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Bile Acid in Rats
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Abstract : To elucidate the possible mechanism of the increased activity of benzoyltrans-
ferase (BT) in cholestatic liver, rats were divided into eight groups: Normal, sham operated control,
bile duct obstruction (BDO) alone (BDO group), BDO plus taurocholic acid (T'CA) injection (BDO
plus TCA group), BDO plus tauroursodeoxycholic acid (TUDCA) injection (BDO plus TUDCA
group), choledocho-caval shunt (CCS) operation (CCS group), CCS plus TCA injection (CCS plus
TCA group), and CCS plus TUDCA injection (CCS plus TUDCA group). BT activity was deter-
mined in the liver cytosolic, mitochondrial and microsomal preparations isolated from the above
experimental rats. The values of Km and Vmax in this hepatic enzyme were measured. The activity
of liver microsomal BT showed a significant increase in the CCS group. The activities of liver mito-
chondrial and microsomal BT showed a significant increase in the BDO group. However, mitochon-
drial and microsomal BT activities in the liver rose more rapidly in the BDO group than that of the
CCS group. Mitochondrial and microsomal BT activities in the liver and its Vmax value were
increased more significantly in both the CCS plus TCA group, and the BDO plus TCA group than
that of each control group, such as CCS and BDO group. On the other hand, the value of Km of the
hepatic subcellular BT did not changed in all the experimental groups. However, this hepatic enzyme
activity did not changed in both the CCS plus TUDCA group and the BDO plus TUDCA group.
Above results suggest that TCA induces the biosynthesis of BT in the liver.

Key words : Benzoyltransferase, Bile duct obstruction, Choledocho-caval shunt, Taurocholic
acid, Tauroursodeoxycholic acid
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Benzoyltransferase (benzoyl coenzyme A: amino acid
N-acetyltransferase)= A 24 A o] & WA Hg
(phase II xenobiotic biotransformation) &4 9] ¥ 0]
o} (Nandi et 4/., 1979; Killenberg & Webster, 1980;
Webster, 1981), ©] & A= benzoate, salicylate, acetate,
propionate, N-butyrate, isobutyrate, isovalerate, 3
-methylcrotonate, tiglate, methylmalonate (Nandi e
al., 1979), 2,4-dichlorophen-oxyacetate % 2,4,5
-trichlorophenoxyacetate (Kelley & Vessey, 1986)= 9]
A L-glycine, L-asparagine ¥ L-glutamine-& Z 4] 7|
= W3S Eujdte A4 A ZREEY NEZE
gof, MZzd @ WEA Aol B-& Fol BExH Y
tH(Webster er a/., 1976; Nandi ez al., 1979; Kelley &
Vessey, 1986; Kim & Kim, 1999). 0|9} Z-& benzoyl-
transferase(©] 3} BT} e =2 & f=g
AYH GEATAA L 24 =7 F7HE = Z(Kim
& Kim, 1999)0 & &2{A Qct. 2ol 471 G5
SH oA old 7] Kof o L AR F7HEE
AS e Eie ofAle Qo FA7IA YA ol&
AA R BARA GEESATAAY BHE WF 7]
Aol dE dH A 9= AL arylesterase@} carboxyle-
sterase(3H T3} 71§ 3] 1997 & 1998), cholinesterase
(BFaA T ZZE4 1999), monoamine oxidase @} cate-
chol-O-methyltransferase( %= & 4, 1998), alcohol dehy-
drogenase, catalase, O}o] Z 2 ethanol oxidizing sys-
tem % aldehyde dehydrogenase(41 9] 4, 1998), ary-
lamine N-methyltransferase?} thiol methyltransferase
(o] %, 1999; o|F &1} &4, 2000) 5ot & ol &
Z arylestrase, carboxylesterase ¥ cholinesterase(Z3
Ala} o] 1992), alcohol dehydrogenase$} catalase

