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The Interaction Between Cholestyraniine and Drugs. (30443) 

D. G. GALLO, K. R. BAILEY AND A.  L. SHEFFNER 
Departnwnt of Niitritional Biochemistry, Mead Johnson Research Center, Evansville, Znd. 

Cholestyramine is an insoluble, quarternary 
ammonium anion exchange resin which when 
administered orally to man( 1,2) and animals 
(3,4) binds bile acids and increases the fecal 
elimination of bile acids and of neutral ste- 
rols. The increased excretion of the latter 
presumably results from the diminished con- 
centration of free bile acids in the intestine, 
these being necessary for the absorption of 
neutral sterols( 5 ) .  The effect of cholestyra- 
mine on sterol and bile acid excretion ac- 
counts for its usefulness in treatment of hy- 
percholesteremia( 3,4,6) and of the pruritis 
associated with biliary cirrhosis( 1,2,7). 

When given to patients receiving other 
drugs as well, cholestyramine could conceiv- 
ably bind these drugs and decrease their ab- 
sorption from the intestine. Therefore, a 
study was made of the possible interaction 
between the resin and several therapeutic 
agents which are administered orally. These 
studies were conducted in vitro as well as 
in vivo, and included examples of anionic, 
cationic and neutral drugs of those most com- 
monly used. 

Materials and methods.  In vitro studies. 
The cholestyramine resin used contained ap- 
proximately 10% moisture and was ground 
to pass through a 200-mesh sieve. The cati- 
onic and neutral drugs were prepared in 0.15 
31 phosphate buffers adjusted to pH levels 
of 2.0, 5.0, or 7.5. The concentration of drug 
used was calculated from the usual dose in 
humans on a weight basis so that the ratio 
between the drug and resin would approxi- 
mate that likely to be encountered in clinical 
practice. The anionic drugs were also studied 
in this manner. In  addition, the latter were 
equilibrated with the resin a t  a constant ratio 
of 1 : 100, respectively, based on their equiva- 
lent weights. For this purpose the equivalent 
weight of cholestyramine was assumed to be 
230. Ten ml aliquots of the drug solutions 
and 100 mg portions of the resin were placed 
in 50 ml plastic centrifuge tubes and the 
mixture shaken a t  a rate of 180 oscillations 

per minute for 15 minutes a t  room tempera- 
ture. Preliminary studies indicated that equi- 
librium between resin and drug would be 
completed under these conditions. Following 
equilibrium the tubes were centrifuged a t  
6000 X g for 5 minutes and 7.0 ml of the 
supernatant withdrawn for analysis, with care 
taken to avoid disturbing the finely divided 
resin deposit. 

The reversibility of binding was deter- 
mined by washing the drug-resin complex 4 
times with fresh buffer. The complex was 
washed by equilibrating it with buffer for 
5 minutes; additional quantities of drug could 
not be removed by incubating the complex 
with buffer for a longer period. The concen- 
tration of drug in the supernatant was gen- 
erally determined by optical density measure- 
ments using a Beckman Model DU spectro- 
photometer a t  a wavelength of maximum ab- 
sorbance for the drug. Digoxin was deter- 
mined colorimetrically (8). 

Sodium cholate-~arboxyl-C~~, acetylsalicyl- 
ic-carboxyl-C14 acid, phenobarbital-2-C14 and 
nicotinic-7-C14 acid were obtained from New 
England Nuclear Corp. and found by paper 
chromatography to be essentially radiochemi- 
cally pure. Determination of C14 was made 
by adding one ml of sample to 15 ml of a 
counting solution-consisting of 100 g naph- 
thalene, 7 g of 2,5-diphenyloxazole, 0.5 g of 
1,4 - bis - 2 - (4  - methyl-5-phenyl-oxazolyl) ben- 
zene and 40 g Cab-0-Sil (thickening agent) 
per liter of dioxane-and measuring the radio- 
activity under “optimal window” conditions 
for this solvent system in a Tri-Garb@ scin- 
tillation spectrometer. 

