acid. The CMC describes the lipophilicity of amphiphilic substances (13);
the CMC value of chlorpromazine in the presence of acid could be an
indirect measure of the lipophilicity of the ion-pair, Figure 4 shows an
almost linear correlation between D and the CMC for the different bi-
carboxylic acids.

Chlorpromazine was selected for this study since it is representative
of many tricyclic drugs and its behavior toward carboxylic acids may be
important in GI absorption. Ion-pair formation between chlorpromazine
and dietary carboxylic acids (such as citric, tartaric, and acetic acid) would
give a favorable absorption in GI lumen. Furthermore, these findings
could be useful for the development of dosage forms. It was shown (14)
that certain drugs can be absorbed in their undissociated state, either
directly or by ion-pair or complex formation. The behavior of chlorpro-
mazine in humans might also be ascribed to the interactions of the drug
with some of the physiological acids studied.
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Abstract & The binding of phenylbutazone (I) and oxyphenbutazone
(IT) to human serum albumin over pH 6.9-9.3 was studied by difference
spectrophotometry and equilibrium dialysis. At each pH tested, there
was higher binding affinity of I to human serum albumin than II. Equi-
librium dialysis showed that over the pH 7-8.2 range both agents had a
single high-affinity site and several sites of lower affinity, with the highest
binding constant and number of binding sites at pH 7.4 for both I and
11. Both techniques showed that the affinity of both drugs to albumin was
higher for the neutral form than for the basic form and this transition
occurred in both cases around the neutral region (7-7.4). Both the ionized
and unionized forms of I and II participated in the binding. In the neutral
region, magnesium ion increased the affinity of both drugs to albumin
while chloride ion decreased it slightly.

Keyphrases O Phenylbutazone—effect of albumin conformation on
binding to human serum albumin & Oxyphenbutazone—effect of albu-
min conformation on binding to human serum albumin O Albumin,
human serum—effect of conformation on binding of phenylbutazone and
oxyphenbutazone B Binding—of phenylbutazone and oxyphenbutazone,
effect of albumin conformation, human serum albumin

Drug-protein binding studies are important for pre-
diction of drug dynamics in the body (1). The affinity of
such interaction can possibly be used to correlate thera-
peutic and toxicological effects, as well as drug distribution
and excretion. Most in vitro drug-protein interaction
studies are conducted in isotonic pH 7.4 buffer. Data re-
duction in terms of binding constants assumes that for a
partially ionized drug each species is bound with equiva-
lent affinity (2).

It was reported (3) that conformational changes occur
in serum albumin over pH 6-9. Zurawski and Foster (4)
established that two conformational states exist in bovine
serum albumin over this pH region. They called the form
at neutral pH (pH 6-7) the “N” form and the form at
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higher pH (around pH 9) the “B” (base) form. Thus, the
conformational change that occursisthe NtoBorBto N
transition. It was recently shown (5-7) that the same
conformational change occurs in human serum albumin
over pH 6-9. The N to B transition is seemingly dependent
on pH but may also occur to some extent with ionic
strength of the buffer and buffer ion composition, Calcium
ion and chloride ion affect this transition (5-10) as well as
the binding of drug to the protein.

BACKGROUND

While the macromolecule conformation changes with varying pH,
ionization of the drug may also occur over such a pH range. A method was
presented recently (2) to distinguish which species of a partially ionized
acidic or basic drug bind to the protein and to enable determination of
the binding site constant (3) for the interaction. In addition, this method
aids in the detection of significant changes in the protein binding site that
may result from pH perturbation. Since the blood pH in patients may
vary between 6.8 and 7.8 (11), significant changes in drug binding to al-
bumin or other plasma proteins could take place with a change in blood
or local change in organ (e.g., liver) pH. This pH range could not be
predicted in any one individual; at best these pH differences usually
would be only a few tenths of a pH unit (:.e., respiratory acidosis or alk-
alosis).

The present study used equilibrium dialysis and UV difference spec-
troscopy to investigate the effect of albumin conformational state on the
binding of phenylbutazone and oxyphenbutazone to human serum al-
bumin at various pH values.

EXPERIMENTAL

Materials—The human serum albumin used was previously investi-
gated for purity! (12). Phenylbutazone (I) and its metabolite oxyphen-

I Armour Pharmaceutical Co., Kankakee, T11.
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Figure 1—Difference spectrophotometric titration of 1.45 X 1075 M
albumin with I at pH 8.2. Each curve represents the addition of 10 ul
of I solution (1.5 X 10=3M) to 3 ml (initially) of buffer in the reference
compartment and to 3 ml of albumin in the sample compartment. The
numbers 2, 4, and 14 indicate the number of increments added.

