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Saltolnomo~thaleln electrogenie uctdte into rat liver plasma mcmbra~  vesk~es was shown to admit mdy 
the quinoidt gTivalent Imloa. The minimum r~luireuumt for this electroSgmi¢ process has been imestisated tn 
rat liver plasma mem~aae  vcsldes by m ~  8 "l'hymel blue, a pH-|ndieator #~mle ln  oetmTing either as a 
neutral, phemlk  m e k o d e  or as a qulnokl, mcmovalent a.lon, it has been found that Tbymol Mue is takea uql 
¢lectmgenkally, in ~eot'danee with Miehaells-Menten Idneties. Parallel inhibition ~ n t s  have shown 
that b01b mlf0iw01tl0phflU~ilt ~ Thylnei blue elee/regeaie IIl~¢es are perfmmled by tile same ~llrier. It 
is~ therefore, ~nd~ lkd  that the ~ structure re<msImdzed for IrampeN is the qainoid molecule, 
the &mmmialed acidic fmctlon on the beazene ring. Moreover, iahihitiens by rthmyein.SV mul billrabla 
sul~Rast that tlusre exists a common ~q~.ke system for In'lin]hln, p4b~]aleins and ether anions. Tauroeholal~ 
on the eonlz~'y, does not a[~em" to be ~velved in the same pt'oeess. 

Introduction 

The liver performs the removal of a variety of 
organic anions from plasma and provides for their 
disposal into the bile. Some of these are products 
of metabolism, e.g., bilirubin or bile acids. Others 
may be drugs or ×enobiotic dyes employed in 
diagnostics for the assessmtmt of liver function, 
notably suheobromophthalein [1]. We have been 
interested in understanding the molecula~ events 
of plasma membrane bilirubin translocation from 
sinnsoidal blood into the liver. The low water- 
solubility of bilirubin is such that it restricts its 
application for in vitro studies. The water-soluble 
phthalcin dye, sulfobromophthalein, shares part of  
its hepatic metabolism with bilirubin, has visible 

Conespoadea~e: G.L Smite.usa, Univer~lh ~ StgU di 
Trickle, Dipartin~'nto BBCM, via A. valefio, 32, I-M12? Tfi- 
t~le, Italy. 

spectral and pH-indicator properties, making it a 
valuable tool for both in vivo and in vitro studies. 
Di~ociation of  the phenolic proton sh/f~ the 
phthalein from the colorless phenolic divalent an- 
ion to a purple quinoid trivalent one. 

Sulfobromophthalein transport in the liver is 
performed by bilitranslocase, an integral plasma 
membrane protein localized at the sinusoidal pole 
of hepatocytes [2-4], A spccl:opbotomelric tech- 
nique based on tke pH-indicator properties of 
salfobromophthalein was applied to the study of  
stdfobromophthalein transport in llvef plasma 
membrane vesicles. 11 was concluded that the pro- 
ross is ele~trogenic and involves sulfobromoph- 
thalein as a quinoid ~valent  anion [51. 

The aim of this szudy was to determine the 
minimum structural requirement for such an elec- 
trogenic translocation. 

To this purpose, thymol blue has been used. 
This dye is a pH-indicator phthalein, which occurs 
either as a neutral, phenolic compound or a_~ a 
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moao-anlorde, quinoid one, We have found that 
Thymol blue is transported eI¢ctrogeaieatly into 
v~mieles. In addition, Thymol blue has been Shown 
to share the same carrier as sulfobromophthalein 
for intrave~ealar transport, It is, therefore, con- 
eluded that the minimum stmctureJ requirement 
for phthalein uptake includes a quinoid form with 
either a f ~  carboxylate or sulfate, 

