
SUMMARY 

A continuous frontal analysis cbromatograpbic method was developed for 
s~idying~es2m~~~nsbindingoftwo drugs oriigandswitkan immobilized 
nxacromolecok The u&lELEess of this method was demonstrated in the interxtions 
ofsuiphamethizofe and szdicylic acid with human serum aibumin (HSA). Tke mutwz! 
inhibitoryeEectonthebim3ingofonedrugofthepresenceoftheotberwasdkctly 
&ow~ to be due to dispkcement of the bound drug from HSA by the other_ 0x1 the 
basis of a double-reciprocal plot analysis, these two drugs are interpreted as corn- 
peting for the same primary binding sites_ 

Of the many causf2s of drug interactions, the interaction thought to be cased 
by dispkem~t of one dmg from serum albumin by another is recognized to be 
cJ.inicaUy important in multipIe dose therzpyl. Because the concentrations of the free 
or unbound fraction of two drugs administered concurren tiy may increase by mua 
displacement from albumin over those when administered alone, the consequences 
of this interaction can &f&t many aspects of drug dkpusition and lead to enhanced 
pharmacological and toxkofogical responses. One of the weil known examples of such 
aiz interaction is that between pfrenyfbutazune and ~a&u-in~*~_ A marked argumenta- 
tion of hypothrombimemi a zmi fatal haemorrhages were_reported when phenfl- 
butzone was coadministe~ with warfh.rS_ 

The dis$h-~t interactions are interpreted as either compfditive or non- 
cumpetiti@. In competitive displacemer~~ two drugs a-e co&&d to sban-the 
~ebindingsites,wh~innoncompetitivedisplacement~e bindingofthedis- 
p&cing drug takes place at sites other thhan those of the displaced drug and induces 
structural changes in the tertkry conformation of 8Hxmin (&o calkd 2Eosta-i~ 
nx&aism~. Suchadistinctionis ofkenmadeontbebasis of&eScatchardplotor 
do&k-&proczd plot and the im3ktion of an equal number of binding sites is taken 
as a crkrion for comp@ive binding or dispke~ent7-10. The J&it&ion of this 
approach, mkss th& expe~enfalpfocednrespermit~econ~~tionsof~e~ 



displacing drug to ke constant, has keen fully discussedr’*‘2. For ntstaixce, insuk- 
&active method@ such as equiiikrium dialysis, it is diEcult to keep the concentrations 
of ttre f&e d&placing drug constant and e xp&ments have to be carried out in the 
presence of excess amounts of the .dispIacing drug so that this drug wihnot ke dis- 
placed to any significant extent by the original drug. Under these conditions, however, 
effect of the original drug on the interaction of the displacing drug could not be 
observed_ only a few experimen taf procednres which petit the concentration of 
displacing drug to be set at a predetermined vaIue have been utilized to study the 
binding of two drugs with albumin. I&se include a continuous uhm6hration 
technique“, flow equiiibrium dia,EysiP and Hummel and Dreyer’s gel filtration 
technique16. 

We have previously demonstratedr7-19 the use of immokihzed kovine and 
human serum albumin in the quantitative stnches of serum albumin-single drug inter- 
actions by a frontal alTin@ chromatographic procedure and okserved tkat tke binding 
capacity of the albumins was retained on immobilization when a s&carbon-atom 
spacer was introduced between the albumin mole&e and gel matrix. This study 
extends this technique to the interactions of two drugs with human serum albumin 
(HSA)_ The method a.Iiows a sin.& and dire& manifestation of the mutuai dis- 
placement phenomena and also faciiitates the quantitative treatment of binding data 
of two-drug interactions by the couventional double-reciprocal plot This is because 
in the present method the concentrations of the &ee fkction of both drugs are set at 
pre-dete_rmined values and the amounts of drugs bound are simuhaneously deter- 
mined for the two drugs. 

As one of two drugs we se&ted sahcyhc acid, as its binding to serum albu- 
mm in vitro has keen extensively studied and it is reported to ke displaced by 
many drups’“u, including SuIphonamides, suiphonylureas, warfarirP and indom- 
ethacixP_ Further, when aspirin is administered, salicyJ.ic acid is expected to ke 
present in piasma owing to its rapid hydrolysis. SuIphametkixoIe, a urinary tract 
antiseptic, was also chosen because of the possibility of its co-administration with 
aspirin and its analytical convenience. 

