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Introduction

Bite acid sulfonates are bile acid analogues in
which the carboxylic acid group of a choianoic
acid has been replaced by a sulfonic acid or sui-
fonate group (R-COOH — R-50;H or R-S0;Na;).
For exampie, the sulfonic acid analogue of che-
nodeoxycholic acid {3a,7«-dihydroxy-53-cho-
:an-24-oic acid [CDCA])) has the structure 3a.7o-
cihydroxy-24-nor-53 -cholane-23-suifonic acid
[CDC-sul] {Fig. 1.
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In the initial studies of the biie acid suifonates. the
compounds synthesized were 3a,7a-dihydroxy-
33-cholane-24-sulfonate  {(homoCDC-sul} and
3, 78-dihydroxy-53-cholane-24-suffonate thomo-
UDC-sul) {Fig. 2) {1). The abbreviations. homo-
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hemo CDC-SUL homo UDC~-SUL

COC-sut and homoUDC-sul, were chosen be-
cause these compounds are, stricly speaking,
analogues of horrioCDCA and homaolJDCA.

in 1975, during a conference entitled “Frontiers in
inflammatory Bowet Disease”, Hofmann discus-
sed ileal function tests (2}, He pointed out that
tests  specifically measuring ileai  absorption
wolid require a compound that was totally res-
:suant to bacterial degradation. He suggested the
use of bile acid suifonates but pointed out that
such compounds had not been synthesized. In
1982, Moshach suggested that bile acid sulfona-
tes (for exampie, “bishomochenodeoxycholic
sulfonate”  [3a,7«-dihydroxy-25,26-ethyi-homo-
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S@-cholane-26-sulfonic acid]} should be resistant
0 degradation by the intestinal flora and might be
useful as cholefithotytic drugs (3).

Synthesis of bile acid suifonates

The chemical synthesis of the sulfonate analog-

ues of homoCDCA and homolUDCA employs the

natural bile acids CODCA and UDCA as starting
materials (1). The synthesis proceeds in four
steps and is described here for the conversion of

UDCA to homolJDC-sul:

1) UDCA is reduced to the biie alcohol 53-chola-
ne-3a, 7 5,24-triol with aqueous NaBH: at room
termperature (yieid 48 %},

2} The triol is converted selectively to the tosyl
{24-p-toluenesuifoxy} ester in the presence of
p-toluenesutfonyt chioride at 4 °C for 3-7 davs
{yield 72 %).

31 The 24-tosylate is then treated with sodium

iodide in acetone at 40 °C. resulting in the for-

mation of 24-icdo-53-choiane-3u, 7G-diol tyield

83%;.

The iodide is treated with sodium sulfite in

aguecus ethanol under reflux giving the surfo-

nate (homolUDGC-sul} in 72 % yieid.

The overall yvieid of the four steps listea apove

vas 23 % {30 % ‘or the reaction sequence CLCA

— homoCDC-sul [41). The reaction products were

identified by fast atom-bombardment high resol-

ution mass spectrometry. infrared spectrometry

(bands at 1050 cm™' and 1190 cm™') and PMR (the

nydrogen atoms of the C-24 methylene group

gave a multipiet at 2.74 ppm, indicating the pres-
ance of the sulfonate group at the terminal end
of the bile acid side chain). Upon TLC with the
solvent system, n-butancl-acetic acid-water,

85:10:5, the sulfonic acid analogues, homoCDC-

sul and homoUDC-sui, were slightly less polar

than CDC-tau and UDC-tau (1}.

The synthesis of suifonate anaiogues derived

from nerCA, norCDCA, norUDCA, norDCA. nor-

HDCA, CA, DCA, HDCA and LCA {4) and homo-

CDCA {5) has been reported.

The metabolism and some biological properties

of bile acid sulfonates have been studied in male

s
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golden Syrian hamsters. These investigations Additional short-term infusian experiments were

have been carried out at the Institute of Pharma- carried out with CDG-sui and bishomeCDC-sul.
ceutical Sciences, University of Hitoshima After intravenous infusion, both of these com-
School of Medicine, in coltaboration with the Li- pounds appeared rapidly in the bile (90 % of the
pid Research Laboratory, Department of Surgery, infused dose was recovered frormn fistuia bije
Beth Israel Medical Genter, New York, NY. within 1 hr, a rate similar to that of the natural bite

acid CDC-tau). Following intraduadenal injec-
tion. abourt 20 % of the administered radicactivity
appeared in bile after about 1 hr; following intra-

