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Abstract-Novel bile salts (quaternary ammonium conjugates) inhibited cholic acid binding and transport 
in everted ileal sacs in vitro. The cationic piperazine conjugate of lithocholic acid (d&iodide salt, 
compound 8, BRL 39924A) appeared most active, inhibiting binding by 29% and transport by 59% in 
guinea-pig ileum (200 ,uM). BRL 39924A also inhibited taurocholate uptake into guinea-pig ileal sacs 
and cholate uptake into rat ileal sacs and was selected for further study in viva. In hyperlipidaemic rats, 
BRL 39924A significantly raised cholesterol 7cu-hydroxylase activity and decreased hepatic accumulation 
of exogenous cholic acid. HDL cholesterol concentration in the serum increased and the level of VLDL 
plus LDL cholesterol decreased. In hyperlipidaemic guinea-pigs, BRL 39924A lowered serum total 
cholesterol and triglyceride levels. Although metabolic changes were less than those achieved with the 
bile acid sequestrant, cholestyramine, the doses of BRL 39924A used were much lower (100-500 mg/ 
kg body wt). Selective inhibition of receptor mediated bile acid uptake may be associated with local 
side-effects but these novel bile salts are useful pharmacological tools to examine the effects of receptor 
blockade on lipoprotein metabolism. 

Pharmacological interventions to decrease blood 
levels of cholesterol and triglycerides have had a 
long history that, until recently, was disappointing 
because of the lack of unequivocal evidence to dem- 
onstrate clinical benefit. It has now been shown, 
however, that in high-risk patients the bile acid 
sequestrant, cholestyramine, decreases coronary 
mortality and morbidity [l] and the progression of 
atherosclerosis [2] in association with a decrease in 
low-density lipoprotein (LDL) and, possibly, a small 
rise in high-density lipoprotein (HDL). 

By binding bile acids, an agent such as chole- 
styramine reduces bile acid absorption with a con- 
comitant derepression of bile acid biosynthesis, chol- 
esterol depletion in the liver, induction of hepatic 
LDL receptor synthesis and, hence, lowering of the 
circulating concentration of LDL [3]. However, the 
insoluble, polymeric, resins are administered in large 
doses, they are unpalatable and patient compliance 
may be poor [4]. 

While drugs with alternative modes of action, such 
as inhibition of cholesterol synthesis, may lead to 
greater clinical efficiency [3], other approaches for 
disrupting the enterohepatic circulation of bile salts 
may also be desirable [5]. One method would be 
to identify a small-molecular weight substance that 
could inhibit the receptor-mediated active transport 
system in the ileum, the major route by which bile 
salts are (re-)absorbed [6]. In order to obtain recep- 
tor specificity for such an agent, we considered it 
worthwhile to study synthetic bile acid conjugates 
as potential structural leads in the development of 
competitive inhibitors. Although this pharmaco- 
logical approach to LDL-lowering appears to be 
novel, some possibilities for inhibitory structural 
types were suggested by the work of Lack and col- 
leagues [7-lo] who characterized the properties of 
the ileal bile salt transport system. In these studies 
it was observed that quaternary ammonium con- 
jugates of bile salts were not actively absorbed but 

were capable of reversibly inhibiting the active 
uptake of native bile salts. 

It was the purpose of the present work to inves- 
tigate in further detail the structure-activity relation- 
ships for inhibition of cholate uptake by the ileum in 
uitro and to determine if this mechanism for inter- 
ference with bile salt transport was associated with 
effects on systemic lipid levels in hyperlipidaemic 
animals. 

