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Abstract Bucolome (IS<‘. I-c~clol~c~yl-5-~I-2.j.h-trioxoperh~~irop~rin~idi~~~). \vh~ch wxs de\eloptxi xnd 
used 215 a non-steroid. ~unti-inll;~mmat~~ry drug. bus been reported to dccrcasc the plama biliruhin 
and sulfobromophthnle1n (BSP) levels in man and rats. Since this drug is also :I cholcretlc. the rllect 
of this drug on the BSP transport maximum (BSP Tm) and cannlicular bile formation was stud&i 
in the dog. Intravenous administration of HC (IOmg kg, BW) mcrcascd the bile flow b> I?0 per cent 
in dogs without BSP infusion and 71 per cent in dogs with BSP infusion. Bile to plasma concentration 
ratio of [“C]erqthr1tol was decreased only IO per cent by BC administration. and thu\ BC-induced 
choleresis was suggested to hc prima~llj of canaliculnr origm. Neither BSP Tm nor hilt salt c’Icrction 
rate was signiticzmtly changed b) BC‘ administration. Thcsc results indicate 1hat the incrcxscd clsarancc 
of BSP from the plasma by this drug can nol he attributed to the cnh:unccment of hepatic transport 
process. Furthermore. the results art‘ compatihlc with the currentI! proposed \ie~ that the dcp~~dcnc~ 
of BSP Tm on the bile salt induced cholercsia IS no1 due to the 1ncrcasd ca~~l~uIa~. bile Ilow. hut 
due to the increased excretion of bile salts Into the bile. 

Bucolome (1 -cylohexyl-5-rz-butvl-1.4,6-trioxoperhyd- 
ropyrimidine. Fig. I), was ortgmally deceloped as a 
non-steroid anti-inflammatory agent [I]. but is also 
a potent choleretic [7]. Recently, its similarity in 
chemical structure to phenobarbital. a well known 
hepatic microsomal enzyme inducer. prompted inves- 
tigators to examine its elfect on hepatic dye clearance 
[3]. As was anticipated. it significantly enhanced the 
bilirubin [-?I and BSP [4] plasma clearances. In con- 
trast to the need for several doses of phenobarbital 
to enhance dye clearance. Bucolome (BC) was clI& 
tive after a single administration. It has also been 
reported that after repeated administration of this 
drug. there is no induction of the microsomal 
enzymes [4]. Reccntlq. it has been shown that the 
effect of BC on dye clcarancc is due to its abilit) 
to decrease binding of the dyes to plasma proteins 

c51. 
There is little information available on its cholcrctic 

property. It is also possible that BC cm facilitate the 
plasma clearance of dyes by enhancing the hcpntic 
excretion function related to cholercsis. 

It was felt that further study of BC-induced choler- 
esis. in terms of its effects on canalicular bile forma- 
tion and sulfohromophthalcin transport maximum 
(BSP Tm). might be worthwhile for sekcral reasons. 
(1) If 11x hepatic BSP Tm is enhanced bq a single 
injection of BC. the reported acceleration of BSP 
plasma clearance by this drug could be at least partI! 
attributed to the increased excretion of the dqc, (2) 
On the other hand, if BSP Tm is unchanged b\ this 
drug, and if it enhances the canalicular bile formation. 
it would contribute to the understanding of the in- 
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crease in BSP Tm produced by bile salt-induced cho- 
lercsis. 

Since the report of O’Mdille CT trl. [h] and Comhc~ 
cv trl. [7] that the BSP Tm could bc increased as 
the bile salt infusion rate incroascd. it has hcen widel) 
accepted that this increase of BSP Tm is due to the 
increase of canalicular bile flow [X. ‘91. Howcvcr. 
several recent studies have challenged this hy17othcsis 
[IO. I I. 171. The contention of all these studies is that 
BSP Tm is increased not by the Increase of canalicu- 
lar bile dobv. but by the increase in bile salts cxcrcted 
into the bile canaliculus. The latter thcor) ih hased 

upon the findings that the BSP Tm can not be in- 
creased by ;I mere increase of canalicular hilt llo~z 
unless it is accompanied by ~111 incrcasc in bile salt 
excretion. In thcsc studies. an incrcascd canalicular 
bile How with unchanged BSP Tm WIS produced 
using scvcral dilfcrcnt drugs. such ;IS thcophqllinc 
[IO. I?]. mcth~lL~~~ibcllifer~~ne [IO] and SC 76-M [I I]. 
In this report, we will ~ilso demonstrate that BC‘ c:iii 
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increase the canalicular bile flow in dogs. but not the 
BSP Tm. 

