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ABSTRACT

The interaction between an antihistamine drug dipdramine (DPH; 2-(diphenylmethoxiN-
dimethylethylamine) and human serum albumin (HSAgsvinvestigated by means of equilibrium dialysisl &VR
relaxation analysis. The binding constant of DPHH®A determined from equilibrium dialysis was indagdent of ionic
strength and decreased with the addition of fatigt,asuggesting that hydrophobic interaction preihates for the binding
of DPH to HSA. It was difficult to determine thenbling position from the chemical shifts iH-NMR spectra of DPH,
because they were almost independent of the calatiemt of DPH and HSA added. On the other hand,réf@xation
analyses gave information on the interaction. Tpia-kttice relaxation timeTy) and spin-spin relaxation tim&,] of
respective protons of DPH were independent of thecentration of itself, but depended on the comet¢ioh of HSA
added. The ratio of spin-spin relaxation rate3j1é6f DPH bound to HSA and free DPH indicated tinat binding position
of DPH to HSA involved hydrophobic aromatic moiefyDPH.
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INTRODUCTION

In the previous study concerning interaction betwdeugs and biomedical materials, equilibrium digdywas
commonly used to study the binding const&)t the numbernr) of binding sites, and nature of binding (hydropicoor
hydrophilic). On the other hand, NMR especially thgo of the spin-spin relaxation rate Td)/ of the free drug to that of
the bound drug was the most useful parameter ®rmete the binding position of the drug with seralimumin (Tanaka,
2012), which is based on the modification of spithemethod (Hahn, 1950) and the Carr-Purcell-Meaibdsill (CPMG)
method (Meiboom and Gill, 1958). In the presentguaphe binding position of antihistamine drug diphydramine
(DPH; 2-(diphenylmethoxyN,N-dimethylethylamine) to human serum albumin (HSAgswstudied by examining NMR

relaxation time to clarify the essence of bindinignoscopically.

EXPERIMENTAL

Equilibrium Dialysis

DPH was of special reagent grade from Sigma, aed wsthout further purification. HSA (mol. wt., 680
was from Sigma. Other reagents were commercialbilave and used without further purification. Theocedure of
equilibrium dialysis was as follows. Dialysis memabe (0.09 mm in thickness) supplied by Visking Campwas boiled

four times for 5 min each, and interposed betweengarts of a dialysis cell made of poly(methyl heetrylate). The HSA
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solution or phosphate buffer solution (0.1M, pHfat, the control experiment) was injected into oe f the cell, and
the drug solution into the other side, the volurheaxh side being 0.8 ml. After the cell had bdgaken in a thermostat at
a given temperature regulated within 0.2°C for 24he absorbance of the drug without HSA was meakson a UV
spectrometer (Shimadzu UV-190 spectrometer). Paeamef DPH at pH 7 are as follows;,« in nm (7): 223 (9160).

NMR Measurements and Analyses

The NMR spectra were measured in deuterium oxig®{([phosphate buffer, 0.1M, pH 7) on a Varian In66&-
spectrometer (radio frequency, 600MHz/2 pulse, 10.90Jsec) at 40°C. Isotope effects on binding constaatew

uncorrected. The spin-lattice relaxation tiriig) (vas obtained by inversion recovery method (Eq.1):
IN(Mg - M) = - /T + In(2Mg) Q)

Wheret is the interval between and(1/2 pulses, an#il, andM; represent equilibrium magnetizationtat 0 and
macroscopic magnetization gt respectively. The spin-spin relaxation timk)(was determined according to CPMG
method (Eq.2):

In(My) = In(Mo) - /T, (2)

Wheret is the time when a free induction decay (FID) obse after application ofi/2 pulse, andM is intensity
of a spin echo at The pulse delay time (20 s), when the next pulas applied after observation of the FID, was lange
than the relaxation tim€&, by a factor of five or above, as required to awatlration. A homo-gated irradiation technique
was used to depress the HDO peak i®D

