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Effects of Intravenous Administration of Taurocholic Acid on
Liver Lysosomal a-D- and p-D-Mannosidase Activities in
Rats with Extrahepatic Cholestasis

So-Kyung Park', You-Hee Kim’ and Chun-Sik Kwak"

'Department of Nursing, Kyungdong College of Techno-Information, Kyungsan, 712-718, Korea,
“Department of Biochemistry, Keimyung University, School of Medicine, Taegu, 700-712, Korea

The effects of intravenously administered of high concentration of taurocholic acid (TCA) on o-D- and B-D

-mannosidase activities in rat liver lysosomes were studied. These liver lysosomal enzymes, and serum lysosomal a-D-
and f-D-mannosidase isozymes activities were determined in experimental rats with common bile duct ligation (CBDL).
The liver lysosomal f-D-mannosidase activity as well as the serum lysosomal a-D- and B-D-mannosidase isozymes
activities were found to be significantly increased in the CBDL plus TCA injected group than in the control group such
as CBDL alone group. However, the liver lysosomal a-D-mannosidase activity was found to be significantly decreased
in the CBDL plus TCA injected group. The above results suggest that TCA repress the biosynthesis of the lysosomal
a-D-mannosidase and induce the biosynthesis of the lysosomal B-D-mannosidase in the liver. And that the elevated

serum lysosomal o-D and f-D-mannosidase isozymes activities are most likely due to increased hepatocyte membrane

permeability caused by TCA mediated liver cell necrosis
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a-D-Mannosidase (o-D-mannoside mannohydrolase, EC 3. 2. 1.
24)= HdAe] wek vgkd 9119 o-D-mannosyl 71E 7t
SRR Be-S Zufshk= G40|w**) g.D-mannosidase
(B-D-mannoside mannohydrolase, EC 3. 2. 1. 25)% iAo
Agtelo] = AgHolA] et 1kl 912]¢] B-D-mannosyl
715 7EEshs WS Frllshs Eaol B, o] Frt

Al 5 7 gelhFel 8] FAE o] = aiolH
1416) %H A7kl A= E}O] < o-D-mannosidaset™= 1 A
251! glo] 4% B-D-mannosidase= 1 A =7}
Aoz dHA girh 2y GEEATtlA o]
EZ&-"J S WEo] tigh 71HE e Bale opA

gtk webs FolAl TR AZE A HESA
Skl o] TCASH ko] &4 Aol d&F< v
E=Th= tauroursodeoxycholic acid (TUDCA)**29Z 2z}
o e FAGSEA WA ol el &
W5 7)4e] 7t vl Ao
Q] o) Eael BT WE A Lollo
= 28 A Aagd) ST S SAES B
dpote Zoz *@Z}%rﬂr.
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1. Al oF

4-Nitrophenyl a-D-mannopyranoside, 4-nitrophenyl 3-D-manno-
pyranoside, 4-nitrophenol, sodium cacodylate trihydrate, bovine
serum albumin, glycine, cobalt chloride, Triton X-100, TCA (from
ox bile, sodium salt), TUDCA (sodium salt), a-D-mannosidase
(from almonds, M 1266), B-D-mannosidase (from snail, M 9400)
2wkl 3= (10 g/100 ml, bovine serum albumin) 5=
SigmaA} (St. Louis, P]=)°] AlFS ARGl om 1 9 o

W AokEe 5F ER AFES s,

FEL 4T ol e 2N oE AR AT 280~320 gol
& Sprague-Dawley &9 =HE A3 o™ 178 5vt
Yz dlo] g3t o] 97row Uitk & At 15,
Threde Ve $ 1 9 2o A4 SN T &
2702 N FHH AZ (common bile duct ligation) -

19 5L 2%dell Z2t AR o & 24,

TCAE F9UT w2 FHd 4% 4§

AZ A% Ogawa T'V2] HHHd] wE} TUDCA (A5 10
F 45 pmol)E oW ulof] F9dgk F 1 2 2

AN T F 270 U 7F A

= ;j

FEslelom A dgdd dAg 2o F ARl

FHH 22 F& 9 e a4 24 dF WS
aefate] HE % 24004 5A] Atelell SRAIA 4 Qs
o NS 2AEG o AR FAAZ F olF v &
ol AxsIAT) FHH ARLE 7 959k oF 1 em o}
o] Y9N FuS 27t ol AFe & 11 FF 9
£ Adealon 1 A Al G3e] FHEE Elskich
T35 7R de JiEET AldskGlth TCA 3 TUDCA
o] A ] 292 syringe pump (model 341A, Sage in-