(F&4 2, 1988), monoamine oxidase$} catechol-O

-methyleransferase(F 1L " 7} =241, 1989; Mun, 1996)
© GEEATAAM 2 BRI Hase Aol
2 718E GEEA R ZF A Z Yol 57HE raurocholic
acid7b o] & 249 §4& AAste AR T 3o
3], 1997 & 1998; =&, 1998; A0 A, 1998; BvF 4 A 1}
& 4], 1999)0]m ufo] 24 ethanol oxidizing sys-
tem ¥ aldehyde dehydrogenase(Z&4] 2], 1988),
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arylamine N-methyltransferase$®} thiol methylerans-
ferase(F= %, 1998)= & EATLAA 2 2HET F
7hEm 271 A FEEAR DA o F7H rau-
rocholic acid7} o] & &40 FA4& ASTHAIWA,
1998; o] %, 1999; o] &} &4, 2000)= Aot
wetA GEEATNA BE= HEEHe AL
3l A taurocholic acid7} oj® & 3E YEU=AE
dotdictH FEFEH AN B HEHE A
olg A W A5 BAHE WFIIHY YR}
Had Aes AZHE. o]l A= BT =7 &5
SR A F7HE A=A 2 71H Y dRE Lob
7] flsto] Ajgstal e

A A7) AT B T HAY Y E(choledocho-
71 4

cholic acid (Palmer, 1972; Drew & Priestly, 1979;
Kitani er a/., 1986)5 A YU FUAIAH AAHoZ 7
O A4, n|eEE ot Y vpo]amLofA o] A
o] AT E 243519 v} taurocholic acid7} Z7Hof| A

J

o]f B4 AL FESE AR AZEHE ATE
A7l 1 AnEs Bastuz gt

ME W g
1. Al

Benzoyl coenzyme A lithium salt, 5,5'-dichio-bis-(2-
nitrobenzoic acid), tris (hydroxymethyl) aminome-
thane, glycine, taurocholic acid (from ox bile, sodium
salt, T-0750, ©]3} TCAZ ), tauroursodeoxycholic
acid (sodium salt, T-0266 ©]3} TUDCAZ &) U thul
2 FZ£N(10 g/100 mL bovine serum albumin) 52
SigmaAKSt. Louis, MO, USA) A &2 AME-3st¥ct 1

9] dubAl b AR E = EFES A AT
2. 38 4 XMx|

FEe 4% o4 pe 27



o & BAROD), SRS hee T 19 4 22
of 2t A FF 2F) 02 9D FH 4
(bile duct obstruction)?-& 2tt# Azl & 14 4 2¢
of 22 BAYAT E(F 2R s n] B4
o A TCAZ 9% 22 593 22 4% Ogava
et al. (1990)2) Wiiof wal TCA(HF 100 g 45 4
moles)& AFh A4 ol FUT F 19 2L 29dof 22}
A7 F(F 2P0 R s gy el

| A

TUDCAE =% &2 3898 22 A% Ogawa er al.

(1990)] o meh TUDCA(AF 1

moles)& A Wl FU F 1

BN FHF 2R S T
1

5
e FURUAARTL B 5

e 4 = gL s
A #HF 2R stlen e A Y23
$7 TCAZ 798 2 320 g9y 45
Ogawa er a/. (1990)2] B} of b2} TCAH|Z 100 gF
45 pmoles)& A ol ¢ T T 19 & 29
242} S AIAIY FH(E 2P)O2 ST FET gy
T8I 7 TUDCAS Y% 7+ FHH UL
8t 2% Ogawa er al. (1990)2] ¥ o w2t TUDCA

o

[}
(A% 100 g 45 moles) & 7Y F 19 L 2200 2t

Z A H(F 2L = sl

2 AYZE Y B Sestgon A Ao
SELEREERT LT

AEE AT E AFRAARFY A A ED A
52 RS YRS bt

F9T 2% 54 TR UYUEY 24 1 A4
£ B4LZAHY UF UES DY AS AHD
Azkel BN 4 YEE 24 A7HS 2B
12417F FAAZ 5 ether vHH3kol A A4S 5
9T ABE 7F 2R O 1 em o} B UL
Fume 247 |32 ¥ 1 37 H9UE 2wt
ool 7 AEA gue A4y s Bdstd. 1
Bn SYT AANETS AN S med-