MATERIALS AYD METHODS 

E.~pc~ri~~wr~ta/ rlt,siyu. Thirteen mongrel and two 
beagle dogs of both sexes weighing 7-19 kg were used 
in the study. Dogs wcrc anesthctired by an intra- 
venous (i.v.) administration of sodium pcntobarbital 
(35 mg:kg. Nembutul. Abbot. North Chicago) after 
fasting overnight. Additional doses were administered 
as needed. 

Through an abdominal incision. the common bile 
duct was cannulated. and the cystic duct was ligated. 
A femoral vein was cannulatcd and sodium taurocho- 
late (TC. Calbiochcm. Los Angeles) was infused con- 
tinuously at a constant rate of 7- Y k[mole/min using 
a motor-driven syritige pump (Harvard Apparatus), 
Canalicular bile llow was measured by the erythritol 
clearance method [ 131. About 20 LtCi of [‘4C]erythri- 
tol (Radiochemical center. Amcrsham) was dissolved 
in 20 ml of S’,, glucose solution. Ten ml was in.jected 
i.\. and the rest was constantly infused over 4-5 hr. 
After an equilibrium period of 2 hr. bile was collected 
cvcr! 10 min in a graduated tube for three or more 
time intervals. Blood (1.5 ml) was drawn from an 
arterial catheter into a tube containing powdered 
hcparin cvcry IO min at the midpoint of the IO min 
bile collection period. BC* solution in saline (IO ml) 
was then infused iv. over a period of 5 min 
(IO mg/‘kg). Bile collection was continued for another 
60 min at IO-min intervals. 

The BSP transport maximum (Tm) was determined 
in a series of separate experiments, however in three 
experiments, (Dogs 8.9. lo), both BSP Tm and canali- 
cular I-low were studied simultaneously. The bile col- 
lcction and the infusion of TC were performed as 
described in the crythritol study. Sulfobromophtha- 
lein sodium (BSP. Daiichi Kagaku. Tokyo) solution 
in 5”,, glucose was infused constantly at a rdte of 
0.4 mg,kg;min after the administration of a priming 
dose of 11 mg/kg. Bile was collcctcd every IO min. 
Ninety to I20 minutes after the beginning of the infu- 
sion. the bile llow became constant and BSP excretion 
rate also reached ;I plateau. Three to six bile samples 
WI-C then taken to obtain a baseline BSP excretion 
rate (Tm). The efIect of BC administration (I 0 mgikg 
in 5 min) on bile flow and BSP excretion rate were 
evaluated for another 60 90 min. In three experiments 
(Dog 5. 6. 9). an additional continuous infusion 
(0.2 mg,‘kg;min) of BC was given to obtain a more 
constant choleresis. In Dog 9, ;I second dose 
(IO mg,‘kg followed by 0.2 mg!kg/min for 1 hr) was 
given SO min after the first dose of BC. and samples 
collected for another hour. Plasma BSP concen- 
trations u’crc measured from the arterial blood 
samples taken at every IO min during the bile collcc- 
tion period. 

Arterial blood pressure and EKG were monitored 
continuously during the experiment. Rectal tempera- 
ture was maintained at 37.5 i 0.5- using a warmed 
table and a heating lamp. 

* Sod~unl salt of BC in crystalline form was kindly sup- 
plied by Takeda Chemical Industries. Ltd. Osaka. Japan 
and was used without further purification. 

.-lr~tr/rricnl /~mcc&ors. The bile ilo~, rate was eti- 
mated by weighing the bile sample. assuming the zpc- 
cific gravity of bile is 1.0. 

In early experiments, ‘V activity in the plasma 
and bile was measured by the method reported h> 
Wheeler 1’1 i/l. 1131. The color of bile pigment and 
BSP in the bile was bleached with the use of sodium 
hypochlorite. Later, the proccdurc for plasma sample 
preparation was changed to the use of Instagcl (Pac- 
kard. Downers Grove). which enabled LIS to omit 
scvcral steps in the preparation of plasma samples. 
The correction for the quenchii_rg, N;IS performed 
using an internal standard. The act]\ Ity was measured 
by a liquid scintillation counter (Aloka. Tokyo). 