In vivo studies. The effect of cholestyra- 
mine on the intestinal absorption of drugs was 
generally determined by administering these 
substances together to groups of 10 rats and 
measuring subsequent changes in plasma drug 
levels. For the studies on chlorothiazide a 
group of 6 beagle dogs was used; in this case, 
in addition to the plasma levels, the-24-hour 
urinary excretion of the drug was also meas- 
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ured. In  the experiments in which warfarin 
was administered to rats, prothrombin times, 
as well as plasma drug levels, were deter- 
mined. 

The animals were fasted overnight and 
given by stomach tube a solution or suspen- 
sion of the drug in 0.5% methocel; the resin, 
when given, was administered mixed with the 
drug, or in the case of chlorothiazide, one-half 
hour after the drug. The doses of cholestyr- 
amine resin used, 71.5 and 357.5 mgJkg, cor- 
respond on a weight basis to 5 and 25 g doses 
in a 70-kg person. Drugs were given on a 
body weight basis, the dose generally being 
equivalent to the usual dose in man. How- 
ever, larger quantities of tetracycline and 
warfarin were administered to obtain meas- 
urable plasma levels. 

Rats were bled by an orbital bleeding tech- 
nique; with dogs, blood was obtained from 
the jugular vein. The plasma concentration 
of drug containing C1* was determined by 
suspending plasma aliquots in counting solu- 
tion and measuring the radioactivity as de- 
scribed above. Non-radioactive drugs were 
determined as follows: tetracycline, fluoro- 
metrically as described by Kohn (9) ; phenyl- 
butazone by the method of Burns et al(  10) ; 
chlorothiazide as described by Baer et a1 
(11);  and warfarin according to O’Reilly 
(12). Prothrombin times were determined at 
plasma dilutions of 1/12, 1/8 or 1/4 by the 
procedure described in the Warner-Chilcott 
Manual of Blood Coagulation Techniques, 
2nd Edition. .A Mechrolab Clot Timer, Model 
202, was used to measure actual clotting 
times. Statistical analyses of the results were 
performed using the “t” test of significance 

Results and discussion. In  vitro studies. 
Cationic and neutral drugs. Cationic drugs 
are principally amines and amine derivatives. 
While a specific reaction would not be ex- 
pected between cholestyramine, an anion ex- 
change resin, and cationic drugs they could 
be adsorbed by the resin in a non-specific 
manner. The results obtained with 4 mem- 
bers of this class-dextromethorphan, dihy- 
drocodeinone bitartrate, chlorpheniramine 
maleate and quinidine sulfate-indicated that 
only the latter was removed from solution by 

( 1 3 ) .  

TABLE I. Relative Affinity of Cholestyramiiie f o r  
Va>rious Ilrugs a t  a Constant Resin :Drug Ratio. 

Binding 
Ilrug Initial” Washed t 

Sodium c,hola te 
Warfarin 
Phenylbutazone 
Chlorotliiazide 
Hydrochlorotliiazide 
Phenobarbital 
Aspirin 
Tetracycline 
Quinidine 

83 % 
97 
98 
88 
8 6 
58 
32 
60 
28 

55% 
95 
94 
70 
58 
18 

8 
0 
4 

* 100 mg (434 pequivalents) of cholestyramine 
were equilibrated with I 0  ml of 0.15M phosphate 
buffer, pH 7.5, containing 4.34 pequivalents of 
drug. 

t Waislied 4 times with 0.15M phosphate buffer 
after iilitial incubation of drug and resin. 

the resin to an appreciable extent (26% a t  
pH 7.5),  and subsequent experiments showed 
that this drug was readily washed from the 
resin. 