Human serum albumin (HSA) was purchamd from Sigma (St_ Louis, MO., 
USA_) (Fraction V, essentially fatty acid free, lot no_ 763-7480). It was fractionated 
in 0.1 &z? sodium chloride solution on sep’fiadex G-200 obtained from Pharmacia 
QJppsaIa, Sweden) as described eisewhen?. The monomer fraction which contained 
over 93% of monomer was used for coupling to agarose beads, Activated CH- 
Sepharose 4B was purchased from Pharmacia 

* 
Sahcyhc acid from Waldo (Osaka, Japan) was v from hot water. 

S&hamethizole from Eizd (Tokyo, Japan> was recrystahixed from a mixture of 
water and methanol_ All other chemicats were of reagent grade. Water was deionized 
and doubly distilled, with the second distillation performed in an a&g&ss apparatus. 

The monomeric HSA was coupled to activated CH-Sepharose 43 at pH 8 



according to the procedure recommended by tie manu&Wrer by reacting rhem for 
? h at room temperaturei9. The HSA-coupIed gel was packed into a Pharmacia coiumn 
(K16/20) with iiow adaptors so that the direction of flow could be varied, Vsuahy 
upwards eiution was carried out by means of Pharmacia Model P-3 peristaitic 
pump at a iate of about 10 mI/h. The tempera&re of the gel was maintained at 4” 
witi w&er circulated &rough tEre jacket of the column by a Kaake Model FK 10 
consmllHemper&ure circulator. 

Determination of &ugs bozad by frontal ajinity chromatography for two-cinrg 
interactions 

AlI binding experimene were carried out in 0.05 M Tris-hydrochloric acid 
buffer containing 0.1 M sodium chloride, ionic strength O-142_ The pH of this buffer 
was 7.40 I 0.01 at 20” and 7.87 f 0.01 at 4”. When the coIumns were not in use 
they were consCurtly washed with the above buffer containing 0.01% of sodium azide. 
Prior to use they were pre-equilibrated with the buffer for at least 16 h. 

Three types of frontal analyses (I-III) were performed and the eluate was 
cokcted in 4.4-6.1~ml fractions by means of a LKR Model 2112 Redirack fraction 
coUector unti1 the concentrations of both drugs applied to the column reached those of 
the applied solution (see Fig. I). 

In Type I (simultaneous application), a solution containing both salicylic 
acid and sulphamethizole at known concentrations was applied to the column. In 
Type II (displacement of sulphamethizoIe by sahcylic acid), a solution containing 
sulphamethizole at a known concentration was applied to the column followed by a 
solution co&&ring sulphamethizole at the same concentration as that of the 
preceding solution and salicyhc acid at a known concentration. In Type III (dis- 
placement of salicyiic acid by sulphamethizole), the same procedure as Type II was 
used except that a salicylic acid solution was applied first followed by a solution 
containing both. 

In each instance the concentrations of .suIphamethizole and salicylic acid in 
the eluare were determined by dual-wavelength spectrophotometry on a Shimadiu 
Mode1 UV-300 double-beam spectrophotometer using either 2- or IO-mm path 
length cells, depending on the concentrations of the two drugs. For sulphamethizole 
the two wavelengths were 260.0 and 323-O run, and for salicyhc acid 230.0 and 
295.8 urn. 

The amounts of drug X bound, (II&, by the above three procedures are 
indicated in Fig. 1; the areas were determined by planimetry_ For S-shaped elution 
patterns, (D& was also determined by the formula (V - VO) - (I?&, where (D& 
is the concentration of drug X applied to the cohunn, V is the elution volume of drug 
X determined as the volume of eluate corresponding to tie concentration that 
teached 50% of ffiat of the applied solution and VO is the void volume of the 
column, which is the sum of the voIume of gel bed available for eluting solutions and 
that of the tubing. The void volume was determined for each column by ehrting the 
column with 0.1 oA sodium azide solution lg. The eiution volume ?f this sohition 
agreed to within about 2% with the calculated vahre obtained by measuring the 
volume of gel bed and intemaf volume of tubing. 