MATERIALSANDMETHODS 

Incubation of everted ileal sacs in vitro. The exper- 
imental procedure was adapted from that described 
by Lack and co-workers [7-lo]. Ileum was obtained 
from guinea-pigs fasted overnight and tissue was 
washed in KrebsiRinger bicarbonate buffer, pH 7.4 
containing 2mg/mL (w/v) glucose. Everted sacs 
approximately 6-8 cm long were prepared, con- 
taining 3 mL of glucose-enriched buffer in the serosal 
compartment. Because of the proximal-distal gradi- 
ent in receptor-mediated bile salt uptake along the 
length of the ileum, sacs from several guinea-pigs 
were randomized into experimental groups (4 
guinea-pigs providing sufficient tissue for 2 groups 
of 5 replicates). Everted sacs were incubated at 
37” in 15 mL of glucose-enriched buffer containing 
14C-radiolabelled bile acid substrate (11.1 kBq , 
5.6 pmol) in an atmosphere of O2 (95%) : CO2 (5%). 
Compounds were added in DMSO (1% final con- 
centration); it was found in preliminary studies that 
this concentration of vehicle did not affect bile acid 
binding, an observation in agreement with previous 
results [8, lo]. 

At the end of the incubation period, sacs were 
washed with buffer, serosal fluid removed, sacs blot- 
ted dry and weighed. The tissue from each sac was 
homogenized in 10 mL buffer using a Polytron homo- 
genizer (Lucerne, Switzerland). Duplicate samples 
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of homogenate (500 hL) and serosal fluid (100 ,nL) 
were incubated with Protosol at 37” and radioactivity 
was measured by counting in a scintillant containing 
ethoxyethanol. 

Alkaline phosphatase (EC 3.1.3.1) activity in an 
aliquot (1 mL in 0.9% NaCl, w/v) of a diluted (103- 
fold) homogenate of ileum was determined by meas- 
uring the release of p-nitrophenol from p-nitro- 
phenylphosphate using diagnostic reagents obtained 
from BCL (Lewes, U.K.). 

Animals, diets and treatment. Male Sprague-Daw- 
ley rats (140-160 g) were obtained and maintained 
on a cholesterol-supplemental sucrose-based diet as 
described previously [ll]. Rats were allocated to 
experimental groups (8 rats/group, 4 rats/cage) so 
that the mean body weight of each group was similar. 
On the third day after the start of compound adminis- 
tration, each rat received an oral dose of [ 14C]cholic 
acid (37 KBq, 2.5 pmol) in 0.1 mL of 1% methyl 
cellulose. 

Guinea-pigs (250-340 g) were maintained on a 
stock diet supplemented with cholesterol (1.6%) and 
corn oil (15%), a dietary regimen known to induce 
high serum levels of lipoproteins of d < 1.03 [12]. 
Guinea-pigs were allocated to experimental groups 
(6 per group) so that the mean body weight of each 
group was similar. 

All animals were killed 7 days after the start of 
compound administration, between 10:00 and 12:00 
a.m. (daylight-dependent light cycle). 

Biochemical analyses. Serum total cholesterol and 
triglycerides were measured by automated enzymatic 
methods [ 131. High-density lipoproteins (HDL) were 
separated from low-density and very-low-density 
lipoproteins (LDL, VLDL) by chemical precipi- 
tation methods [13] and lipoprotein cholesterol was 
measured by the enzymatic procedure. 

Residual radioactivity present in the liver of rats, 
4 days after an oral dose of [14C]cholic acid, was 
measured by total combustion (approximately 0.5 g 
samples in duplicate) using an Intertechnique ‘Oxy- 
mat’ tissue oxidizer and scintillation counting. Rat 
liver cholesterol 7cL-hydroxylase (EC l-14.13.17) 
activity in microsomes was measured as described 
elsewhere [ll] using radiolabelled cholesterol sub- 
strate solubilized in Tween 80 and isolating the prod- 
uct by TLC. 

Materials. [4-14C]Cholesterol, [carboxyl-14C] 
cholic acid, sodium salt, tauro[carbonyl-14C]cholic 
acid, sodium salt and [ 14C]polyethylene glycol 4000 
were obtained from Amersham International plc 
(Little Chalfont, U.K.). 3-[(3-Cholamidiopropyl) 
dimethylammonial-1-propanesulphonate (CHAPS) 
and other chemicals and biochemicals were obtained 
from Aldrich Chemical Co. (Gillingham, U.K.) or 
from Sigma Chemical Co. (Poole, U.K.) unless 
otherwise specified. 