Matefl#.L~ and Mefltods 

Tim following reagents have been used: Thymol 
blue (RiedeI.DeHaen, Seelze-Hannovex, F.R.G.); 
sulfohromophthalein, Na salt (Serva, Heidelberg, 
F.RA3.); vallaomyein (Boe.hringer, Mannheim, 
F.R.G,);  ~ y c l n - S V  (5,6,9,17,I9,21-Hexahy- 
droxy-23 -methoxy-2,4,12,16,I 8,20,22-hept am~.hyl- 
2,7-(epoxypentadeea[1,11,13]trienimino)naphtho- 
[2,1-b]furan-l, l l(2H)dione 21-acetate) (D0w 
Lent i l ,  Milan, Italy); bilimbin (Sigma, SL Louis, 
USA); tattroc.holate, Na salt (Sigraa, St. Louis, 
USA)~ Bio-Rad ProtcLa A.~my (Bid-gad, Munich, 
F,R.G~); all other reagents are commercially avail- 
able analytical-grade chemicals. Valinomyeln was 
dissolved m methanol (0.5 mg/ml); Rifamyein-SV 
was dissolved in 0.1 M potassimr~phoSphate buffer 
(pH 7.4)/methanol (2; 1); 0.125-2 mM bilirubin 
was dL~olved in dlmet~ylsnlfoxide just before ttse~ 

Plasma memb~'an= vesicles were preporcd from 
Wistar albino female rat liver, ,~,-.eording to Van 
Amdsvoort et at. [6]. The final pellet was sus- 
pended in 10 mM Hepes (pH 7.41/0.25 M sucrose, 
and stored in liqmd nitrogen. V.-~id~, thawed at 
37°(2 and diluted I : t  wilk 0.15 M NaCl, were 
kept in i~. 

Phthaleins movements were fotlo~,¢d by a Sigma 
ZWS II dual-wavelength recording speetropho- 
tometer at room temperature. In view of the fact 
that the differm~tial absorption coefficient for the 
dye can be l a t e ly  infl~enoed by small variations 
of pH, temperature arid ionic strength, accurate 
measurements can be performed only if this 
parameter is determined for each set of samples, 

The tests were started by the addition of 50 #1 
vesicles (0,5-1.8 mg protein) to 1.95 ml medium, 
containing 0.1 M potassium phosphate buffer (pH 
g.l), 0+05 M KCl, the dye, solvents and ir~hibitors 
as indicated in the legends to the figures. 12 s 
thereafter, 5 /~1 valinomycin were added to the 

cuvette, by threading the needle of a calibrated 
~ass syringe through a here in the spectropho- 
tometer's cell cover. To ensure reproducibility of 
the ~ time in the euvette~ a magnetic stirrer 
was s~t at the bottom of ~he o~ll and addition of 
valinomycin waS performed with the help of a 
home-made d~ic¢ whereby the piston of the 
syringe is driven by a spring. 

T!::." actual free concentration of phthale[n after 
vesicles addition to tim test mixture cart be calcu- 
lated by subtracting the differential absorption 
change in time a~seae¢ from thzt in :he presence 6f 
the dye. This was necessary in o~-der to take into 
ace.ount the possible absorption and initial entry 
of the d ~  into the vesicles. 

Thymol blue spoctra have been recorded by a 
Spc.~trac.omb 601 spectrophotometer (Carlo Erba, 
MiJano). 

Protein determination was performed by the 
Bio-Rad protein assay, taking bovine ~t-globulin 
(standard I) as the standard. 

Results 

Fig. 1 shows Thymol blue and sulfobromoph- 
thalein structures. The two dyes are analogous in 
that both undergo pH-depcndent opcixing of the 
s~fltonic (for "I~ymol blue) and lactonic (for 
sutfobromo#~thalein) ring, and subsequent shift 

