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Taurine Conjugate of Ursodeoxycholate Plays a 
Major Role in the Hepatoprotective Effect against 
Cholestasis Induced by Taurochenodeoxycholate 
in Rats 

Kosho Tsukahara 



Abstract 

Rats taurine-deprived through ,8-alanine administration and untreated 

rats were used to elucidate the mechanism of hepatoprotective effects of 

ursodeoxycholate (UDC). Animals were infused with taurochenodeoxy

cholate (TCDC, 0.4 ,umol ·min-J·lOOg-1) alone or in combination with tauro

ursodeoxycholate (TUDC), or with UDC (both 0.6 pmol·min-I·lOOg-1) for 2 

hours. Ursodeoxycholate as well as TUDC prevented severe cholestasis and 

liver damage induced by TCDC infusion in both untreated and taurine

deprived rat groups. In untreated rats, however, UDC was less effective in 

hepatoprotection than TUDC as indicated by sequential changes in biliary 

LDH output during the period of 30 to 120 min (P<O.OS). In rats receiving 

UDC and TCDC, total biliary output of LDH for 2 hr was significantly 

higher in taurine-deprived rats than that in the control (73.40 :t 10.10 vs 

41.14 :t 12.56: P<0.05), suggesting that the difference became greater upon 

taurine deprivation. In contrast, in rats receiving TUDC and TCDC, the 

protective effect was comparable for the taurine-deprived and untreated 

rats. When the animals were infused with UDC and TCDC, taurine-deprived 

rats exhibited a biliary excretion rate for TUDC half that of control rats 

(P<0.05). Furthermore, a highly significant correlation was observed be

tween the biliary excretion rate of TUDC and biliary output of LDH (r= 

-0.886, P<0.0001). These results suggest that UDC conjugates, especially 

TUDC, and not UDC may play a major role in the prevention of cholestasis 

and liver cell damage caused by TCDC infusion. 



Introduction 

Ursodeoxycholate (UDC) bas recently been introduced to treat differ

ent acute or chronic cholestatic diseases, including primary biliary cirrhosis 

(1-5). However, the mechanism underlying the beneficial effect of this bile 

salt remains unresolved. On the other hand, it has been shown that tauro

chenodeoxycholate (TCDC), taurolithocholate (TLC), or even taurocholate 

(TC), the most common bile salt in human being, induces severe cholestasi 

and causes death in rats when infused with large dose (6-10). However, the 

co infusion of tauroursodeoxycholate (TUDC) or UDC with TC (6-8), TCDC 

(7) or even with TLC(9,10), a more potent cholestatic bile salt, protects 

against the chotestasis induced by the infusion of these toxic bile salts. The 

mechanisms underlying this anticholestatic effect of TUDC (or UDC) have 

been controversial. The infusion of UDC was shown to be as effective as 

that of TUDC in an in vivo study (8). Moreover, a recent in vitro study using 

primary human hepatocytes has shown that UDC functions hepatopro

tectively in itself without being biotransformed to its conjugates (11) . 

However, the physiological property and intrahepatic biotransformation of 

UDC differ in many respects from those of TUDC (12-15). It remains still 

unclear whether UDC works directly in an unconjugated form or as its 

conjugates after ami dation in the liver. 

To clarify whether UDC in its unconjugated form is as protective 

against bile-salt-induced liver injury as is TUDC in vivo, we compared the 

hepatoprotective effects of UDC and TUDC in rats with intact and decreased 
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taurine pools. If UDC works after amidation, UDC infusion in taurine

deprived animals may be less efficient than TUDC infusion in preventing 

liver damage induced by toxic bile salts. 
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Materials and Methods 

Materials. 

