M A 24T - 72,

FEICEE L TIE16 ~ 18

mE fFy4 hV—=IW RO 70 — LB OFRR

7 v bR WEHERE, B 5 ISz RIUT 5
el bz, BIE Lok PR AIR TR & HE T
L L7, EEllERk, ML C4fEED
0.1M U YA Y 7 L5 EH (pH7.4) -0.1mM
EDTAZ X, Ky ¥y —®ryarkEI 54
F—=CTREIFA AL, HOENIKRED A —
k29,000 X g T20 7 MR LoEER, SHI10%
? _FiE#% 105,000 X g T60 4 MmO E L, 5
bz EET A MY = VEsE L. —h,
LI % B O° L ECRR AR C BRE T, 105,000 X g T
0 BE LT ALY I 20y — L
SR A NV RN 21T — A
G D & N7 FiEFE I d Protein Quantification
Kit-Rapid (#fX&EEALERZERT) & W T
HE L7z, MiokEs FeLIEs g L7z,
3,000 X g T 20 45 M- L0 BE 2 47 W I % 7572

mE$Zn, FAMZXFOCELCIRASTF
—IVRE DRIE

Mg Zni L, Zn-7 A b7 2 — (FBHiEE
THHEASHT) 2 Hv, Mdo7a ha—-uiz
o TlE Lz, MEHRTAMATHYBIV
ITANTVF— V&L, DELFIAT A M AT
OYBIFLAMNTITF—VHllESY b (03—
FUINVNIY =T T AT AT v XA S
) M, ¥y Mo TE b a—-ViciEs
THlE L7z,

total RNA D H

Z v bMFtotal RNAIE M) VVEE (L 2 € F
oY A& 2, Bffoso ba-
WAIZHEVFREL L 72, 15 5 1172 total RNA OFEE D
213 OD4e/ODyy, H % HEL/M IR (DU-650,
Beckman) # W CHlllEE L, H251.7~1.8DK
B A EEITH W,

RNADERKED
13%7 AU —A7VIE, THIT—R0.78g12

F5 85K 43.3ml, 10 X MOPS buffer 6ml % il 2. C
EHASHR (121°C, 204) L, 123MAIV LT
VT F10.7ml 2 RS L 72, Gk RR1E i
(1 X MOPS buffer) &, EEASZRA (121C, 20
) Lizbox vz, kBN, 208
DRNA, FNVLAT LT F35ul, KIVAT I F
10p142, EEH20p1127% 2 L9 IZDEPC AL
KEMZ, 60°C, 154 M LitvC, KL
55r W& %, 10 X Loading Buffer 241, L7
TATURA R05ul ZMAFE L2, RNAD
BRUKE) L, BRIKBIZEEZ Mupid-21 3 =7V
TRENTE (3 A€ - N AR S 2 HWikEh L
7o, WKENRIZUVERETIC X D 188 ) 1F28S rRNA
DI 4TV, 288 rRNA D 3> FA718S rRNA
DNy FERBL2HBREERCRZ LML E
gy A A

EERERAE

FEABRKEBHOZ NV (pH3 ~10) i3,
PhastGel Cassette (7% ¥ ¥ L85 94 0 )
TPhastGel Dry IEF % kA 3A 4, PhastGel
Cassette N % PR W (558 n0E & kB H
Pharmalyte 3~ 10 : /K =1 : 15) T/ L, 2KF
WIfE LR U 72, 58 5 FE 500K E) 12 PhastSystem
EHBEREKBEE (T Yy 2N/ (M
YA), ERTERLAZIVBLIOY YN HE
HBp2ug DA MY =V EHWTITW, & 8
27 %1 Coomassie Tablets, PhastGel Blue R-350
(7Y N FH AL R) ZHOTHEEL
7. pl—A—&L<TClE, 7Igsvavy—
¥ (385), AFNVL v F(B.75), KZM) T v
ey —(4.55), p-77 brua7) vA
(6.2), "V AINE=v 7 F7—¥B
(5.85), B ANK=Zw 2Ty FF—¥B
(6.55), 7~ It rav @My F(6.85),
v IFrav s IEENME N F(735), L
FNL 7 F VBN F(8.15), LTl
7 Fv-thNY K (8.45), LY FLL T T -
HWHEMEM NS K (865) BLXUVN) TV /=7
(9.3) # & pl Calibration Kit 3~10(7 %> ¥
ANAFH AL A) RV, Thb ZfgiE
ISR A AL 7.
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cDNA DER
RT-PCR H SuperScript First-Strand Synthesis

