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Effects of High Taurocholic Acid Load on Liver Lysosomal
Cathepsin B and D, and Acid Phosphatase Activities in Rats with
Choledocho-Caval Shunt
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The effects of intravenous administration of high concentration of taurocholic acid (TCA) on cathepsin B and D, and

acid phosphatase activities in rat liver lysosome were studied. These liver lysosomal enzymes were determined from the
experimental rats with choledocho-caval shunt (CCS). The activities of liver lysosomal cathepsin B and D, and acid
phosphatase were found to be significantly increased in the CCS plus TCA injection group than in control group, such as
group of CCS alone group. However, these hepatic enzyme activities did not change in the CCS plus tauroursodeoxycholic
acid injection group. The above results suggest that TCA stimulates the biosynthesis of the lysosomal cathepsin B and D,

and acid phosphatase in the liver.
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taurocholic acid (TCA)2] 7+ W & AAHEY #4
A g go] WEEe] Yehd #4 (Han et al, 1997; Kim et
al., 1997; Rhee et al., 2000; Kim et al., 2002; Rhee et al., 2002;
Rhee et al, 2004)0]3]. 'o']-\:]_ o]#] & Aol apeke A= A
B FFEARS dEojokEt olE vt=e 8 BEd
= 77 o (Ogawa et al., 1990; Park et al,, 1999). 5, 3]
242 HolA FE# A2 (common bile duct ligation)Z T
Be d4 A7 F TCAE 3ol FYshe mlolH &4
2de FHo A 2EH NAWEE (choledocho-caval shunt)S
7 F TCAE 3o Flate 2ot} o] 7 e
7rol A A 7l HEAY R FkEE AL
Sdsht thEde O 3T £571 3 Rdo] g4 2d
Ho} "3 w2t} (Toyota et al,, 1984; Ogawa et al., 1990)=
olth ol9} o] A mde] & RYHT} A|Zle] 73
5 W g5 FEOY wEA S He A 3
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2 AFHL =3 7 W F9F5e] 1 9 wjEe] A
7] Wi vehd d4bel™ (Tayota et al, 1984), =7 29
& G Wl sl ST HA €7 fiel FEAte] 14
E W29 HR7E AeHA 8Tt (Toyota et al, 1984). mebA 3
A 2Eel FEE 2 A5 TCAE Agd W F4% =
A2 2l TCAY 5% 7)) vE a4 4% W%

of digk TCAS] E3E Zdopd 7} & A (Ogawa et al,
1990; Park et al, 1999)0] 1 S} %l F2d oA
AT TCAE Ao Ao £ mdas vuy
U TCA &% F71l w2 TCARFHE Lobd 57t
(Ogawa et al,, 1990; Park et al., 1999)0]™, %‘61 o] &
AL AF 2d ®Ho} TCA £4E ¢S URsH
F7t = Blelth
A& A8 2E
2)¢] byt AWESS A7
4E AAEY AR HES AR AT AT, GEAIT
A 1 BRI HEEHE SAES v Er) =, akaline
phosphatase (Ogawa et al., 1990), y-glutamyl transpeptidase (Kim
et al., 1997), catalase, alcohol dehydrogenase, "Fo| &2 &
oxidizing system, aldehyde dehydrogenase (Kim et al., 2002), aryle-
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sterase (Han et al., 1997), arylamine N-methyltransferase (Rhee et
al., 2000), thiol methyltransferase (Rhee et al., 2002) 2 thiosulfate
sulfurtransferase (Rhee et al., 2004) S0l TCA7Z} o5 &4 9]
AR FEES WEAIA ol &2 A £5E HE
Atk Zeolth wEkA Fad g HEest 34 TCAS
3ol 74 A FERLS] oA I S5 HFHE
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Cathepsin B (EC 3. 4. 22. 1)i= thiol proteinase®] &3 4
™ (Barrett, 1977b) cathepsin D (EC 3. 4. 23. 5 carboxyl (acid)
FAolth (Barrett, 1977a). ©] F7HA &

el 7hestn AE ele] g Raet
tEo] Z+E el wA) £28 -3 U} (Ansorge
et al., 1977; Quinn et al., 1978; Barat et al., 1979; Graf et al., 1979;
1981).
-monoester phosphohydrolase (acid optimum) EC3.1.3.2]+ pH