Metabolism of bile acid sulfonates lleal administration, 85-80% of the sulfonates
were recovered in the bile within 1 fr. There was
The first bile acid suifonate studied was the No appreciable biotransformation of the sulfona-
homoCDCA analogue, homoCDC-syi {3a,7a-di- tes in fiver orintestine; this finding is ascribed to
hydroxy-5[3-choFane-24-sutfonate} {Fig. 2} {6). In the high polarity of the sulfonate analogues. Like
these experiments, emphasis was placed on the natural taurine conjugates, the sylo-
the site of intestinaf absorption. Tritium-tabeled nates are poorly absorbed by passive diffusion ir
homoCBGC-sul was injected into either jejunal or the jJejunum, but they exhibit rapig transport
itleal loops of hile fistula hamsters and the re- across the ileum by virtue of the single negative
covery of radioactivity in bile was measured, "7C- charge on the highiy polar suffonate group (100,
labeled CDCA was injected simultaneously for To avaluate the effect of CDC-sul and bishomo-
comparison. Whan 3H-homoCDC-suj was injec- CDC-sul on biie flow, a constant dose (3.0 pmol/
ted into the ileal loop, 7594 of the administereg min/kg) or Increasing doses were infused intra-
radioactivity was recovered in the biie as un- venously into biliary fistula animais (5). Both
nanged homoCDC-sul within £ hr. The recovery CDC-sul ang pishomoCDC-sul were cholestatic
of CDCA was siightly greater. about 80 9¢ ang " the hamster: CDC-sut at an infusion rate of 2.0
nis natural biie acid was secreted into the bile umoi/min/kg. bishomoCDC-sul at rate of 0.75
sonfugated with glycine and taurine. umoi/min/kg. in contrast, withCDC-tau, bite flow
Feeding experiments with homoCDC-sul and increased as long as the biie acid was administe-
CBCA showed that about 50% of the dose was red even at an infusion rate of 3.0 Kmol/min/kg.
recovered in the feces during a 7-day period. HomoCDC-sul was not studied under these con-
While CDCA was almost entirely converted to ditions.
LCA by the intestinal bacterial flora, the sulfonate The reasons for the cholestatic effect of the syn-
Was recovered unchanged. No LCA or homolLC- thetic sulfonates remains to be elucidated, CDC-
Sui was formed. intravenous infusion studies tau, which possesses hoth a sulfonic acid moiety
were not carried out in these pilot experiments. and a peptide bond in the side chain, was not
choiestatic at the doses empioyed. We can spec-
In a similar, more comprehensive study, the urso ulate that the absence of the peptide bond plays
anaiogues, UDC-sul and homoUDC-sul, wers a role as yet unknown in the eticlogy of the
tested in male hamsters (7). After instillation into cholestasis. The refatively high hydrophobicity of
ari iieai ioop, the fecovery of the sulfonates in bishomoGDC-sut {(as determined by reversed-
fistula bile was 100 % after 3 fr Following injec- phase HPLC) must aiso be considered. its rela-
tion Mo a jejunal lcop, the recovery of tive refention time was quite simnilar to that of
romoCDC-sut was 50 %. that of CDC-sul 35 9, taurolithocholate which is highly cholestatic in
and that of CDCA 80 % at the end of 3 hr. The two the hamster. It will be interesting to determine
urso sulfonates were not bictransformed during whethar the chalestatic effect of the bile acid sui-
absorption and hepatic transport. CDCA was fonates is related to the length of the side chain
conjugated quantitatively with glycine and tau- with the terminal suifonate group,

nne. Upon TLC, homoUDC-syl and UDC-su

have about the same polarity as CDC-tay. and it

1s not clear at present why homoCDC-sui was ab-

sorbed more readily from the jejunum than CDC-

sul. More studies on the physicali-chemical prop-

erties of the sulfonic acid analogues are needed. Effect of bite acid suffonates (homolDC-sul