System (£ v ¥ b vz yHRXEH) 2 HV, [H

o7 b a—)uiZhE > TeDNA Z/EELL 7z,

ADH1 6 & U 2 -Actin D PCR

ADHI1 DWW T, forward 7794 ¥ —%5'-
TCTGCCGCTCAGATGATCACGC-3', reverse 7
74 <% — % 5-TCGAGAAGCCACAGCCGATGAG-
ERET L7218, B-ActiniZ DWW Tl, forward
77 4<% —%5-TATGGAGAAGATTTGGCACC-
3’ reverse 77 4 ¥ — % 5-CCACCAATCCACAC
AGAGTA-3’ L fkRF L7221, Ihs T4 < —
DUEEE, Yo~y /) VAT v X UERAH
&AL 7.

H—=< V¥ 4 7 5 —|ZTaKaRa PCR Thermal
Cycler MP (E il &k &) 2 vy, cDNA,
0.5 M forward 3 & Ureverse 7°7 A ¥ —, dNTP
Mixture, 10 X Ex Taq Buffer, HEZZIK,
TaKaRa Ex Taq polymerase % Iz, 4 % 501
b XL, LTOE&EBETPCRE21T-
7z. ADH1IZ, HR#IC94 C T2 M % 17
> 721%, 94 CT308H, 73CT308ME, 72T
T30 % 25 IE27H 1 7 ViTw, RELC
72 CT20 B ERILZ T > 72, B-Actin i,

NI4T T2 MBS 24757218, 94TCT
30F[H, 61 CT30FE, 72TCT30MM%E25

27 A 7 M, BfRIZT2 C T2 R
s z41 o7z,

PCREYMDERKED

PCR PEY) DRIk E) X, 1 X TAE buffer % ik
BB L L, 0.8% 07 #1— A5 L TEL
Bk L7z, kB2 UV BRSNS X ) PCREED ©
MRxfro7. FE~—N—1d, 2ADNA-
HindIl ¥ — % — % 7z,

ADH EHDRIFE

30mM 7' ¥ ¥ -OKERAL S b U T A KR
(pH10), ImM NAD*B L U4 F v — % 37T
T2 TV A v Fax—Ta sk, 18—
v (B #IERE © 0.06 ~2.6mM) % A TS % B

5 L7z, BRUEEEST (DU-650, Beckman) %
vy, 25T C340nm 2 BT WG o B n % il
L. B, ¥4 bv—nroffbhiz, 30mM
7)Y - KERAL B AR (pH10) %
WMLz D &xiE U7,

ADH DEM &

SFHRAELIKER, 7V % Coomassie Brilliant
Blue (CBB) ¥ 3 I12E H 12, EHEBEH
(60mM ) A-HERREE T (pH8.6), 0.24M L%
J =), 0.6mM NAD*, 0.24mM = b1 7 —F
VU AZTY) R, 0.065mM 7 =Y YR
FANT 7= F)IZRL, BEITT46C, 1HEEK
&7 UG T R, IV ERCD L LR RK
T L, Y FHRRERL 7.

20 -HSD Oi&EMEBITE

EDTA, 707 A7 10 ¥ (Ffi % | 10~ 3004 M)
B LU0.25mM NADH % & 7 A G2 4 b
V= lvhHbHwiEIrvuv—nkinz, ca%x
LOml & 7% % X9 IS L7z, RIGIENADH % i1
ZCHAL, HERIEETICT3TC, 1058 A
yF¥axX—3 3y L7zt%, IN HCl%Z 250112
52 LIk ) bR EILSE, 512, NEEE
WHE L L CT12ugmlDRED 17- A F VT A b A
THYAY = VEBRu I RY 7 aaxy v
3mlZ A7, THE 1043 MHIEE 5 L, 3,000 X
gTH MR OAEEL 7. T, BiE (kE)
PgREx, UruaaXxy sEoml gLz, B
bz ruan Xy vEEy @RI T AR
L, BELZ7E M= M) L200u ISER LD
D% HPLC /3 #radkt & L7z,

20 8 -HSD MEMAIE

20 a-HSD O{EMRIGE & MERICIT - 72, 7272
L, NADH®1tDH Y 12 NADPH 2 % (0.256mM
NADP*, 6.25mM 7 L3 — A-6-1) Y E—F 1
Y A, 0.25unit/ml 7V I — A-6-1) ¥ EE K EEE
#%, 6.26mMIE L~ AT L) B, PEEEYE
& LT84ug/ml DD 4 6-pregnadien-6,17-
dimethyl-3,20-dion % FH\ 27z,