Synthesis of bile salt conjugates 

Compounds l-10 in Table 2 were synthesized in 
two or three steps starting from the appropriate bile 
acid, i.e. lithocholic acid (compounds l-S), deoxy- 
cholic acid (compound 9) or cholic acid (compound 
10). 

The amide side-chain was introduced (step A) by 
causing the appropriate bile acid to condense with 
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Fig. 1. Cholate binding to ileal sacs (guinea-pigs) and trans- 
fer to serosal fluid: effect of incubation time and tempera- 

ture 

an aminoalkylamine in the presence of N-ethoxy- 
carbonyl-2-ethoxy-1,2_dihydroquinoline (EEDQ). 
Commercially unavailable aminoalkylamines, 
required for the synthesis of extended chain deriva- 
tives (N = 3 in Table 2), were prepared by lithium 
aluminium hydride reduction of the corresponding 
nitriles [14] which were in turn prepared by reaction 
of the appropriate cyclic amines (piperidine, N- 
methylpiperazine) with acrylonitrile [15]. The puri- 
fied free base from Step A was subsequently quat- 
ernized (step B) by reaction with iodomethane. To 
prepare compounds 1,3,5,6,9 and 10 the quaternary 
iodide was converted into the corresponding chloride 
by ion-exchange on Amberlite IRA-401 (Cl) resin 
(step C). The following general procedure was used. 

Step A. The starting acid (1 mol) was suspended 
in ethyl acetate and the appropriate amine (1.2 mol) 
in ethyl acetate was added with stirring at room 
temperature. EEDQ (1.1 mol) dissolved in ethyl 
acetate was added and the mixture was stirred under 
reflux overnight. Cooling gave the crude amide (free 
base) which was recrystallized from ethanol (yield: 
25-35%). 

Step B. The product (1 mol) from Step A was 
dissolved in dichloromethane and excess of iodo- 
methane (for example 1.5 mol) in dichloromethane 
was added. The mixture was stirred under reflux for 
several hours, cooled, and the product was collected. 
Recrystallization from ethanol gave the quaternary 
iodide in high yield. To prepare the d&iodide salt 6 
this step was carried out with a large excess (10 mol) 
of iodomethane in refluxing methanol. 

Step C. Amberlite IRA-401 (Cl) resin (ex BDH) 
was regenerated by treating it with 4% (w/v) sodium 
hydroxide solution, washing well with deionized 
water, and then immersing it in 4% (w/v) sodium 
chloride solution. The resin was finally washed well 
with deionized water before use. 

The iodide salt from step B, dissolved in aqueous 
ethanol, was stirred for several hours in the presence 
of the regenerated Amberlite resin and the resin was 
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Table 1. Effect of standard agents on cholic acid uptake by guinea-pig ileal sacs 

% Change from control value 

Concentration Binding to Accumulation in 
Agent (PM) tissue serosal fluid 

Antimycin A 100 -15 -41* 
Lithocholic acid 200 -32* -35* 
Sulphobromophthalein 400 +2 -3 
Ouabain 100 -47* -89* 
Dinitrophenol 100 -2s* -78* 
NaN, 3000 -1 -41* 

7000 -19 -43* 
13,000 -28* -46* 

Cholic acid (370pM) plus agent were incubated with everted sacs, for 90 min at 37”. 
Five sacs were included per experimental group, average binding to tissue in control sacs 
(mean + SE) = 35 2 2.5 nmol/lOO mg, transfer to serosal fluid in control sacs = 64 ? 3.0 nmol/ 
100 mg. 

* P < 0.05. 
% Change was calculated as the difference between mean value (N = 5) in the presence of 

agent and in the absence. 
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then filtered off and washed with aqueous ethanol. 
Evaporation of the filtrate gave the required quat- 
ernary chloride in good yield. 