ical grade sillicon tube-& AM-&3}o] A3}
&2 o HEE AYstgitt. TCA 9 TUDCAY
o At Al ] 9L syringe pump (Model 341A,
sage instruments, Cambridge USA)E AM-g-3}0] 15871
Fdstq
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33 A Hold HHoE ey 2 O F
b5 g2 Z5le] 9 ulEFe) 0.25 M sucrose | & ¥ 2 ot
2 Teflon pestle glass homogenizer (Thomas, USA,
chamber clearance 0.005~0.007 inches)& 2~4 C&
TR 3HHA] 400 rpm] =2 X AHAYA 53] 9H& 0t
H3to] 10%(wiv)e] b2 FAANE =3} of 1t
AN R EE 2319 sucrose density gradient YA &
2R (&2l B A, 1986) 0.2 A2, nEZER
ot W nfo] A& HES Feld At

Ao ARG HA LE 22 2~4 TA AT
st oo ojnf AE-gH Y4 £ 2]7]= Du Pont Sorvall
AH(Newtown, USA)2] RC-5B refrigerated superspeed
centrifuge @} OTD-65B ultracentrifuge Gt} o] uf AL-&
3} rotor= Du Pont SorvallA}2] SS-34 9 T865rotor %
1 sucrose linear density gradient &M 9] A 2= gradi-
ent former (ISCO model 570, Lincoln, USA)S A}-8-8}

Az7, v|]EZEgot Y nto]a 24 B39 BT A
2 ZAe olg £88 9id o2 5 mg/mL7}t &
TZ 25 mM Tris-HCI (pH 8.0) ¢+ZH 0 g 345l



&AL H3lof 93t 3 7h9] Benzoyltransferase 9] - %=

A Z 2259 BT 4= £4-2 A29 ¢
benzoyl-coenzyme A%} glycined 7| A E2 ARE3lo] 30
CollAl gH-SAlZ1 A 280 nm T ol A time scan2 &2
H A A ekstol g0 T2 AE5= Webster
(1981)% ol &3} %,

o) B49) BAHE UL 12700] | mge] B o]
Hh2-3}o] A AS coenzyme AS nmol 2 YERUY Qi T}

o dalolA Hedt AL BAHE A EY HEE
2 Rol7| Yatol 22 A 2o vhafol 28] 2o 1
BAAE Holttt o] Aol Z a4 BAE £A
of AHg% BFFEA=
spectrophotometer (Cary 210, Varian, Paloalto, USA) %
c}.

computer controlled enzyme

6. Kmx| & Vmoaxx|e £H

S ol HHoRRY INAE 2 7|E FEER
B 1/[S]A & AAFslo] o]&H 4T (double reciprocal
plo)E # =3t thg o[ o 2 5B KmA| & Vmax2| &
A& (Segel, 1976)3} 4 Ch.
7. CHed sl X2t

B4 AR Fo oA HFL 0.5 M perchloric acid
9} methanol-ether A3 : )22 A& A A3}
+ Greenberg & Rothstein (1957.)‘?2}2% SAANR F
o] ki A& A A8 b2 biuret¥](Gornall ¢ 4/, 1949)
o2 Aggstglnh '

8. 4™ AY

S oA AAL Student's t-testZ 3 F o0 Fol¢E

2.0.05 0|5} 2 59t}
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1 FA0M SE2 HEUBE E= SHTMA &
& A AlzZtol ztel BT Ed =0 0lxl= &

AZEd dAHELS A7 E o 749 nho]=2
g HoA dHAHE A A o
P-% o] AR & E oA BT &4
fogt 7t YEY. & $8

U ABAIZ FoljA otojaRE

A F R e oF 38% (P<0.05)9]