F-Zoll A orthophosphoric monoester&-3 7}-¥-ate] &F
T RS FE|AIF)E EAolth (Noel et al, 1987). ol9} 2
2 3% aAE 7] FHolage] TR IAEH Je

FHAoH (Turk et al,, 1984a& 1984b; Himeno et al., 1988), B
SAAME ol Folhd a2EY XTI} TrhEl
(hm et al, 1994) 22 ‘% Enk ohuj2l TCA®l o)A
olg EAY FAA LHEo] FrMETII FA3IL Yok
(Park et al., 2001).

o] ATE 7+ MXE9 Tholagd FH3] ZAF] e
cathepsin B 2 D9} acid phosphatase®] 47} @&-SA7t

ANA of FHEAEA 1 7IHS EHEiA Lol Slst
o Algsigion FHolA St dIAHFEE A7 AF TCA
o} 1o} &4 o) dFE MAA G (Ogawa et al,
1990; Kim et al., 1997; Rhee et al., 2000). &2 tauroursodeo-
xycholic acid (TUDCA)E Z}Zt AthA= o] 4% & A

AlA 22 Ftol| A cathepsin B @ D9} acid phosphatase®] 2H43
58 FAsl] o]E A4 AT BT 714S W Hu

2k 33l

proteinase®l] &38l= 3

A= I gﬂr/}uﬂ 7‘\_‘_‘%_%

Satav et al, %} acid phosphatase [orthophosphoric
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Na-benzoyl-DL-arginine-3-naphtylamide, mersalyl acid, 4-nitro-
phenol, polyoxyethylene-2, 3-lavayl ether, $-naphthylamine, 4-am-
ino-2, 3-dimethylazobenzene, disodium-p-nitrophenyl phosphate,
L-tyrosine, hemoglobin (from bovine erythrocyte, substrate powder),
Triton X-100, TCA (from ox bile, sodium salt), TUDCA (sodium
salt), cathepsin B (from bovine spleen, C 6286), cathepsin D (from
bovine spleen, C 3138), acid phosphatase (AcP Lin-Trol®) & ¢l
2 EFY (10 g/100 ml, bovine serum albumin) -2 Sigmai}
(St. Louis, F|50)¢] A|F-S AMEatglom 1 9 dvk Ajoks

o BF m& 9FEL s,
2. & ¥ XA

TEE 45 o)A} e 2Pz AMSE AF 280~320 g

| ¥+ Sprague-Dawley 2 <HE AFESIPNOM 178 5
“]'E]i st thg} o] oo R Witk S AT 1

breds Ve 19 2 24 A7 gaAl
e 240& B FEH ANER <2 890 oA
19 3 2ol A7 A & F 2, B
FYek T2 FE dA

it
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ol [

NELH 7 TCAE
Z Ogawa et al. (1990)3} Park et al. (1999)2] HHol| w2l TCA
(A%F 100 gF 45 Iumoles,)E ALEHZq i LHOﬂ nz-%}?‘f& 1
2900l Ztzt YA = F
TUDCAS F4T T2 %%}&
(1990)7 Park et al. (1999)2]