and UDC-sui} on cholesterof metabolism

Feeding experiments with 10 mg of sufonates

Per hamster per day for one week disclosad thet The effect of homoUDC-sy! and UDC-sul (0.1 %
there was no weight loss ascribable to admin- of tne diat} on the intestinal absorption of choie-
istration of the analogues. As expected, CDCA, steroi was examined in hamsters on diets suppie-
fed simultaneously, was largely 7-dehydroxyla- mented with 0.1 % cholesterol (7). As expected,
ted to LCA during Passage through the intestina the high cholesteri diet alone produced an in-
tract. in contrast, UDC-su! and homelUDC-syl crease in serum cholestero! concentration,
were recovered unchanged from the feces. amounting to about 50 %. Neither the sulfonates
Clearly, the bile acid sulfonates studied so far are nor UDC-tau or UDGCA significantly affected
very resistant to bacterial 7-dehydroxylation, This cholesterol  absorption  which was about
resistance is presumably ascribabie to the lack of 60-65 %, Perhaps, as z cansequence, serum
a terminal carboxyi group which is a requirement cholesterol leveis were not affected significantiy
for bacterial 7-dehydroxylation (9L by the administered bile acids.
Xil HRLR 3/93



Effect of bile acid sulfonates on biliary bile
acid composition

UDC-sul, homoUDC-sul, UDC-tau and UDCA
(0.1 9% of the diet) were fed to groups of hamsters
for a period of 2 wk (7). UDC-tau and UDCA
produced a large increase in the proportion of
CDCA in pile {about 60% of total bile acids);
very littie biliary UDCA was detected. This phe-
rnomenon (the bacterial/hepatic conversion of
LIBCA to CDCA in the hamster) has been report-
ed previously; its extent seems to depend in part
on the source of the hamsters and the diels
studied. In the groups fed 0.1 % homoUDC-sul
and UDC-sul, these analogues accounted for
24 % and 17 % of total billary bile acids, respect-
wely, The percentage composition and the G/T
ratio of the natural bile acids in galflbladder bile
were not affected by feeding the sulfonate ana-
iogues. it will be noted in the gallstone prevention
experiments described below, that even with a
8-wk feeding period, the percentage of admin-
istered bile acid sulfonates did not exceed 33 %
inomoCDC-sull, 12 % thomoUDC-sul) or 17 %
thomoHDC-sul).

Litholytic potential of bile acid sulfonates

The “cholelitholytic potential” of three bile ac:
sulfonates, homoCDC-sul, homolJDC-sul and
homoHDC-sul, was examined in our hamster
model of cholesterol cholelithiasis (8, 11). The
corresponding  taurine-conjugated bile acids
(COC-tau, UDC-tau and HDC-tau) were tested
simultaneously for comparison, The bile acids
(0.1 %) were incorporated into the semipurified.
nutritionally adeqguate, lithogenic diet which
contained 4% butterfat and 0.3 % cholesterol,
Gailstone prevention was evaluated in a 6-wk
feeding experiment. CDC-tau and UDC-tau were
relatively ineffective inhibitors of gallstone
formation (stone incidence was 14/15 in the litho-
genic control group. 10/15 with CDC-tau. and
12715 with UDC-taw). HomoCTDC-sul (8/14),
homolUOC-sul (2/12) and homoHDC-sul (4/15)
were more effective. HDC-tau (2/13) was the best
galistone inhibitor of the three taurine conjugates
studied. HDC-tau, but not homoHDC-sul, in-
hibited the accumulation of cholesterol in liver
and serum to a significant extent (8). At the end of
the 6-wk feeding period. the proportion of the
sulfonates in biliary bile acids was relatively low
{12-32 %;; the iithogenic indices of the bile were
close to or greater than unity. These resuits do not
prowdela clear-cut explanation conceming the
mechanism whereby certain bile acid sulfonates
- Prevent the formation of gallstones. One may
Speculate that large muitifamellar vesicles of high
erot content can form and remain stable in
presence of the hydrophilic bile acid sulfo-
i‘m- R is aiso possible that some or all of
anaicgues promote the formation of anti-

Aucionti

ng agegnts.
’Wﬂ thologic examination revealed that liver
G mage due to the bile acid analogues was

relatively mild; however, portal tract injury 'n
the homoCDC-sul group was manifested by
moderate ductular profiferation, mild inflammatory
infittration and fibrosis.

Summary

Therecent successful synthesis of bile acid suifo-
nates has made these compounds available for
biological studies. The work completed so far ~as
been done exclusively in rodents (hamster. rat),
and it will have to be established whether these
compounds can be shown to be safe and effect-
ve in higher vertebrates and in man. At the
sregent time, it cannot be decided whether ine
favorable properties of the bide acid sulfcnates
flack of bacterial degradation, participation in
the enterchepatic circulation, cholelitholviic
properties) outweigh the potential toxic effects
fHver damage, cholestasisi.
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