RE AT o] HEe 12417 F2A12 £ ol

ulH Sell A Ao HE gl omiE X[ sl
HAE AFAZ E]are 2Rl Adgket - 4T 9] 025
M sucrose 0.2 ¥Fale] 7lo bt
T 7+ AEsIith &g 1k Axs #5539 st
7ol Fo} 1 sucrose NS 7hEdh o &

7 gholiF A AR ZAIE ftodAE A=A
0.25 M sucrose o= 73 1HS SA] 2~4TCE P2A71
S A Hojx dHoR whEa & E3ste] AREsSlh
7+ A 9] wilE 934+ teflon pestle galss homogenizer
(chamber clearance 0.005~0.007 inches, ThomasA}, W]=1)& A}
fatiem 7k dHe] vkl 2~4CE A28 A] 400 rpm
EE2 s sl

7t FolAF2] a-D-mannosidase T SAHE A&
FrE AZT 10% (wiv) 2F PHIAS 105,000 Xgoll Al 1
7+ QAR Ee] de A NG Abgsigion 1t g
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23 10% (wiv) 7F 22 A NS ARgSISiTh Skl A
Jole Z dEgste] dHE 42 F 84 = S48
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A k9] oA F a-D-mannosidase EE FH 4
-nitrophenyl o-D-mannopyranoside® 7142 AR8-5le] pH 4.5
(0.5 M acetate buffer, pH 4.5), 37°C Z71oA 10827+ ¥H-5-A]7]
= B9otell AAE 4-nitrophenolS 400 nm IHFoll A W] 21
23} Opheim¥} Touster 'O ol&td o P33} 7ho)
2}o] 45 B-D-mannosidase &%= 572 4-nitrophenyl B-D
-mannopyranosideE 7] &2 AFE-5}4] pH 3.5 (0.25 M acetate
buffer, pH 3.5), 37°C Z7elA] 1A1ZF WEGAI7]E 5t A
’J% 4-nitrophenolS H] 4 “J%3}+= Bartholomew<} Perry<]
WMol 0]3}% 01 o]E mannosidase =] THE 187F
o 1 mge] @ = 1 mle] EHo] vkg-ste] A% 4
-nitrophenol= nmol 2 YERY AT}

o] AeA AEG a4 ST S
o]7] fl3te] Sigmarl (M=) o] HA EAES
Aol o e Algol tiste] 23] S7gate] =
Fetadck o] Aol ma S SHo AHEE E3E e
A= computer controlled enzyme spectrophotomer (Cary 210,
Variam, 7|=)$I ¢}

5. CiE M

a4 A= o @id AHFL 05 M perchloric acid®t
methanol-ether &3t} (3:1)0.2 W dS AA|5H= Green-
berg®} Rothstein HO0.2 &4 Al Fo whulds A3k

S biuret Y02 AFaI ok
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F9] o] g4 FNTE AT Bue 4 oF 19% (P<0.05)
= oF 339 (P<0.001), 7F%s (A7} Tableoll ] Sham 1 day
ol 7L Student's t-testZ 3FRA 01 Fo]4E=L 0.05 4 Sham 2 days) HUH= ZbZF oF 19% (P<0.05) 2 °F 33%
o]at® AT (P<0.01)°] #AE YEPATE 22]aL 3F gfo]isie] o] &
2 RS FET A7 F 1Y B 3 2 Ay
4 f 1 Tkl Bal =29
71 TET o 9 ZAaESoV F
(Table 1).
Aol A FHE AZEES AFS W 1 ghe]aFe] BD
-mannosidase == 29 7} R
HAollA FHd AZE AZHS w 1 #Fo)aFY oD Fog TUHE YEIILE S S 22S AR 2
-mannosidase &= TAITHE 0w Folg AAE UEh ZBIAZL el 4] 3 2ol A 4 o] &4 T A B
ATE S T AES A 1Y 22l AR A (A TR oF 63% (P<0.01), 7 Bk 9F 65% (P<0.01)9]
CBDL 2 days)oll A F glola 5718 Yehigith a8l 7P gho] o] o] EA %

6. 98 48

nBlJ-'

o
S
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1. FolAM SE2 2&0 HEEA AlZt0] 2+ 2ojaE
©| a—D—mannosidase?} p—D—mannosidase &M =0

njxl= g

7} Tableo| 4] CBDL 1 day % =
TEE 27 319 A o 29 AHAZ a7
H] w 3-e- = A A Q) AFA]7 ok
Table 1. Effects of time of biliary retention on liver lysosomal 1S w29 AAIRL el 19 AR e o
a-D-mannosidase and f-D-mannosidase activities in rats 37% (P<0.05) 57FsF3it} (Table 1).