The structures of compounds l-10 were confirmed 
by i.r., NMR and elemental analysis. 

RESULTS 

Characterization of everted gut sac preparation 

The procedure, using ileum from guinea-pigs, was 
adapted from that described by Lack and his col- 
leagues [7-lo] with the modification that cholic acid 
was not present in the serosal compartment at the 
start of the incubation. In the present experimental 
conditions, there was reproducible tissue binding and 
transfer to the serosal fluid of cholic acid (sodium 
salt) after 90 min incubation at 37” and little binding 
at zero time or on incubation in ice (Fig. 1). In 
preliminary validation studies, polyethylene glycol, 
which is not subject to absorption [16,17], was used 
as a marker for the extent of diffusion into the 
extracellular space plus extent of tissue damage and 
contamination of samples with solution from the 
mucosal compartment. Apparent binding of poly- 
ethylene glycol to ileum (90min incubation at 37”) 
was approx. 1 nmol/lOO mg tissue (~5% cholate 
binding) and the apparent concentration of poly- 
ethylene glycol in serosal fluid was approx. 0.6 nmol/ 
100 mg tissue (1% of cholate uptake). 

The effect of standard agents (Table 1) on cholate 
uptake was examined in order to evaluate whether 
an inhibition of active transport would be detected 
in the measurements of total uptake into tissue and 
fluid. Significant reductions in the accumulation of 
cholate in the serosal compartment were obtained 
for antimycin A (depleting ATP stores), lithocholic 
acid (competitive inhibitor of binding), ouabain 
(disrupting active transport), dinitrophenol and 
sodium azide (disrupting oxidative phosphory- 
lation). The effect of these standard inhibitors on 
cholate binding to ileal tissue was generally less than 

the effect on the transfer of bile acid to the serosal 
fluid. Sulphobromophthalein was without apparent 
effect. In corresponding studies using everted ileal 
sacs (2cm long) from rats, neither dinitrophenol 
(200 PM) nor ouabain (100 PM) exerted a significant 
inhibitory effect. This lack of action of ouabain is in 
agreement with previous results [18], reflecting the 
resistance of rats to cardiac glycosides. 

Primary evaluation of synthetic bile acid conjugates 

The synthetic bile acid conjugates were evaluated 
in the same experimental conditions as the standard 
inhibitors: 370 VM cholate was incubated at 37” for 
90 min. Compounds were added in DMSO to give a 
concentration of 200 PM (Table 2). 

The lithocholic acid analogue, lithocholamine, 
described by Lack and his colleagues [lo] (compound 
1, Table 2) significantly inhibited the uptake of cho- 
late into serosal fluid although the inhibition of 
binding to the tissue did not achieve statistical sig- 
nificance. A series of novel cationic bile acid con- 
jugates was then synthesized in order to examine 
structure-activity relationships with particular 
regard to the nature of the anion, the number of 
hydroxyl substituents on the steroid nucleus, the 
length of the side-chain and the nature of the end 
group (Table 2). 

When comparing pairs of compounds, iodides 
appeared less active than the corresponding 
chlorides: compound 2 versus 1 and compound 4 
versus 3 (piperidines). The lithocholic acid analogue, 
compound 3, was more active than the corresponding 
deoxycholic acid analogue, compound 9 and cholic 
acid analogue, compound 10. Activity was not con- 
fined to compounds where n = 2 in -(CH,),,- for 
example, compound 6 versus 3. With regard to the 
nature of the end group, all of the heterocycles 
(piperidine, morpholine in compound 5, piperazine 
in compound 8) were active as lithocholic acid con- 
jugates (chloride) but compound 8, bearing a double 
charge, appeared the most active. Compound 8 
(BRL 39924A) was selected for further evaluation. 
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Table 2. Effect of synthetic bile acid conjugates on cholic acid uptake by guinea-pig heal sacs 

