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Abstract 0 The in oirro binding of the steroidal antibiotic, sodium 
fusidate, t o  cholestyramine was investigated. Equilibrium data 
were interpreted by means of the Langmuir adsorption isotherm, 
and rate of binding data were interpreted by use of a second-order 
kinetic model. The results indicated that the anionic exchange resin 
had a marked affinity for the drug. It was shown that the extent of 
the fusidate-resin interaction a t  equilibrium was affected insig- 
nificantly by temperature. However, the second-order rate con- 
stant governing the binding process was found to increase with 
increasing temperature, the apparent energy of activation asso- 
ciated with the rate process being 4.47 kcal./mole. The addition 
of physiologic concentrations of the inorganic electrolytes, sodium 
chloride and sodium bicarbonate, produced a significant decrease 
in both the extent and rate of the interaction. The available evi- 
dence suggests that the drug-resin interaction involves both pri- 
mary electrostatic and secondary nonelectrostatic forces. In addi- 
tion, it was demonstrated that physiologic bile salt and fatty acid 
anions effectively compete with fusidate anions for the available 
binding positions on the resin. These in vitro findings strongly sug- 
gest that the resin may interfere with the normal GI absorption 
pattern of sodium fusidate. 
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The objectives of the present investigation were to 
establish and to quantify the in vitro binding tendencies 
of cholestyramine for a representative drug which could 
potentially interact with the resin in a direct fashion. 
In addition, studies were conducted to ascertain the 
influence of temperature and added inorganic and 
organic physiologic electrolytes on both the extent and 
rate of interaction of the test drug with the resin. These 
in vitro studies were designed so as to provide informa- 
tion necessary for an understanding of the binding 
process in uiuo, which must take place in the presence of 
other electrolytic species contained in normal GI fluids. 

Sodium fusidate, an antibiotic employed in the treat- 
ment of staphylococcus infections, was chosen as the 
test drug. Chemically, sodium fusidate possesses a cy- 
clopentanoperhydrophenanthrene or steroid nucleus 
and, in this respect, is structurally similar to the physio- 
logic bile salt anions. This structural similarity was an 
important consideration in the selection of this particular 
drug, since it was anticipated that some of our previously 
reported findings on the bile salt anion-cholestyramine 
interaction (8-10) could be utilized in the interpretation 
of, and in comparison with, those obtained in the pres- 
ent drug-resin studies. 

Cholestyramine is a pharmacologically important, 
quaternary ammonium, anionic exchange resin which has 
been shown clinically to lower elevated plasma cho- 
lesterol and lipid levels (1-5). Its mechanism of action is 
thought to involve primarily its ability to bind bile salt 
anions present in the luminal fluids of the small intes- 
tine, thus interrupting the normal enterohepatic circu- 
lation of these physiologic surfactants (6,7). 

In previous articles (8-10) the authors reported on the 
results of in uitro investigations designed to quantify 
the binding tendencies of cholestyramine for physio- 
logic bile salt and fatty acid anions and to ascertain the 
influence of various physicochemical factors thereon. 
In view of the fact that other drugs may be orally ad- 
ministered during chronic cholestyramine therapy, the 
possibility exists that drug-cholestyramine interactions 
could also occur. Such interactions could significantly 
decrease the GI absorption of these drugs. 

The ability of cholestyramine to interact with drug 
molecules has received limited attention in the literature 
(11-16). The results of the in vitro portions of these in- 
vestigations permit no conclusions to be drawn as to  the 
possible mechanism(s) or the magnitude of the forces 
involved in the binding process. In addition, no investi- 
gation reported to date has considered the dynamics of 
the binding process and the potential influence of physio- 
logic inorganic and organic electrolytes on the binding 
tendencies of the resin for the test drugs. 

EXPERIMENTAL 

Materials-The sodium fusidatei was protected from light at all 
times and stored in a vacuum desiccator until used. The sodium 
salts of taurocholic acid2, glycodeoxycholic acid3, and lauric acid' 
were dried in oacuo for at least 48 hr. prior t o  use. The cholestyra- 
mine6 was pharmaceutical grade, the particle size of which was 
100% < 100 mesh and 80% < 200 mesh. Reagent grade sodium 
chloride, concentrated sulfuric acid, glacial acetic acid, hydro- 
chloric acid, acetic anhydride, and chloroform were used as re- 
ceived. 