o-D-Mannosidase B-D-Mannosidase oA E2HEF ZEH Al TCA = TUDCA =9J0| 7}
Experimental group ) s —
(nmol 4-nitrophenol min ' mg protein ") 20|~ F2| a—D—mannosidase2t B—D—mannosidase &

Normal 2.1£0.22 30.8+ 525 JE0| DRl= JE
Sham 1 day 215023 30.2% 543 AolA S 22 A AF TCAZ FUAA 19 2
Sham 2 days 2.1£0.24 304+ 5.24 29 73 (A3} TableolA CBDL 1 day+TCA 2 CBDL 2
CBDL 1 day 1.740.27*4 368+ 7.73 days + TCA) A1Z< 1 71 @lo]2%2] g-D-mannosidase 2HJ
CBDL 2 days 1.4£0.21°" 50.3£10.42°M T 2y 27 A7) o (23 Tableol Al CBDL 1 day

The data are expressed as mean & SD with 5 rats in each group; 3 CBDL 2 days)ell M]3 A8t o2 o3t At Uet
Sham 1 day or Sham 2 days: sacrificed on the 1st or 2nd day after = 2939 A3 A8 TCAZ FYA7)7 19 2 29
sham operation; CBDL 1 day or CBDL 2 days: sacrificed on the IRt = o = ZT CAS T34 ];L =

1st or 2nd day after common bile duct ligation. BIANAE W 7F ol o] g4 s THI AF
a, P<0.05 vs. Normal; b, P<0.01 vs. Narmal; ¢, P<0.001 vs. al A FRT 2H7F 24% (P<0.05) 2 ¢F 36% (P<0.01)<]
Normal; d, P<0.05 vs. Sham 1 day; h, P<0.01 vs. Sham 2 days; j, 1% A o (P<0.05) %X = o (P<0.01)e]
P<0.05 vs. CBDL 1 day AE YERNRATT (Table 2).

Table 2. Effects of taurocholic acid (TCA) and tauroursodeoxycholic acid (TUDCA) infusions after common bile duct ligation (CBDL)
on liver lysosomal o-D-mannosidase and -D-mannosidase activities in rats

a-D-Mannosidase B-D-Mannosidase

Experimental group
(nmol 4-nitrophenol min~' mg protein™")

CBDL 1 day 1.740.27 36.8+ 7.73
CBDL 1 day + TCA 1.3£0.18 56.7+11.24
CBDL I day + TUDCA 1.7£0.26 372+ 873
CBDL 2 days 144021 50.3+10.42
CBDL 2 days + TCA 0.9+0.15" 69.6+12.22™
CBDL 2 days + TUDCA 144023 49.6+11.67

The data are expressed as mean £ SD with 5 rats in each group; CBDL 1 day or CBDL 2 days, sacrifrced 1st or 2nd day after common
bile duct ligation; One of the following bile acids, TCA and TUDCA (45 umol/100 g bady weight) was intravenously administered
through the superior vena cava. j, P<0.05 vs. CBDL 1 day; m, P<0.05 vs. CBDL 2 days; n, P<0.01 vs. CBDL 2 days
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T TCAE FUMNA 1d &

9] B-D-mannosidase &%

4l & FATH R Fo3 F

7Fe YERIiTE S 93 A48 A5 TCAE TYA7|aL

19 3 29 AIARE W 3F ol aF —“i—i—.]?% o] g4 &4

oF 54% (P<0.05) 2
F 38% (P<0.05)¢] 27} Ehiglt)

FHellAl T A7 2§ TUDCAE FUAA 19 2 2
73} (23} TableelA] CBDL 1 day+TUDCA % CBDL 2
days + TUDCA) A1%S w 7+ 2Fo]AF2] o-D-mannosidase2}
B-D-mannosidase &%=+ B dlzTd) 8 Aol gl

(Table 2).