The concentration of BSP in bile and plasma \I;IS 
determined with the samples diluted with a suitable 
amount of alkaline saline (pH 9.4). The extinction V,;IS 
read at 580 nm in a Hitachi spectrophotometcr. Stan- 
dards were prepared in dog bile and plasma using 
BSP solutions of known concentrations. Bile salt con- 
ccntration WIS dctcrmincd cn~ymaticallq 1~) the 
method of T&lay cst rd. 1141 modified hq Paun- 
gartner cr rtl. [15] using 3-hydroxysteroid dehydro- 
genase (Worthington Biochemical Corp. Freehold. 
N.J.). Methanolic bile solutions were prepared with 
20 /II of bile diluted with 420 ltl of methanol. The rcac- 
tion mixture contained 2 ml of I M glycine butliir (pH 
9.4) containing EDTA (5.6 n-mole’l). and h\dratinc 
sulfate (0.4 mole/l). 0.3 ml of NAD solution (5.4 
m-mole; I), 0.2 ml of hydroxystcroid dchydrogcnasc 
solution (0.7 U,/ml). and 0.04 ml of methanolic bile 
solution. The reaction mixture was incubated at 26 
for 30 min and the extinction was read at 340 nm 
against appropriate blanks. For the standard bile salt 
solution. methanol solution of cholic acid (Calbio- 
them., Los Angeles) was used. It has been reported 
that. in the presence of BSP. this method gibes ahx- 
mally low values for bile salt concentrations [IhJ. 
However. with the range of concentrations of bile 
salts (31.3~81.1 /tmole:ml) and BSP (5.3 1X.5 mg, ml) 
in the bile obtained in the present study. this cause 
of error was found to be less than 2 per cent. and 
thus correction was not performed. 

Strrti?;riccl/ UIIII/~S~.S. Data wcrc analysed using the 
Student r-test. 

RF:% LTS 

Figure 2 shows the results of ;I typical experiment 
for the erythritol clearance study without BSP infLl- 
sion. The bile Row rate began to increase during the 
S-min BC infusion period. and the maximal llow rate 
was observed in the first 30 min after BC adininst- 
ration, Thereafter, the bile tlow rate showed a gradual 
decline. but the cholercsis continued for more than 
6 hr. The gradual decline of bile tlow rate way prc- 
vented by an additional continuous infusion of BC 
(0.2 mglkgjmin) in three experiments (Dog 5. 6. 9). 
in which the bile tlow rate was kept almost constant 
during the infusion period (Fig. 3). 

The bile flow rates after BC administration. 
depicted in Tables 1 and 2. are the averages of the 
three highest tlow rates. On the average. BC adminst- 
ration produced a 130 per cent increase in bile tloa 
in seven dogs without BSP infusion (Table I) and 
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Fig. 2. The etfect of Buc,glome on the canalicular lxle Hou 
(Dog 2). I.v. administratlon of BC (IO m&/kg) increases the 
bile Row more than twice as the original bile tlow. while 
bile plasma concentration ratio of erythritol (B;P) falls very 
slightly. The calculated cananicular bile flow also increases 
significantly. accountmg for the most of the increased bile 

Ilow. 

71 per cent in eight dogs with BSP infusion (Table 
2). However. the B/P erythritol ratio decreased to a 
much smaller extent (approximately 10 per cent on 
average), so that the choleresis caused by BC seemed 
to be mostlv of canahcular origin. 

Figure 3 -illustrates an example of the BSP Tm 
study and Table 2 summarizes all the results. BC sig- 
nificantly increased bile flow as in the erythritol study. 
However. the concentration of BSP decreased to an 
extent to compensate for the bile flow increase. Con- 
sequently. BSP excretion rate (Tm) was not changed 
significantly. As is shown in Fig. 3. the rise in BSP 
concentration in the plasma w’as not decreased after 

the administration of BC. In Table 2. bile salts cxcre- 
tion rates before and after BC administration are also 
shown. There was no significant change in bile salt 
excretion rates caused by BC administration. 

BC was originally developed as a non-steroid anti- 
intlammatry drug [I]. Although the cholcrctic erect 
of this agent was noted during development, little 
attention has been given to this aspect until recently 

Fig. 3. The erect of Bucolomc on the BSP Tm and bile 
salt excretion rate (Dog Y). BC administration (lOmg;kg 
followed by continuous infusion at a rate of 0.2 mg.kg,min) 
ei%xted to Increase the bile flow as ~vell as canalicular bile 
flow. Second dose of BC further increased the bile Ilow. 
However. either BSP Tm or bile salt\ cxcrction rate was 

not changed dunng these cholerctic periods. 