0 
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c D 
FiB. I, St~¢mral formul~ of protom~ (A) an6 deprot~r~t~d 
(B) Thymol blue and protor~ted (C) and ,..tep¢oVcraatz~l (D) 

sulfobtomophthatein, r ~ v c l y .  
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FiB. 2. (a) Spcc=ra of ~ o t  blue at pH 6.0 and ~.0. (b) 
Thyme[ blue diff,'carte spectrum (pie 13-pH 61. F~pefimental 
¢ondiliom: 31.5 FM Thymol blue in either 0.1 M potassium 
pheephate buf|~r (pH 6D) or 0.1 M NaOH; sample volume: 3 

ml; room temlx~rar~re. 

from the phenofic structure to the quinoid one. 
Sulfobromophthalein, however, is charged either 
as a phenol and as a quinoid, whereas Thymol  
blue is charged only when occurring as a quinoid 
molecule. 

Panel a in Fig. 2 shows the absorption spectra 
of Thymol blue at pH 6 and 13, respectively. In 
view of the pH-indicator properties of Thymol 
blue~ it is  expected that its movement  from an 
alkaline compartment  into a neuh-al one carl be 
recorded photometrical|y, as already shown for 
sulfobromophthalein [5]. Wavelength pairs are 
chosen on the basis of the difference spectrum 
shown in Fig. 2b. The first choice would he 
595-650 nm,  to restrict the m e a s u ~  to the peak in 
alkafi. Higher sensitivity of  the te¢lmique could be 
¢xpe.med, however, employing gma~-~min, 59~;-440 
i H n .  

We have investigated the effect of valiaomycin 
addition to vesicles suspended in a Thymol blue 
solution (Fig. 3). The expecimental conditions 
chosen arc no  K "~ and pH  7.4 inside vesicles, 150 
m M  K + and pH 8.1 outside. Absorption changes 
are recorded at both wavelength pairs mentioned 

above. The positive-inside membrane potential 
evoked by valinomycin addition is followed by 
decrease in absorption a~' both wavelength pairs 
usod (traces a and ¢). As predicted, the decrease i~ 
larger at 595-440 an% than at 595-650 rim. A 
drop of the signal occurs, however, only in the 
presence of Tbymot blue (traces b and d), and not 
in its absence (traces b and d). To check whether 
v'zdinomycin could affect absorption by itself, 
valinomycin has been added to the Thymol blue 
solution before vesicles. Trace e shows that this ~.s 
not the case and that absorption decreases only as 
a consequence of vesicle addition. The ionophore 
affects the fight-scatterlng properties of  the su~  
pension only to a negligible extent (traces b and 

2.5.g 
Medium Veinorny¢,l 25,~ 

a vesrJes ~ / 
+20~M ~ T Thyrnc~o~e 

Medium ~ AA595 J d40"~ 0'02 
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Fig. 3. Effi:¢t of vali~omy~;in ~.dition to v~icles suspended in 
a buffered Thymol blue solulion, Experi.~ental ¢~ndilian=: 
medium: 0.1 M :potassiurn-phosphale buff¢~ ~pFi 8.1) ~nd O,O~i 
M KCI; fiaal volume: 2 ml; t -  20°C. Traces a and b w¢~ 
recorded at tire wavelength pair 595-440 nm" Ihe others at 

595-650 nm. 
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Fig. 4. (A) Concentration dependent: of valinomycin-inducod Thymol blue uptake by vesicles. (B) Double-reciprocal plot of 
vafinomy¢iv-induced Thymol blue uptake rate. Experimental conditions as in Fig. 3. W~vdength padt" 595--440 rim. TI~ ~ Thymol 

blue. 

d). On  the basis  of  both this  and  previous experi- 
men ta t ion  [5], R can be concluded  that  decJ'eased 
absorpt ion is to be  taken  as the result  of  Thymol 
blue entry in to  the neutral ,  intraveslcul~r compar t -  
ment .  