T 3I/EY D NBEAFILEREEDBIE
0.1M V) Y EEH U 7 L& (pHT.4) -0.1mM
EDTA, 7 3/ ¥ ¥ (E#&RE :0.05 ~2.5mM)
BLONADPHARRA» S 2 A RIBEIZI 7 1
V- LBEBEAE ML, 2B 1.0mlk kb L)
SRR L 72, RIS IENADPH A RGR % Nz CHH
L, WERISEMETIZT3TTC, 3001 v F o
N—a v L7k, 20% MY 7 0 afkEE (LT
TCAY T 5) % 1mlNZ A2 &1 & 0 UG E 1k
SH7z. Fofk, 3,000 X g T1055 M U5 EE%
vy, B 5Nz B Iml 12 Nash 303 % 2mlin 2,
FOB7C, 309 A vy Fax—ar Lk,
412nm 2 BT AW 2 e L7-.

7= p-KELEEREMDRIE

2T =) 3G (RACREE 4~ 200 M),
FOCHEE % 4045, 20 % TCA 0.5ml % s 1-#)
ET AL, T E) UN-BLAFVLEEE
WO &6 CEfTRIEL, BoNz i
Iml i 10 % REEF F ) v A% 05ml, 2% 7 =/ —
VN0 2MKEEALF B U Y AT A Il z, B
37C, 30404 v F ax— 32 L72f%, 630nm
BT Bt @ e L7z,

p-=hAOTZV =IO - XA FIVEBERFEMED
HIE
BEAp-= b O 7=V — )b (iR . 4~
200 ¢ M) IS L2DANME, 737 ¥ U N-i
A F VAR TEEDO W E & 7 UG CHIEL,
BoNZZ EFE15mIZ 16 %REF N v A%
1.5mlfNz, 410nm 3BT AWOGE 2 fle L7:.

7T-LhF77) 2 O0-BIFIVEBEREEDRIE
EEET-Z N ¥ 7<) v (R#IERE ©0.05
~1.5mM) B X O KICHE M % 10531288 L 72 2L
SR, T3 2 ¥ Y N- A F OV EE R TGO H
EERUGMHETHMEL, BNz LiE0.5mli
0.5MF N D 7 &/710) % 5 ERERE TR (pHT.4)
Z25mliNR, tEILER (RF-1500, B
YEFT) & Fvy, BhEE P 380nm, HG7% R 460nm
2B B ERE A WE L.

WEKENT o PRI MBS RIET 89

7-ThX2 72 0-BIFIVEBEREMSICK
T5EECYPHEROZE

EDTA, BIEH (r B394 7x=a—VLidp-=
b7 =y = )b (TEASRES 256~ 500 «M))
B L ONADPHARRD? L %2 5 B IZ I 71
V= LB ENA, RS FIZT3TTC,
BT LA v Fan—va sk T-nhFY
o) v (RHGRIE  150uM) 225 2 & TR
Ir G L7z, ZOBOBIEERT-Z N F 27
) ¥ OB F WALEE SR P O W E TRk 72 ik
WZHEo 7z, BB, AFRICIZEHECYP BHEA % 7
i S (HEANI S T T wn) 2Nz,
R DFNEEAT - 7.

HPLCICL 3 7O4 27O REVDOER

Fa s A7 a AACEY O HPLC 0 #r1c1iE, K
¥ 7 LC-10ADVP (BERIERN) 12, 71T LHi
EU-620VP#30 (A4 A 7 3 — (%)), Hitee
SPD-10AVP (B BUERT) B & 07— & fRATLIE
$ei® (C-RbA, Bt BLERT) % Hefi L 7c sk
0w k75 7HEE Y AW, B9 A1d CAPCELL
PAK C18 UG120 (250 X 3.0mm, 1.D., 5.m, &4
W) 2, BEIMELTK, TR,
AH )= )veZFNFN35 325 325DHEET
BA LZEE % 0.3mYmin OFEE TR L, i
254nm DEMNTILTIT - 72, BB, BT LIRE
37T CICEL, LBz 20uliEA L.
i ru~ s 74 oo niz¥—2m
LOBEHL, E8L7%.