Table I. Effect of Bucolome on canalicular bile flow in the dog 

Bile flow B;P ratio Canalicular bile llow 
Body 

Dog Before BC After BC-t Increase Before BC After BCt Before BC After BCt Increase 
no.* (:;, (itl:min) (“J (jtl min) (“,‘) 

I 13.0 60 122. 103 I .45 I.10 xi 126 52 
2 15.0 139 298 I14 0.92 0.x3 127 227 19 
3 12.0 100 232 I32 0.92 0.74 92 I 59 73 
4 12.6 I 50 3xx 159 0.79 0.66 I I 3 23-l 107 
5: 7,s 55 174 216 1.19 I .0x 66 IX8 IX5 
6: X.0 I69 289 71 0.9X I .Ol 166 2Yi 7s 
7 I I.5 101 214 II2 0.59 0.77 60 I65 175 

Mean 11.4 III 245’ 130 0.98 0.X8 101 I YY’ 107 
SD. 2.4 40.x 81.5 43.1 0.26 0.16 34.6 52.7 4X.6 

8 10.0 I82 266 46 1.39 I.29 253 345 36 
YI 15.0 I86 307 65 1.35 1.26 2.51 390 55 

(357)\’ (92)\‘ (1.1% (403)\\ (6l)\\ 
I 0 IY.0 200 417 106 1.43 1.16 78X 476 65 

MKm 14.7 IX9 32x** 72 1.39 1.24** 2h-l -W* * i? 
S.D. 3.7 7.7 61.5 25.0 0.03 0.06 17.0 51.3 I Lo 

* Dogs I-7. without BSP infusion, Dogs X IO. with BSP infusion. 
t After i.v. administration of IO mg/kg Bucolome. 
2 Initial dose (IO mg/kg) was followed by continuous administration of BC (0.2 mg’kgsmin). 
4 Values in parenthesis are those after second dose administration (see Fig. 3). 
’ Significantlq different from values in control pcliod (P < 0.005). 
, N.S. (P > 0.1). 
** Significantly different (P < 0.01). 
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Table 2. Effect 01” Bucolomc on BSI’ Tm and bile sail excretion rate 

Dog 
no. 

Bile salt\ 
Bile llou riltc BSI’ Tm cvcrction 

BOd> l&I Bcrorc BC’ After B(‘:‘: 

(kg) (~11 min) 
- 

IO.0 IX’ ‘66 
15.0 I Sh 307 

13571: 
I Y.0 200 412 
12.0 I 71 2s I 
IX.7 273 13Y 
7.s IO5 1X-t 

12.1 95 I 80 
13.5 213 335 
Ii.7 l7Y 70.3P 
3.h 53.x WY 

administration of IO mg. kg Bucolom~ 

-____ - 
It,crca\c Bel’orc B<‘ After B(‘* Wore BC‘ Alter BC‘* 

I”,)) (rng Inill 1 (~‘rn& mini 

46 2 .3 2 I .si X.4 7.x 
65 2.61 2.hl Il.7 I0.Y 

(Y2): (7.61): (10.3):: 
I06 2.64 2.71 0.7 I I.9 
62 l.Y-l I .YO s.2 Y 0 
h-l 3 77 _./ I 2.x5 IO.6 0.4 
15 I .01 O.Yh h.3 0,s 
s 0 1.73 I xx 7.7 7.0 

h I 1 ‘7 -.- 1.35 h.7 6.X 
71 1. I 7 2. I 5’ x.7 LX’ 
Il.5 0.51 0.59 I.8 1.7 

and the mcchanlsm of cholercsis remains unknown 
[Z]. On the other hand. Yamamoto ct rrl. [1] reported 
a rapid decrease of the unconjugatcd billirubin levels 
In the plasma of patients with constitutional jaundice 
after the administration of this drug. They ~tssumcd 

this cfrcct was due to cnlymc induction in the live1 
microsomes. since the chemical structures of BC’ and 
phenobarbital are similar (Fig. I ). 

Yatsilji c’t trl. [4] further reported that BC’ cnhanccd 
the clcarancc of BSP in rats and decrcnscd plasma 
hilirubin levels in jaundiced Gunn rats. They demon- 
strated. however. that unhkc phenobarbital. BC did 
not cnhancc the cnqme activity 01‘ glucuronyl trans- 
fcrase in the liver homogenate nor the hinding activit) 
ol’ ligandin (Y protein) in the liver. Thcq further found 
altered irl vitro binding of 103 with plasma proteins 
obtained from rats given BC‘. Yamamoto (2’1 trl. C-51 
demonstrated that BC injected into Gunn rats de- 
creased the binding of bilirubin to albumin and in- 
creased its distribution to various tissues including 
the nervous system. They concluded that the decrease 
in plasma bilirubin levels caused by BC is due to 
its effect of decreasing the binding of BSP to plasma 
proteins. possibly by competitive processes. Thus. the 
clinica use of BC for the trentmcnt of neonatal jaun- 
dice lost a rationale. because of the increased concen- 
tration of bilirubin in the nervous system. 