Uetiolon] 93 AN EYE ¥ 29 AT
oA mfo]a2& BE BT BAEE HAFHGE

ok 67% (P<0.01), 7}5=& 2 Bt oF 38% (P<0.05)9

S7He YEtlSth g E A 1Y 229 A

TAIZ] 2ol A ke | EE=eol #£89 BT 4%

L yagEcts 74z oF 78% (P<0.01) 2 °F 68%

(P<0.05), 7}aFHuhs 2H2E oF 60% (P<0.05) 9 oF

52% (P<0.05)0} Z7}2 Uetyiglon 7+o] nfo]a 2

& 239 BT 4= ARG 247 o 95%

(P<0.01) 2 F 115% (P<0.01), 7H24 2 HTHE 2hzh of

64% (P<0.01) I 2k 78% (P<0.01)9} Z7}& Ve

7l

o

2

los&r

Mo o (0 oop X
ol

=k rly

L
k1 o 1
rlr — :1

=
—
e
oXx

rr = M 10 oxt

th 282 7 v EEEEotet vo|a RS £89) BT
YYES UV PYURIE A 2 G4 E

A2 7l 43 B ngs g GRFH4E AR &
o 4e] BT A =7 98 AW EEE A1 29
BT 24550t &7t o F7tE e 43 2F 2
5 2d AMAFE d= 19 AHAHE fEY o] &
A9 =7t k7t o F7Hst g th(Table 1). 7+
cytosol E3lojA BTY A== ZE AP LA &
o2 M5 S YebfA] geh(Table 1).
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Al 35t A YaLYE AT 43 TA



24 BREABHE H20% 15 2001

Table 1. Effects of time and model of biliary retention on hepanc subcellular benzoyltransferase
(BT) activities in rats

. , BT acnvmcs
Experimental (nmol coenzyme A min'mg protem )
groups -

A Cytosol Mitochondria Microsome
Normal 7.2 £2.72 49.2 £ 12.23 264 + 6.16
Sham 1 day 7.6 + 2.86 54.7 + 13.76 314 £ 6.76
Sham 2 days 7.8 +2.93 54.2 + 14.08 319 £ 6.95
CCS 1 day 8.6 + 2.97 62.4 + 14.74 36.4 + 7.48°
CCS 2 days 9.2 £ 3.26 68.0 + 15.24 44.1 + 8.65"¢
BDO 1 day 9.4 + 3.19 87.4 + 21.47" 51.5 £ 9.52%
BDO 2 days 11.2 £ 3.23 82.6 + 20.18= 56.7 £ 9.84+

The data are expressed as mean + SD with 5 rats in each group; Sham 1 day or Sham 2 days: Sacrificed on the
Ist day or the 2nd day after sham operation, CCS 1 day or CCS 2 days: Sacrificed on the 1st day or the 2nd day
after choledocho-caval shunt, BDO 1 day or BDO 2 days: Sacrificed on the 1st day or the 2nd day after common
bile duct ligation.

a, P<0.05 vs. Normal; b, P<0.01 vs. Normal; ¢, P<0.001 vs. Normal; d, P<0.05 vs. Sham 1 day; e, P<0.01 vs.
Sham 1 day; g, P<0.05 vs. Sham 2 days; h, P<0.01 vs. Sham 2 days.

© W2 FEH dAHEGT A7 2R 242 Atk B FEH J AW A7 21 F TUDCAE
oF 36% (P<0.05) Y oF 34% (P<0.05)2] %7}5 Let) FAdAA 1?—__! 229 ATANAE W 79 3% Mz
Ack 2} 749 M E2A I} o EZEejol R A= Bo]A BT B == E—‘% Jz273 EASHOR &
TE AAUEY AF TCAE FUAA 19 2 2 o5t 2to] 7} gLtk (Table 2).