Procedure for Equilibrium Adsorption Studies-A series of 
aqueous solutions of the antibiotic was prepared over the concen- 
tration range of 0.5-6.0 mM. Twenty-five-milligram samples 
of cholestyramine were accurately weighed and placed into 
50-ml. glass-stoppered conical flasks, together with a 25.0-ml. 
portion of the adsorbate solution. At each concentration, a 
control flask was prepared containing a similar quantity of the 
solution under investigation but no cholestyramine. These latter 
control solutions, which were assayed concomitantly with the 
solutions exposed to cholestyramine, were used to prepare the 
required Beer's law plots. All flasks were closed securely, protected 
from light, and mechanically shaken6 at  25 or 37" until equilibrium 
was established; this normally occurred within 24-48 hr. The 
equilibrated samples were subjected to Millipore filtration (0.45- 

1 Generously supplied by E. R. Squibb and Sons, New Brunswick, 

* Obtained from Calbiochem, Los Angeles, CA 90063. Grade A. 
3 Obtained from Mann Research Laboratories, New York, NY 10006. 

4 Obtained from Eastman Organic Chemicals, Rochester, N. Y. 
6 Generously supplied by Merck &,Co., Inc., Rahway, N. J. 
6 Precision Shaker, Precision Scientific Co., Chicago, IL 60647 

N. J.. Batch B14. 

Enzymatic grade (reported to be >99 % pure by TLC). 
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p pore size), the filtrates were suitably diluted, and the equilibrium 
fusidate concentration was determined (see Assay Procedure). 

The experimental protocol for those studies designed to de- 
termine the binding tendencies of cholestyramine for fusidate 
anions in the presence of added physiologic inorganic and organic 
electrolytes was essentially the same, with the exception that the 
desired concentrations of these species were added initially to 
the binding system. 

Procedure for Equilibrium Desorption Studies-To determine 
the desorption characteristics of the bound adsorbate molecules, 
25.0-ml. quantities of each fusidate-containing solution were pre- 
pared and shaken with 25.0 mg. of cholestyramine in 125-ml. 
glass-stoppered conical flasks. After attainment of equilibrium, the 
samples were diluted with 50.0-ml. portions of distilled water and 
agitated until equilibrium was again established. After filtration and 
appropriate dilution, the filtrates were assayed for free fusidate 
concentration. 
In both the equilibrium adsorption and desorption studies, the 

amount of antibiotic bound to cholestyramine was calculated from 
the difference between the initial concentration of adsorbate in- 
troduced into the system and the concentration present free in 
solution at  equilibrium. All equilibrium binding experiments were 
performed at least in duplicate, with the amounts of adsorbate 
bound to the resin falling within the limits of experimental error 
(a 5 2 range). 

Procedure for Rate of Binding Studies-All binding rate studies 
were performed using a ZSO-ml., three-necked, round-bottom flask 
maintained at  either 25, 37, or 47 f 0.1 '. Constant agitation of the 
reaction medium was accomplished by the use of a constant-torque 
overhead stirrer' (60 f 1 r.p.m.) equipped with a Teflon-coated, 
three-blade propeller (blade diameter 5.0 cm.) immersed 3.8 cm. 
into the reaction medium. In all experiments the concentration of 
fusidate initially present was maintained at  1.0 mM, and an equiv- 
alent amount of cholestyramine, based on an equivalent weight 
for the resin of 230, was employed. Each of the binding rate experi- 
ments was performed at  least in duplicate, with the rate constants 
obtained therefrom falling within the limits of experimental error 
(a 5z range). 
In the case of pure aqueous systems, 57.5 mg. of cholestyramine, 

dry weight, was allowed contact with 240 ml. of deionized distilled 
water at  37" for 0.5 hr. prior to the introduction of a 10-ml. aliquot 
of a concentrated stock solution of sodium fusidate. For those 
studies involving the influence of added secondary physiologic 
inorganic and organic electrolytes on the rate of binding of fusidate 
molecules to cholestyramine, identical procedures were followed 
except that the resin was placed into only 230 ml. of water. After 
30 min., 10.0-ml. quantities of concentrated solutions of secondary 
substances and sodium fusidate were simultaneously added to the 
reaction flask. 