Were  this  a carr ier  media ted  process, i t  should  
exhibi t  sa tura t ion  kinetics.  Fig. 4A shows the  var i -  

a t ion  of bo th  the ra te  and  the extent  of va l inomy-  
c in- induced absorp t ion  decrease as a funct ion of  
Thyrnol  blue concentrat ion,  F r o m  the Line- 

weaver-Burk plot  (F/g. 4B), an a p p a r e n t  Km of  
21.4/~M and  a V,,,~ value of 124.5 n m o l / m i n  per  
m 8 prote in  have been derived. 

The da ta  shown in  Figs .  3 and  4 ind ica te  tha t  
Thymol  b lue  up t ake  is elcetrogenie,  The  unavo ida -  
ble  conclus ion  is, therefore,  tha t  only  the qu ino id  
an ion  is efigible for t ranspor t .  Such a res t r ic t ion  
was  also found for the e lec t togenie  up take  of  
su l fobromophtha le in  [5]. I f  the same t ranspor t  
sys tem is respons ib le  for the electrogerdc uptake 
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Fig. ~;, Dixon plot of it'du'bition by eifamycin--SV of vaIinomyCin-induc,,cd phthalcin uplak¢. F, apcr/menlal conditions: medium 
composition as in Fig. 3; ],77 m~, protein; 4 ~g valinonty~io; dy~ ¢olw.cntralions v/era [or Thy~ol blue 31,0 laM (closed symbols) and 
39.9 pM (open symbol~); for sulfobromopblhalein 9,9 pM (closed symbols) and 16,'3 ~,M (open symbols) I'laal volume: 2 nd; 
t ~  :?.5~C. The linear ~orcelation coefficieo~ r, computed were 0.998 (upper curve) and 0.978 (lower curve) for Thymol blue 
Iransport and 0,996 (uppc¢ curve) and 0.995 (Imver curve) in the case of 5ulfobxomophthale~n. Wacelength pair: 595-440 nm 
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Fig. 6. Dixon plot of hxhibidon by unca:mjugased billrubin of vallnoanyoia-induCed phtha..Min uptake. Experimental con~tions: 
medium composition: as in Fig. 3; 1.01 rag protein; 2.5 .ag valinomycin; dimethylmtlfea.i,¢~ 0.255 (v/v); dye concentrations were for 
Thyme] blue 32.6 .aM (dosed symbols) and 40.5 pM (open symbols); for sulfcbropbthaleio 10,1 gM (clo~gl symbols) gad 15.5 ~M 
(open symbas) Final volume: 2 ml; t - 24.¢ C. The linear correlation co~frmlents r computed ,a~re 0.999 (upper curve) and 0.968 
(lower curve) for Thymol'blue transimn and 0.994 (upper curve) and 0.990 (lower curve) in the ease of sullobromophthalein. 

Wavelength pair: 595-440 am (Thymol blue) and 580-514 am (sulfobromophthal¢ia). 

of  both dyes, it may be inferred that the minimal 
requirement for the recogr.ition of both phthaleins 
is the negative charge resulting from the pH-de- 
Fender:,~ opening of  the tactonic or sultonic ring 
(Fig. 1), To  test the hypothesis that the same 
carrier is involved in both processes, parallel in- 
hibitinn experiments have been performed. We 
have selected three potential inhihitors, such as 
rifamycin-SV bilirubin and taur~holate .  

~X] JL • 

l~urochola~e-Na+ [ UM I 

Fig. 7. Effect of tau~ocholat¢ on valinomycin-induccd uptidtc 
tale or ~ t h ~  $ulfolxemophthal©in or Thymol blue. E~peri- 
mental conditions: medium comlmsition: as in Fig. 3:10.1 pM 
sulrvbromophthalein (am); 33.1 #M "l'hymol blue @,); 0_s07 mg 
prOleln vesicles; 2.5 P8 vallnomycln; finat vdum¢ 2 ml; ¢ = 
~25¢C, Wavelength pair: 595-~q.0 nm 4",'~) and 580-514 nm (O). 

Fig. 5 shows the competitive inhibition on the 
electrogenic transport of both phthaleins exerted 
by rifamycin-SV, lmerestingly, the Ki values are 
identical+ being 16.36 p M  for Thymol bluo and 
16.40 p M  for sulfobromophthalcin. 