TCDC was purchased from Sigma Chemical, St. Louis, MO. TUDC 

and ursodeoxycholic acid were generous gifts from Tokyo Tanabe (Tokyo, 

Japan). All of these bile salts were >99% pure. The major contaminants as 

examined by high-performance liquid chromatography (HPLC) were cheno

deoxycholic acid and taurodeoxycholic acid for TCDC, ursodeoxycholic acid 

and chenodeoxycholic acid for TUDC and taurochenodeoxycholic acid for 

ursodeoxycholic acid preparation. None of these contaminants amounted to 

more than 0.6% of the total. All of these preparations were used without 

further purification. Ursodeoxycholic acid was converted to a sodium salt 

(UDC) in this laboratory as previously described (16). Three a-hydroxy 

steroid dehydrogenase was obtained from Worthington Biochemical Co. 

(Freehold, N.J., U.S.A.). ,8-Alanine was from Wako Junyaku (Tokyo, 

Japan). All of the chemical agents for measuring bile salt concentration and 

enzyme activities in the bile and plasma were of analytical grade. 

In vivo studies. 

Male Wistar rats (SLC, Shizuoka Jikken Doubutsu, Hamamatsu, 

Japan) were purchased at the age of 11 weeks and maintained for 2-3 weeks 

before use. Rats were given free access to food and water under controlled 

lighting (600-1800), humidity (55%), and temperature (23 ± 1 C0
). 

Taurine pool manipulation. 

Taurine deprivation was induced according to the method reported by 
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Table l. Stunmary of experimental groups. 

Infused bile salts, 
/ATX)I-mi1" i •iOC!;fi 

Baly wt, 
gm 

B-Aialine TCDC TLOC UDC 
Groups (3 .!gl1<g/day) 0.4 0.6 0.6 

No treatment 
A (6) 316 ± 15.7 
B (3) 284 ± 5.8 
c (5) 317 ± 12.5 

B-Aianine treatment 
D (5) 319 ± 13.3 + 
E (4) 305 ± 8.5 + 
F(7) 311 ± 9.5 + 

+ 
+ 
+ 

+ 
+ 
+ 

Numbers in parenthesis indicate the number of rats studied. 

+ 
+ 

+ 
+ 

Shaffer and Kocsis (17). Beta-alanine (3.6glkg body wt per day) in distilled 

water was administrated p.o. for two successive days before the bile salt 

infusion experiments. On the third day, the rats were used in an experiment. 

Under pentobarbital sodium anesthesia ( 4.5mg/100g body wt, Nembutal, 

Abbott, North Chicago, IL), the common bile duct was cannulated with PE

SO tubing (Clay-Adams, Parsippany, NJ) after an abdominal incision. The 

bile samples secreted during the first ten minutes shortly after the operation 

were discarded in order to minimize the influence on enzyme output caused 

by the operative manipulations. Then a 30-minute basal bile sample was 

collected in a tapered-bottom stock tube. Thereafter a bile salt solution was 

infused by a Harvard pump (model 9446, Harvard Apparatus, Mills, MA) 

through a jugular vein catheter. The infusate was made of bile salt(s) dis

solved in 3% bovine serum albumin solution. The pH (7.4) and osmolality 

(300 mosm/kg) were adjusted to physiological levels, except for the pH of 

the UDC solution (8.3). 

After a basal 30-min bile before infusion was obtained, TCDC at a 

rate of 0.4 ,umol·min-1 ·lOOg-1 alone, or TCDC at the same rate with TUDC 

(or UDC) at a rate of 0.6 ,umol·min+lOOg-1 was infused iv. on the basis of 

the results of our previous studies. Six rat groups, that is, untreated groups 

A,B,C and taurine-pool-deprived groups D,E,F, received one of the three 

bile salt solutions (TCDC alone: A; D, TCDC+TUDC: B; E, and 

TCDC+UDC: C; F). The experimental groups are summarized in Table 1. 

Bile salt infusions were continued for 2 hours, and four consecutive 
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30-min bile samples were collected during the infusion. Blood samples 

were also obtained at appropriate time intervals during the bile salt infusion 

and at the end of each experiment at 2 hr. The concentrations of bile salt and 

enzymes in bile and plasma samples were measured. The protocol of these 

experiments was approved by our institutional committee. 

Analytical procedures. 

