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Abstract

Methylation catalyzed by methyltransferases is a
major metabolic pathway for an inactivation of some
catecholamines, niacinamide as well as aliphatic
sulfhydryl drugs and toxic hydrogen sulfides. To
investigate the effects of obstructive jaundice in an
animal model, common bile duct ligation (CBDL)
was performed in the rat and enzyme activities of S
adenosyl-L-methionine-dependent  arylamine N-
methyltransferase and thiol methyltransferase were
examined in liver cell fractions and serum for a
period of 42 d after CBDL. Both mitochondrial and
microsomal arylamine  N-methyltransferase showed
significant increases in their activities between the

1st through the 7th day ( P < 0.05 to 0.001), and
between the 1st through the 28th day ( P < 0.01 to
0.001) post-ligation, although the cytosolic aryl-
amine N-methyltransferase activity did not show a
significant change compared to the activities from

the sham-operated control. The mitochondrial as
well as microsomal thiol methyltransferase showed
significant increases in their activities between the

1st through the 28th day ( P < 0.05to 0.01 and P <
0.01 to 0.001, respectively) post-ligation, although
the cytosolic thiol methyltransferase activity did not
show a significant change compared to the activities
from the sham-operated control. Arylamine N-meth-
yltransferase and thiol methyltransferase in the
serum from cholestatic rats also showed significant
increases in their activities between the 1st through
28th day (P =< 0.01 to 0.001), and between the 0.5th
through the 42nd day (  P<0.05 to 0.001) post-ligation
compared to the sham-operated control, respec-
tively. Enzyme kinetic parameters (K, and V) of
hepatic membrane-bound arylamine  N-methyltrans-
ferase and thiol methyltransferase were analyzed
with the preparation from the 7th day post-ligation,

using tryptamine or 4-chlorothiophenol as substrates

and S-Adenosyl-L-[methyl- 2H]methionine as co-sub-
strate. The results indicate that although the K val-
ues were about the same as the sham-operated
control, the Vo« values of both enzymes increased
significantly ( P<0.01 and 0.001, respectively). These
results suggest that the biosynthesis of arylamine
N-methyltransferase and thiol methyltransferase
have been induced in response to obstructive jaun-
dice.
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Introduction

Methylation is a major metabolic pathway for an inacti-
vation of some catecholamines, niacinamide as well as
aliphatic sulfhydryl drugs and toxic hydrogen sulfides
catalyzed by methyltransferases (N-methyltransferases
and S-methyltransferases) using S-adenosylmethionine
as the methyl donor (Lyon and Jacoby, 1982; Murray,
2000: Roediger and Babridge, 2000). N-methylation by
arylamine, ethylamine (tryptamine) or N-methyltransfer-
ase (EC 2.1.1.49) is an important route of metabolism of
the ring nitrogen of physiological tryptamine and pyrrole
as well as a number of other arylamines including
nonphysiological anilline and its derivatives (Lyon and
Jacoby, 1982).

The enzyme was first extracted from a rabbit lung in
1962 (Axelrod). Arylamine N-methyltransferase was found
to be widely distributed ie. lung, liver, kidney, pineal
gland, blood, and brain. In rat, the enzyme activity was
also found in lung, heart, salivary gland, liver, stomach,
small intestine, and brain (Borchardt, 1980).

Thiol methyltransferase (EC 2.1.1.9) is a membrane-
bound enzyme that catalyzes the inactivation of aliphatic
sulthydryl drugs and sulfide detoxication of bacterial
produced hydrogen sulfide (Weinshilboum et al., 1979;
Weisiger and Jacoby, 1980; Roediger and Babridge,
2000). The thioester of cysteine, formed by conjugation
with glutathione is a major known substrate (Weisiger
and Jacoby, 1980; Drummer et al., 1983). The enzyme
must be distinguished from cytosolic thiopurine methyl-
transferase (EC 2.1.1.67) of erythrocyte which catabo-
lizes thiopurine drugs (Keith et al., 1984; Keith et al.,
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1985; Otterness et al., 1986; Price et al., 1989). The
enzyme activity is found in microsomal fractions of the
liver (Weinshilboum et al., 1979), kidney, and lung of the
rat as well as in the livers of other mammals (Weisiger
and Jacoby, 1979; Otterness et al., 1986). In human,
this activity is also present in erythrocyte membrane
(Weinshilboum et al., 1979; Keith et al., 1983; Keith et
al., 1984; Keith et al., 1985; Babridge et al, 1995),
placenta and liver (Pacifici et al, 1991) as well as in
colonocytes (Babridge et al., 1995). It has been detect-
ed in high concentration in the erythrocytes of patients
with ulcerative colitis (Roediger and Babridge, 2000)
and in low concentration in Parkinson’'s disease and
rheumatoid arthritis (Babridge et al., 1995). Several di-
seases are reported to cause activity changes of thiol
methyltransferase (Babridge et al., 1995; Roediger and
Babridge, 2000), however, the possible changes of the
arylamine N-methyltransferase and thiol methyltransfer-
ase activities under cholestasis have not been investi-
gated yet.

