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=Abstract=

The drinking hazard in hepatobiliary disease was studied by the assays of liver cytosolic,
mitochondrial, and microsomal aryl sulfotransferase I, I isozyme, in cholestasis induced by
common bile duct (CBD) ligation after chronic ethanol intoxication with rats. The activity of
serum aryl sulfotrans-ferase 1, I isozyme was also measured.

Liver mitochondrial aryl sulfotransferase I, II isozyme activity in group of CBD ligation
after chronic ethanol intoxication showed a greater decrease between the 3rd and the 14th day
after CBD ligation than that in group of CBD ligation alone. However, the cytosolic I, II
isozyme activity did not change.

The microsomal aryl sulfotransferase I,II isozyme activity in the CBD ligation after chron-
ic ethanol intoxication showed a greater decrease between the 7th and the 14th day after CBD
ligation than that in the CBD ligation alone.

The serum ary! sulfotrnasferase 1,0 isozyme activity in the CBD ligation after chronic
ethanol intoxication showed a greater increase between the 2nd and the 14th day after CBD
ligation than that in the CBD ligation alone.

The Vmax values of the liver mitochondrial and microsomal aryl sulfotransferase I, II
isozymes in the CBD ligation after chronic ethanol intoxication showed a greater decrease at
the 14th day after CBD ligation than that in the CBD ligation alone. However, the Km values
of the above hepatic enzymes did not change.

The results indicate that the biosynthesis of the hepatic aryl sulfotransferase 1, II isozyme is
decreasing in chronic ethanol intoxication with cholestasis than in cholestasis alone. The
increased activity of the serum ary! sulfotransferase 1, II isozyme in chronic ethanol intoxi-
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cation with cholestasis than in cholestasis alone reflect that increased hepatic damages which
cause this isozyme to leak into the blood in great quantity.
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Fel 5 7|2 Bapstn
oeFgt 7152 7R Azlel® (Sherlock,
1985a) AZFE FFEHAY A elA
AR g4 YA #HE (biotrans-
formation)AlA wAdA &= 7|5& 714
o248 AAE 233tz vt (Jakoby et
al, 1982). &l o]3l 7]5-& 7}l ko)
et A7) B2 ok S5 sk A
Wk 7, ZiAME Se) xAUE 4= 9l
t} (Wooddell, 1980: Sherlock, 1985b;
Hall, 1994).

dutd o Zigte Ag
= A R

R v Fe] & “H gedsiei i Az

%}
7+ QAo E (xenobiotic)E-& AA =
i/‘]ﬂ% T35 Arle|mz AAe]Ee] A

W A4S0 ‘4"% &8l (Jakoby et al.
1982) &3] HEFSAE 7eAto] 1S de
7oA o] 3aEe] BAEr WEHG (
F2] 1985: =H&4] 9] 1988 H&H 9,

1990: ZEAls o438, 1992). wheba 7
Y A% A $FF AL FY 35 of

Z)hehd Aol Aol s A HE &
49 WHEEL WEel 9le Aoz AZAH
o

Aryl sulfotransferase (3'-phospho-
adnosylsulfate:phenol sulfotrans-

ferase. EC 2.8.2.1)& phenol 3§E&%
AA sulfates ZFAA wAdA7]|= AA

o] & A WEF &4-24 (Jakoby et al. 1980:
Kim, 1984) ZH-%552 7} 2 F x5

3l (Banerjee & Roy, 1966: Hidaka
et al 1969: Campbell et al. 1987) &
ZFol= £¥%t} (Anderson et al, 1991).
o] Aie AlHdlA 2% HelAe 4F9
isozyme ([, 1.1 2 W)el SAsH

(Jakoby et al, 1980: Sekura et al,
1981: Compbell et al, 1987). ZHAIZ.ql
Ae AxA, vgEcelol 2 W3 A el
FA =] gl2v (Christ & Walle,
1989; Falany et al, 1990 IThm &
Kim, 1997) A &FEAE oA AHE
o ko) vlEEselo} o} vte]m2E aejm
AN = 1 AR} SrE T A2
Ae 2 4= A4asEs A (Ihm &
Kim, 1997)2.2 934 3l}.

o] o} Zho] AAo]E A W3 49 aryl
sulfotransferase’} F5-&4 Al 7tz
Al g HEET w3 GEEA A
—r"“ F5E& A7 Eate] AalAltte B