The total bile salt concentration in the bile was determined by an 

enzymatic method. Individual bile salts in some bile samples were further 

analyzed by HPLC (Twincle, Nihonbunko) coupled with immobilized 

enzyme in a column (Bilepack II, Nihon-bunko) (7). 

Taurine levels in the liver were measured in Mitsubishiyuka Bio

clinical Laboratories (Itabashi, Tokyo, Japan) with an amino-acid-auto

analyzer. 

Enzyme assays. 

The enzyme activities of lactate dehydrogenase (LDH) in bile and 

plasma, and alkaline phosphatase (ALP) in bile were determined by methods 

reported previously (7). The interactions of bile salts in the bile with the 

enzyme activities were appropriately corrected when necessary according to 

the bile salt concentration in the bile, as was previously reported (7). 

Histological examination in the rat liver. 

After a rat was infused with TCDC at a rate of 0.4 ,umol·min-1 ·lOOg-1, 

the portal vein was cannulated and perfused with bufferred formaldehyde. 

Liver tissues were dehydrated with ethanol, embedded in JB-4 plastic 
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embedding medium, sectioned, subjected to hematoxylin-eosin stainning 

and observed with lightmicroscope. 

Statistical analysis. 

Effects of taurine deprivation and sequential changes of the data were 

analyzed by the repeated measurement that was one of analytical methods 

packed in a computer software SAS (18) through use of a personal comput

er (NEC9801-RA). The significances of p values for ,8-alanine treatment, 

ti me effects and interactive effects of the two components (,8-

Alanine x time) by Huynh and Feldt's method (19) are shown in another 

table. Scheffe's multiple comparison test was performed after ANOVA to 

compare any two sets of the values at corresponding time intervals. Wil

coxon's tes t was also used to compare values between only two groups. 

Values of p lower than 0.05 were considered to be significant. 
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Fig.l. The light photomicrograph of rat liver tissue subjected to bile salt infusion (i.e., 
TCDC at a rate of 0.4 ,urnol·min-1·100g-t fo r 120 min). Necrotic hepatocytes exhibiting pyknotic 
nuclei and karyorrhexis with no inflammation were observed in zone 1 tissue. The central zone 
is unaffected. PV = branch of portal vein. C = branch of central vein.( Original magnification x 
950). 

Results 

TCDC alone infusion at a rate of 0.4 .umol ·min-J ·100g-J for 120 mm 

induced massive necrosis of hepatocytes around portal vein (PV) area 

(zone I) (Figure 1). 

Taurine co.ncentration in the liver in ,8-alanine-treated rats is one

fourth of that in untreated rats (0.9 ± 0.2 vs 3.6 ± 0.3 .umol/g liver, n=2). 

Basal bile flow rates in ,8-alanine-treated rats did not much differ from 

those in untreated rats when they received saline at a rate of 10 fd·min-J 

·100g-J(Figure 2). 
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Fig. 2. Sequential changes in bile flow in rats infused with saline. Closed circles connect
ed by broken line indicate the data in untreated rats (n=3). Open circles connected by olid line 
indicate the data in /1- a lanine-treated rats (n=3). All values are expressed as mean ± l SD. 
There is no significant difference between the untreated and /1-alanine-treated rats. 
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Fig. 3. Sequential changes in bile flow rates (closed circles) and excretion rates of bile 
salts (open columns, top panel) and enzyme activities in untreated rats infused with various bile 
sa lts. A:TCOC, 0.4 ,umol·min-1 ·lOOg-1 (n=6), B:TCOC, 0.4 p mol·mi.n-1·100g-1 + TUDC, 0.6 
,umol·m in-1 lOOg-1 (n=3), C:TCOC, 0.4 fim ol·min-t.lOOg-1 + UOC, 0.6 ,umol·min-1· l OOg-1 
(n=5). All values are expressed as mean ± 1 SO. 
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Fig. 4. Sequential changes in bile flow rates (closed circles) and bil iary excretion rates of 
bil e salts (open columns, top panel) and enzyme activities in /1-alanine-trcated rats infused with 
various bile salts. D:TCOC, 0.4 p mol·min-LIOOg-1 (n=5), E:TCOC, 0.4 ,urnol· min-l · l OOg-1 + 
TUOC, 0.6 ,urnol·min-1·100g-1 (n =3), F:TCOC, 0.4 flmol·min-1·100g-l + UDC, 0.6 pmol· min- t 
·l OOg-1 (n=7). All values arc expressed as mean :!: 1 SO. 