Biliary obstruction (cholestasis, obstructive jaundice)
is known to induce numerous pathophysiology (Moritz
and Snodgrass, 1972). Bile flow may be impaired at any
point from the liver cell canaliculus to the ampulla of
Vater and induced by intrahepatic and extrahepatic
causes. Cholestasis also accompany numerous changes
of the hepatic xenobiotic enzymes (Mun and Kwak,
1989; Park et al., 1994; Inm et al., 1995; |lhm and Kim;
1997; Kim and Kim; 1999) and striking metabolic im-
balances such as glutathione conjugation in the liver.

Despite known clinical symptoms and signs of jaun-
dice, the metabolic state of xenobiotic enzymes in acute
and chronic cholestasis is not clearly understood. In order
to investigate the effect of extrahepatic cholestasis on
the major detoxification pathway enzymes for aromatic
amines and sulfides, methyltrasferases were investigat-
ed using the common bile duct-ligated rats that have
been widely used as an experimental model for human
extrahepatic cholestasis (Kaplan and Righetti, 1970;
Righetti and Kaplan, 1972; Kryszewski et al., 1973). For
this study, we have systematically investigated the aryl-
amine N-methyltransferase and thiol methyltransferase
activities in serum and liver with subcellular fractions
prepared from the cholestatic rat liver induced by
common bile duct ligation for a period of 42 days. In
addition, K, and V4 values for these enzymes were
also analyzed with the microsomal and mitochondrial
preparations from the rat liver on the 7th day post-
ligation.

Materials and Methods

Chemicals
Tryptamine hydrochloride, DL-dithiothreitol, 4-chlorothio-

phenol, sodium azide, potassium tetraborate tetrahydrate,
ethylenediaminetetraacetic acid disodium salt: dihydrate,
Triton X-100, potassium phosphate dibasic, potassium
phosphate monobasic, and albumin from bovine serum
(10 g/100 ml) were purchased from Sigma Chemical Co.
(St. Louis, MO, USA). S-Adenosyl-L-[methyl-*H]methio-
nine were from New England Nuclear (Boston, MA, USA).
2, 5-Diphenyloxazole, p-bis-O-methylstyryl benzene and
toluene of scintillation grade were purchased from Hewlet-
Packard Co. (San Diego, CA, USA). Unless specified
otherwise, additional reagents were of analytical grade.

Animals

Normal male rats of the Sprague-Dawley strain, weigh-
ing 320-350 g, were used for the experiments. All animals
were maintained on a pellet diet obtained commercially
(Sam Yang Food Co., Wonju, Korea) and tap water.
During surgery, rats were anesthesized lightly with ether,
and the abdomen was opened through a median line
incision. The common bile duct was pulled out and then
ligated doubly close to the liver and excised just below
the confluence of the lobular ducts. Control animals were
subjected to sham operation (midline laparectomy). Each
experiment was carried out with a group of 5 rats. Rats
were sacrificed at the 0.5th, 1st, 2nd, 3rd, 7th, 14th, 28th
and 42nd day after operation. The livers were excised
following perfusion (see below), and blood was collected
from the abdominal aorta. The serum was separated by
centrifugation and stored at -20°C until use. All the
animals had been fasted for 12 h prior to sacrifice or
surgery.

Subcellular fractionation

The livers were perfused via portal vein with cold 0.25
M sucrose and then excised, blotted, weighed, minced,
and homogenized in 9 vol. of 0.25 M sucrose. Each
homogenate was subjected to cell fractionation. Cytosol,
mitochondrial and microsomal fractions were isolated by
sucrose linear density-gradient centrifugation method
(Kwak and Kwak, 1986), and stored at -80°C. All the
isolation procedures were performed at 2 to 4°C.