T 45 pmoles)E FHAT Wel| YT &
242t BN T F 270 E R

g Fgagien A3 Ao dAS 24
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UEE T AR 2EseH RAIZE T—:L’L}/\]Zl T °]H]
opF Bl A AAlEtleh SE diA g A E
7S medical grade silicon ubeE AHE3le] FAEG on 7}
TEE 4w NEET AFSSIT TCA S TUDCA 39 4
oA ) 292 syringe pump (model 341A, Sage instruments,
vlsE AHgste] 158 B skl
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g 7ol 7he] &2 12417 B2A17 & o]y u}
F sellA Algsiglon BX diEsuo 2Ry APty F
£ A8 Tz WHoj] *JF& C«] 025 M
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sucrose
e Wz
Hol = sucrose "—‘.‘% bt 3 55 A
&% G4 A B 2AE f3lHAE —'1@01'04 025 M sucr-
ose HOE HAFE The FA| 2~4TZ YA & ZA 4
o dHo g w3 & Zgksted ARESIQITE 7k g nf
& A3 A = Teflon pestle galss homogenizer (chamber clear-
ance 0.005~0.007 inches, ThomasAL, "I=)E AHE3I31 o™, 7+
o] mkdle 2~4CE FAIBHEA] 400 ipm 52 vhsfE
ST 7 gho] A% 9] cathepsin BS D A E A8 A2
£ 025 M sucrose A2 A 23 10% (wiv) b vhf B ula-
asonic dismembratorZ 2~4TCE FX|3FHA] 2014 Keycle/sec
o 27102 284 53] 257 vk E Skl Barrett, 1972;
Barrett, 1977a) AH&8FGITE 7t 2to]A49] acid phosphatase
T EHE A]giﬂ ZA= U3 Graham (1989 2}

olAHS EIF F Triton X-1008 73 ]S AR
t} & 025 M sucrose B2 WHE 10% (wiv) ZF whi A A
°F 10 ml& 3k 1,000xgoll A 2083F LA ste] A
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dRom o] HALE 10% (wiv) sucrose Mol HEA]A 1
1 &8 37~72% (w/v) sucrose linear density gradient -&4<
S AR A FEARth i o] dARYEE
95,000<gl Al 2A17F YAET3EA 51~57% (1.23~1.26 glem)
sucrose HZ F-2oll FFH pellets 3 F o] pellet2- 0.25
M sucrose N 13] MAZ AL 0.1% Triton X-1002.2 2
v s]ate] gk S ARESIIT 99 E4 AR ZA
Bl A BE ZZE 2~4ToA A gglom A3 2
%271 Du Pont SorvallX} (9]=)¢] RC-5B refrigerated su-
perspeed centrifuge®} OTD-65B ultracentrifuge At 18] 1L su-
crose density gradient -8-4 9] #|Z gradient former (model 570,
ISCO, vI=H)E AH&ske] Alzsk3ith

2t BYE 57
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DL-argmme—ﬁ-naphthylannde——
B7F WA A AE Bnaphthylamme% A= Pl
Barrett (1972)2] Wl wgkow whol= 127k 1 mge] &
o] vk-3-3le] gt B—naphthylalmnegl %S nmol® u}

ERRiT) aE]a 7ke] 2}o] i cathepsin DO BAE A
2 hemoglobing 7@ & ARE5te] 37T A 1027F g4

71 Fotoll AXE tyrosined S48H= <1 Barrett (1977a)

Holl of3lglom thie 187k 1 mge] wldoe] whg-3}
o A3t tyrosineS nmolZ JERPATE 7H] 2ol id acid
phosphatase &% %2 disodium-4-nitrophenylphosphate Z-
71- R ALt G4 34 374 3083t ¥HE-A]7]
= &<t A E 4-nitrophenol- A3 Moss (1984)2]
Moz =A4slgor W= 1870 1 mgd] Telzo] gt
3}e] 3438t 4-nitrophenolS nmolZ WERNRITE o] A

A AEE g4 GAE SAYEY ALEE o)) 9
3to] Sigmarle] A ZAES ANt HAsIIoH #
= ’\] of thate] 23 %zéé}oq BoAE FH3ch o]
ABeA F4 FHE FSA AR 232 =AE computer