Data obtained from inhibition experiments with 
bilirubin are shown in Fig. 6. Also bilirubin dis- 
plays competitive inhibition of the electrogenio 
transport o[ both Thymol blue and sulfobromoph- 
thalein, with K~ values of  1.99 fsM and 1.94 v~M 
for the two dyes. 

Unlike iifamycin-SV and bilirubin, tanrocho- 
late has  failed to inhibit either Thyme] bh2c or 
sulfohromophthalein elcctrogenic transport (Fig. 
7), under the prevailing experimental condit ions 
It is worth mentioning that the presence of Na  ÷ in 
the medium does not affect the result (not  shown). 

Discussion 

The technique used in this and previous studies 
[4,5,13] contributes to the characterization of 
organic anions uptake in the Liver. Minor adjust+ 
merits of it allow a number of phthaleins to be 
used as probes in the study of the process. When 
sulfobromopL!kal~n is taken up electrogenically. 
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it is not clear whether the phenofic, divalent anion 
or the quinoid, trivatent one is the transported 
species. Both species are charged, hence suitable 
for an elcctrogcnic process. HoweVer, analysis of 
steady-state data obtained from reported experi- 
ments [5] led to the conclusion that only the 
quinoid form of  sulfobromophthalein is re- 
cognized for electrogenie plasma membrane 
translocation. Further definition of the molecular 
structure undergoing translocation may be 
achieved by employing analogues such as Thymol 
blue. This phthalein suits this purpose, since at the 
exlravesieular pH, Thymol blue occurs as a mix- 
ture of both neutral (phenolic) and sulfonic 
(quinoid) molecules. 

The direct recording of Thymol blue clectro- 
gex~ie uptake provides kinetic measuremehts, indi- 
cating that only the charged form, i.e., the quinoid, 
sulfonic anion, is involved in this process. 

Inhibition experiments have shown that the 
deetrogenie transport of  both Thymof blue and 
sulfobromophthalein occurs most likely via the 
same carder. This conclusion is based on the fact 
that the K~ values found in the case of both 
bilirnbin and rifamycin-SV are the same for the 
two transported dye..% as expected for a common 
carder. 

These data, together with those previously ob- 
tained with sulfubromophthalein [5|, suggest that 
the two facto~ critical for transport are both the 
quinoid structare and the charge born by the 
acidic function undergoing imramolecular esterifi- 
cation upon a~.dification. This charge is no; neu- 
tralizc.d dur;..ng lransport, a conclusion arr~ved at 
on d/ffesem grounds [7|, bm is, rather, a precise 
reqaifCmem thereof, i t  is tempting to conclude, in 
addition, that the two sulforfic groups on the 
phenolic tings of sulfobromophthalein are neither 
a necess~ay nor a sufficient condition for the 
electrogenic transport. 

An interesting finding is that both bilirubin and 
rifamycJn-SV act as competitive inhibitors for the 
same transloeator. Au obvious corollary would be 
that bilirubin and rifamycin-SV may compete for 
the same site. Thiz conclusion would agree with 
e.artier results [8,9], which also showed that uncon- 
jugated hyp~rbillrubin~afia brought about in rive 
by rifamycin-SV may be ascribed to competition 
for a plvsma membrane carrier [9]. The hypothesis 

of a common carrier for the transported species 
had already been discussed by Laperche et al. in 
1979 [10]. 

Bilirubin competitive inhibition of both Thymol 
blue and sulfobromophthalein transport suggests 
that phthalein transloeation occurs at the bilirnbin 
uptake site. This result is in agreement with previ- 
ous experimental data supporting the existence of 
a common uptake route for sulfobromophthalein 
and bilirubin [11]. in particular, they add to the 
conclusion tha~ in rive bitirubin t./..tM:e is per- 
formed by billtranslocase [12] and contribute to 
ascribe to this carrier the electrogenic uptake of 
phthaleins in vesicles. 