butazone (II) were obtained commercially?. All other chemicals were
analytical grade®4 and all solutions were prepared in deionized water.
Binding Studies—Binding studies of I and II to human serum albu-
min were carried out using UV difference spectroscopy and equilbirium
dialysis techniques. In all binding studies, the albumin (1.45 X 1075 M)
was dissolved in phosphate buffer adjusted to various pH values, i.e., 6.8,
7.0,7.4,7.8, and 8.2, and pH 9.3 borate buffer. All buffer solutions were
made isotonic using sodium chloride or magnesium chloride.
Difference Spectrophotometry—The tandem technique (13) was
employed in the split-beam mode®. Identical 10-ul incrementsS of either
Tor II(1.50 X 1073 M) were added to the buffer cell in the reference beam
and to the albumin cell in the sample beam to give final concentrations
of I or IT of 4.97 X 1076-6.4 X 10~5 M, representing drug to protein ratios
of 0.34-4.4. To maintain a constant albumin concentration in each beam
after drug addition, a volume of albumin equal to that of the drug added,
but twice the concentration of the albumin already in the cell, was added
to the protein cell. Drug concentration was kept constant by the addition
of an identical volume of buffer to the buffer cell in the reference com-
partment. Resulting difference spectra were subsequently recorded.

~ /

0.2 Units

7 1 { | 1 J
250 270 290 310 330 350

WAVELENGTH, nm

Figure 2—Difference spectrophotometric titration of 1.45 X 1075M
albumin with IT at pH 7. Each ¢urve represents the addition of 10 ul of
IT solution (1.5 X 1073) to 3 ml (initially) of buffer in the reference
compartment and to 3 ml of albumin in the sample compartment. The
numbers 2, 4, and 10 indicate the number of increments added.

2 Ciba-Geigy, Summit, N.J.

3 J_T. Baker Chemical Co., Phillipsburg, N.J.

4 Fisher Scientific Co., Fair Lawn, N.J.

5 Model 118, Cary spectrophotometer, Varian Instruments, Palo Alto, Calif.
¢ Hamilton Co., Reno, Nev
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Figure 3—Effect of pf1 on the absorbance differences (AA) of I-albu-
min complex.

Equilibrium Dialysis—Equilibrium dialysis experiments were per-
formed with an equilibrium dialyzer? using cell compartments of 10 ml
total volume. Hydrated cellulose membranes® were prepared and used
as suggested by the manufacturer. The concentrations of I or II used
ranged from 7.6 X 107 to 1.5 X 10~3 M. Equilibrium was achieved within
4 hr for the lowest concentration and took as long as 15 hr for the highest
concentration. Determination of the free drug was carried out spectro-
photometrically; both I and II had a maximum at 264 nm in phosphate
buffer. Standard calibration curves were constructed for each drug at each
pH. Control experiments were conducted using buffer solution instead
of protein.

Effect of Chloride and Magnesium Ions—The binding of [ and 11
to albumin was also studied in phosphate buffer containing no sodium
chloride and in phosphate buffer containing 1 X 1073 M magnesium
chloride. The equilibrium dialysis technique was used and phosphate
buffers of pH 7.4 and 7.8 were selected for I and 11, respectively.

RESULTS AND DISCUSSION

Both [ and II were shown to bind to human serum albumin at different
pH by the technique of difference spectroscopy and equilibrium dialysis.
Examples of difference absorption spectra obtained for the association
of I and II with albumin are shown in Figs. 1 and 2. In the case of I, the
spectra were characterized by positive peaks at 282 4 2 nm and negative
troughs at 244 £+ 2 nm. In the case of II, the spectra were characterized
by a positive peak at 280 + 2 nm and negative peak at 244 + 2 nm. Fam-
ilies of curves were generated by incremental addition of I or II to albu-
min. At each pH examined, the absorbance difference spectra (AA) of
I was larger than II. This indicates that I has a higher affinity for albumin
than II (since their molar absorptivities are equivalent).

Absorbance difference curves at different pH were generated by
plotting the change in absorbance measured as the difference in intensity
of the peak (280 or 282 nm) and trough (244 nm) for I and II, respectively,

7 Dianorm, Diachema AG, Ruschlikon, Switzerland.
8 Diachema AG, Ref. 10.14, m.w. cut-off 5000, and diameter 63.



Table I—Primary Association Constant of Phenylbutazone (I) and Oxyphenbutazone (II) and Number of Sites Calculated at Different

pH from Scatchard Plots
K3, liters/mole N; Ny (N; — Ny K
pH 1 11 1 I il I i
7.0 2.20 £+ 0.15 X 10° 1.42 6.2 4.76 + 0.84 X 10°
74 5.06 + 0.86 X 105 3.53 £ 0.74 X 105 1.25 1.30 8.1 8.0 5.63 + 0.61 X 103 4.20 + 0.19 X 103
7.8 2,96 + 0.57 X 10° 1.97 £ 0.64 X 10° 1.30 1.26 3.5 2.7 7.08 £ 1.03 X 103 9.70 + 0.84 X 103
8.2 1.92 + 0.74 X 105 1.62 £ 0.31 X 10° 1.55 1.45 3.5 4.0 5.60 £ 5.1 X 103 7.67 £ 0.59 X 108

versus pH (Figs. 3 and 4). These figures indicate that a change in pH
influences the difference spectra produced as a result of the drug-protein
interaction. In the case of I (Fig. 3) the curves indicate a maxima in the
difference spectra at pH 7.4. The absorbance difference is slightly higher
in the slightly acidic region over that observed in alkali.