HREROFEN S LUMEHLE

FEHREEOK, KUV, flilX, Hanes-Woolf
ORNZHTIRO, /N FEIZLYRD-. HE
B RSP £ BEAERRE TR L 72, e W
A EETT N LB Student”s t-test 12 &
AT, p<005ZHFEAL LTRLE.

1. 70 RZ 5y M OER
INKZEZETHE LTy PMUEFR DO Zn &5
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MILEHRT A M AT U VR, InRZAICK
D R ER R (0.09ng/mL) LI F L7z Lo L,
Moy "oOMEFTANT V4 —VEEIZON
T ZInRZEIZ L BEEIED Lo 7z,

(Fig.l), FAPMATFBVBIUPIZA TV F—
WViERE (Fig.2) #BIE L7z, InRZEIZXD T
v I IALE H Zn R B 3o BB 12 BB, HETHRI 60%,
METHH40% EF LT L £, HT v

control [ —
Male %ok
7D \H
control ' |
Female *
7D N
1.5 2 25

0 0.5 1

Serum zinc concentration ( zg / ml)

Effect of zinc deficiency (ZD) on serum zinc concentration
Results are the mean £ S.E. for four individual rats in each group.
*P < 0.05, **P < 0.001 compared with either male or female control group.

Fig. 1.

Male : testosterone Female : estradiol

' ' control

control

N\

0 10 20 30 40

0 0.1 0.2 0.3 0.4 0.5
Serum testosterone concentration (ng/ml) Serum estradiol concentration (pg/ml)

Fig. 2. Effect of zinc deficiency (ZD) on serum testosterone and estradiol concentration
Results are the mean = S.E. for four ~ six individual rats in each group.

LOQ : the limit of quantification.



HERZNT v PIFEPCHTER TR 91

2. 73— VKRB AN (ADH)
MBERIINAD* BLOEZICZY ) — V&2
W, Ty MFFA M=V ADHTEME R HIE L,
FART A INT A—F%EH L7 (Table 1).
K fEIZ&EBEE $120.12~01TaM T, HELE
R ez o/, LaL, 7y MIBITS
V.. ML, Zn/KZE (8.02 £ 0.58nmol/min/mg
protein) 254t BEAE (3.38 + 0.50nmol/min/mg
protein) £ D ¥ 24 &L R L, FHIPEN
Vo K EDRISHMEICHE R L, ZInRZI1ICLD
WMRLHET v POV, JEE, HET v SR

HOV L EEZREFRETH 72, FRIIHL,
M v b TIXZn R 2ZI2 L 5 ADH GO ZE BT
Wb N o7z, B, ADHiGW 2 xIHEEHO
MEECIET 5 &, MESHEORH 1855V, fE
L, AEGWENBEINT. ZoHKRIE
PEROPEB L —HT LD THo 7.

3. 7 aA— VR K BBERELRE

5 v PEFICIZADHL & ADH2 DSTFAET 5 2 &
BHEENTWE, F2T, £EOTA VA L
WINRZIZE BB a2 T bODPEWHRL720

Table 1. Kinetic parameters for liver cytosolic alcohol dehydrogenase of control and zinc deficiency rats

Sex Control K. Vinax Vi’ Kin
/7D (mM) {nmol/min/mg protein) (mL/min/mg protein)
Male Control 0.17+0.01 3.38 £ 0.50 20.12 £2.15
ZzD 0.1240.02 8.02 £ 0.58% 71.01 £ 12.7*
Female Control 0.15 £ 0.01 6.07 = 0.53* 41.61 + 4.80*
zD 0.15+0.01 7.15 1 0.93* 47.41 £8.10*

Results are the mean = S.E. for four individual rats in each group.

*P < 0.05 compared with control male.

Ethanol

ADH2 —

ADH1 —

control ZD
female female

control ZD
male male

Pentanol

control ZD
female female

control  ZD
male male

Fig. 3. Activity staining of liver alcohol dehydrogenase (ADH) in control and zinc deficiency (ZD) rats



92 FEW BRH, Il &, mEOES, BUR S, (MR KRS, Hb A

{2, ADHI (pI8.25~8.4) & ADH2 (pI5.95 ~ 6.3)
rEEABSXKETOEEL, =¥/ -V B LV
NUE )=V EEBICHOWEERM 24T 7
(Fig.3). ZO#EHE, ADHIDO/NNY Fidxz¥ J —
VWBIURVY ) —LOWTFhEREIZLE
D pHS 4 ISR ICHRILE N, HES v M
BWTINRZIZE D5 V37 BEamDBRIHER
SNz, —J%, pH6 A E® ADH2 I2DoWTid,
HEEPTY =Dk ENY F3H I i
D72, XY= NVEHWEEENLEEL
i En, LaLl, WHET Y bESFREL
InRZHO ADH2 3E Bl & IS HAE 22 72 3R H
Lol