Samples were withdrawn from the reaction flask at  appropriate 
time intervals using a 3-ml. pipet fitted with a glass wool prefilter; 
the samples were suitably diluted and spectrophotometrically as- 
sayed for the concentration of fusidate remaining free in solution. 

For each expeiiment the concentration of primary adsorbate 
(fusidate) remaining free or unreacted after the reaction had reached 
completion was determined. Two hundred and fifty milliliter 
volumes of solutions containing the same concentration of fusidate 
anion, or fusidate and added secondary substances, and the same 
amount of cholestyramine as that employed in the rate studies were 
placed into appropriately sealed bottles and shaken at  37" until 
equilibrium was established. Equilibration was normally attained 
with a 24-72-hr. period. These equilibrium data were utilized in 
the kinetic interpretation of the results obtained in the fusidate- 
cholestyramine interaction rate experiments. 

Assay Procedure-The concentration of sodium fusidate in the 
aqueous samples was determined by a spectrophotometric method 
involving use of the Liebermann-Burchard (L-B) reagente (17). An 
aliquot of the aqueous sample was acidified with 1 N HCI, and the 
free acid was extracted with a 15.0-ml. quantity of chloroform. A 
5.0-ml. portion of the chloroform phase was transferred to a test 

Cole-Partner Co., Chicago, Ill. 
8 The L-B reagent was composed of 25 ml. of concentrated sulfuric 

acid, 75 ml. of glacial acetic acid, and a sufficient quantity of acetic 
anhydride to make 250 ml. Five grams of anhydrous sodium sulfate was 
added to keep the reagent anhydrous. After preparation the reagent was 
protected from light, stored under refrigeration, and used within 1 week. 
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Figure 1-Adsorptiotz isotherm for the binding of fusidate anion to 
cholestyrarnine at 25". 

tube, and the chloroform solution, was evaporated to dryness 
in a water bath maintained at  70". The tubes were then cooled to  
room temperature, the residue was dissolved in 5.0 ml. of L-B 
reagent, and the solution was allowed to remain at  25" for exactly 
20 min. Subsequently, the tubes were placed into an ice bath until 
the absorbance of the green-colored sample was read on a color- 
imeterQ at  585 nm. using as the blank a water sample carried through 
the entire assay procedure. Fusidic acid in the L-B reagent was 
found to obey the Beer-Lambert relationship over the concentra- 
tion range of 0.03-0.30 mM. 

The presence of taurocholate, glyccideoxycholate, or laurate 
anions in the assay samples was found not to interfere with the 
determination of sodium fusidate. All fusidate-containing solutions 
were protected from direct exposure to light at  all times. 

RESULTS AND DISCUSSION 

All Lt uitro fusidate-resin binding experiments were conducted 
in unbuffered aqueous solutions. Under these conditions, the pH 
of the binding systems under investigation, both before and after 
equilibration with cholestyramine, remained essentially constant 
and independent of the initial fusidate concentration. The pH was 
also independent of the type and concentration of various secon- 
dary species (e.g., inorganic and organic physiologic electrolytes) 
initially added to the fusidate-cholestyramine binding system. 
Based on the pH range of 6.40-7.15 observed following equilibra- 
tion of cholestyramine with fusidate alone or in the presence of 
secondary species, and the reported pKa value for sodium fusidate 
of 5.35 (18), it was determined that the antibiotic was present al- 
most entirely in the ionized form (from 91.8 to 98.52). 

Equilibrium Adsorption Studies-The data for the equilibrium 
adsorption of sodium fusidate onto cholestyramine a t  25", plotted 
in accordance. with the nonlinear form of the Langmuir adsorption 
equation (19) given here, is shown in Fig. 1 : 

(Eq. 1) 

where Ceq, is the concentration of unbound fusidate present in 
solution at equilibrium; x / m  is the amount of fusidate bound per 
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Figure 2--Luiigmirir udsorption isotherm for the binding of fusidate 
union to cholestyrumine. Key:  ., 25"; atrd D, 37". 

unit weight of resin; k l  is the affinity constant, which is related to 
the strength of the forces involved in the interaction; and k ,  is a 
measure of the maximum amount of fusidate that can be mono- 
molecularly adsorbed per unit weight of cholestyramine. The general 
shape of the representative plot (Fig. 1 )  indicates that the amount of 
fusidate bound per gram of resin a t  25" remains constant at  high 
Ceq, values and that only a monclayer of fusidate anions was 
adsorbed onto the resin. 