T (AR BEA 1992 A4S o
1993)7P WL BH g FH T A ‘%}%
A7) o71H o o] F A4S ==
g WEo] s Ao Azpdr e °1
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I isozyme? BAEES A4 on o}
2 A FA 5 F SRS AR 14
od A7) # e ZhellA] o] A4 KmA| 2}
VmaxX = @7 A3l ol& AA& B
s} g},

ERE

1. Al

2-Mercaptoethanol. 2-naphthol. 3’
-phosphoadenosine 5 -phosphosul-
fate (PAPS), methylene blue, a-
naphthyl sulfate potassium % A
=9 (10 &/100 = bovine serum
albumin)%-<& SigmaAl (St Louis, MO,
USA) AFEE Mgt em o 9 Ao

=
Adste 53 wE AFES gt

7102 AR5 A
Z 280~320 g%+ Sprague-Dawley%
9 £#E Abgslg o 132 5utE| = sl
&3} 7o) & 22702 Rl & A4
T (1), 93 23 F 19, 29,34, 7

2l Jol| bz A7) F AT
(% 57) e MEE F1d, 24,39, 7
o % 14U 2 AN Steed (F
53%), Eagon et al (1987)°] wriiol o}t
5% (v/v) ethanol® 604zt AH# Az 1t
A FA F5F (1F), 5% (v/v) ethanol
< 6047 AHAAAN F AL 5% (v/v)
ethanol& A A7 S 24 ¥ 1
o, 29, 3¢, 79 % 14 42 FAAR]

A FH F5F EHRE AZR T (F5
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ethanol€9 (Eagon et al, 1987)& =}
f-20] =7 slsict.

1=

sll o 12417 FAIAI)
ol 4] A A3} c}.

o3 A2 7 259 2F 1 em o
Zo] A9y FHg 77 o|FAA
¥ O E7 H9E Adsid e A
o] sfAte)E g, e
& NEET A3t
=AY rollA 2o HAEE 1247 F
AlAZ) & ether whF3}ollA] Al ef&hol o

Eo 2 RE AYsle] FHE AYA}
ot zelae ZhEdel A F 4T
5 M sucrose®o@ TFslo] Zhel @
o]

t
rl

o} gld dNg AAF b & M2
o} &3 ke WE 753 kst 7
o Fo} ol sucrosed-E 7Hed & BF
AAstAch g AP 4L A Fels
o] @3¢ Pz & A4 FHEE A3
c}.
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7re] Ax B2 A& ES T4 2~
4CE Y75t 5 AA dojx] dH

I EREte] L F of 788 H3led Oulake
0.25 M sucrose¥-& ¥-2 v} Teflon pes-
tle glass homognizer (ThomasAl A%,
chamber clearance 0.005-0.007 inches)
2 2~4TE X384 400 rpme] £52
ZA 2~ A 53] 5 mhaste] 10% (w/v)

o] Zk 22 #A AL et o] T Y

=2

i)

# sl sucrose density gradient
2y (FEAF FAA, 1986)2=2
MEA mEZ=gol 2 wlo]mzg24 23S
e ghodct,

Ao Az FEYelA BE AL 2~4T
olAl AJsstglom, om AS-qF U E-E] 7
<= Du Pont SorvallAl®] RC-5B refrig-
erated superspeed centrifuges} OTD
-65B ultracentrifugeich. olu Ap-&3}
rotor<= Du Pont SorvallAl2] SS-34
T865 rotorl L sucrose linear density
gradient 42 AxE= gradient for-
mer (ISCO model 570)& A-&35dc}.

4
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4. B AT =X

Aryl sulfotransferase 1, [ isozyme
A4 54 AR ZAe P2 AEA,
rlEEeeiol Y vielzRd BEE whia
g0 2 5 ong/m7} ¥ & 0.25 M sucrose
Aol B=AA AFg-stodc}

A3} 7] AxA, vlEZzelol ¥ nfo)
2% ¥39 aryl sulfotransferase |,
I isozyme® A= &FAHL Az g4
2-naphthol®} PAPSE 7|42 A}-4-3}o
37CAA 1087 HHg-A1 7] = F<tell A=

1-naphthyl sulfate® methylene blue

o} ukg-AlA AAH ion pair pigmentE
chloroform®.2 FZ3% % 651 am Aol
A wjAEe] F4e] RS AFIE
Sekura et al (1981) He| gslgion
ojuf AF§-3F kFHE 0.5 M sodium
phosphate (pH 7.4) gF&o[e]c}. o] &
29 FAE 9= 1870 1 me A
e 1 nge] wiAe] ub-gsle] AAF 1
~-naphthyl sulfateS nmolZ vtebliglct.
o] AdgellA] A A4 GAE SAYUE
9] Ag5g ¥o]7] ¢le] Sigmarte] A
AR AE AEs HAAsIGHow 2
A gl sl 23] A8l 1 HFEAE
stodck, zEla o] AgeA 4 54 FHE
EA o AE& EFFEA= computer
controlled enzyme spectrophotome-
ter (Varian, Cary 210)&lch.