210, Varian, 7]=)
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=
controlled enzyme spectrophotometer (Cary

B2 AR 5 ©E AL 05 M perchloric acid?} me-
thanol-ether < (3:1) 02 WS 5= Greenberg et
al. (195D eR &4 AR 59 TiEs AAIG o5 biuret
% (Gomall etal, 1949) 2.2 A3l

6. 48 43

oA HAL Student's t-test= 31} 2.0 F-2+EE 005

Table 1. Effects of choledocho-caval shunt (CCS) on liver lysosomal cathepsin B and D activities in rats

. Cathepsin B Cathepsin D
Experimental groups - I — - — —
(nmol B-naphthylamine min~ mg protein™) (nmol tyrosine min~ mg protein™)

Normal 0.28 £ 0.05 8.02 +2.48

Sham 1 day 0.28 £0.07 8.05 £ 2.56

Sham 2 day 0.29 £ 0.06 8.08 +2.42

CCS 1day 0.29 £ 0.06 8.92 +2.67

CCS 2days 0.30 £ 0.08 10.85 + 2.87

The data are expressed as mean £ SD with 5 rats in each group; Sham 1 day or Sham 2 days, sacrificed on the 1st or 2nd day after sham
operation; CCS 1 day or CCS 2 days, sarificed on the 1st or 2nd day after choledocho-calval shunt.

Table 2. Effects of taurocholic acid (TCA), and tauroursodeoxycholic acid (TUDCA) infusions after choledocho-caval shunt (CCS) on

liver lysosomal cathepsin B and D activities in rats

. Cathepsin B Cathepsin D
Experimental groups - ] - - 3 .
(nmol B-naphthylamine min~ mg protein™) (nmol tyrosine min~ mg protein™)

CCS 1 day 7 0.29 = 0.06 8.92 £2.67
CCS 1day + TCA 0.36 £ 0.08 13.24 £ 2.92
CCS 1 day + TUDCA 028 £0.07 8261254
CCS 2 days 0.30 £ 0.08 10.85 £ 2.87

CCS 2 days + TCA 0.44 £ 0.09™ 16.14 £ 3.15™
~ CCS 2 days + TUDCA 0.29 £ 0.06 8.63 £2.62

The data are expressed as mean

* SD with 5 rats in each group; CCS 1 day or CCS 2 days, sacrificed 1st or 2nd day after choledocho

-caval shunt; One of the followmg bile acids, TCA and TUDCA (45 pmol/100 g body weight) was intravenously administered through
the superior vena cava. j, P<0.05 vs. CCS 1 day; m, P<0.05 vs. CCS 2 days
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Table 3. Effects of choledocho-caval shunt (CCS) on liver lysoso-
mal acid phosphatase activity in rats

Experimental Acid phosphatase
groups (nmol 4-nitrophenol min™ mg protein™)
Normal 183.6 £ 152
Sham 1 day 1828 + 164
Sham 2 day 183.5  16.7
CCS 1day 1963 £ 17.8
CCS 2 days 206.7 £ 19.2

The data are expressed as mean £ SD with 5 rats in each group.
Experimental groups are described in Table 1 and text
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. HOoAM BEI I¥WEE Al TCA £= TUDCA =
‘P:IOI Z+ 20| & &9 cathepsin B2} cathepsin D &4 =0
OjX= G

FA FET ANEES A2 = 19 E 297 (2
Tableol| 4] CCS 1 day 2 CCS 2 days) ZF 2}0] 459 cathepsin
B ¥ D9 4=+ vlES JeERA @9kt (Table 1). F ol
A FFE PHNEES A AT TCAE FUAA 28 4
%} (A3} Tableo 4] CCS 2 days + TCAVA RS w] 7+ glo) i
9} cathepsin B 5% 27} FEHA HRAZZ Al
o vlE AN R fogt 3R JEdTE S F
B uAHER A TCASE YA 2 & 3t gojx
9] cathepsin B 845+ 27 293¢ dgIAEat A
TR o 47% (P<0.05)2] 5715 YEPNAT (Table 2).