CONH(CH,).R, 

HO” 

% Change from 
control value 

Compound R, R2 n R3 
Molecular Melting 
formula point (“C) 

Binding Accumulation 
to in serosal 

tissue fluid 

1 H H 2 N+(CHJ$JI- 
2 H H 2 N+(CH&- . Hz0 

3 H H 2 

4 H H 2 

; 
I 3 Cl- 

CHJ 

i 
I 3 I- 

CH, 

5 H H 2 

6 H H 3 

h/i 
OCI- 

iW 
W 

N 3 I Cl- 

C3 
n,,cH, 

NW;_h 7 H H 3 

8 H H 3 

9 

10 

11 

H OH 2 

OH OH 2 

CH, 
‘+ 
N (CNz) 60; OH OH 3 

226-228 -18 -3o* 
222 -15 +6 

255-251 -37* -32* 

230-235 -14 -26 

232-233 -19* -36* 

240-242 -26* -29* 

238-243t 

200-203 -29* -59* 

174-180 -6 -1 

16%175 -16 -23 

157t 

-27* -45* 

+15 +8 

Cholic acid (370 PM) plus synthetic bile acid (208 PM) were incubated with everted sacs for 90 min at 37”. At least 5 
sacs were included per experimental group, average binding to tissue in control sacs = 39 f. 2.9 nmol/lOO mg, transfer to 
serosal fluid in control sacs = 64 + 3.0 nmo1/108 mg. 

* P < 0.05. 
P Melts with decomposition. 
Compound 1 = lithocholamine, compound 8 = BRL 39924A. 

The commercially-available synthetic bile acid and Further evaluation of BRL 39924A in vitro 
zwitterionic detergent CHAPS (compound 11) was Lower concentrations of BRL 39924A (for 
inactive. This finding suggests that the activity of the 
cyclized analogues cannot be attributed merely to 

example, 50 PM) were not consistently inhibitory 

non-specific membrane effects and cytotoxicity. 
(result not shown) so 200,uM was chosen as the 
standard concentration for further work in vitro. 
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. Control (n=4) 

A BRL 39924A 
(200 PM. n=4) 

* pco.05 

incubation tame (minutes) 

Fig. 2. Effect of time on inhibition of cholate uptake into 
ileal sacs (guinea-pigs) by BRL 39924A. 

A. Binding to B. Transfer to 
tissue serosal fluid 

0 Control (n=5) 

m BRL 39924A 

(200 PM, n=5) 

* p<o.o5 

Fig. 3. Effect of BRL 39924A on taurocholate uptake into 
ileal sacs (guinea-pigs). 

When the time course for inhibition was examined, 
there was little effect after 30min incubation but a 
marked decrease in both binding and transfer of 
cholate was observed after 60 min (Fig. 2). In control 
sacs there was relatively little further uptake of bile 
acid between 60 and 90 min but the effect of BRL 
39924A at 90 min was still considerable. Alkaline 
phosphatase was measured as a marker enzyme for 
non-specific cell damage. There was no change in the 
ileal concentration of alkaline phosphatase activity 
after incubation with 200pM BRL 39924A 
(2580 f 210units/ wet wt/min vs control value of 
2600 -C 180 units g wet wt/min, N = 5 in both B 
groups). 

BRL 39924A also reduced the uptake of tauro- 
cholate into everted ileal sacs from guinea-pigs 
although only the inhibition of transfer to the serosal 
fluid achieved statistical significance (Fig. 3). 

The uptake of cholate by everted ileal sacs from 

A. Binding 8. Transfer to 
to tissue serosal fluid 

0 Control (n=5) 

@$j BRL 39924A 

(200 pM.n=5) 

* pco.05 

Fig. 4. Effect of BRL 39924A on cholate uptake into deal 
sacs (rats). 

rats was also inhibited by BRL 39924A (Fig. 4) 
although, again, only the reduction in transfer to the 
serosal compartment achieved statistical signifi- 
cance. 