Figures 3 and 4 show sequentia l changes in bile flow rate, bi le salt 

excretion rate, and bi liary outputs of LDH and ALP in untreated (Fig.3) and 

taurine pool-deprived rats (Fig.4). In untreated rats infused with TCDC 

alone (Fig.3A), the bile flow began to decrease immediately after the start of 

the infusion and continued to decline. However, in rats coinfused with TCDC 

and TUDC (Fig.3B) or UDC (Fig.3C), the bile flow began to increase after 

the infusion and remained at significantly higher rates compared with group 

A The bile salt excretion rates in rats infused with TCDC alone (group A) 

increased only slightly compared with the basal levels before the infusion. In 

contrast, the excretion rates in the two coinfused groups (group B and C) 

increased rapidly after the start of the infusion and remained at a high pla

teau. In the rats infused with TCDC alone (group A), the LDH activity in the 

bile drastically increased, reaching a peak at 30 to 60 min which was 84 

times higher than the basal level, and began to decline thereafter. In contrast, 

biliary LDH output during the period of 0 to 90 min was much lower in both 

groups B and C than that in group A. The excretion rates of ALP were al so 

significantly lower in both group B and group C during the period of 0 to 90 

min compared with corresponding values in group A 
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P values in the "Time" component in Table 2 are all below 0.05 for all 

parameters. This indicates that any sequential pattern of these groups is 

significantly different from that of the other groups for all parameters. P 

values below 0.05 in the "Time x Treatment" component, which represents 

interactive effects of "Time" and "Treatment" components, indicate that the 

patterns of the sequential changes in untreated rat groups significantly dif

fered from those in ,8-alanine-treated groups. The effects of ,8-alanine 

treatment were observed only in the TCDC+UDC coinfused group in three 

parameters, excluding the excretion rate of ALP. 

Table 2. P values for analysis of variance in bile flow rate, bile salt excretion rate and 
biliary excretion rate of LDH and ALP in rat groups infused with various bile salts. 

Infused bile salts Treatment nmell Time x Treatmentll 

Bile flow rate 
TCDC 0.1991 0.0155* 0.6359 
TCDC + TUDC 0.0342* 0.0001** 0. 0713 
TCDC + UDC 0.0746 0.0001** 0.0025** 

Bile Salt Excretion Rate 
TCDC 0.4287 0.0297* 0.6894 
TCDC + TUDC 0.0015** 0.0001** 0.0703 
TCDC + UDC 0.0001** 0.0001** 0.0090** 

Excretion rate of LDH 
TCDC 0.0001** 0.3123 0.3126 
TCDC + TUDC 0.6624 0.0007** 0.4775 
TCDC + UDC 0 . 0373* 0.0001** 0.0005** 

Excretion rate of ALP 
TCDC 0.2597 0.0001** 0.3377 
TCDC + TUDC 0.5924 0.0001** 0.0728 
TCDC + UDC 0.3066 0.0001** 0.0830 

a P values for Time and Time x Treatment were calculated by Huynh and Feldt's method. 
**P<O.Ol, *P<0.05 
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Table 3 shows the values of bile flow rate, bile salt excretion rate, and 

biliary output of LDH in each period in groups receiving TCDC+ TUDC and 
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Figure 5 demonstrates the effect of {3-alanine treatment on the 2-hr 