The magnitude and the duration ol’ cholercsis in- 
duced by BC observed in the present study arc in 
aprccment with ;I previous observation* in the dog 
with the same dose of BC (IOmg:kg). Howacr. it 
is higher than was observed in rats or guinea pigs. 
in which the a\crage increase rate was approximatel\ 
60 per cent.? Furthermore. the results of the present 
study have shown that BC increases the canaliculal 
bile flow in the dog. However the canalicular choler- 
esis caused by BC was not accompanied by an in- 
crcasc in bile salt excretion. Thus. BC products an 
incrcasc in the bile salt independent l’raction of canali- 

cular bile formation. It is also clear that BC-induced 
cholcrcsis does not mcreabc BSP Tm. This is a finding 
similar to that reported bq. Forkcr c’t trl. [I I] using 
a dit5zrent choleretic. SC-2644. 

According to ;I previous study [I 771, the plasma hall 
lift of BC in man and in other animals was long, 
ranging from 5 30 hr. The biliarq excretion rate in 
the rabbit of i.\. administered BC end its metabolites 
is reported to bc less than 2 per cent ot” the dose 
in the first 8 hr [ 171. In the rat, onI> 5 per cent ol 
the i.v. administered dose was recovered in the fetes 
in 24hr. while more than 50 per cent was recovered 
in the urine [IX]. Assuming these values can bc 
applied to the dog. 2 per cent of the prcsentl! used 
dose is only 7 10 /‘moles of BC. Furthermore, the 
cholercsis observed in the present study was for more 
than 6 hr. with a very gradual dccline of bile How. 
Even if WC assume that the amount of BC (or its 
mctabolitcs) cxcrctcd in dog bile is more than ten 
times that of rabbits. the degree and duration of cho- 
lercsis are contrary to the explanation that BC- 
induced choleresis is due to the osmotic force of BC 
or its metabolites excreted in the bile. 

As III the case of SC-1644. it ix difficult to com- 
pletely exclude the possibility that BC inhibits the 
BSP transport in the canalicular membrane by an 
unknown mechanism. However competitive inhibi- 
tion of the transport process is \cry unlikely. It is 
possible that the canalicular cholcrcsis produced by 
HC‘ increased the HSP Tm and in some way also in- 
creased the rcahsorption of BSP from the biliary tree. 
f+o\\ever. cvcn if arch ;i coincidcncc occur-rcci with 
one drug. it would be ml cxtraordinarilq rare event 
to happen with several difRcrcnt drugs. The addition 
of ;I new member. BC. to the group of cholcrctics 
(Sc’-2644. theophylline. mcthylumbclliferonc) seems to 
support the contention that BSP Tm is dependent 
on the bile salt excretion rate and not on the canalicu- 
1;~ bile flow /wr SC’. 

From the present results. it would appear that 
enhanced BSP clcarancc rcportcd in a previous study 
141 IS not due to the enhanced transport of the dye 
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in the liver. However in contrast with the previous 5. T. Yamamoto and Y. Adachi. K(nt:o (Arra heparol. 
work reporting the enhanced dye clearance in the rat jap.) 15, 607 (1974). 

141, the rise in BSP concentration in the plasma in 6. E. R. L. O’Miille. T. G. Richards and A. H. Short. 

the present study was not significantly decreased by J. Physiol.. Loild. 186. 424 (1966). 

the BC administration. The cause of this discrepancy 
7. D. J. Ritt and B. Combes. J. c/in. Irwst. 46. 1108 

is not clear. Differences in the animal species, dose, 
(1967). 

the test procedure (clearance after single dye injection 
8. J. L. Bayer, R. L. Scheig and B. Klatskin. J. c/in. Inrest. 

versus continuous infusion of the dye), and the condi- 
49. 206 ( 1970). 

9. R. Gronwall and C. E. Cornelius. Am J. diq. Dis. IS. 
tion of bile salts reserve and supply, all could be pos- 37 t 19701. 
sibilities. 10. S. Erlinger and M. Dumont. in T/w firer. yuctnrittrritc 

capec’ts of’.strucrwe unrl ,firncricm (Eds. G. Paumgartner 

A~k,lo~~lrdgi,,lIr,ltsThc authors are deeply indebted to 
and R. Preisig) p. 306. Karger. Base1 (1973). 

Dr. C. D. Klaassen for the great care he took in reviewmg 
I I. G. E. Gibson and E. L. Forkcr. Gu.srr.o~rc~~loq~. 66. 

the manuscript and for helpful criticism that he made, and 
to Dr. G. Paumgartner for his advice and help concerning 

12. 

enzymatic method of bile salt measurements. 
13. 

IO46 ( 1974). 
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