For arylamine N-methyltransferase assay, the 12 h-
dialyzate of cytosolic fraction against 200 vol. of 10 mM
potassium phosphate (cotaining 0.1 mM EDTA, 0.1 mM
dithiothreitol, and 0.02% sodium azide, pH 7.8) was re-
suspended in 0.25 M sucrose to maintain protein con-
centration at 5 mg/ml and used. The mitochondrial and
microsomal fractions were resuspended in 0.25 M su-
crose to maintain protein concentration at 5 mg/ml, then
diluted in 1 vol. of 1% Triton X-100 and used for enzyme
assay.

For thiol methyltransferase assay, hepatic subcellular
fractions were resuspended in 0.25 M sucrose to main-
tain protein concentration at 5 mg/ml. The mitochondrial
and microsomal fractions were diluted in 1 vol. of 1%



Triton X-100 and used after 30 min at 4°C. The cytosolic
fraction was used for enzyme assay without any pro-
cessing.

Enzyme assays

Arylamine N-methyltransferase activity was assayed by
measuring the formation of N-3[H]methyltryptamine (Lyon
and Jacoby, 1981) after incubation for 30 min at 37°C of
34 uM S-Adenosyl-L-[methyl-*HJmethionine (10 uCi/mol),
2 mM tryptamine, 0.1 M potassium phosphate pH 7.8,
and enzyme, in a total volume of 200 pl. The reaction
was stopped by the addition of 1 ml of 0.1 M potassium
borate pH 9.5. The methylated product was extracted
with 5 ml of toluene containing 3% (w/v) isoamylalcohol
and the radioactivity was measured by scintillation spectro-
metry. Background levels were determined for a parallel
reaction mixture in the absence of tryptamine; background
was generally less than 10% of that obtained with a
complete reaction mixture. Thiol methyltransferase activity
was determined by measuring radioactive *[HJmethyl 4-
chlorophenyl sulfide formed by the enzyme action on
thiol substrate (4-chlorothiophenol) and S-Adenosyl-L-
[methyl-*H]methionine according to the method of Weisiger
and Jacoby (1979 and 1980). Reaction mixtures consisted
of 0.1 M potassium phosphate pH 7.9, 1 mM EDTA, 1%
Triton X-100, in final volume of 350 pl. The reaction was
initiated by the addition of 20 pl of 0.1 M 4-chloro-
thiophenol (prepared fresh daily in 95% ethanol), 20 ul
of 5 uM S-Adenosyl-L-[methyl-*HJmethionine (10 pCi/
mol) in 10 mM sulfuric acid and 10 pl of enzyme solution
(hepatic subcellular preparations and sera). The solution
was mixed by vortexing for approximately 1 s. After
incubation at 37°C for 10 min, the reaction was stopped
with 1 ml of 2 M potassium borate pH 10. The resultant
mixture was extracted with 6 ml of toluene by shaking
vigorously for 10 s, separating the phases by brief
centrifugation, then removing 5 ml of the toluene layer
for determination of radioactivity. By single extraction,
greater than 99% of the radioactive reaction product
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was obtained.

Specific activities of enzymes were expressed as pmol
of N-3[H]methyltryptamine for arylamine N-methyltrans-
ferase and *[H]methyl 4-chlorophenyl sulfide for thiol
methyltransferase formed per min per mg of protein of
hepatic subcellular fractions or as per ml of serum.

Kinetic analysis

The reaction velocities of arylamine N-methyltarnsferase
in hepatic mitochondrial and microsomal fractions of
cholestatic rat liver at the 7th day post-ligation were
determined using five concentration of tryptamine bet-
ween 160 uM and 2 mM at the concentration of 10 puCi/
umol of S-Adenosyl-L-[methyl-*HJmethionine for aryl-
amine N-methyltransferase and using various concent-
ration of 4-chlorothiophenol (0.1-10 pM) at the concent-
ration of 10 pCi/umol of S-Adenosyl-L-[methyl-*HJmethio-
nine for thiol methyltransferase. Apparent Michaelis (K,)
constants and maximal velocity (Vma) values were
calculated from a Lineweaver-Burk transformation.

Protein assays

Protein concentrations in hepatic subcellular fractions
and sera were measured by the biuret method (Gornal
et al., 1949). Bovine serum albumin was used as stand-
ard for assay.