biliary output of LDH infused with TCDC (left panel), TCDC + TUDC 

(center panel) and TCDC + UDC (right panel). There were no significant 

differences between the intact and the {3-alanine-treated groups infused 

with TCDC alone or with TCDC + TUDC, whereas the values were signifi

cantly higher in group F than in group C (P<0.05). The 2-hr biliary output of 

ALP showed no significant difference between the two treatments in all 

groups receiving the same bile salt(s) (data not shown). 
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Fig. 5. Total biliary output of LDH for 2 hours in untreated rats (open columns) and in ,8-ala
nine-treated rats (hatched columns) infused with various bile salts. All values are e..xpressed as 
mean :!: 1 SO. 
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Figure 6 shows the sequential changes in LDH activities in plasma in 

different rat groups. Plasma LDH actjvities in groups infused with TCDC 

alone (A,D) increased sharply and became significantly higher than corre

sponding values in the other 4 groups with coin fusion at 45 min (and thereaf

ter) (P<O.Ol). There were no significant differences between group A and 

group D. In contrast, in groups coinfused with TCDC and TUDC (or UDC), 

both with and without (3-alanine pretreatment, LDH activity in plasma in

creased mildly (to about one-third to to one-half of the values in groups 

with TCDC infusion alone). There were also no significant differences 

between the two groups with or without (3-alanine pretreatment (group B vs 

group E, group C vs group F). 

LDH 
m!U/ml Plasma LDH concentration (miU/ mll 

30000 

20000 

10000 

15 45 
Time, 

75 105 120 13 
min 

Fig.6. Sequential changes in plasma 
LDH activities in various rat groups. 
Symbols:" - " ,0; t>- t>,A; • -II,F; 
o-o,C; o- o, B; • - • , E. Open sym
bols indicate the untreated groups. 
Closed symbols indicate the groups 
treated with ,8-alanine. Oroups are 
expressed in Table L All values are 
expressed as mean± lSD ... p<O.Ol 
compared with the groups receiving 
the same treatment and infused with 
the mixed infusate of TCDC and 
TUDC (or UDC). 
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Table 4 shows biliary excretion rates of TUDC, glycour odeoxycholate 

(GUDC), UDC conjugates [TUDC+GUDC) , UDC, TC, and TCDC in the 

period of 90-120 min in the 4 rat groups receiving TCDC+TUDC and 

TCDC+UDC, as examined by HPLC. In the groups receiving TCDC+ TUDC 

infusion, major bile salts in this period consisted of infused TUDC and 

TCDC, and the excretion rates of TUDC were significantly higher in group E 

than in group B (P<0.05). In the groups receiving TCDC+UDC infusion, the 

major 3 bile salts consisted ofTUDC and GUDC, which were converted 

from UDC, and infused TCDC. The rats infused with TCDC+UDC had a 

significantly lower excretion rate of TUDC than those infused with 

TCDC+ TUDC regardless of taurine pool manipulation (group C vs group B, 

group F vs group E; P<O.Ol). In addition, the excretion rate of TUDC was 

almost 50 % lower in group F than in group C (P<0.05). GUDC was not 

found in the groups receiving TCDC+ TUDC, and the excretion rate of this 

bile salt was significantly higher in group C than in group F (P<0.05). The 

summed excretion rate of UDC conjugates (TUDC+GUDC) was signifi

cantly higher in group F than in group C (P<0.05). In contrast, the excretion 

rate of UDC was significantly lower in group C than in group F. There was 

no significant difference regarding the excretion rate of TCDC among the 4 

groups. 
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Figure 7 demonstrates highly significant negative correlations between 

the biliary output of LDH and the excretion rate of TUDC (upper panel) and 

UDC conj ugates (TUDC and GUDC, lower panel). It is clear that LDH 

output became smaller as the excretion rate of UDC conjugates increased. 
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• • • • 
OL-------~------~-------L--~-
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• • 0 • • • • 
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Biliary excretion rate of TUOC + GUOC, nmol · min-1 ·lOOg-1 

Fig. 7. Correlation between the biliary excretion rate of TUDC (upper panel) and conjugated 
U DCs (TUDC and GUDC) (lower panel) with the biliary cxcrclion rate of LDH in the last 0 
(90- 120) min period. Open circles indicate the values receiving TCDC and UDC, closed circles 
indicate the values receiving TCDC and TUDC. 
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DISCUSSION 

The present study has revealed that coinfused UDC prevented choles

tasis and liver injury induced by TCDC infusion, both in untreated and (3-

alanine-pretreated rat groups (Fig .3, 4). As in the case of the coinfusion of 

TUDC, this observation is consistent with our preliminary observation (8). 