4. 73— IV KREEFR ADH1E{EF D RT-PCR

B-Actin % JEHEB(R & L, £T v NEDOJF
RNABDRRLICAL L) ICHELLZEED
ADH1 mRNA @ RT-PCR D #5 %% Fig. 4 IR .
W7y PIBWT, (JREFIZHERZnRZHD

ADHI1
25 cycle
control ZD control ZD
male male female

27 cycle

control ZD
male male

female

female

control ZD
female

mRNAZH & O 2 A BIE s iz,

5. 20-Hydroxysteroid dehydrogenase (20-HSD)
FEMOEE)

Ty ATy REEICH, Ty MFTA
MY = D20a-HSDIFHEB LI 270V =40
20 - N2 205 -HSD R & e LEH L72%
AT AV TINT A—=F e Table 2I2F L2, 7
B, 20a-HSD B & U720 8 -HSD {5 E O 1%
FIZIE, FNFNNADH B L O'NADPH #% i Al
L7.

INRZIZEBT A by —ABIYI 70y —
L D20a-HSDIFTHDOZE X, #HEIIIZLEAE
RO LN Loz, —), 208-HSDIZDWTIE,
HEVEATIREE S v b TR S N2 E WMDY, Zn
RZIWZEDRIBBRALL T IC# L7z, F72, 20
B -HSD G I BE A 272 il ) 3 Ltk
WROLN, WS v b TEBRIERALT TH

7.

B-Actin

control ZD
female female

control ZD
male male

control ZD
female female

control ZD
male male

Fig. 4. RT-PCR analysis of liver alcohol dehydrogenase 1 (ADH1) mRNA levels in

control and zinc deficiency (ZD) rats
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6. > M7 OLPASOEM
BB L ZInRZTy NEFI s 0y — 4
MOFERY N7 O LAPASO S T RO G, HAl

WakkgEeLT7IJEY Y, T2y, p-=
fe 7= BLU7- X< U xH
WilllsE L7z (Table 3).

Table 2. Kinetic parameters for liver cytosolic and microsomal hydroxysteroid dehydrogenases of control
and zinc deficiency rats

 Enzymes Sex Control K. Vs Vs K
/ZD (mM) (nmol/min/mg protein) (mL/min/mg protein)
20« -HSD Male Control 41.29 =347 32.26 +4.58 0.77 £ 0.08
(Cytosol) ZD 4779+ 3.84 54.46 + 8.28 1.20+0.27
Female Control 40.99 £ 3.90 22.48 +0.92 0.56 = 0.04
7D 4822 £ 2.77 37.18 +4.32 0.77 +0.08
20 -HSD Male Control 2.68 +0.34 54.81 £5.99 21.80 =4.21
(Microsomes) 7D 2.69 £ 0.70 70.93 +5.38 32.95 + 8.99
Female Control 4.29+0.64 72.85 +6.07 17.50 £ 1.50
ZD 1.21£0.12 68.81 +10.08 60.28 £+ 13.08*
203 -HSD Male Control 39.94 +255 1.69+0.12 42.24 £0.08
(Microsomes) ZD N.D. N.D.
Female Control N.D. N.D.
ZD N.D. N.D.

Results are the mean & S.E. for four individual rats in each group.
*P < 0.05 compared with control female.
N.D. : not detected.

Table 3. Kinetic parameters for several kinds of liver microsomal cytochrome P450 activity of control and zinc
deficiency rats