Neutral or non-ionic compounds also 
should not interact with cholestyramine by 
an ion-exchange mechanism, although they 
may be adsorbed by the resin. Few sub- 
stances of pharmacological interest are non- 
ionic in character and only digoxin was 
studied. The resin removed 33% of the 
digoxin from solution. Furthermore, as ex- 
pected with a non-ionizable material, the pH 
of the suspending medium did not influence 
the amount of drug adsorbed. The weak na- 
ture of the interaction between cholestyra- 
mine and digoxin was shown by the recovery 
of the adsorbed drug after washing the com- 
plex with fresh buffer. 

Anionic drugs. The results of the in vitro 
studies with anionic drugs are presented in 
Table I. Sodium cholate, a representative bile 
acid, was studied for comparative purposes. 
Eighty-three per cent of the cholate in solu- 
tion was initially bound by the resin. Fol- 
lowing 4 washes of the resin-cholate complex, 
55% remained associated with the resin. 

Warfarin and phenylbutazone were bound 
more strongly by the resin than was cholate. 
In  the case of warfarin, 97% was initially 
bound, and after washing the resin 4 times 
with fresh buffer, 95% remained bound. 
Phenylbutazone behaved similarly. Chlor- 
thiazide and hydrochlorothiazide were bound 
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FIG. 1. Effect of cholestyraniine on plasma 
levels of orally administered cholic acid. Suspen- 
sions of indicated amounts of cholestyraniine in a 
qolntion of cliolic ncicl-carboxyl-C1i, sodiuni sd t ,  
were givcw bp stoiiiach tube to fasted rats. Points 
indieatcd by stars were statistically diff crent f roni 
coiitxol valuns (P<0.05). 

approximately the same extent as cholate, 
while other anionic drugs such as phenobar- 
bital, aspirin, and tetracycline were bound 
to a lesser extent. Quinidine, which ionizes 
to give a cation, was adsorbed somewhat 
more strongly than other amine drugs but 
was readily recovered by washing. Thus, the 
extent and stability of the complex formed 
between the resin and anionic drugs is not 
related to acidity of the drug. Aspirin (pKa 
3.5) is a stronger acid than is cholate (pKa 
6.4), but was not bound as tightly by the 
resin. Similarly, warfarin, which has a func- 
tional enol group, is a weaker acid than 
cholate, but was bound more strongly by the 
resin. 

In vivo studies. Since a variety of condi- 
tions influence the binding and elution of 
drugs in the gastrointestinal tract, the effect 
of cholestyramine on intestinal absorption of 
the anionic drugs listed in Table I was de- 
termined by administering the drugs orally, 
with or without resin, to groups of rats or 
dogs and measuring subsequent changes in 
plasma drug levels. 

Sodium cholate. The effect of cholestyra- 
mine on plasma cholic acid levels of rats 
given an oral dose of 11.1 mg cholic acid-CI4 
(40 pcuries) per kg is presented in Fig. 1. 
In animals receiving one-fif th the “normal” 
dose of cholestyramine (14.3 mg per kg) ,  
plasma cholic acid levels were 26 to 42% 
lower (not statistically significant) than in 
the control animals during the first 2 hours. 

When an approximately “normal” dose of 
cholestyramine (71.5 mg/kg) was given, the 
plasma cholic acid levels were reduced 61% 
the first one-half hour, and were still de- 
pressed 44% after 4 hours; however, only 
during the first hour were the differences sta- 
tistically significant. With the high dose of 
cholestyramine (357.5 mg/kg) , plasma cholic 
acid levels were decreased more than 60%, 
which was statistically significant, throughout 
the 4-hour period of the experiment. 