3. FloilAM SE2 A& FEEA AlZto] €32 2io]
A& a—D—mannosidase2t 2t0[2~Z& B—D-—mannosi—
dase OO|AXtY EHJ =0l O|X|= FE

HAA T 225 MRS W H9 go]LF oD
-mannosidase ©}o|AaAIY B EE A

7He YERiIY = S é‘ég A7 1 92y
FAIR ollA dAe] o] g4 z
102% (P<0.001) 2 °F 120% (P<0.001), 7}
7} 9k 97% (P<0.001) 2 <F 111% (P<0.001)9] 571 YE}

itk el AR o] fa BHES U AR F
QA7) 234 29 BN Ftel WA whs AR

Frel 8 Zpol7} QISAT} (Table 3).
AollA FTHH 2ZS AZAS W dHY golaF
-mannosidase ©}o] A% FA == 2 AIAIZ]
EAH R Fog S HEIdYE = TR A
A7 F- 29 AIAD LellA] Do o] g4 RS
T BHOE oF 26% (P<0.05), 7FEET Bk oF 25% (P<
0.05)°] 57k Wehidth 12jal 9% dlolaFe] o

"?’

=
=2
o Y X
> o
ox flo M2 g

s
w3kl W]
4. Flo|lM BE2 ZF Al TCA £ TUDCA 0| &

Ho| 2lo|AZ o—D—mannosidase?t 2Z}o|A —?-E B—D
—mannosidase OFO|AXIR] 2HH =0 O[X|= F&

TCAE FUAA 14 3
% o-D-mannosidase ©}©]
A 9l FE AN A7 el v
AA o R frojgt TV ety = S A7
a1 BIAAE o A

T AZ AR 72H2E oF 36%
oF 349 (P<0.05)°] Z7}2 LJERNIT} (Table 4).
FollA FHH 22S A7 A5 TCAE TYANA 19 4
24 AN RS o] A9 2ho]AF B-D-mannosidase ©}0]

A A gl FHY AW AR ol e

Table 3. Effects of time of biliary retention on serum lysosomal
a-D-mannosidase and B-D-mannosidase isozymes activities in
rats

a-D-Mannosidase B-D-Mannosidase

Experimental group
(nmol 4-nitrophenol min~' m1™")

Normal 21.5% 3.34 120.6+16.73
Sham 1 day 22.1% 347 121.4%+17.24
Sham 2 days 224+ 3.53 121.6+17.67
CBDL 1 day 435+ 8.65° 140.7+21.23
CBDL 2 days 472+10.32% 152.2£22.42%¢

The data are expressed as mean + SD with 5 rats in each group.
Experimental groups are described in Table 1 and text.

a, P<0.05 vs. Normal; ¢, P<0.001 vs. Normal; f, P<0.001 vs. Sham
1 day; g, P<0.05 vs. Sham 2 days; i, P<0.001 vs. Sham 2 days

Table 4. Effects of taurocholic acid (TCA) and tauroursodeoxycholic acid (TUDCA) infusions after common bile duct ligation (CBDL)
on serum lysosomal a-D-mannosidase and $-D-mannosidase isozymes activities in rats

o-D-Mannosidase

-D-Mannosidase

Experimental group
(nmol 4-nitrophenol min~' ml™")

CBDL 1 day 43.5% 140.7£21.23
CBDL 1 day + TCA 59.24 9.641 175.5424.56'
CBDL 1 day + TUDCA 441t 8.32 142.3+22.85
CBDL 2 days 47.2+10.32 152.24+22.42
CBDL 2 days + TCA 63.2t 9.73" 187.4£23.78™
CBDL 2 days + TUDCA 45.6x= 154.2+23.18

The data are expressed as mean & SD with 5 rats in each group. Experimental groups are described in Table 2 and text.

j, P<0.05 vs. CBDL 1 day; m, P<0.05 vs. CBDL 2 days
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23% (P<0.05 )4 ~7}~ UrE}LHOiE}. vt
FHH A% A5 TUDCAE FUAA 19 9 29 AAH
S ) Y] o]E G4 FAHEE BF gxay ¥ xpolz}
AT} (Table 4)
i ey
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S 32, sl dskd Wst 5 FEshACl wish A
&x o7 Yepd)s} FAlo] THEE 7)%s ezt e
) olu) 9EeAIRNY YN 4F G ST}
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TRl FEE A A7 FRY SASH R fos STt
£ HERIATL

o] AAE Hol HHEA
-mannosidase®] A4S A3l A =

AR BFLAE £B we
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sl dofd shte] dsdolet Azt EJE o] At B
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AgF 0w Folt HAE UERSITh 1
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UehfAt) o] AFE Hol @5&A] Al TCAE 7+ ‘j/}o]i
9] a-D-mannosidase®] 3dS AT AL F=HE 7 Q)
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