L] 2%2 34714 F PAPS
Adate] Z|Addn 7 Ae Az
% o] 71" A= 2-naphthol 712
£ AH$-3}e] aryl sulfotransferase

fo == 12 & ay fd

i
isozyme ZAHEE ST F ol AH
A5

E2%E 1/(8)A5 A4tsle] o]F d4x
(double reciprocal plot)E =%3 c}g
oJALZRE KmA 9 Vmaxx & A%
(Segel, 1976)8}3ict.

o Fo o Ak 0.5 M per-
chloric acid®} methanol-ether&3<
(3:1)e2 <dAg AAstE Greenberg
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& Rothstein (1957)H o2 &4 Fo
g8 A o2 biuret (Gornall
et al, 1949)2.2 #gkslgict.

AL Student’s t-test® 3}y
2 0.05°]82 sttt
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1. 0048 =8 5 FoM = ZEHO|
2+ MZZR2| aryl sulfotransferase I,
I isozyme EMToll o|x|= A&

# 7+ A|£A9] aryl sulfotransferase [ .
I isozymed BAEE WA F4 F573
T A FE F lgES 3 LeldE
°lg M58 bR skt (Table 1).

A FEIs 2EAY 3 9y =4
T5 F 23RS ZAg FdME A EA
9] aryl sulfotransferase | .1 isozyme
o] BAE = o WS A edsicd
(Table 1).

2.8t8 =N == F oM =ctnt ZEo|
2t n|EE2=2|ote| aryl sulfotrans-
ferase [, 1 isozyme EAlT0| Ofx|
= ofst
— <

# Z+ vl Fx=glo}2] aryl sulfotrans-
ferase I .1 isozyme® 8H=& WA F
A F5 F leEs 3 Tl e fog
& YehlA ‘1’%‘}}“/} (Table 2).

7 7} slg&Zx=ae}e] aryl sulfotrans-
ferase |, [ isozyme® ZHZ= HikA
9] 24d9-g A FolMe= gz 7
S 3 o BlE) S 23 F 3dee
°oF 20% (PC0.01), 7de& 2 23%
(P<0.05), 14dell= <F 100/ (P(O 001)
2 F7FE dEhisich o] Ee

. _
e ]

2
FrT

Dt
mlo F-Ll
o

o tol
2 Y
o
o):
AN
fo
obi
?‘f‘ of 32 Iy w
g N rsu
N ofy E‘i

fir
]
X
I\
2
o)
4
T
SRS Ul O (RS I

o L Ml A 2
_g
rﬂ
it
m&
o

8 b o

ol e e o
i
M
o
!
o
OW'

Table 1. Effect of common bile duct ligation on liver cytosolic aryl sulfotransferase I, II isozyme

activity in chronic ethanol intoxicated rats

Aryl sulfotransferase I, II activities

Day(8) {nmol 1-naphthyl sulfate min~! mg protein’!)
following
operation {Normal; 0.292=0.04 Ethanol; 0.25£0.05)
Sham CBDL Ethanol + Sham Ethanol + CBDL
1 0.29 = 0.03 0.26 £ 0.04 0.25 £ 0.06 0.24 = 0.07
2 029 = 0.04 0.25 = 0.05 0.25 = 0.04 0.23 £ 0.05
3 0.28 £ 0.05 0.25 £ 0.04 0.24 £ 0.05 0.20 £ 0.06
7 0.29 £ 0.04 0.23 £ 0.04 0.23 £ 0.05 0.19 £ 0.05
14 0.29 + 0.05 0.22 * 0.06 023 £ 0.04 0.17 = 0.04

All values are expressed as mean = SD with 5 rats in each group ; Sham : Sham operated rats, CBDL

: Common bile duct ligated rats, Ethanol : Rats were given 5% (v/v) ethanol solution for 60 days.