BUAZE f o] ALY FAEE FYT WiFo| ¢ oA gHHAE l A& TCAE FUAA 1Y

Table 2. Effects of taurocholic acid (TCA), and tauroursodeoxycholic acid (TUDCA) infusions after choledocho-
caval shunt (CCS) on hepatic subcellular benzoyltransferase (BT) activities in rats

) BT activities
Experimental (nmol coenzyme A min”mg protein™)
groups . ; .
Cytosol Mitochondria Microsome

CCS 1 day 8.6 + 2.97 62.4 £ 14.74 364 + 7.48
CCS 1 day ' i

+ TCA 9.7 £ 345 76.3 = 15.67 49.6 + 8.23
CCS 1 days
+ TUDCA 8.8 + 3.06 64.2 + 13.63 373 +7.27
CCS 2 days 9.2 + 3.26 68.0 + 15.24 44.1 + 8.65
CCS 2 days 11.3 + 3.53 82.8 + 16.36 59.2 + 9.48~
CCS 2 days
+ TUDCA 9.4 + 3.32 66.7 + 14.24 38.7 £ 7.56

The data are expressed as mean * SD with § rats in each group; CCS 1 day and CCS 2 days, sacrificed 1 or 2
days after CCS operation; One of the following bile acids, TCA and TUDCA (45 xmol/100 g body weight) was
mtravcnously administered through the superior vena cava.

J» P<0.05 vs. CCS 1 day; m, P<0.05 vs. CCS 2 day.
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2o A S u) 7o vjEEEelol WulolAR 3 Ackm (HMUSS £l chMEM S 29 A}

G ERe BT 84 se daad SR A & St MEZOIM 2+ BT Kmx| 2 Vmaxx|2]

of vjs] EASHO R 9% 2712 el & =

Fa 4 A5 TCAS FYA7IL 19 2 2 ATHA

e o 7Y nEECglof £ BT E4 == tfx £ 329 ARA7I BE AP 7| A benzoyl-CoA

T g AT A FE ot 742 ok 41% (P<0.05) ¥ o g5t 7+ BTY Kmz| @ vmaxz1—§- 2320 Km

°F 57% (P<0.01)2] 2712 Yehfjgon 7+ ufo|a =z )= o] g9l th(Table 4, 5).

% B3O BT 84z JJ2FHEt 22 67% Aol et gANLIE A7l T 20 AL

(P<0.05) 9 2F 65% (P<0.01)9] % = vehfgict 1 o 7F ofo] 224 B30 BT VmaxA L 7p44ut

U 7He] MEA HEojAl D4 A TCAS 271 2BCHE ok 44% (P<0.05)%] 2712 LrEby ol

FUAA 12 P2 ATIAAS W o] B2 FAE  HolA FEB YURYL A HF TCAE 7Y
]

= 8 HFol ¢

T

FAAA l?a]‘é‘-lza‘ BUAIZE W 718 35 A28 Vmax 2| =
gojM BT @4 = 25 dz23 & Aol 7k A FHEE dAY

(Tabie 3).

®3 g4 HF TUDCAS

ufo]a2 4 £89 BTY

7
7heeut A7l FE TS oF 90% (P<0.001),
J ot A7) FR o oF 32% (P<0.05)
2
[¢]

B U EYS A7)

Table 3. Effects of taurocholic acid(T'CA), and tauroursodeoxycholic acid (TUDCA) infusions after bile duct
obstruction (BDO) on hepatic subcellular benzoyltransferase (BT) activities in rats _

. . BT activities

Experimental (nmol coenzyme A min*mg protein™)

groups Cytosol Mitochondria Microsome

BDO 1 day 9.4 + 3.19 87.4 + 21.47 51.5 + 9.52

BDO 1 day p P
+ TCA 11.9 £ 3.38 123.3 + 24.20 86.0 + 21.93

BDO 1 day

+ TUDCA 9.7 £ 3.35 84.4 + 20.26 53.8 £ 9.43

BDO 2 day 11.2 + 3.23 82.6 + 20.18 56.7 + 9.84

BDO 2 days . ‘
+ TCA 15.3 + 3.78 129.7 + 23.90 93.7 + 18.95

BDO 1 day

+ TUDCA 10.6 £ 3.43 83.8 + 19.72 54.5 £ 9.62

The data are expressed as mean + SD with 5 rats in each group; BDO 1 day and BDO 2 days, sacrificed 1 or 2
days after common bile duct ligation; One of the following bile acids, TCA and TUDCA (45 umol/100 g body
weight) was intravenously administered through the superior vena cava.

p, P<0.05 vs. BDO 1 day; t, P<0.01 vs. BDO 2 days.

