Rapid determination of rate constants and binding
constants for solution-phase drug-protein interactions by

ultrafast affinity chromatography
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INITROUUCITIUN . THEORY . RESULIS

Studies of the interactions between drugs and serum proteins are important in estimating the i 1ati
absorption, distribution, metabolism and excretion (ADME) of pharmaceutical agents within the " Measurement of .DIS.SOCIatIOn nate Constants (kd) . e U f F F ti Analvsis f Di iati Rate C tant
’ ’ The model that was used in this study was based on a set of two reactions that occur as the S€ Of Free rraction AnalysiS Tor Vissociation ~ate Lonstan

body. High-performance affinity chromatography (HPAC) Is a technique that has been increasingly mixture of solute/analyte and protein (A and P) is applied to a microcolumn that contains an Measurements

used to characterize these drug-protein interactions. In an HPAC experiment, one of the . 1 L L . . N
. 2T 1 . . Immobilized affinity ligand (L), which is also the same as P in the case of this study. The first of these
components of such an interaction is immobilized as a binding agent and acts as the stationary . . . . g .
reactions describes the equilibrium that is reached after mixing the analyte and protein in the

Table 1. Dissociation rate constant measured for various drugs with soluble HSA

order reaction for drug-protein interactions.

phase. The other component is then injected onto the column or applied in the mobile sample before injection. The second reaction describes binding of the free fraction for the analyte to
phase. Recently, a new chromatographic-based approach has been developed to examine the P i ) ' naing y Drug HSA Measured k, (s™) Literature k4 (s™)
o . . . . the immobilized ligand as the sample elutes through the microcolumn.
degree of drug-protein interactions based on ultrafast affinity extraction and HPAC. In this : Heramallie Sie Refs. [3-5]
technique, microcolumns containing immobilized antibodies or serum proteins are used for the Before sample enters the After sample enters in and elutes '
rapid extraction of free drug or solute fractions as means to measure free drug fractions or microcolumn from the microcolumn Warfarin 5mmx 2.1 mmi.d. 0.72 (+0.05) 0.41-10
estimate association equilibrium constants for drug-protein binding (see Figure 1) [1,2]. This k., | |
approach has been found to be applicable to many drugs, such as warfarin, imipramine, ibuprofen A+L(s) — A—L(s) Tolbutamide 5mmx 2.1 mm i.d. 0.58 (+0.06) 0.49 (x0.15)
and phenyto!n [1]. Some advantages of this approach include its low-cost, speed, and good Reaction 4+ P k_q A_p - Acetohexamide 5mm x 2.1 mm i.d. 0.63 (+0.03) 0.58 (+0.02)
agreement with reference methods [1,2]. P A + P=— A-P
ka Verapamil 10 mm x 2.1 mm i.d. 0.36 (+0.02) 0.38 (+0.05)
In this study, a new method was created in which ultrafast affinity extraction and free fraction iclag . I
analysis by HPAC were used to simultaneously measure the dissociation rate constants and Conc. of each [2\,{3;[3/3 Io E[X’Z igs'[f(\);’:l {70 An{ﬁ;g ng m—> Angl . [P {_g(cgi’: c])l;ein [ﬂ;ﬁ !_them Gliclazide 10 mmx 2.1 mm i.a. 0.59 (£0.04) Not reportea
association equilibrium constants for drug-protein interactions. Human serum albumin (HSA), component ! ’ complex ’ ’ complex Chlorpromazine 1mm x 2.1 mm i.d. 3.35 (£0.30) Not reported
which Is the most abundant serum protein and is involved in the transport of several drugs and .
L L . : A-P complex spend timet to pass
hormones within the body, was used as a model target for the binding studies. Various drugs were throuah
. ep s . gh the column
used to test this method and to compare the measured equilibrium and rate constants with
literature values. The dissociation process is generally a first- ' e Use of Free Fraction Analysis for Association Equi”brium