Equation 1 may be rearranged to yield a linear form of the 
Langmuir adsorption isotherm: 

1 ceq. 
C,. / (x/ni)  = - + - kik2 kz 

From the form of this equation, it is readily apparent that a plot of 
C,,./(x/rn) wrsus C,,., on rectilinear coordinates, should yield a 
straight line from which one can obtain the interaction constants 
k 1  and k 2 .  The data for the adsorption of fusidate onto cholestyra- 
mine at 25 and 37", plotted according to Eq. 2, are presented in 
Fig. 2. The excellent linearity obtained is indicative of the adherence 
of the binding process to the Langmuir adsorption isotherm. There 
is essentially no difference between the binding tendencies of resin 
for the fusidate anions at  25 and 37". In fact, least-squares analysis 
of the 37" data yielded Langmuir affinity ( k l )  and capacity (k2) 

constants of 2.61 x lo4 I./mole and 0.863 mole of fusidate bound per 
mole-equivalent of resin, respectively. These values almost coincide 
with the corresponding values of 2.35 X lo4 l./mole and 0.837 
mole/rnole-equivalent calculated for the binding process at  25". 
This negligible temperature dependence of the fusidate-cholestyra- 

Table I-Langmuir Adsorption Constants for the Binding of 
Sodium Fusidate and Selected Glycine-Conjugated Bile Salt Anions 
to Cholestyramine at  25" 

Langmuir Capacity 

Constants ( k l ) ,  Moles Bound/Mole 
Adsorbate Species Liters/Mole X lo-' Equivalent of Resin 

Langmuir Affinity Constants (kz)., 

Fusidate 2.35 0.837 
Glycocholateb 0.891 0.863 
Glycodeoxycholateb 4.25 0.941 

~~~~~~ ~~ 

a Based on a monomer equivalent weight for cholestyramine of 230. * Data obtained from Reference 9. 

Table 11-Effect of Varying Concentrations of Sodium Chloride 
and Sodium Bicarbonate on the Binding of Sodium Fusidate and 
Selected Glycine-Conjugated Bile Salts to Cholestyramine a t  25" 

~~ 

x/m (Moles of Adsorbate 
Bound per Gram of 

-Cholestyramine x lo+-. 
Added Concentration of Added 

Inorganic Inorganic Electrolyte, mM 
Adsorbate Speciesa Electrolyte 0.0 50.0 100.0 150.0 

Fusidate NaCl 28.3 20.6 18.0 16.7 
Glycocholate* NaCl 26.8 14.1 10.7 9 .18  
Glycodeoxycholateb NaCl 26.5 24.9 22.8 22.3 
Fusidate NaHCO, 28.3 22.3 19.4 18.1 
Glycocholateb NaHC03 26.8 16.8 12.1 10.5 
Glycodeo~ycholate~ NaHC03 26.5 27.9 26.5 25.7 

a The initial concentration of adsorbate was held constant at 3.0 mM 
b Data obtained from Reference 8. 

mine interaction is consistent with results previously obtained with 
fatty acid anion-cholestyramine and bile salt anion-cholestyramine 
interactions (8, 9) and with ion-exchange processes in general (20). 
The magnitude of the capacity constants suggests that the interac- 
tion approximates a 1 : 1 stoichiometry. The fact that the actual 
capacity constants determined from the data are less than the 
theoretical value of unity can be attributed to the presence of in- 
accessible binding positions on the interior surfaces of the resin 
bead. 

Since endogenous bile salt anions are structurally similar to the 
fusidate anion, they can potentially function ill uiuo as competi- 
tors in the resin-fusidate interaction. Hence, it was of interest to 
compare the inherent binding tendencies of the resin for fusidate 
anions with that for representative dihydroxy and trihydroxy 
conjugated bile salt anions. The glycodeoxycholate and glycocholate 
anions were chosen for this cornparison because they represent two 
of the major bile salts present in human bile. An examination of the 
data presented in Table I indicates that only very slight differences 
exist among the capacity constants for the fusidate and bile salt 
anions. However, a comparison of the affinity ( k l )  constants for 
the adsorbates reveals that the fusidate anion binds strongly to 
cholestyramine and that the strength of interaction is on the same 
order of magnitude as that observed for the two conjugated bile 
salts. The actual interaction strength was found to  decrease in the 
order: glycodeoxycholate > fusidate > glycocholate. 

The desorption characteristics of bound fusidate were studied 
a t  2 and 4 m M  initial concentrations of antibiotic. Assay of equili- 
brated fusidate-resin systems before and after dilution with water 
yielded x /m values (i.e.,  the moles of fusidate anion bound per 
gram of resin) of 19.4 X and 34.7 X lo-' before and 19.2 X 
10-4 and 33.7 x 10-4 after dilution for the 2 and 4 mM initial con- 
centrations of the antibiotic, respectively. These results indicate 
that the original equilibrium conditions that existed between free 
and bound fusidate were not significantly affected by moderate 
dilution of the binding system. 

Effect of Physiologic Inorganic Electrolyte-Under in uiuo con- 
ditions, the binding of the fusidate anion to cholestyramine must of 
necessity occur in the presence of various physiologic inorganic 
electrolytes. Consequently, studies were initiated to determine the 
influence of varying physiologic concentrations of sodium chloride 
and sodium bicarbonate on the extent of binding of fusidate to 

Table 111-Apparent Second-Order Rate Constants for the Binding 
of Sodium Fusidate to  Cholestyramine a t  37" Alone and in the 
Presence of Varying Concentrations of Sodium Chloride 

Concentration Apparent Second-Order 

Species Chloride, mM 1.. mole-' min.-l X lo-* 
Adsorbatea of Sodium Rate Constants (k ' ) ,  