43 TUDCAZ 39542 29 ATAZE w2k obo] 2 thAMEFS A7 234 laRe 8 Fo|7}

224 280 BT VmaxA| = 7h44 0 A7l 280 QATHTable 4).
£ oF 33% (P<0.05)9] 278 Yeh st T1aju} $¢ HolA g E A7) F 22 ATBAAS Y 7 0]
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Table 4. Rat hepatic microsomal benzoyltransferase kinetic parameters from 2 days after choledo-
cho-caval shunt(CCS 2 day) determined with benzoyl-coenzyme A as substrate

Experimental Km Vmax
groups (mM) (nmol coenzyme A min” mg protein”)
Sham 2 days 0.29+0.07 37.9£745
CCS 2 days (.30£0.06 54.5+10.21°
CCS 2 days 0.3110.06 72.1+11.19"
+ TCA
CCS 2 days 0.28+0.07 50.4+8.92°
+ TUDCA

Michaelis-Menten constants for benzoyltransferase were determined using benzoyl-coenzyme A
and glycine at 30 C for microsomal fraction of experimental rat livers at 2 days after CCS. The data
are expressed as mean = SD with 5 rats in each group. Experimental groups are described in Table

1, 2 and text.

g, P<0.05 vs. Sham 2 days; i, P<0.001 vs. Sham 2 days; m, P<0.05 vs. CCS 2 days.

E2Eelol U oho] 224 B8} BT VmaxA| i 7}

Tt A FRo= Zh7 o 71% (P<0.01) 2 oF 72%
(P<0.01)9] Z715 et gich. HolA GRHAHE A
71 A% TCAS #5171 29 AN o 7t o
Zcgjop 9 nfo] 224 289 BT VmaxX| & 7H4
&0 A7) FRob= 22 oF 141% (P<0.001) ¥ oF
202% (P<0.001), S 7 A7) FHte 2zt o

41% (P<0.05) 2 °F 76% (P<0.01)9] 575 YEeEtH
o Zeiu GEE4E A7 43 TUDCAZ £93hn
29 FoA RS o EZEo Y mhojARE £
g9 o] A4 9 VmaxA| & 7teaw A7l FHEG =
Z} oF 78% (P<0.01) 2 °F 67% (P<0.01)9] 57} & L}EF
Wolow A A A7 23 RS 0 ¥ 3
o] 7} ¢ 9 th(Table 5).

7_‘1-

Table 5. Rat hepatic mitochondrial and microsomal benzoyltransferase kinetic parameters from 2 days after
bile duct obstruction (BDO 2 days) determined with benzoyl-coenzyme A as substrate

Mitochondria Microsome
Experimental Km Vmax Km Vmax
groups (mM) (nmol coenzyme A (mM) (nmol coenzyme A
min'mg protein™) min’'mg protein™)
Sham 2 days 0.27 + 0.08 65.7 + 15.43 0.29 + 0.07 379 + 745
BDO 2 days 0.29 + 0.07 112.6 + 22.68" 0.29 + 0.05 65.1 + 12.46
BDO 2 days 0.27 + 0.07 158.6 + 30.28' 0.28 + 0.07 114.3 + 22.82
+ TCA
BDO 2 days 0.26 + 0.06 117.2 + 20.49 0.30 £+ 0.08 63.2 + 10.59
+ TUDCA

Michaelis-Menten constants for benzoyltransferase were determined using benzoyl-coenzyme A and
glycine at 30 C for mitochondrial and microsomal fractions of experimental rat livers at 2 days after BDO.
The data are expressed as mean = SD with 5 rats in each group. Experimental groups are described in Table

1, 3 and text.

h, P<0.01 vs. Sham 2 days; i, P<0.001 vs. Sham 2 days; s, P<0.05 vs. BDO 2 days; t, P<0.01 vs. BDO 2 days.
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