This difference may indicate that I is bound more to albumin in the
neutral region. In the case of II (Fig. 4), the effect of changing pH on the
difference spectra was more pronounced. At all drug-albumin ratios used,
the absorbance difference was larger in the neutral or slightly acidic region
than in the alkaline region. An abrupt decrease occurred around pH 7-7.4.
This decrease was more pronounced at higher drug-albumin ratios. The
inflection points of these curves was at pH 7.8 indicative of the greatest
change. This higher value of AA obtained in the neutral region indicates
that II has a higher affinity to the N form of the albumin.

Data obtained from the equilibrium dialysis studies were plotted ac-
cording to Scatchard (14) (Figs. 5 and 6). Each plot is curved and,
therefore, the data were analyzed in terms of two classes of binding sites
using the computer program of Perrin et al. (15). Results of the Scatchard
plot analysis are given in Table . There is a single high affinity binding
site for both I and II and several sites of lower interaction potential (Table
I). It should be pointed out that the range of I and II concentrations used
in the binding studies varied considerably, from 7 X 10~6to 1 X 1073 M;
previous literature reports use a narrower concentration range.

Considering the effect of pH on the association constants of I and I,
Table I shows that K for both drugs decreases with increasing pH. In
addition, at pH 7.4 the largest number of sites seems to be present. At
each pH used, the association constant of I was larger than that of II.

Other workers calculated similar albumin association constants for
both I and II. Solmon et al. (16) reported that albumin has only one
binding site for [ with an affinity constant of 1.17 X 105 M~1, However,
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Figure 4—Effect of pH on the absorbance differences (AA) of I1-al-
bumin complex.

the concentration of I used by these workers wus always less than that
of albumin. Chignell (17) showed that albumin had three binding sites
for I, one binding site of high affinity (K = 1 X 10° M~1), and two others
with lower affinity (K = 4 X 104 M~1). For II he reported two association
constants k; = 2.28 X 105 M~ 1and ko = 3.7 X 10* M—1. Two association
constants were also reported (18) for [, ky = 2.37T X 1075 M1 k3 = 4,56
X 10 M1, and for I, ks = 2.32 X 10° M—1and k3 = 1.16 X 104 M~1, The
report indicated that K for II was very large and the affinity constants
(K and K3) calculated assumed n; = 1; the first molar equivalent of Il
was so strongly bound as to be virtually removed from seolution.

The pKa of I and II are 4.5 and 4.7, respectively (19). To determine
whether the ionized and/or unionized species of these two drugs is bound
to albumin, the method recently reported (2) for the determination of
the site binding constant of each species of a partially ionized drug was
applied to the equilibrium dialysis data. The method appeared applicable
over the pH range examined for each compound and indicated that both
species of I and IT were responsible for the binding. The site binding
constants for the ionized species were 1.40 X 107 and 1.16 X 10% for I and
II, respectively. The site binding constants for the unionized species of
I and II were much greater, approaching 2.93 X 108 and 1.18 X 108, re-
spectively. However, the overall affinity or binding constant would be
expected to be only somewhat greater than ionized drug since only a very
small proportion of each drug is present in the unionized form, conse-
quently adding little to the overall constant. Alternatively, it may be
possible that a conformational change in the protein occurs and is re-
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Figure 5—Scatchard plot of dialysis data for the interaction of'I with
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Cs, free drug concentration.
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Figure 6—Scatchard plot of dialysis data for the interaction of I with
albumin at pH 7.8. Key: r, moles of drug bound per mole of albumin; and
Cy, free drug concentration.

sponsible for marked differences in affinity between various drug
forms.

The effect of chloride and magnesium ions on the binding of I and IT
to albumin was opposite in nature. Chloride ions reduced the amount of
drug bound. This was most evident in the neutral pH region for both
drugs. The mechanism is possibly one of displacement of drug from al-
bumin as postulated earlier (6, 10). Magnesium ion increased the binding
of both drugs in the same pH region. The increase was as much as 10%
in the presence of magnesium at pH 7.4. Cations, especially divalent
cations, have been found to affect the N to B transition of the protein (6,
7) and this is possibly the reason for the increased binding. The effects
of both chloride and magnesium ions were greater on the high affinity
sites than on the sites in the second class of binding.

The UV difference spectroscopy and equilibrium dialysis data indi-
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cated that albumin has a higher affinity for I than Il at each pH examined.
Oxyphenbutazone is less hydrophobic (more polar) than phenylbutazone,
and the importance of hydrophobic interactions in the binding of drugs
to protein was noted previously (17, 20, 21).

With either method of examining binding it is evident that pH affects
the affinity of the interaction. It is also apparent that the binding affinity
of each drug is higher in the neutral region (N form of protein) than in
the alkaline region (B form). This fact, coupled with the results of ab-
sorbance difference versus pH which show a marked transition (inflec-
tion) in the neutral pH region, indicate that the N to B transition of al-
bumin may be responsible for the changes in the affinity of the complex
with pH.
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