The K i values found for bilirubin deservv some 
comments, however. In an aqueous system, at the 
pH used in our experiments, unConjugared biliru- 
bin concentrataon cannot be expected to exceed 
70-80 nM [13]. However, the presence of  mem- 
branes and trace amounts of dimethylsulfoxide 
allows bilirubin to occur dispersed at nominal 
concentrations much higher than those simply in 
the buffer used. A word of caution should, there- 
fore, be added against attributing absolute mean- 
ing to the values found. The latter, however, re- 
main a dear  indication that the system for the 
transloeation of the two phthaleins is the same 
and is inhibited by bilirubin. 

The failure of taurocholat¢ to inhibit the olec- 
trogenic uptake of phthaleins in vesicles, shown in 
Fig. 7, goes along with a similar result (unpub- 
lished data), obtained in isolated hopatocytes, by 
using the experimental technique previously de- 
scribed [!4]. The failure of  taurocholate to inhibit 
snlfobromophthalein uptake by isolated hepato- 
cytea has also been reported [7]. A!! this supports 
the view that bilirubin, sulfobromophthalein and a 
family of other anions are taken up by the liver 
through a system different from that of the bile 
salts [11,15-20]. While sulfobrnmophthalein and 
bilirubin have been shown to imerfere with bile 
acid uptake [21-25) and binding to membrane 
proteins [26], previous [7] and present data suggest 
that the contrary does not occur. In contrast, 
inhibition of sulfobromophthalein uptake by 
taurocholate has been reported by Laperche et al., 
at very low dye concentrations [27]. On the other 
hand, when long-lasting accumulation, rather than 
initial rate of uptake, of dibromosulfophthalein is 
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m e a s u r e d  in i so la ted  hepa tocy tc s ,  t a u r o c h o l a t e  
d i sp l ayed  a n  inMbi to ry  ac t ion  [25]. S to r ing  may ,  
however ,  be  to ta l ly  un re l a t ed  to  the  initiM up t ak~  
process .  

F r o m  these  d a t a  we  c o n c l u d e  tha t  T h y m o l  b lue  
is t r a n s p o r t e d  e lec t rogenica l ly  ac ros s  p l a s m a  
membrane via a carrier common to sulfobrom~ph- 
thaleJn. This process is inhibited competitively by 
both rifamycin-SV and bflirubin. 

Acknowledgments 

Supported by grants from Ministero della Pub- 
bliea Istruzione and Fondo per lo Studio e la 
Ri~erca Scientifica deile Malattie del Fegato. The 
skillful technical assistance of Mr. Bruno Gaz~n 
is g ra te fu l ly  a cknowledged .  T h a n k s  a re  d u e  to Dr. 
C [ a u d i o  Tir ibe l l i  f o r  c r i t i c a l l y  r e a d i n g  t h e  
m a n u s c r i p t .  

References 

1 Jablmudey, P. and Owe~ J~,_ (1969) Adv. Clln. Chem. 12- 
309 -386. 

2 Tiribdli, C., Lanaz~, G.C., Lucian~ M., Panfili, I~, Gazzin, 
B+, ILl=t, O.F. Sandri, O, and Sottocasa. G,L  (1978) Bi.o- 
chim. Biophys. Acta 532, 105-1|2- 

3 Ltmazz.i, G.C, Twibdli, C~ Gaze,  B. and Scttcca.ta, G.L. 
(1982) Biochim, Biophys. Act~ 685, 117-]22. 

4 Sotto~__~, G.L,  BaldJnl, O., Sandal, (3., LanazzL G.C. and 
Tiribem, C. (1982) Bi0chim. Biophys. Acta 685, t23-128. 

5 Ba]disd, G., P~.ssamomi, S. Luaazzi, G.C,, "l"~ib¢lti, C. and 
So=toca~ G.L. (1986) Bic~hlm. Biophys. A~ta 856, 1-10. 

6 Van Amehvoorl, J.M.M~ Sips, HJ.  an<~ Van Dam, K. 
(1978) Bin¢,hcm, J. 174, 1083-1086. 

? Schwenk, M,, Bun', R., Schwatz, L. and Pfaff, E. (t976) 
Fair. J. Biochem. 64, 189-197. 