Statistical analysis

Values are expressed as mean + SD. Statistical evaluation
of the experimental data was done by Student's t-test. P
values of <0.05 were considered to be significant.

Results

The activities of mitochondrial and microsomal arylamine
N-methyltransferase in cholestatic rat liver showed signi-
ficant increases after common bile duct ligation compar-

Table 1. Activities of cytosolic, mitochondrial, and microsomal arylamine N-methyltransferases in cholestatic rat liver after common bile duct ligation

Arylamine N-methyltransferase activities (pmol N-3[HJmethyltryptamine min™ mg protein™)

Day(s) following

ligation Cytosol Mitrochondria Microsome
Liver of sham Cholestatic liver Liver of sham Cholestatic liver Liver of sham Cholestatic liver

0.5 1.27 £0.27 1.36 £0.24 249047 3.09 £0.56 2.05+0.36 2.29+0.32

1 1.29+£0.25 1.39+0.33 246 £0.51 3.35+0.672 2.07 £0.33 4.22 +0.66°

2 1.32+0.31 1.25+0.26 248 £0.48 3.45+0.59° 2.08 £0.36 3.26 +£0.40°

3 1.28 £0.28 1.20+£0.23 2.42 £0.46 3.84+0.55° 2.04£0.38 3.15+0.37°

7 1.26 +0.25 1.21+£0.30 2.37+0.44 3.82+0.43°¢ 2.06 £0.35 3.02 +£0.44°
14 1.27 £0.26 1.18+0.28 2.39+£0.48 2.87 £0.46 2.04 £0.32 2.98+0.30°
28 1.25+0.30 1.13+0.25 2.35+043 2.84+0.48 2.07+£0.35 2.92+0.32°
42 1.26 £0.23 1.05+0.22 2.37£0.40 2.58 £0.45 2.08 £0.34 2.53+0.35

The data are expressed as mean + SD with 5 rats in each group; Liver of sham: sham-operated rat livers.

Significant differences from sham-operated rat livers (a, P < 0.05; b, P < 0.01; ¢, P < 0.001).
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Table 2. Activities of cytosolic, mitochondrial, and microsomal thiol methyltransferases in cholestatic rat liver after common bile duct ligation

Thiol methyltransferase activities (pmol 3[H]methyl 4-chlorophenyl sulfide min™ mg protein™)

Day(s) following

ligation Cytosol Mitrochondria Microsome
Liver of sham Cholestatic liver  Liver of sham  Cholestatic liver Liver of sham Cholestatic liver
0.5 6.09 £ 0.56 6.05+£0.49 5.26 £0.84 5.67+1.01 5.10+£0.56 5.24+0.78
1 6.11 +£0.52 6.03 £0.65 5.27+0.76 6.74+£0.972 5.15+0.63 6.48 +0.68%
2 6.13 +£0.46 6.09 £0.59 5.24+0.81 7.19 £0.78° 5.13+0.58 8.43 £1.02°¢
3 6.10 £0.55 6.23+£0.43 5.28+0.75 7.34+0.82° 5.08 £0.67 7.45+£0.74¢
7 6.08 £0.48 6.22 £0.59 5.21+0.68 7.45 +0.74° 4.87 £0.60 7.06 £0.54°¢
14 6.06 £0.45 6.16 £ 0.64 5.17+0.72 7.22+0.67° 492 +£0.65 6.47 +0.59°
28 6.07 £0.50 5.52 £0.49 5.06 £0.62 6.63 +0.59" 4.86+0.71 6.21 £0.572
42 6.06 £0.51 5.37 £0.60 497 £0.57 5.48 £0.70 478 £0.68 5.16 £0.61

The data are expressed as mean + SD with 5 rats in each group; Liver of sham: sham-operated rat livers.
Significant differences from sham-operated rat livers (a; P = 0.05, b; P < 0.01, ¢; P < 0.001).