Tetracycline. Tetracycline levels in the 
plasma of rats during the +hour period fol- 
lowing oral administration of the antibiotic, 
with and without the resin, are presented in 
Fig. 2-A; the dose of antibiotic given was 
71.4 mg/kg body weight. No statistically 
significant differences were observed between 
control and resin-treated groups, indicating 
that tetracycline bound by the resin was 
readily removed in the intestine. 

iYicotinic acid. The results of a similar 
study in which nicotinic a ~ i d - 7 - C ~ ~  was ad- 
ministered a t  a dose of 15.9 mg/kg are pre- 
sented in Fig. 2-B. The results showed that 
in contrast to tetracycline, the absorption of 
nicotinic acid by rats appeared to be slightly 
retarded by the larger dose of resin, but re- 
mained unaffected by the smaller dose. How- 
ever, none of the differences were statistically 
significant. 

Aspirin. Acetylsalicylic carboxyl- C14 acid 
was administered orally at a dose of 4.65 mg 
per kg. The results in Fig. 2-C show that the 
“normal” dose of cholestyramine resin did 
not appreciably alter the appearance of the 
C14 label in the plasma, although the larger 
dose of resin significantly reduced aspirin ab- 
sorption throughout the 2-hour study (P< 
0.05). 

Phenobarbital. Phenobarbital-2-C14 was 
given a t  a dose of 1.2 mg/kg. Its absorption 
was retarded by the lower dose of resin, as 
indicated by significantly lower plasma levels 
a t  the 15- and 30-minute time intervals. 
However, no differences from the control were 
observed at  later time intervals (Fig. 2-D). 
As with aspirin, the larger dose of resin sig- 
nificantly reduced absorption a t  all time in- 
tervals studied (P<O.O5). 

ChEorothiazide. The effect of cholestyra- 
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mine resin on chlorothiazide absorption was 
studied in dogs. Six male beagle dogs, rang- 
ing in weight from 8 to 13 kg, were fasted 
overnight and given by gavage a suspension 
of chlorothiazide in 0.5% methocel at  a dose 
of 14.3 mg/kg. Thirty minutes later each 
dog was given 100 g of a meat based dog 
food, with half the dogs receiving cholestyra- 
mine mixed with the food at  a dose of 71.5 
mg/kg body weight. The food was consumed 
in about 2 minutes. Plasma chlorothiazide 
levels were determined 30, 60 and 120 min- 
utes after chlorothiazide administration and 
total urinary excretion of chlorothiazide was 
determined on 24-hour urine collections. 

This experiment was repeated at  weekly 
intervals until each dog had been studied 
twice after receiving the resin with food and 
drug and twice after receiving only food and 
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drug. The two values obtained for each dog 
for each treatment were averaged and con- 
sidered as a single value for statistical analy- 
sis. 

The results of this experiment are pre- 
sented in Fig. 3. The administration of cho- 
lestyramine reduced plasma chlorothiazide 
levels 22% 30 minutes after the resin was 
given, and 52% 90 minutes after treatment 
with resin. These differences were not statis- 
tically significant (P>O.O5). 

Chlorothiazide is not metabolized by the 
dog, and its urinary excretion occurs rapidly 
and is dose related( 11). Thus, the urinary 
excretion of chlorothiazide can be used as a 
measure of its absorption. In the present ex- 
periment, dogs in the control group excreted 
48% of the dose in the 24-hour period follow- 
ing its administration, while the resin-treated 
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FIG.  2. Effect of cholestyramine on intestinal absorption of selected anionic drugs. Rwin  
wa8 given by sto'mach tube to fasted rats as :L suspension in  the drug solution. (A) Tetra- 
cycline, (B) nicotiiiic-7-C1* acid, ( C )  scrtyls:i l icylic-c~rbo~yl-C'~ acid, (D)  5-ethyl-5-phenyl- 
barbituric-2-C14 acid. S ta rs  indicate st;itjstic:illy signjficaiit differences from control valuee 
(P<O.05). 
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tinic/experimental prothroiiibiii t.iinc. Cliolest-H iiidicates a cholestyrarnine dose of 357.5 
mg/kg ; Chole2st-L ind ics tw n dose. of 71.5 mg/kg. 

in, the group receiving the lower dose of cho- 
lestyramine had a plasma level which was 
29% greater than that of the control (P< 
0.05), while the level in the high-dose group 
was the same as that of the control. These 
data suggest that the resin retarded rather 
than diminished phenylbutazone absorption. 