~~~ 

Fusidate - 
Fusidate 100.0 
Fusidate 150.0 

7.03 
5 .64  
4.58 

~~~~ ~ 

a The concentration of free adsorbate remaining unreacted after the 
reaction reached completion with respect to the available binding 
positions on cholestyramine were: fusidate alone, 0.295 m M ;  fusidate at 
100 m M  NaCl, 0.445 mM; and fusidate at 150 m M  NaCl, 0.472 m M .  

132 0 Jorirriul of Pharmaceutical Scietices 



1.0 - 

0.8 - 
5 -  
X 
5 0.6 - 
c3 
2 -  

0.4- 

I I 

5 10 15 20 
MINUTES 

Figure 3-Rate of binding of fusidate anion to cholestyramine at 37" 
in the absence and presence of varying initial concentrations of NaCI. 
Agitation intensity = 60 r.p.m. Key: P ,  0.0 mM NaCI; ., 100.0 mM 
NaCl; and 0, 150.0 mM NaCi. 

cholestyramine. The results of these experiments, expressed as the 
amount of adsorbate bound per unit weight of adsorbent (x/m), 
are presented in Table 11. For comparison purposes, results for a 
representative trihydroxy-(glycocholate) and a dihydroxy-(glycode- 
oxycholate) bile salt are also included in this table (8). Both elec- 
trolytes have the ability to reduce significantly the binding capacity 
of the resin for the fusidate anion, and the degree of binding de- 
creases with increasing concentrations of added inorganic elec- 
trolyte. At an electrolyte concentration of 150 mM, the binding of 
fusidate is reduced 41 and 36% by sodium chloride and sodium 
bicarbonate, respectively. In the presence of any one concentration 
of either inorganic electrolyte (NaCI or NaHC03), a comparison of 
the ( x / m )  values for fusidate with those obtained for the two bile 
salt anions reveals that the inhibitory effect of added electrolyte on 
the binding of these three adsorbate species decreases in the order: 
glycocholate> fusidate>glycodeoxycholate. 

The inhibitory effect of inorganic electrolytes on the binding 
process would primarily occur at the site of ion-ion interaction, 
where the added inorganic anion could compete for available 
binding positions on the resin or effectively reduce the charge den- 
sity on the two ionic reactants and by so doing weaken the attrac- 
tive, electrostatic forces between the adsorbate and adsorbent 
species. Hence, adsorbate species whose significant binding to 
cholestyramine is strongly dependent on the existence of elec- 
trostatic interactions (e.g., the glycocholate anion) would be more 
drastically affected by the presence of inorganic anions than those 

Table IV-Effect of Temperaturea on the Rate of Binding 
of Sodium Fusidate with Cholestyramine at an Agitation 
Intensity of 60 r.p.m. 

Apparent Second-Order 
Rate Constant ( k ' ) ,  

Temperature I..mole-l min.-l x 10-2 

25 
37" 
47 .a 

4.92 
7 . 0 3  
8 . 1 5  

~~ ~~ ~ ~ ~ ~~ 

n The concentration of free fusidate remaining unreacted after the 
reaction reached completion with respect to available binding positions 
on  cholestyramine was essentially temperature independent. 

0.2 ! I I 

3.15 3.25 3.35 
111. deg.-l x 101 

Figure GArrhenius relationship for adsorbate-cholestyramine 
interactions. Key: 0, glycodeoxycholate; U, fusidate; and m, 
glycocholate. (Data for the two bile salt anions obtained from Ref- 
erence 10.) 

adsorbate species whose significant interaction with the resin oc- 
curs uia nonelectrostatic forces (e.g., the glycodeoxycholate anion) 
(8,9). Based on these results, it may be proposed that although the 
fusidate-cholestyramine interaction involves an electrostatic com- 
ponent, it is significantly stabilized by fairly strong nonelectro- 
static forces. This nonelectrostatic contribution to the overall in- 
teraction appears to be intermediate between that for the glyco- 
cholate and glycodeoxycholate anions. 

Rate of Binding Studies-The influence of cholestyramine on 
drug absorption should be maximal under those conditions where a 
significant fraction of the dose of the drug has strongly interacted 
with the resin in the GI fluids. If it is assumed that sodium fusidate 