After the cdutun bad been equ3ibsated with an applied solution, instead of 
compXeteIy washing the c&mm with buffer to n&me all of the drugs bound, cm- 
tinuous ftontal ana!ysis was czrkd out by combining 3I-w 11 and IE 

Xretztmerit of a&a 
When the binding of drug 1 is inhibited by the presence of dsug 2 by can- 

petitive binding tc a sin&e cks of n bindixtg sites, the number of moles of drugs 1 
and 2 bound per mole of zslbumin csse given by eqns. 1 and 2, stspecG+: 



Rmgement of eqti. I gives eqn. 3, according to which the double- 
reciprocal plots were constructed for drug P: 

The values of A&‘ were determined Corn eqn. 4: 

K/=($-l)& (4) 

where S and S, are the slopes of eqn. 3 when (Da z + 0 and (D& = 0, respectively. 
The eqation for &’ was similarly derived from eqn. 2. 

In the plots, the data points were fitted to straight lines by linear regression 
analysis using the values on the abscissa as the independent variable and the values 
OQ the ordinate as the dependent variable. 

RESULTS AND DISCUSSION 

Fig. 2 shows the binding characteristics of sulphamethizole and salicyl.ic acid 
to the immobilized HSA monomer in the form of a Scatchard plot. As the p& 
values of salicylic acid and sulphametbizole are reported to be 3_W4 and 5_4f5, 

respective!y, both drugs exist as anions at pH 7.87, Because these plots are hyperbolic, 
they are likely to bind to more than one class of site. For the simulutaneous binding 
of these drugs, the experiments were therefore limited to low r values (r c l-6), so 
that the plots can be considered to be linear and to represent mainly the binding to 
one class of high-a.Eniw sife. 

The z~~~ounts of both drugs bound determined from the three frontal analysis 
diagrams shown in Fig. 1 corresponding to Types I-111 for two pairs of Axed 
concentrations of both drugs are presented in Table I. 

6- p 

A 

2’ A 
‘r 5 A 

s 2-S A 

z 0 
2- 0 

A 

l- OOO 
04+ A0 

4 0, 
I 2 3 4 5 6 7 8 9 I) 



& simdcaucous appkafion @ii_ la) I.49 X42 1.31 1.4% 
Ei,&pLxerna&ofSMZbySA(Fii- lb) 2.49 2.37 x.33 1.37 

m, displaoclmnt of SA -i. SMZ @?ig_ Ic) l-47 243 L2s 1.41 

Faidy good agreement of these vdues for each pair of c~~oentrations of Pm 
drugs indicates a reversible nature of the binding of these drugs z&d the amount of the 
drugs bound can be determined from any of these tkree diagrams. Type I anaIysis 
(Fig. la) gives the usual frontal anaIysis diagram for two SoiuteP and shows that 
sakylk acid, with a stronger affinity, elutes behind the less strongfy bound snl- 
phamethizole, whick is displaced by salicylic acid as +&e solution moves up the 
cokmm- Therefore, this is analogous to Type II ana&is (Fig- tb], in which ffie 
displacement of sulpkamethizole by salicylic acid is shown by the area indicated as E. 

The di.qhcement of salicylic acid with sulphametkizole is shown in Fig. lc by the 
appearauce of the pea&_ The advantage of Types II and ILF: over Type E is &&at the 
actual amount of drug displaced by another can be dire&y determined- 

;Is the amounts of both drugs bound were independent of the three types of 
eIntion analysis, all binding studies were carried out continuously by the combination 
of Types fl and III_ Part of such a continuous anaIysis diagram is shown h Fig. 3. 
This sequence of applications of six diB&ent soWions containing either sulpka- 
metkizole or saIicylic acid alone or together permitted the determinations of drags 
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bound in tke corresponding soIutions. in the presence of botk drugs, the concentra- 
tion of free suIpkametkizole was kept constant while that of sakcyIic acid was varied. 
The peak or trougk around the concentration of sulphamethizole which was kept 
constant (3.65 - 1W5 M) (Fig. 3) indicates tke amount of the drug released or bound, 
respectively witk respect to the amount of the drug bo-md in eqrrilibrium with the 
preceding solution. Further, by interposing an application of a single drug solution 
between solutions containing both drugs, as shown in Fig. 3 (solution 3 or 6, tke 
following advantages are apparent: (1) tke time lag between sing&hug and two-drug is 
shortened; tkis is important iftke leakage oftke immobilized albumin is appreciable; 
and (2) when a sdution containing two drugs was replaced witk a single-drug solu- 
tion, the analysis for tke drug removed allows tke determination of the amorrnt of the 
drug reIeased_ Thus, a check can be made on tke amount of tke drug bound in 
equilibrium with tke preceding solution. 