ed to the activities of sham-operated control between
the 1st through the 7th day (P < 0.05 to 0.001), and
between the 1st through the 28th day (P < 0.01 to
0.001), respectively, although the enzyme activity in
cytosolic preparation did not change (Table 1). The
activities of mitochondrial and microsomal thiol methyl-
transferase in cholestatic rat liver showed significant
increases after common bile duct ligation compared to
the activities of sham-operated control between the 1st
through the 28th day (P<0.05 to 0.01 and P<0.01 to
0.001, respectively), although the enzyme activity in the
cytosolic preparation did not change (Table 2).
Arylamine N-methyltransferase and thiol methyltransfer-
ase in the serum from cholestatic rats also showed
significant increases in their activities between the 1st
through 28th day (P<0.01 to 0.001), and between the
0.5th through the 42nd day (P < 0.05 to 0.001) after
ligation compared to the sham-operated control, respec-
tively (Tables 3 and 4). The V. values for mitochon-
drial and microsomal arylamine N-methyltransferase
and thiol methyltransferase from the cholestatic rat liver

Table 3. Activities of serum arylamine N-methyltransferase after common
bile duct ligation in rats

Arylamine N-methyltransferase activities

Day(s) following  (pmo| N-*[H]methyltryptamine min*mi™)

ligation
Sham CBDL
0.5 9.32+0.94 10.94 £1.55
1 9.48 +0.87 13.80 £1.52¢
2 9.40+0.83 13.62 £1.44°
3 9.42+0.85 13.48 £ 1.66°
7 9.29+£0.88 12.54 +1.32°
14 9.24 +0.82 12.34 +1.29°
28 9.15+0.84 11.44 £1.13"
42 9.18 +0.80 10.32+1.06

The data are expressed as mean = SD with 5 rats in each group; Sham:
sham-operated rats, CBDL: common bile duct-ligated rats.
Significant differences from sham-operated control (b, P< 0.01; ¢, P<  0.001).

Table 4. Activities of serum thiol methyltransferase after common bile duct
ligation in rats

Day(s) following Thiol methyltransferase activities (pmol

ligation 3[H]methyl 4-chlorophenyl sulfide min~tmi™)
Sham CBDL
0.5 16.23 £0.89 18.87 +1.93%
1 16.27 £0.97 24.10 +1.27¢
2 16.25 +£0.93 25.42 +1.26°
3 16.18 £ 0.95 25.58 +1.74°¢
7 16.20 £0.86 24.78 + 1.86°
14 16.02 +£0.89 2482 +1.77°¢
28 15.83+0.94 20.60+1.01°
42 15.67 £0.97 17.64 +1.03%

The data are expressed as mean = SD with 5 rats in each group; Sham:
shamoperated rats, CBDL: common bile duct-ligated rats.
Significant differences from sham-operated control (a, P < 0.05; ¢, P< 0.001).

analyzed at the 7th day post-ligation increased signifi-
cantly (P < 0.01 and 0.001, respectively), although the
K values were about the same as the sham-operated
control (Tables 5 and 6).

Discussion

The effects of cholestasis on the activities of several
xenobiotic biotransforming enzymes have been studied
in cholestatic rat liver. We have previously reported that
experimantal cholestasis affects the isoenzyme patterns
of hepatic aryl sulfotransferase in rats (Ihm et al., 1995).
We have also reported that thiosulfate sulfurtransferase
and UDP-glucuronosyltransferase activities are reduced
during cholestasis induced by common bile duct ligation
in rats (Ihm and Kim, 1997). In patrticular, arylamine N-
methyltransferase and thiol methyltransferase are mem-
brane-bound xenobiotic biotransforming enzymes (Lyon
and Jacoby, 1982; Weishilboum et al., 1979). Although
they serve a role in various biosynthetic and regulatory
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Table 5. Kinetic parameters of aryamine N-methyltransferase from cholestatic rat livers determined with tryptamine and S-adenosyl-L-[methyl*Hmethionine

cell Km (MM) Vinax (pmol N-[*H]methyltryptamine min™ mg protein™)
fractions Liver of sham Cholestatic liver Liver of sham Cholestatic liver
Mitochondria 325+3.9 283 +3.7 57+1.2 9.8+1.6°
Microsome 35.6+3.3 34.1+4.2 51+1.0 82+1.3°

Michaelis-Menten constants for arylamine N-methyltransferase were determined using tryptamine and [methyl-*H] S-adenosyl-L-methionine at 37°C for
mitochondrial and micromal fractions of sham-operated rat livers and cholestatic rat livers at the 7th day post-ligation.
The data are expressed as mean + SD with 5 rats in each group; Liver of sham; sham-operated rat livers.

Signicant differences from sham-operated rat livers (b, P < 0.01).