Drug-protein @ | A\ Retention and separation of free drug Constant Measurements
i in- i d[A-P] [A]=0
complex g@) % @ fractgn and protelngund fraction i —kq |[A—P] + k_4lAl(|Plo —[A—P)=— —k, |[A - P] (1) Table 2. Association equilibrium constants measured for various drugs with soluble HSA.
H ® e C;\ @_) > 9@ %fC;IC) Integrate Eq. (1) ' Drug Measured K, (M) Measured K, (M) Literature K, (M)
orug 8 o® Voo APl _ Egs (5)-(6) Egs (4)-(6) Ref. [4-10]
® HSA microcolumn - 147l Warfarin 2.4 (+0.4) x 10° 1.6 (+0.2) x 10° (1.6-5) x 105
Figure 1. General scheme for the separation of the free and protein-bound fractions of a drug in a sample through the use of [A'P]t:(l'Ft)[A]O ‘ Tolbutamide 1.1 (i 0.4) X 10° 0.9 (i 0.2) X 10° 1.1(i0.3) X 10°
microcolumns that contain immobilized HSA
(1—Fy) 1 Acetohexamide 1.8 (£0.5) x 10° 1.3(*£0.1) x 10° 1.7(x1.1) x10°
METW@B In =kyt(3) or In =kgt—In(1—-Fy) (4 |
| NN | (1-F¢) (1-F¢) | Verapamil 1.5 (£0.4) x 105 1.6 (£0.2) x 105 1.4(+0.1) x 104
t = Column residence time - -
m Free Drug Fraction An alySiS Fo = Freeffraction off anallyte oéotaineccli athor agove Ithe optim(ljjm flow rate Gliclazide 8.0 (+0.6) x 104 6.9 (£1.0) x 104 7.9(%=0.5) x 104
F. = Free fraction of analyte obtained when the column residence time is t. : 4 4 4
In the use of ultrafast affinity extraction for a free drug fraction analysis, a drug/solute in the Chlorpromazine 6.2 (=0.5) x 10 4.9 (=0.5) x 10 6.4x 10
presence or absence of a soluble binding protein is injected into an HPAC system which contains an (a) (b)
Immobilized binding agent. When the sample contains only the solute, most or all solute will be retained by 3.0 - 5.0 - _i _i
the column (as illustrated in Figure 2(a)) On the other hand, if the sample contains a mixture of the solute S ] re 9 * FIQH( -
and protein, the protein-bound fraction and excess protein in the injected mixture will not be retained and | 4.0 j LGNCEGSE@NS
' ' ' ' ' ' 2.0 - : .. .
WI|(|je|l|J'[e frolm the coluhmn f|r§t, |\:/\_/hlle th2e I1;ree_|_fkr]act|on of t?ehsolute ll(S edxtracte](cvl and rletalnfed b_y the cdolumn 32 230 A new method was used to measure dissociation rate constants for drug-protein
and elutes later, as shown in Figure 2(b). The areas of the peaks due to free solute fraction and pure 15 = : interactions based on free fraction analysis by HPAC. It was found that the dissociation rate
solute are then measured and compared to determine the free solute fraction in the sample. == )/ = 20 - . : . L
s~ 10 - = constants measured for various drugs with soluble HSA gave good agreement with literature
e A 10 - values (see Table 1). Association equilibrium constants for the same drug-protein systems could
N i . | P : also be determined by free fraction analysis, again giving results consistent with literature values
N § W 0-000’ ) o 4 oo 0.0 | ' | ' | ' | | (see Figure 2). These results demonstrate that free fraction analysis based on HPAC is a rapid
N gé = 2 | | Tim'e t(s) | | 00 #0 Ti 4.Ot (s) >0 50 approach for the study of drug-protein interactions that can provide information regarding both
o £ o -6 0 - IME, TS Kinetic parameters and the affinity of a drug-protein interaction in the same experiment.
S S 50 40 6'0 30 100 o 091 % Figure 4. Measurement of dissociation rate constant for verapamil in samples containing 10 uM verapamil plus 20 uM HSA,
é Time (s) g” § as determined by using free fraction analysis according to (a) Eq. (3) or (b) Eq. (4).
w E a "
< 2 o5 e | B = Measurement of Association Equilibrium Constants (K,) Acknowledgement
o (b) 10 uM tolbutamide plus 20 2 F=0.79 when optimum flow rate is |- 2 ey o _ | o | This work was supported by the National Institutes of Health under grant RO1 GM044931.
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