However, when the preventive effects of UDC and TUDC were carefully 

compared (Table 3 and Fig. 5), UDC was found to be significantly less effi

cient than TUDC with respect to prevention of biliary leakage of LDH 

(Table 3). Moreover, the differences between the effects of UDC and 

TUDC became more pronounced when animals were pretreated with (3-

alanine, revealing the less efficient hepatoprotective action of UDC com

pared with that of TUDC (Table 3 and Fig.5). 

In our experiment the group sizes were uneven; that is, the sizes of 

group B (n=3) and E (n=4) were smaller than those of lhe other groups. 

However, the observed values (bile flow rates, biliary excretion rates of bile 

salts, LDH, ALP) in groups Band E were quite stable in comparison with 

respective values of the other groups. Therefore we think that the sizes of 

group Band E are large enough for comparisons with other groups. 

Despite the significant differences in the biliary leakages of LDH, the 

values of plasma LDH activities in (3-alanine-treated rats that received 

TCDC and TUDC (or UDC) were not significantly different from the 

values in their untreated counterparts (group E vs B, group F vs C). These 

results suggest that the mechanisms of release of LDH into bile and plasma 
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may differ in at least some respects. Our group has recently observed spo

radic single, or groups of, necrotic hepatocytes in rats predominantly in 

zone 1 without obvious changes in tight junction when TCDC was infused at 

a rate of 0.6 ,umol·min-1·100g-1 for 60 min, and that there was a highly 

significant correlation between the number of necrotic hepatocytes and the 

biliary excretion rate of LDH (20). In this experiment, we also demonstrate 

massive necrotic hepatocytes around the portal vein when rats were infused 

with TCDC at a rate of 0.4 ,umol·min-1·100g-1 for 120 min . Therefore the 

biliary LDH output observed in our experiment may mainly reflect the 

necrosis of hepatocytes releasing LDH directly into the bile, even though 

some of the LDH molecules in bile may originate from plasma by means of 

the paracellular root. 

Beta-alanine pretreatment has been shown to reduce the taurine pool 

in the liver of rats to about 20% of the control value (17). ln our experiment, 

taurine concentration in the liver in /3-alanine-treated rats was one fourth of 

that in untreated rats (See results). In addition, the manipulation of taurine 

deprivation itself did not affect basal bile flow rate (Figure 2). Among 4 

groups receiving mixed bile salt infusions, bile salt excretion rates were 

significantly lower in the groups treated with f3-a1anine than in those receiv

ing no treatment, 30 min after the start of the infusion (Table 3). Since the 

biliary LDH output is not greater in /3-alanine-treated rats (E,F) than in 

untreated rats (B,C) during the preinfusion period, it is unlikely that /3-

alanine treatment directly caused liver damage, leading to the observed dif-
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ferences between /3-alanine-treated and untreated rat groups. Our prelimi

nary study revealed no significant change, at least at the light microscopic 

level, caused by /3-alanine treatment (data not shown), which supports this 

hypothesis. Furthermore, between the two groups receiving TCDC and 

TUDC infusion, the biliary output of LDH and ALP (data not shown) is 

comparable regardless of whether /3-alanine treatment was administered. In 

addition, in TUDC coinfused groups, the biliary excretion of bile salts 

during the last 30-min period of the experiment was even greater in /3-

a!anine-treated groups (Table 3). Although the higher values observed in this 

group are not explainable, these observations are compatible with the notion 

that /3-alanine-pretreatment per se does not affect either hepatocyte damage 

or mechanisms affecting hepatic transport systems. Accordingly, it appears 

unlikely that a possible cytotoxicity of /3-alanine or taurine depletion itself 

caused the difference in LDH outputs noted between the rats with and 

without the /3-alanine-treatment. Rather, it is most likely that the observed 

differences in the outputs of biliary LDH between the two rat groups (with 

or without /3-alanine-treatment) infused with TCDC and UDC (group C and 

group F) were due to the differences in the taurine pool immediately avail

able for conjugation with UDC, leading to lesser formation of TUDC in 

taurine-deprived rats (F). 