W ~ ~ f a r i n .  The effect of the resin on war- 
farin absorption was studied in rats as de- 
scribed above. It was necessary to use a war- 
farin dose of 100 mg per kg, which far ex- 
ceeds the toxic dose in rats, in order to obtain 
measurable plasma levels. 

Compared to the other drugs studied, war- 
farin was more slowly absorbed from the in- 
testinal tract, as indicated by the increase in 

dogs excreted 43% (Fig. 3 ) .  This difference 
was not statistically significant. 

Phenylbutazone. The effect of the resin on 
the intestinal absorption of phenylbutazone 
was studied in fasted rats using the same 
general procedures described previously. The 
results presented in Fig. 4 show that after 1 
hour, in the animals receiving the lower dose 
of resin ( 7 1.5 mg/kg) , plasma phenylbuta- 
zone levels were reduced 32%; the higher 
dose (357.5 g per kg) caused a reduction of 
4974;. After 2 hours, reductions of 2 2  and 
47%, were observed with the low and high 
doses of resin, respectively. These changes 
were statistically significant (P<O.Ol). How- 
ever, 4 hours after administration of the res- 
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plasma levels in all the groups throughout the 
4 hours of study (Fig. 5-B). As with phenyl- 
butazone, both doses of cholestyramine signi- 
ficantly lowered plasma warfarin levels 1 and 
2 hours after treatment. However, unlike 
phenylbutazone, in the group given the higher 
dose of resin, plasma warfarin remained sig- 
nificantly depressed after 4 hours (-21%; 
P<O.Ol) ; the plasma level of the group re- 
ceiving the lower dose of cholestyramine was 
only slightly lower (-6%) than that of the 
control a t  this time interval. 

A second study was conducted to deter- 
mine the effect of cholestyramine on the anti- 
coagulant action of warfarin. A single dose 
of warfarin was given to rats a t  levels of 0.5 
to 1.0 mg/kg. Additional groups received 
warfarin a t  1.0 mg/kg simultaneously with a 
single dose of cholestyramine at  71.5 or 357.5 
mg/kg. Other groups were given either cho- 
lestyramine alone, a t  a dose of 357.5 mg/kg, 
or a control solution. Plasma prothrombin 
times were determined on diluted plasma 
samples prior to treatment and for the follow- 
ing 4 days, and the relative clot index, which 
is the ratio of the initial prothrombin time to 
the post-treatment prothrombin times, was 
calculated. 

The results of this study, presented in Fig. 
5-B, show that neither the high nor low dose 
of cholestyramine significantly affected the 
relative clot index, as compared to the group 
which received warfarin only. Thus, al- 
though cholestyramine may delay the early 
absorption of warfarin, the pharmacological 
effect of a single administration of the drug 
was not significantly decreased by a single 
dose of resin. 

The results of the present study indicate 
that the gastrointestinal absorption of some 
agents was retarded by the concomitant ad- 
ministration of the resin; but in those cases 
which were further investigated the total 
amount absorbed was not significantly re- 
duced. Nevertheless, continued administra- 
tion of the resin could produce an effect 
somewhat different from those observed in 
the present investigation, in which only a 

single dose was studied. Consequently, i t  
would be prudent to administer drugs (oral- 
ly) a short time before cholestyramine to 
preclude delay of drug action. 

Summary. A study was made of the in 
vitro and in vivo interaction between choles- 
tyramine resin and several commonly used, 
orally administered drugs. Basic and neutral 
substances were bound only weakly, if at all, 
in vitro. Also, many anionic drugs were not 
strongly bound by cholestyramine, and the 
gastrointestinal absorption of those drugs 
which were strongly bound was only moder- 
ately delayed by concurrent administration 
of a single dose of resin. 
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