FolAl FEH HAWEES AT AF TCAE FYAA
19 2 2 A3} (A3} Tubleo) ] CCS 1 day+ TCA 2 CCS 2
days + TCA) § 7t 2}ol &9 cathepsin D =& U=
ol 29¥ thAWES A7 7 (23 TableolX CCS 1
day 2 CCS 2 days)°ll H3] BAGH o= {5 718 o
gt & 9% 43 A% TCAE 79 17@ 19 4
295 7+ gko] A% 9] cathepsin D B4 == iR FHH
A uEge A7l ZRY 27 oF 48% (P<0.05) ‘3—4 oF 49%
(P<0.05)8] Z7He WERT: 2eiv) P I NEES

A7 AF TUDCAE FYAI7 T+ (A7 Tableol A CCS 1
day + TUDCA 2 CCS 2 days + TUDCA)IA o5 &A9 &
A= 273} 2oz} 91t} (Table 2).
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Table 4. Effects of taurocholic acid (TCA), and tauroursodeo-
xycholic acid (TUDCA) infusions after choledocho-caval shunt
(CCS) on liver lysosomal acid phosphatase activity in rats

. Acid phosphatase
Experimental groups - I .
(nmol 4-nitrophenol min~ mg protein™)
CCS 1 day 1963 = 17.8
CCS 1day + TCA 234.7 £ 264
CCS 1 day + TUDCA 1925 £ 16.6
CCS 2 days 20671192
CCS 2 days + TCA 267.3 £ 4127
CCS 2 days + 198.6 & 17.2

The data are expressed as mean £ SD with S rats in each group;
Experimental groups are described in Table 2 and text. j, P<0.01
vs. CCS 1 day; m, P<0.05 vs. CCS 2 days

Z} Tableoll 4] CCS 1 day 2 CCS 2 days) 7+ 2Fo]2%9] acid
phosphatase 45T ¥5S VEA] 284} (Table 3).
AdA FEd BAEAEEFE AR AT TCAE FUANA
19 ¢ 2 77} (23} Tableo|l Al CCS | day + TCA 2 CCS 2
days + TCA)A RS W] 7+ 210]2%9] acid phosphatase E4]
= EHZ?‘Oﬂ vl SAH R FofF F7HE e
2% TCAE TYA7IL 19 &
F &}0]449] acid phosphatase 4%
AYE3t A7) o (23 Tableol A
CCS 1 day 2 CCS 2 days) 20+ 22 ¢F 20% (P<0.05) 2 <k
29% (P<0.05)] 37+ HEhIch e 93 tigNE
SLQ. }\]7] ;(127 TUDCAE‘ 7\01,\]74 101 UJ 201 7:1;,} (@51,]_
Tableol] 4] CCS 1 day + TUDCA ' CCS 2 days + TUDCA)* %1

<= W 7 o] EA RS dxuwd E Aelzh G
(Table 4).
4 H

Z];g]_oﬂ %] ,

=7} A=A S w 7R F5-EA7) o718t} (Halsted, 1976;

Sherlock et al.,, 2002). ©]&|3t FE-EAY 7HaEE A& A &
SA|9] Ajgto] ATBlHE 7HEAL M) A, 9T &

2, A3 A3 Ag 5 gEgE wi) agxeR

[}
Uebd (Desmet, 19943 BAlo] ZFMZ = 715 Aoli7l e
=™ (Halsted, 1976; Sherlock et al., 2002) ©|
1‘— 7tE §A%e AT HEHE A

Apdoltt B3 HE AMEslY HE2Ae e B
t-ﬂ Nﬁ%oﬂ/q —r] ﬂigx{PP.,] ZZ]?S]—&}_/}:Z]% %‘Elz%‘} Kou-
ntourase et al. (1984)2] HIlo| A H A A3t SFFEAE oF