Enzymes Control K, Vax Vo K
Sex /2D - (mM) (nmol/min/mg protein) (mL/min/mg protein)
Aminopyrine N-demethylase -
Male Control 0.40 £0.04 5.92 +0.33 14.95 + 0.84
7D 0.56 = 0.03 5.18 £ 0.40 9.28 +0.78
Female Control 0.80 = 0.12 3.22 & 0.297%#* 4.40 +0.92
ZD 0.80+0.12 3.73+0.26 4,76 + 0.54
Aniline p-hydroxylase
Male Control 12.71 +£0.71 0.74 £ 0.07 58.30 +5.98
ZD 15.18 = 2.62 1.13+£0.22 73.54 £1.98
Female Control 11.77 £ 0.90 0.78 £ 0.06 65.71 =2.45
ZD 16.35 +2.07 1.36 £0.17 83.73 &= 4.99*
p-Nitroanisole O-demethylase
Male Control 958 +0.61 1.21£0.13 117.85 +12.47
ZD 10.85 = 1.26 1.56 =0.19 146.32 = 11.71
Female Control 9.37 = 0.58 1.35 +0.11 144.90 = 11.15
7D 13.34 = 2.45 2.06 +0.26 160.02 = 10.67
7-Ethoxycoumarin O-deethylase
Male Control 0.25 +0.04 3.29 +0.88 15.97 £ 5.86
ZD 0.21 £0.02 3.10+0.71 14.76 +2.29
Female Control 0.16 £0.03 121 x£0.14 8.33 +1.93
ZD 0.17 =0.02 2.66 £ 0.09%* 15.59 £ 1.55

Results are the mean & S.E. for four individual rats in each group.
*P < 0.05 ,*#P < 0.01,*P < 0.005 compared with male control group.
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ER O FEE KL (Fig.5). CYP1ALI OFHE
HOp-= b7 = — )il I CYP2B O FHEH]
DrAFTAT == )VIZXy, WREER L
INRZEEVTNOHET v b @éfi&«&m
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Jim 12 CYP1A1 & CYP2B O 4T FEAE 5 L
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60% MIEHE SN, 70587220 —)b
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ZIZE D CYPZBAHE S ND Z EARIR SN,

z =

In 3 ELHTTEO—2TH Y, EANIC

WA OB ﬁ?&ﬂﬁ%ﬁofw%
B, EWAHEBEE~NOBES IO TELTLY
TTICHLPIIENTWBE EEE R W, £2
T, AWFZECIEMERE Wistar 27 v b & HV, Zn
RKZHADH, HSD B L 'Y + 7 0 L P450 7% &
DFE 2 FWAHEE R BT REI O TRES
L7z, %, ZnRZICED Iy MLEP ZInd
BOELIETTa b0, MRMPTRIZH
LM RBEECERES 2Lz, /2, ZIn
RZWZCEVHET v bolFEH T A MATH Vi

FESHO R A ML F ISR T3 2 0k LT, WS
v POILANT I — VBRI EA ST
f INREZVHEIREY G255 ENREN
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il:i”“<ﬂgf)o“(b‘é. FONDInEEIRT
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AMATU iEEPELLBI LI D EER
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1518 ENTBY, KT O S 7z,
COMWEE, InRZICE0HET v O ADHIE
AT v POL NNV FTWMRTLIEITLD
o L7z, Ty FPHFICIZADHL B £ ONADH2 Y
FAEL, FNHIFERERSEXKE TSNS
1, HET Y FOADHL ¥ YN EEHEB LU
mRNA FHENZn R ZIZ L DM 5 2 & 25,
ZNEFNERNERKE RO GG 0N
RT-PCRIZ & 2 IR THEAT TH O D IC % o 72,
FTANATO I FERAPLLORE RV E Y
DFWING — 2 NV AR B2 12X DT
BB 5 ADH O FEH 2 HHIRICHIE L Tn 5
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TlE% L, ZInNRZWCEABFAMNATFO YDA
HHNIFTUWOBETHLHET v O ADHIER%.
b I L 72D EE 25

A 704 FORE, &% iiEd 2 HSDIZIE,
3a-HSD, 11p3-HSD, 173-HSD, 208-HSD, 20
a-HSD % &0 15T ab. 115-HSDB IO
173 -HSD I3 N R (S MBS A G AL 2, FLER
WM 2 AT 57 3 7 BRIEHEDT250 ~ 300
HOEET VA — VEHAKRERHEZA—/—T 7 3

1) — (SDR) 12, 3a-HSD B L F20a-HSD L CK
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ZDL) BRHARHAIFAEL WY, 20
9%z ehs, Ty MFICBWTZnRZI
L UVFEEINL CYP L CYP2BI &% &
M7z, 508 ZAHZOFHEREEIAHTS 575,
INRZTHET v MIEPRLZ AN T V4 — VD

BB EZ TRV L, L, CYP2B1 MFiE
B ERT AN T VA NVOBEEE WY
DEEZLNS,

Db, ZnRZPHEWRHMEESR S RITT 2
FBEF LRSS, A NAT T S X ) HIHIE
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