- 134 - EEAB AR E B19%F $H1%K 2000

Tdell= ok 25% (P{0.05). 149l= <k 56% Tl A= ol WEs vEbA wsko

(P€0.001)9] 7F4E elligic} (Table 2). (Table 3).
Ao s AR T 4 73
3. 04 FH = oM SEI ZEo| 5 5 $499s 7&’%‘1 TolAE 7} wfe]

7t oto|Z2 %8 aryl sulfotrans- 2249 aryl sulfotransferase [0
[

ferase I isozyme EAMzof o|x| isozyme?] A =L §28 WES ey
= 9% 2 sk, 2 o] E’\«l 4= T4
#Z 7t wlelz R4 9] aryl sulfotrans- FA 5 T 238 Ads #3 A4k
ferase [, 1 isozymed] A ETE =W o] Zctitwl AAg +& vZyE = u
A FETH A FH 5 Fobeed @ A FR S5 F RS AR Fo| 24

Table 2. Effect of common bile duct ligation on liver mitochondrial aryl sulfotransferase I, 11
activity in chronic ethanol intoxicated rats

Aryl sulfotransferase I, II activities

Day(3) ’ 11 hthyl sulfate min’! tein’!
following (nmol 1-naphthyl sulfate min™ mg protein™)
. (Normal; 0.56+0.03 Ethanol; 0.53%=0.05)
operation
Sham CBDL Ethanol + Sham Ethanol + CBDL
1 0.57 = 0.04 0.62 £ 0.05 0.52 £ 0.06 0.53 £ 0.08
2 0.56 * 0.05 0.64 = 0.06 0.50 = 0.05 0.55 £ 0.07
3 0.56 = 0.03 0.67 + 0.05b 0.51 = 0.07 0.54 + 0.09"
7 0.56 = 0.04 0.69 *+ 0.08" 0.49 = 0.08 0.52 £ 0.12?
14 0.57 £ 0.04 1.14 £ 0.12° 045 £ 0.13 0.50 £ 0.15'

All values are expressed as mean = SD with 5 rats in each group. Animal groups are described in
Table 1. a, P<0.05 vs. Sham; b, P< (.01 vs. Sham; ¢, P<0.001 vs. Sham; g, P<0.05 vs. CBDL,;
i, P<0.001 vs. CBDL

Table 3. Effect of common bile duct ligation on liver microsomal aryl sulfotransferase 1, I
isozyme activity in chronic ethanol intoxicated rats

Day(S) Aryl sulfotransferase I, II activities
following {nmol 1-naphthyl sulfate min™! mg protein™)
. {Normal; 0.74 =0.03 Ethanol; 0.700.07)
operation
Sham CBDL Ethanol + Sham Ethanol + CBDL
1 0.74 = 0.04 0.72 = (.10 0.69 = 0.08 0.69 = 0.15
2 0.75 £ 0.03 0.70 £ 0.08 0.70 £ 0.11 0.67 = 0.12
3 0.74 £ 0.05 0.71 £ 0.09 0.68 £ 0.07 0.65 £ 0.14
7 0.74 = 0.03 0.76 £ 0.07 0.65 = 0.09 0.62 * 0.10%
14 0.73 £ 0.05 0.81 £ 0.12 0.63 £ 0.10 0.56 = 0.13

All values are expressed as mean = SD with 5 rats in each group. Animal groups are described in

Table 1. g, P<0.05 vs.CBDL; h, P< (.01 vs. CBDL
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93 AR 5 7do=
149l &F 31%
E]rLH‘?\iEP (Table 3).

ot AR TR
ok 18% (P<0.05
(PCO.0) S HAaE

k)

L oy

4.9 = F5 FlojM S ZEHO| H
Hol aryl sulfotransferase [, 1

isozyme M Tolf 0jXf= A

7 ¥A49 aryl sulfotransferase I,
isozymed] 84 EE WA FA FE5TI R
A FE S F ke @ TaXE /Y
3 WE-e vehilA] eFstel (Table 4),

# ¥A9 aryl sulfotransferase |,
isozyme®| FAAEE AAF S S-S Z
g FellMe dz2ed Jleesd 7
vla D AR F 2doE o 40
(P€0.001), 3= < 35% (P<0.01), 7
doll= <F 28% (P(0.01), 14ddl= <F
24 % (P€0.01)9 Z718 vrehligdch =bAd
T4 5 & F93E AAY Tl
dziel B FA 5 F Il g
o vla] o] & A —‘C— >
2= o 51% (P<0.