7} N2 F 127710] BARERE We B THAES0)
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M 250l E Aab Aol ot AEE W] HRAX
o} SHo] T7E L AL AlE e 675 EH= 271
o Ashd Wb et Basigich o)) ol HE
AR e Be 2 dydMe o] aagd 8
A= WEEE Aol & delA ok aga Ao E@EE
Al M 2 BY=7E SHEE aawe g4 HE 7
Aol oialA @74 g4 e AL Og3 gk =,

arylesterase (Han et al., 1997), carboxylesterase (Han et al., 1998),
cholinesterase (Park et al., 1999), alcohol dehydrogenase, catalase
(Kim et al,, 2002) & thiosulfate sulfurtransferase (Rhee et al.,
2004)iz FEIAIA 1 BHE daEn 2 1He
HESAZ GAEWel F7HE TCA7E 34 2 g oA
AlA olir &4 e IAIAZItHE Aol alkaline pho-
sphatase (Ogawa et al., 1990), 5-nucleotidase (Kim et al., 2001b),
y-glutamy] transpeptidase (Kim et al., 1997), mlo] 24 ethanol
oxidizing system, aldehyde dehydrogenase (Kim et al., 2002), ben-
zoyltransferase (Kim et al., 2001a), arylamine N-methyltransferase
(Rhee et al., 2000) 2 thiol methyltransferase (Rhee et al., 2002)i=
HEEAR A 1 B4R F7HEY 2 7] H e FEEA
2 IHAE el F7H TCAZE Fraal Hdg A5A1A o]

5 mae] §4& FAANHE Aol
Thm et al. (1994)2 F & 222 3t FEAF A cathepsin
B % D%} acid phosphatase B =7} £H% A3 Fo] 2&
CARbol A Z7MEQTkal B aslth e o AdeA
chyl AW A8 s o)S Fao AHTE
ol gk o] B2 7t FEEAY Ao} lekeiA
b}EH%r A7} obd7} MZHEAT) Park et al. (2001)2 HE A}
$3 4¥oIA FRE 23 F 939 TCAS FY@ A%
7¥ol| A} cathepsin B 2 DQ} acid phosphatase] A =7} 25
o)% Eaol FIE

"E Or}l' J-lo

S71ERen o] A= TCAZE Tl A S
m--o}oq Uepct wau ZEsolt ofwl AP of A

& U sk dohfi7] fisted A8 Zoly EE of
Alzﬂoﬂ}\p;__ FA5}= GEate] 2827 g2y ol g4 38

Aol wAe e deertE 47) Hske) @EeAiRE
ol A EaEo] ol Fg T+ ¥ (Ogawa et al, 1990;
Kim et al,, 1997; Rhee et al., 2000) B-54+2] 7+ S0l dis] 2
% &3 71RItH= TUDCA (Poupon et al,, 1987; Ogawa et al,
1990; Heuman et al, 1991)5 FH oAl @ thAUEZLS A
71 2% Ao el v FYAIA ZAE BEsIsich

o] AgeolA FHelA T2 EH’“ 123he A1 AE TCA
E FYAA 19 FH 2 AHRAE ol 7F goliEe] cathe-

psin D%} acid phosphatase &4 = -LE]J— o A AT o

7t 2folA49] cathepsin BE] ﬂ"*‘:'—:— =Tl a8 o

ek A

| 22 Ho} ‘:’fz—gﬂl Al TCAE 7t 2holAE Y] ca-

thepsin B % D9} acid phosphatase®] 3/d-& A= -ghckar &4l
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F7tE = golAF 9] cathepsin B 2 D%}
acid phosphotase®} BA5: F7H= BEA F TCAY 93 o]
E 8§49 o] A=FHo] vENd Zg AzbEC)
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