Table Tp gives the results of both single-drug and two-drug inter+ions witk 
tke immobilized HSA. As this method allows the concentrations of free drugs to be 
maintained constant and both drugs were analysed simuhaneously, tke mutual dis- 
pkxement interaction can be readily seen by decreas ing f values for the drug, tke 
concentration of which was kept constant, with increasing concentration of tke other. 

TABLE II 

MOLES OF DRUGS BOUND PER MOLE OF IMMOBILIZED HUMAN SERUM ALBUMIN 
MOIiO,m r 

Detemhd at 4” in 0.05 M Tris b&e= containing 0.1 M N&l <PH = 7.87 at 4’). SMZ and SA 
denote sulphnahizok and saIicylic acid, respectiveIy Some of these wdues are averages of two 
cktermimtims and they were reproducible to within 5% 

(WSMZ (D&A fiw x 10s) 
(M x ZP) 

0 1.45 2.17 3.62 

0 
1.46 
219 
3.65 
7.30 

rsnz rsA 

- - 

0.450 - 
0.629 - 
0.876 - 
1.38 - 

rsf.fr rs.4 rsnz h rs5f2 rsA 

- 0.891 - 1.16 - 1.57 
0.360 0.799 0.333 1.07 0234 1.47 
0.495 0.760 0.457 1.03 0.401 1.42 
Fg2 0.698 0.678 0.969 0.601 1.36 

. 0.604 1.13 0.829 1.03 1.19 

Fig. 4 shows tke double-reciprocal plots for both drugs according to eqn. 3. 
Tke binding and inhibition parameters that were calculated on tke basis of these plots 
are summarized in Table 1JT. All of the regression lines shown in Fig. 4 appear to 
show a common intercept on tke ordinate and indicate that tkis displacement inter- 
action is competitive. The degree of variation in the vaIues of tke intercepts is shown 
in Table m as tke variation in tke values ofn which were obtained for each line as tke 
reciprocals of tke intercepts on tke ordinate, together with the binding and inhibition 
constants for tke two sets of data. The values of the inhibition constant of salicylic 
acid determined from th2 analyses of sulpkamethizoIe in tke presence of three different 
concentrations of free &icy&z acid are comparable to its binding constant. The 
same can be said for tke values of tke inhibition constant of sulphamethizoIe deter- 
mined from tke sakcylic acid data.. 
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Fi. 4. Doubk-zciprocal plots according to eqn. 3 at low r dues (r < 1.6) for sin&&w and twu- 
drug intu-actions with immobZized I-ISA in 0.05 M Trir btier, contaking 0.1 M BIaCl @I-I 7.87 at 
4*)_BmktnLinesindicate sulp~kdatarin~absenoeof~licadd(e)aad~~e pre- 
seiice of free saIi&ic acid at 1.45. iOm5 M(O), 217. 1O-5 M (4)) and 3x52- 1O-5 M(8)_ Solid lines 
indicate saIi@c acid data: in the absemr ofsulphmethimk (1) and in the prpsence of fsee sdpha- 
rne&zde at 1.45 iOes M (A), 2.19. 10s5 M (A), 3.65 10m5 M (4,) and 7.30. tOms M (V). 

Therefore, *Uris simple and fairly crude treatment of the data suggests that 
the mutual displacement interaction is attributable to the competitive binding of 
these two drugs to the same primary binding &es. 

In view of potential hazards of coadministration of drugs related to mutual 
displacement from albumin, a simple and direct method in screening for scuh inter- 
actions is dkrable at an early phase of drug development_ The proposed method 
may be useful for this purpose as it gives a direct indication of the amount of drug 
displaced. The experimental procedure is very simple. Moreover, immobihzed albumin 
can be used repeatedly. 

For quantitative studies such as those presented here, the major concern is the 
stability of the covalent linkage between albumin and the gel matrix All the present 
binding data obtained by continuous frontal analysis were obtained within 3 weeks 
on one column. The c&mm remained stable during this period. However, the 
stability of the cohmm varied from column to cohmm, some being stable for several 
months and others for about 1 month. One of the solutions to this problem would be 
to shorten the analysis time further, for instance by performing the analysis under 
high pressure_ Another possibility is to develop 2 method that aUowscorrectionsfor 
the k&d albumin. 
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