Evaluation in hyperlipidaemic rats 

Results in vitro had established that BRL 39924A 
consistently inhibited bile acid uptake. In order to 
determine whether such activity will influence sys- 
temic lipoprotein levels it was necessary to evaluate 
BRL 39924A in viva. The effect of BRL 39924A 
and other inhibitors on bile acid uptake by ileal sacs 
might be less for rats than guinea-pigs but because 
lipid metabolism is better characterized in rats, it 
was decided to conduct the initial study in vivo using 
a rat model previously established in this laboratory 
1111. 

BRL 39924A at two dietary levels was compared 
with lithocholamine (compound 1) and chole- 
styramine at a high level. At this dose, cho- 
lestyramine did not affect serum total cholesterol or 
triglycerides (Table 3) but there was a significant 
increase in HDL and a significant decrease in VLDL 
plus LDL. Cholestyramine significantly increased 
the hepatic activity of cholesterol 7a-hydroxylase, 
the rate-limiting enzyme in bile acid synthesis, secon- 
dary to a decreased absorption of bile acid measured 
as the hepatic accumulation of exogenous cholic acid. 

Lithocholamine was apparently without effect but 
the high dose of BRL 39924A significantly raised 
cholesterol 7o-hydroxylase activity and decreased 
hepatic accumulation of exogenous cholic acid. 
Although these effects were less than achieved by 
cholestyramine, the dose of BRL 39924A was much 
lower in terms of unit dose per body weight 
(g/kg). Both levels of BRL 39924A raised serum 
HDL concentration and the higher dose of BRL 
39924A also lowered VLDL + LDL concentration. 
However, BRL 39924A also decreased serum total 
triglyceride and decreased the gain in body weight 
in a dose-dependent manner and some diarrhoea was 
noted at the high dose. It is possible. therefore, that 
BRL 39924A may be inducing other effects, for 
example on triglyceride absorption. 

Evaluation in hyperlipidaemic guinea-pigs 

Guinea-pigs are usually considered to be a poor 
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species for the study of drugs affecting lipoprotein 
metabolism because dietary cholesterol can induce 
haemolytic anaemia. However, because of the 
activity observed for BRL 39924A in vitro it was 
considered worthwhile to attempt a further com- 
parison with lithocholamine and cholestyramine in 
vivo. 

At the end of the study, the gross appearances of 
ileum and liver were similar in all groups. Cho- 
lestyramine markedly decreased serum cholesterol 
and triglyceride concentrations and promoted food 
intake and weight gain (Table 4). This improvement 
in physiological status may arise as a consequence 
of the avoidance of hypercholesterolaemia-induced 
haemolysis. Lithocholamine at 250 mg 

I 
kg body wt 

and BRL 39924A at 100 and 250mg kg both sig- 
nificantly decreased serum cholesterol and tri- 
glyceride levels. These effects were less than the 
response to cholestyramine but were achieved at 
substantially smaller doses. 

DISCUSSION 

The observations of Lack and co-workers [S, lo] 
were used as the starting point in our design of novel, 
synthetic bile acid conjugates as inhibitors of bile salt 
absorption but our choice of assay system, in vitro, 
differed in one important respect. Our omission of 
bile acid substrate from the serosal compartment at 
the start of the incubation period ensured an initial 
chemical gradient so that the measurement of bind- 
ing and transport from mucosal to serosal com- 
partments will reflect passive as well as active 
transport. These conditions were chosen in order to 
simulate, as closely as possible, conditions in vivo 
and the determination of transport along a chemical 
gradient is a method adopted by other workers 
[17, 19-211. 