is absorbed rapidly from solution by a passive diffusion process, 
the resin must not only preferentially and extensively interact with 
the antibiotic anions, but it must do so at a rapid rate (i.e.,  the rate 
constant for the adsorption process must be significantly greater 
than that associated with the process of drug absorption). Conse- 
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Table V-Apparent Second-Order Rate Constants and Langmuir Adsorption Constants for the Binding of Sodium Fusidate to 
Cholestyramine, Alone and in the Presence of Added Physiologic, Organic Electrolytes 

Langmuir6 
Capacity Constants 

at  25" (k2), 
-Added Inhibitor Substance- Apparent Second-Order Langmuirb Affinity Moles of Fusidate 

Initial Rate Constants at  37" Constants at  25" Bound/Mole 
Species" Concentration, m M  (k ' ) ,  1.. mo1e-I min.-* x 10-2 (kl), I./mole fusidate x lo-' Equivalent of Resin 

- - 

Taurocholate 2 . 0  
Glycodeoxycholate 2 . 0  
Laurate 2 . 0  

7 .  03a 
4.97. 
2.82G 
2.  46a 

2 .3Y 
0.890 
0.731 
0.727 

0,8376 
0.670 
0.657 
0.513 

0 The concentration of free fusidate remaining unreacted after the reaction reached completion with respect to the available binding positions on 
cholestyramine were: alone, 0.295 mM: 2.0 mM taurocholate. 0.378 mM; 2.0 rnM glycodeoxycholate, 0.530 m M ;  and 2.0 m M  1:urate. 0.620 mM. 
b The Langrnuir affinity and adsorption constants for the binding process a t  37" were essentially the same as those determined at 25 , being 2.61 X 10' 
and 0.862, respectively. 

quently, in vitro experiments were conducted to determine the rate 
of interaction of sodium fusidate with the iesin and the influence of 
several physicochemical factors thereon. 
Effect of Inorganic Electrolyte-The rate of binding of sodium 

fusidate to cholestyramine was conducted in pure aqueous medium 
and as a function of added inorganic electrolyte (NaCI) concentra- 
tion. The rate data from these 37" studies were subjected to kinetic 
analysis with the aid of the following integrated second-order rate 
expression (10): 

where (B-)o and (B- )  represent the total concentration (mM) of 
fusidate anion present free in solution at  time zero and anytime, 
t ,  respectively; (LIP-)- is the concentration of fusidate remaining 
unreacted after the reaction has reached completion with respect 
to the mailable binding positions on the resin; and k' is the apparent 
second-order rate constant governing the interaction. The rate data, 
plotted according to Eq. 3, are shown in Fig. 3. The apparent 
second-order rate constants, obtained from the least-squares 
slopes of these linear plots, are listed in Table 111. The magnitude 
of the second-order rate constant observed in the absence of added 
inorganic electrolyte (i.e., 7.03 X lo2 1.. mole-' min.-l) indicates 
that sodium fusidate rapidly interacts with the resin and that it 
does so at a rate comparable to conjugated bile salt anions. For 
example, the rate constant for the glycodeoxycholate-resin inter- 
action under identical experimental conditions was previously 
shown to be 8.61 X lo2 and that for the glycocholate anion to be 
3.91 X lo2 1. .mole-' min.-' (10). In addition, the rate of interaction 
of the fusidate anion is depressed significantly in the presence of 
physiologic concentrations of sodium chloride. This inhibitory 
effect appears to increase with increasing electrolyte concentration. 
The meachanism(s) by which this inhibitory effect is produced is 
most probably the same as that mentioned previously in connection 
with the effect of inorganic electrolytes on the extent of interaction 
of fusidate with cholestyramine. 
Eflecf of Temperature-It was previously demonstrated that over 

the temperature range of 25-37' the affinity and capacity constants 
observed for the fusidate-cholestyramine binding process remained 
constant. However, these two constants are equilibrium parameters 
and do not necessarily provide any information concerning the in- 