Biliary excretion rates of individual bile salts in the last one-quarter of 

2 hr period in f3-alanine-treated rats are also compatible with this hypothe

sis (Table 4). The differences in biliary LDH output between UDC and 
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TUDC became more pronounced under the e conditions, strongly suggesting 

that UDC was less effective than TUDC before its amidation. 

In in vitro studies, Miyazaki et al. have shown the cytotoxic effect of 

TCDC on isolated human hepatocytes (21). In addition, Koga reported that 

the damage to isolated hepatocytes induced by TCDC was prevented when 

these cells were incubated together with TUDC (22). In our experiment, the 

excretion rate of TCDC did not differ much between the groups with or 

without taurine depletion in both groups infu ed with the mixed bile salts 

(Table 4), whereas LDH output used as an index of hepatocytotoxicity dif

fered considerably between these groups. These results suggest that a less 

toxic and probably hepatoprotective bile salt such as TUDC excreted into 

bile with TCDC may weaken the cytotoxic potency of TCDC at least at the 

level of the bile canaliculus. The results shown in Fig. 5 support this con

sideration. Since GUDC also protects against cholestasis and hepatocellular 

necrosis induced by more toxic bile salts in rats (23,24), it probably has 

hepatoprotective effects, as does TUDC. 

A previous study has shown that UDC has a stronger cholere-tic effect 

under a state of taurine deprivation than in an intact state (13). Indeed, in the 

present study among the 4 groups that received the mixed bile salt, the 

highest bile flow rates and the lowest bile salts excretion rates observed in 

group F (Table 3) suggest that UDC may have a specific chole-retic effect 

similar to that reported in the past study (13) even with the coinfusion of 

other bile salts in the rats treated with j3-alanine. However, the high bile 
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flow rate per se did not lead to greater prevention of LDH output into the 

bile (group F) compared with rats infused with TCDC and TUDC (group E). 

Accordingly, we conclude that conjugated UDC molecules, especially 

TUDC, play a major role in hepatocyte protection, rather than the specific 

choleretic effect of UDC shown previously (12,13). In conclusion, our re

sults suggest that UDC most probably exerts its cytoprotective effect after 

amidation, although the possibility that UDC in an unconjugated form has a 

cytoprotective property, albeit less efficient than that of its conjugates, can 

not be ruled out. 

20 



References 

1. Tomoda T, Morikawa H, Ohishi H, Tomita E, Takai T Muto Y, Okuyama 

S, et al. A case of drug-induced intrahepatic cholestasis successfully treated 

with ursodeoxycholic acid. Acta Gastroenterol Jpn 1984:81:2821-2825. 

2. Wada T, Koga M, Yashitabe M, Aso S, Kamishiro R, Aritak.a T, Kosaka 

S, Tanikawa H, et al. Effect of ursodeoxycholate on primary biliary cirrhosis. 

Clio Res 1987;64:2570-2594. 

3. Poupon R, Poupon RE, Calmus Y, Chretien Y, Ballet F, et a!. Is ursa

deoxycholic acid an effective treatment for primary biliary cirrhosis? Lancet 

1987; i:834-836. 

4. Leuschner U, Fischer H, Giildtituna S, Kurtz W, Gatzen M, Hlibnur K, 

Leuschner M, et a!: Does ursodeoxycholic acid (UDCA) influence cell 

membrane architecture in patients with primary biliary cirrhosis (PBC)? 

Gastroenterology. 1989:96:A621. 

5. Matsuzaki Y, Tanaka N, Osuga T, Aikawa T, Shoda J, Doi M, Nakano M. 

Improvement of biliary enzyme levels and itching as a result of long-term 

administration of ursodeoxycholic acid in primary biliary cirrhosis . Am J 

Gastroenterol1990:85:15-23. 