=

N

54% (P<0.001

), T = of 56%

(P<€0.001), 14el= <F 86% (P<0.001)
o) F7hE debisieh aeln o) Bl ¥

Ar B 1A F4

o] &

3°é°ﬂ" °—F 20% (P{0.05), 7= <F 34
% (P€0.01),14¥ o=

7He et (Table 4).

°F 73 % (P{0.001)4]

oM Bone BH

| arylsulfotransferase

isozyme?| Km#%| ¥ Vmaxx|Q|

HAg FA FEE A FdA FEHE
223 F 1499 ZrelA aryl sulfo-

transferase |,

1o 7142 PAPS AH%-

sle] Z24% Km#A 2 Vmaxx| 9 HEE
Table 5¢} e} ot F34 5 9 ¢
e AT F 1499 FEA A P E

ZEejo} @ ool

AR4£9 aryl sulfo-

Table 4. Effect of common bile duct ligation on serum aryl sulfotransferase [, II isozyme activi-

ty in chronic ethanol intoxicated rats

Day(S) Aryl sulfotransferase I, IT activities

following (nmol [-naphthyl sulfate min™' mg protein’!)

operation (Normal; 2.78 20.19 Ethanol; 2.87+0.31)

Sham CBDL Ethanol + Sham Ethanol + CBDL

| 2.84 + 0.26 305 £ 0.26 2.94 + (.33 3.36 1+ 0.48
2 2.82 £ 022 3.94 + 0.42° 2.93 + 0.29 4.43 = 0.53°
3 2.81 + 0.24 3.79 + 0.39° 2.97 + 0.32 4.56 + 0.47"¢
7 2.79 + 0.25 3.57 + 0.36° 3.07 £ 0.35 4.78 £ 051%™
14 278 £0.23 3.46 = 031° 3.21 £ 0.37 5.97 = 0.58f'i

All values are expressed as mean £ SD with 5 rats in each group. Animal groups are described in
Table 1. b, P<0.01 vs. Sham; ¢, P<0.001 vs. Sham; f, P<0.001 vs. Ethanol + Sham; g, P<0.05
vs. CBDL: h.P<0.01 vs. CBDL; i, P<0.001 vs. CBDL
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transferase 1. 1 isozyme2 Km=
2l A FA FE5 F e
U] _;“_‘a—.l—]-‘j]" 7:]74*'6} ;‘J_}- 7]’2.]' B]—“—ﬂ% H‘H
W o]z} 9ldct (Table 5). 2} o] &
A ZHE A aryl sulfotransferase, |,
I isozyme® Vmaxx&s 2% 2 o7
Ql Fdt AAg Fol vl fAg Ao
£ YA} (Table 5).

=
3

FE e W= Azt
{(Wooddell, 1980 :
Shellock 1985b . Hall, 1994)<] o3t
5‘4 22 a) ou;] _7':;(4 ZE 7].2_ /\]?'s]- f%lgﬁz‘g}zjl
W3tE wk=t} (Chang, 1985 : Chang,
1987 : Hall, 1994)x %o}, 4 £5 7t
o] HejetA W3l 2 A EY vEEE
2o}l o} gAA gy BAEY vEEc
gfofoj A el Heishd dHEle £33
W3y % cristae® ®dE¥ (Chang,

Table 5. Hepatic_aryl sulfotransferase |

1987: Hall, 1994) S-olx W3 Aol A
el Wste J8 Ao 34
(Chang, 1985: Hall, 1994)& & &= 3l
oul o]efo| = ZHAE HALE Subshe )
g W3l (Hall, 1994) % #3€c} &5
2 A7 A E 4 A velhde g W
3l2+= lactated A 7} pyruvated]
/\E/H 71:}_/,\_ Z]H]—/\}-P,] 3}A] &2 A E2A}3
2o A U Auk4ake] A3 g §
(Ellenhorn & Barceloux, 1988: Hall
1994) ‘é Utk
‘}%Xﬂﬂ o7 El= ASES
73S, $Bd, EEEA
A, x4 %‘Eﬂﬂi“ﬂ. Fofolt Aol
gdxd4 5 (Halsted, 1976)°]9 o]
of e g Aoz e @HeAr)
2AL AL FEsA] Adfst g
73k wsl 5 (Desmet, 1994)¢} viehd
b oldzt Ag 775 Aol Yehdr
(Halsted, 1976 . Sherlock, 1985a}.
7o FEIE AR gl EEEA)