8 A¢oc~a, G., Nicolis, F.B. and TenconL L.T. (1965) Gas- 
tmentcro|oSy 49, 521-525, 

9 Gentile, ~ Pe~ico~ M., BaldinL G.. Lunazzi. G.C,. TiribellL 
C. arid SoUc~.~sa. G.L (1985) CSn, ~ci.. 6[;, 675-680_ 

I0 Lapefche, Y., Grai]lot, Atonal ,  J. ~ Berthe]o~, p. (1979) 
Bioch=m. Pharms~ol. 28, 2065-7J~9_ 

]I Schar~hmidl, B.F.. Wasormer, J.G. and Berk, P.D. (1975) 
J. (:[in. Invest. 56, 1280-1292. 

12 Sottocasa, G.L., Tiribel I~, C., Luciani, M., Lunazz~ G~C_.. 
and Gazzin, R (1979) in Function and Molecular Aspects 
of Biomembrane Transport (Quagliariello eta]., eds.), pp. 
451-458, Elsevier/North-Holland Binmedi~| Prex~ 
Amsterdam. 

13 Brodersen, R. (1979) $. BioL Chem. 254, 2364-2369. 
14 Persivo, M. and Sottocasa, G.L. (1987) Biocl~m. Bic~phy& 

Acta 930, 1219-134. 
15 P a ~ n e r ,  G. and Reichen, J. (1975) Eapenentia 31, 

306-308. 
16 Paumgartnex. G. and Reichen, J. (1976) Clin. Sol. MoIL 

Med. 51, 169-176o 
1"/ Mindet, E and Paum~¢utner, G. 0979) Experientia 35, 

SBS-g90. 
lg Petzinser, E. (1981) Naunyn-Schmiedebergs Arch. 

Pharmakol. SuppL 316, R21. 
19 Frimme¢, M. (1982) T~end.~ Pharmacc.,L SoL 3, 395--397. 
20 BI~'~ A.= Ket~temans, K. and Meijer. D.K.F. (1981) Bio- 

chin. Ph.an'nacoL 30, 1809-1816. 
21 Schwam, L., Burr, R., Schwenk, M., Pfaff, E. and Grcim, 

H. (I~'/5) Eur. J. Biochem_ 55. 61%623_ 
23 Anwer, M.S. and Hegner, 13,. 0978) Hoppe-Seyler's 7_. 

Ph3~siol. Chem. 3.59, 1027-1030. 
23 Taetler, M., ZiesIcr, K. and F~mmer, M. (1986) Biochim. 

Oiophys, Agta 855, 157-168. 
24 Petzinger , E,, jpppen, C, and Primmer, M. (1953) Naunyn- 

Sclmaedeber~'s ~ .  I~armakot, 322, 174--179. 
25 Vonk, R.J., Jekel, PA., Meljer, D.K.F. and Hardonk, MJ. 

0978) Biochem. Pharmacot, 27, 39%405. 
26 Buschtar, H.-P., Ffick~, G., Gemk, W., KmT., G., Mulk~', 

M.. Schn¢~cr, S.. Sclu'em~ U. and Schrcycx. A. (1987) in 
Bile Acids and the Liver (Paumganner, G., StiehL A. a~d 
Gerok, W,. eds.), pp  q5-!10, MTP !~ncaster. 

27 Lat~r~he, Y., Preaux, A.M. and Bertheloi, P. (1981) Bio- 
chem. Pharmacol. 30. 1333-1336. 