6. Kitani K, Kanai S. Tauroursodeoxycholate prevents taurocholate induced

cholestasis. Life Sci 1982:30:515-523. 

7. Kitani K, Ohta M, Kanai S. Tauroursodeoxycholate prevents biliary pro

tein excretion induced by other bile salts in the rat. Am J Physiol 

1985:248:G407-417. 

21 



8. Kitani K, Kanai S, Ohta M, Tsukahara K. Ursodeoxycholate (UDC) 

prevents the hepatocellular damage caused by other bile salts as its conju

gates in rats. Hepatology 1988:8:1456. 

9. Kitani K, Kanai S. Interactions between different bile salts in the biliary 

excretion of the rat. Res Commun Chern Pathol Pharmacol1983:39: 139-152 

10. Scholmerich J, Baumgartner U, Miyai K, Gerok W. Tauro-ur odeoxy

cholate prevents taurolithocbolate-induced cholesta is and toxicity in rat 

liver. Journal of Hepatology 1990:10:280-283. 

11. Galle P, Theilmann L, Raedsch R, Otto G, Stiehl A. Ursodeoxycholale 

reduces hepatotoxicity of bile salts in primary human hepatocytes. Hepatolo

gy 1990:3:486-491. 

12. Kitani K, Kanai S. Effect of ursodeoxycholate on the bile flow in the rat. 

Life Sci 1982:31:1973-1985. 

13. Kitani K, Kanai S. Ursodeoxycholate-induced choleresis in taurine

deprived and taurine-supplemented rat. Jpn J Physiol1985:35:443-462. 

14. Dumont M, Erlinger S, Uchman S. Hypercholeresis induced by urso

deoxycholic acid in the rat: possible role of bicarbonate transport. Gastroen

terology 1980:79:82-89. 

15. Takikawa H, Sano N, Narita T, et al. The ur odeoxycholate dose

dependent formation of ursodeoxycholate-glucuronide in the rat and the 

choleretic potencies. Hepatology 1990: 11:743-749. 

22 



16. Kitani K, Nokubo M, Kanai S, Miura R. The biliary excretion of buco

lome in the rat: A possible cause of choleresis. Biochem Pharmacol 

1977:26:2457-2461. 

17. Shaffer JE, Kocsis JJ: Taurine mobilizing effects of beta-alanine and 

other inhibitors of taurine transport. Life Sci 1981:28:2727-2736. 

18. SAS Institute Inc: SAS User's Guide: Basic and Statistics, Cary, SAS 

Institute Inc, 1985. 

19. Huynh H, Feldt LS: Estimation of the box correction for degrees of 

freedom for sample data in randomized block and split-plot designs. J Edu 

Stat 1976:1:69-82. 

20. Schmucker DL, Ohta M, Kanai S, Sato Y, Kitani K: Hepatic injury 

induced by bile salts: Correlation between biochemical and morphological 

events. Hepatology 1990:12: 1216-1221. 

21. Miyazaki K, Nakayama F, Koga A: Effect of chenodeoxycholic and 

ursodeoxycholic acids on isolated adult human hepatocytes. Dig Dis Sci 

1984:29:1123-1130. 

22. Koga Y: Anti-cholestatic and cytoprotective properties of ursodeoxy

cholic acid -Studies in vivo and vitro-. Acta hepatologica Japonica 

1987:28:1597-1604. 

23. Kanai S, Kitani K: Glycoursodeoxycholate is as effective as taurourso

deoxycholate in preventing the taurocholate-induced cholestasis. Re 

Commun Chern Pathol Pharmacol1983:42:423-430. 

24. Heuman DM, Mills AS, Mccall J, Hylemon PB, Pandak M, Vlahcevic 

23 



ZR. Conjugates of ursodeoxycholate protect against cholestasis and hepato

cellular necrosis caused by more hydrohobic bile salts. Gastroenterology 

1991:100:203-211. 

24 