Cholate was chosen as the principal substrate as it 
is known to be the predominant bile acid in adult 
guinea-pigs. Validation studies using standard inhibi- 
tors of active transport [6,9,18] together with the use 
of polyethylene glycol as a non-absorbable marker 
indicated that an inhibition of active transport could 
be monitored primarily as a reduction in transfer of 
substrate into the serosal compartment. Using the 
standardized system, the principal inhibitor 
described by Lack (lithocholamine, compound 1 in 
Table 2) was active but some of the novel, cyclized 
analogues were probably more inhibitory. Although 
only a limited number of structural types was syn- 
thesized it was possible to make certain conclusions 
regarding structure-activity relationships and the 
activities were not explained by general cyto- 
toxicity-there was no effect on alkaline phosphate 
activity and CHAPS was not inhibitory. It is likely 
that the degree of inhibition of cholate uptake is 
directly related to the affinity of the inhibitor for the 
receptor. The inhibition is probably competitive but 
the inhibitors are not transported [S, lo]. 

Our identification of novel, synthetic inhibitors of 
bile salt transport is of interest, but it was of even 
greater interest to determine if such inhibition could 
be translated into effects on cholesterol metabolism 
in vivo. We did not directly study ileal bile acid 
binding in vivo and this would be a difficult task if 
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the inhibition is reversible. However, we infer an 
effect on bile acid absorption from the measurements 
of bile acid biosynthesis (cholesterol 7cu-hydroxylase) 
and hepatic bile acid content. Thus, in rats, both 
cholestyramine and BRL 39924A interfered with 
the enterohepatic circulation of bile acids and, in 
consequence, lowered LDL plus VLDL, raising 
HDL. Our observation that inhibition of ileal active 
transport leads to changes in serum lipoproteins con- 
tradicts the suggestion [17] that passive transport in 
the jejunem is the major determinant of bile acid 
absorption in rats. It was not possible to separate 
lipoprotein fractions in guinea-pigs but the quali- 
tative effects of BRL 39924A (and lithocholamine) 
on serum lipids (probably mainly representing lower- 
density lipoproteins) resembled the effects of cho- 
lestyramine. 

When comparing the responses, in vivo, to BRL 
39924A and cholestyramine, two points are note- 
worthy. First, the effect of cholestyramine was 
greater than the effect of BRL 39924A. Although 
this difference may partly reflect the great dis- 
crepancy in doses there was some evidence that the 
maximum effect of BRL 39924A in guinea-pigs had 
been achieved (equi-active at 100 and 250mg/kg 
body wt). BRL 39924A may exert less net effect 
because it is specific, that is it interferes only with 
the receptor-mediated uptake of cholic acid, whereas 
cholestyramine will impair both passive and active 
transport of all bile acids. The second point is that 
BRL 39924A may have other actions in the gut- 
expressed as changes in fat absorption and growth- 
possibly secondary to the high levels of free bile acid 
that will be excreted. Idiopathic bile acid catharsis 
has been observed in man [22] and high con- 
centrations of bile acid can damage the wall of the 
large intestine. When considering the potential 
therapeutic merits of the present novel approach, 
the potential for other deleterious consequences of 
high fluxes of bile acid, for example colorectal cancer 
[23], must also be appreciated. It is conceivable, 
however, that a specific inhibitor of ileal bile acid 
transport might be used in conjunction with low- 
dose enterocoated cholestyramine to sequester bile 
acid subsequently in the colon [24]. 

In conclusion, therefore, although we have 
demonstrated that novel, non-absorbable, synthetic 
bile acid conjugates can exert beneficial effects on 
circulating lipids and lipoproteins, there are other 
issues to address before this can be viewed as a useful 
therapeutic approach. Furthermore, an excellent 
clinical response to cholestyramine can be achieved 
in high-risk patients when the resin is used in low- 
dose combination with the hypolipidaemic agent 
Complamin, that acts in a complementary manner 
[25]. Thus, the problem of the palatability of the 
resins may be solved more readily by combination 
therapy than by the design of more selective agents. 
Nonetheless, the present results are useful in showing 
what can be achieved by receptor blockade and it 
may well be possible to design more potent agents, 
for example with irreversible binding to the receptor. 
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