fluence of temperature on the rate of adsorption. From Table IV 
it may be observed that as the temperature was increased from 25 
to 47", the rate of binding of the fusidate anion to cholestyramine 
increased. 

To ascertain whether the kinetic temperature data for the fusidate 
interaction process obeyed the Arrhenius relationship, a plot was 
made of the logarithm of the apparent second-order rate constant 
cerms the reciprocal of the temperature (OK) (Fig. 4). The data 
followed this relationship over the temperature range investigated. 
For comparison purposes, the curves for glycodeoxycholate and 
glycocholate (10) are also included in this figure. From the least- 
squares slopes of these plots, the apparent energies of activation 
(Ea) for the three adsorbates were calculated to  be 10.6, 4.47, and 
2.39 kcal./mole for the glycocholate, fusidate, and glycodeoxy- 
cholate systems, respectively. This order suggests that an inter- 
mediate energy harrier exists to the binding of fusidate to the resin. 

This finding is consistent with the previous observation that the 
fusidate anion is capable of an intermediate level of interaction 
strength with cholestyramine (i.e., the observed Langmuir affinity 
constants paralleled the calculated energies of activation for the re- 
spective adsorbates). 

Influence of Organic Electrolytes on the Binding of Fusidate to 
Cholestyramine-In addition to ilrorgmic electrolytes, the fluids of 
the GI tract also contain various organic anions. Consequently, it 
was important to establish and quantify, cia bi citro equilibrium 
and rate of binding experiments, whether these physiologic, organic 
electrolytes could interfere with the binding of fusidate to  choles- 
tyramine. 

The equilibrium adsorption data, analyzed by the Langmuir- 
type adsorption equation (Eq. 2), for the fusidate-cholestyramine 
adsorption process alone and in the presence of 2 mM initial con- 
centrations of the organic anions (taurocholate, glycodeoxycholate, 
and laurate) are shown in Fig. 5, with the Langmuir constants ap- 
pearing in Table V. It is apparent that all of the inhibitor species 
are capable of effectively competing with fusidate anions for the 
available binding positions on the resin. A closer examination of 
the equilibrium data reveals that the three chemically diverse, in- 
hibitor species are equally effective in producing a reduction in 
the affinity of interaction between the fusidate anion and the resin. 
For example, the affinity constant for fusidate was reduced by 62.1, 
68.9, and 69.1 % in the presence of 2 m M  initial concentrations of 
taurocholate, glycodeoxycholate, and laurate, respectively. Even 
though the differences are rather small, the percent reduction values 
do parallel the inherent affinity constants for the inhibitors alone 
(i ,e. ,  1.99 X lo4,  4.25 X lo4, and 5.64 X lo4 l./mole for the tauro- 
cholate, glycodeoxycholate, and laurate systems, respectively). 

As may also be observed from Table V,  not only are the equilib- 
rium affinity and capacity constants for the fusidate-resin inter- 
actions reduced markedly in the presence of the organic inhibi- 
tors, but also the apparent second-order rate constant governing 
the rate of uptake of the fusidate anion by the exchange resin is 
diminished. Moreover, there appears to be significant differences 
between the three inhibitors as to their ability t o  interfere with the 
fusidate-cholestyramine interaction rate. The taurocholate anion 
is the least effective, producing only a 29.3% reduction, while the 
other two anions decrease the rate by 60-65Z. 

The present investigation demonstrated that the antibiotic, 
sodium fusidate, binds strongly and rapidly to cholestyramine. In 
addition, both the extent and rate of the interaction are drastically 
reduced by the presence of physiologic concentrations of inorganic 
(e.g:, sodium chloride and sodium bicarbonate) and organic (e.g., 
conjugated bile salt and fatty acid anions) electrolytes. However, 