Table 6. Kinetic parameters of thiol methyltransferase from cholestatic rat livers determined with 4-chlorothiophenol and S-adenosyl-L-[methyl*H]methionine

K (MM)

Vinax (pmol [methyPH]4-chlorophenyl sulfide min™ mg protein™)

cell fractions -
Liver of sham

Cholestatic liver

Liver of sham Cholestatic liver

75.8+4.8
71477

68.7+7.6
76.5+6.3

Mitochondria
Microsome

142+1.7
131+19

22.3+21°
206 £2.7°¢

Michaelis-Menten constants for thiol methyltransferase were determined using 4-chlorothiophenol and [methyl-*H] S-adenosyl-L-methionine at 37°C for
mitochondrial and microsomal fractions of sham-operated rat livers and cholestatic rat livers at 7th day post-ligation.
The data are expressed as mean + SD with 5 rats in each group; Liver of sham; sham-operated rat livers.

Signicant differences from sham-operated rat livers (c, P < 0.001).

reactions (Borchardt, 1980; Weisiger and Jacoby, 1980),
a little has been reported on their activity changes in
disease states as well as under cholestasis except that
activity of thiol methytransferase is reduced in Parkinson’s
disease and rheumatoid arthritis (Babridge et al., 1995).
In order to understand the effects of cholestasis on these
enzyme activities, we have determined the activities of
arylamine N-methyltransferase and thiol methyltransfer-
ase activities in rat liver (cytosolic, mitochondrial and
microsomal preparations) and serum for a period of 42
days after common bile duct ligation. Enzyme kinetic
parameters (K, and V4, of hepatic membrane-bound
arylamine N-methyltransferase and thiol methyltransfer-
ase were analyzed with the preparation from the 7th day
post-ligation, using tryptamine or 4-chlorothiophenol as
substrates and S-Adenosyl-L-[methyl-*H]methionine as
cosubstrate.

In order to investigate whether the changes of the
arylamine N-methyltransferase and thiol methyltransfer-
ase activities in the cholestatic rat liver and serum were
due to an alteration in their catalytic activity or not, Ky
and V. values were determined with 7th day post-li-
gation preparations. As shown in Table 5, the K, values
of arylamine N-methyltransferase did not change signifi-
cantly compared to those from the sham-operated liver
in the preparations of mitochondria and microsome.
However, Via values significantly increased in both
preparations; 5.7 pmol N-3[H]methyltryptamine/min/mg
protein vs. 9.8 for mitochondria and 5.1 pmol N-*[H]-
methyltryptamine/min/mg protein vs. 8.2 for microsomal
fractions, respectively. Similarly, the Vpaxvalues of thiol
methyltransferase also increased in mitochondrial and
microsomal preparations compared to the control; 14.2

pmol ¥[H]methyl 4-chlorophenyl sulfide/min/mg protein
vs. 22.3 for the mitochondria, and 13.1 pmol *[H]methyl
4-chlorophenyl sulfide/min/mg protein vs. 20.6 for the
microsomal fractions, although the K, values did not
change (Table 6).

The fact that the unchanged activities of arylamine N-
methyltyransferase and thiol methyltransferase in the
cytosolic fractions of cholestatic livers, accompanied by
the increased activities in the serum poses an interest-
ing proposition in that these hepatic membrane-bound
enzymes have been leaked easily into the blood stream
due to an increased membrane permeability of hepato-
cytes caused by cholestasis as described previously
(lhm et al., 1995; Ihm and Kim, 1997).

It should be noted that the higher V. values of
mitochondrial and microsomal fractions of common bile
duct-ligated livers might reflect the higher levels of acti-
vities in cholestatic liver. In addition, it is also concei-
vable that the increased enzyme levels of both aryl-
amine N-methyltyransferase and thiol methyltransferase
accompanied with higher V., values in common bile
duct-ligated livers. In addition, it is also conceivable that
the increased enzyme levels of both arylamine N-methyl-
transferase and thiol methyltransferase accopmanied
with higher V4 values in the mitochondrial and micro-
somal preparations of common bile duct-ligated livers
might have been due to an increased biosynthetic capa-
bility of the cholestatic livers where funtional abnormali-
ties of the liver are expected to develop. In spite of the
previous and present findings, however, the mechanism
of changes in activities of several biotransforming enzy-
mes in cholestatic hepatobiliary disease is still unknown.
Further investigations should eventually resolve this issue.
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