, I isozyme Kkinetic parameters from cholestasis with

chronic ethanol intoxicated rat determined with 3'-phosphoadenosine 5'-phosphosulfate

fcrzlcltions Sham CBDL Ethanol + Sham  Ethanol + CBDL
Km (mM)
Mitochondria 1.63 *= 0.29 1.59 £ 0.43 1.67 £ 0.5] 1.73 £ 0.55
Microsome 3.05 * 0.40 2.96 £ 0.46 3.08 £ 0.46 3.16 £ 0.56
Vmax (nmol 1-naphthyl sulfate min"! mg protein™!)
Mitochondria ~ 0.68 * 0.07 1.22 + 0.10° 0.56 * 0.15 0.59 £ 0.17'
Microsome 0.90 = 0.05 1.03 £ 0.12 0.80 * 0.09 0.70 = 0.15"

Michaelis-Menten constants for aryl sulfotransferase 1

, 1I isozyme were determined using 3'-

phosphoadenosine 5'phosphosulfate and 2-naphthol at 37°C for mitochondrial, and microsomal

fractions of male rat livers at the 14th day after operation.

The data are expressed as mean = SD with 5 rats in each group. Animal groups are described in
Table 1. c, P<0.001 vs. Sham: h. P<0.01 vs. CBDL.: i: P<0.001 vs. CBDL
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of7|5|v] A|7ko] 7Tt wet GEE AT
< YA x5 Afst 2 A5 W)
AgA o g el (Moritz &  Snodgrass,
1972 : Kountouras et al. 1984: A4 ¢,
1987 : Z&A 9], 1989) Aol 7k7)5% Aol
7} 285+= 7 (Kaplan & Righetti, 1970
. Righetti & Kaplan, 1971 : Toda et
al, 1980 : =z} o]%3 1992)02 &
22 Qlel. wety e Aske] AYstskA
ATE T AP Wy oz de o] &=
Ze] Fo| Fdne AAsle] FFEATE
e = Zlolrt
7k wjAd7)Foll Aoyt oW S EE
A7} ok71= = (Sherlock, 1985a) ¢
FeA AN 4F AAelE AA W
AT FAHEI) FEE JoE odHA
et F FEFEALAN 1 S0 F7)
g AAolE AA W3 A4E vle|aES
9] glutathione S-transferase (W43
9], 1990), xanthine oxidase (F&A],
1985). wlol=Z242] ethanol oxidizing
system, aldehyde dehydrogenase (%
4] 9] 1988), lEEEz|o} ¥ mloja R
%9 aryl sulfotransferase (Ihm &
Kim, 1997)%°1" 2 ¥ =7} Zase=
AAolE A W RAEe AEA 2 vE
F=gole glutathione S-transferase,
glutathione peroxidase (¥&#H 9,
1990), monoamine oxidase (XA}
=&21 1989), catalase, alcohol dehy-
drogenase (&4 9, 1988), car-
boxylesterase, arylesterase, cholinesterase
(FEA37 ol%3 1992), AEAY aryl
sulfotransferase (Ihm & Kim. 1997)
SogM o] a4 TR FAL FE
FEAZ A 1 FAe] FAEERA
et Ax (ZE4] 1985 0 FE4

Ll e

1988 . wxd HEA 1989 . WEA
9], 1990 . FHEAH o]%3¥, 1992 : Thm
& Kim 1997)&} ghe},

Aol F48 FAL ZrollA dif-E oA}
g o} WAl L ethanole] acetal-
dehyde& A3 = 3 o}l acetate® Abst
o] o]&=+ 7 (Bosron & Li, 1980 :
Lieber, 1985)e]ct}. 53] o]z tjAl=A
4] AL acetaldehyder: ZHAIE9]
AHe z#3l= &4 (Sherlock, 1985b) =
a# A da vy T4 F5 A A Jest
A W3yl 2d=+= (Chang, 1985
Chang, 1987) & "@F2A 4 S5
} o 7F &40 Are vs Al
2 Folw w3 Aslrhe Hax glvh (A
Fak FE2A] 1992 ¢ XS 9, 1993).

AF A A FA F5I SdEEAR T

o4

A9 £l A w= AAlE AA
Wi aae FAEs WEe] Ao (H
29,1990 © AHAF} =5, 1992 ¢
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