these electrolytic species, which are normal constituents of GI 
fluids, do not completely prevent the antibiotic-resin interaction 
from taking place. 

In view of this in vitro evidence, it is quite conceivable that the 
GI absorption pattern of sodium fusidate may be affected when 
cholestyramine is concomitantly present in the GI tract. 
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Drug-Cholestyramine Interactions 11: Influence of 
Cholestyramine on GI Absorption of Sodium Fusidate 

WILLIAM H. JOHNS* and THEODORE R. BATES’ 

Abstract 0 The results of a previously reported in uitro study pro- 
vided evidence that the hypocholesterolemic agent, cholestyramine, 
was capable of strongly and rapidly interacting with the antibiotic, 
sodium fusidate. Based on these findings, the influence of this 
pharmacologically important anionic exchange resin on the in uiuo 
absorption pattern of sodium fusidate was studied in the rat. 
Serum antibiotic levels were determined microbiologically as a 
function of time following oral administration of the antibiotic 
alone and in the presence of the resin. Concurrent administration 
of the resin yielded statistically significant reductions in serum drug 
levels at all experimental time intervals. Peak serum levels of 
fusidate were found to decrease by 33-7775 of control values as the 
resin-to-drug dose ratio administered was varied from 0.14: 1 to 
0.72:l. At dose ratios of greater than 1:l (resin-drug) but far less 
than the ratio of the average therapeutic, single dose of each drug 
(i.e.,  10: 1, cholestyramine-fusidate), there were no detectable 
serum antibiotic levels. This latter observation indicated that the 
presence of the insoluble resin in the GI tract totally prevented drug 
absorption. The time interval between the oral administration of 
the resin and antibiotic was found also to influence peak serum 
antibiotic levels. 
Keyphrases c] Cholestyramine effect-GI absorption of sodium 
fusidate, rats 0 Sodium fusidate, GI absorption-effect of choles- 
tyramine, rats c] Drug-anionic exchange resin interactions-ffect 
of cholestyramine on GI absorption of sodium fusidate, rats IJ 
Absorption, GI, sodium fusidate-effect of cholestyramine, rats 

The water-insoluble, anionic exchange resin, cholestyr- 
amine, lowers serum cholesterol levels by binding bile 
salt anions in the small intestine (1-7). The reduction in 
bile salt concentration decreases the intestinal absorp- 

tion of exogenous cholesterol and lipids and increases 
the hepatic metabolism of endogenous (serum) choles- 
terol into additional bile salts, which are subsequently 
bound by the resin. The resin is, therefore, an important 
therapeutic agent for the treatment of biliary cirrhosis 
and those conditions normally associated with high 
blood cholesterol and lipid levels (e.g. ,  atherosclerosis 
and thrombotic vascular disease). 

Since anionic drugs may be concurrently admin- 
istered during chronic cholestyramine therapy, the pos- 
sibility exists that a drug-cholestyramine interaction 
could occur within the GI tract. Such an interaction is 
of considerable importance clinically because it might 
result in a decrease in the rate and/or extent of drug 
absorption and, hence, the onset and/or intensity of 
drug activity. However, only a limited number of studies 
have been reported in the literature pertaining to this 
potential drug-resin therapeutic incompatibility (8- 13). 
These investigations are informative, but their experi- 
mental protocols preclude any rigorous interpretation 
of the in viuo absorption data. In addition, no attempts 
were made by these investigators to determine the in- 
fluence of relative times of administration of the test 
drug(s) and cholestyramine on the absorption charac- 
teristics of the drug. 

It was previously demonstrated in vitro (14) that 
cholestyramine possesses a marked affinity for the 
steroidal antibiotic, sodium fusidate. This investigation 
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