RESULTS AND DISCUSSIONS
Binding Constants of DPH to HAS

The binding of the drug (DPH) to protein (HSA) wasamined by equilibrium dialysis in the temperattarge
of 20°C to 40°C. Free drug concentrati@)(and the number of the drug bound to a moleculd®A (r) were estimated
from the concentration of the dialyzed drug. A pdétr versusr/Ds produced a linear relationship, as shown in Fiduyre
and satisfied Eq.3 proposed by Scatchard (1949)

r/Ds =Kn - Kr 3)

wheren is the number of binding sites per molecule of H&AJK represents the binding constant of the drug to

HSA. The values of andK were calculated from intercept and slope of the.li
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Figure 1: ScatchardPlots for the Binding of DPHto HSA (7.25x1(°M) in
0.1M phosphate buffer (pH 7) at 2°C(0), 30°C(A), 40°C(n)

Table 1 summarizes thermodynamic parameters c#culiiom the linear relationship betweenK and the
reciprocal of absolute temperatuiiéhe free energy changel/G°) and standard enthalpy chang(1H®) were negative,
and standard entropy changes{) were also negativ The binding of DPH to HSA would kgoverned by advantageous
enthalpy. The binding constant wasepéndent of ionic strength (FigL2), and decreased with the addition of s-chain

fatty acid as shown in Table Zhese results suggest that the binding of DPH tA ki&s due to a hydrophok
mechanism.

Table 1: ThermodynamicData for the Binding of DPH with HSA

Temp. K 0Ge [H® 0se
(°C) | (x10°M™) | (kd/mol) | (kd/mol) | (I mol'K™)
20 5.99 -21.19 -34.85 -46.61
30 3.73 -20.72 -46.62
40 2.40 -20.26 -46.61

[HSAJE25x1(°M; phosphate buffer, 0.1M, pH=7.
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Figure 2: ScatchardPlots for the Binding of DPHto HSA (7.25x1(°M) in
Phosphate Buffer(0.025M;0, 0.05M; A, 0.1M;0, 0.2M;<; pH 7) at 30°C
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Table 2: Effect of Fatty Acid on the Binding Constat K of DPH to HSA

Fatty Acid C, | Ki*(x10°%) | K(x10°MD)
3.73
Butylic acid G 1.50 2.96
Valeric acid G 1.56 2.53
Caproic acid G 1.46 2.42
Enanthic acid (% 1.46 2.16
Caprylic acid G 1.44 2.09

[Fatty acid]=1mM, [HSA]=7.25x18M, [Phos.buf.]=0.1M, pH 7, 30C.

*Acid dissociation constant (Encyclopaedia Chimidal, 4, 30th Ed., Kyoritsu, Tokyo, 1987.)
Chemical Shift of DPH

The interaction between DPH and HSA may affectels&ronic environment around each proton. If itwse the
DPH concentration and/or addition of HAS may indsoene changes in the chemical shifts of DPH prstgnals. Table
3 shows the comparison of chemical shifts of DPbtqr signals measured under different DPH conceotr@or in the
presence of HSA. It was found that both 10-timéstidin of DPH and addition of HSA (7.25x2M) slightly affected the
chemical shifts, but the absolute values of theagha were very small; The largest shift was omfd20.ppm at 4-CH. This

result indicateds that the changes in the chensiaidls hardly give us the information on the birgliposition. Therefore
another method is necessary to analyze the intensict detail.

Figure 3

Table 3: Chemical Shifts O, ppm) of DPH’

1-CH; | 2-CH, | 3-CH, | 4-CH | 5-CH | 6-CH | 7-CH

(s) ® (t) (s) (t) (t) (d)
1mM DPH 2.923 3.450| 3.872 5.662 7.418 7.484 7.519
10mM DPH 2.923 3.437| 3867 5.681 7.413 7.478 7.512
10mM DPH/7.25x10M HSA | 2.923 3.436| 3.86Q0 5.641 7.401 7.469 7.503
* External reference, tetramethsitee; pH=7, 40°C; (s), singlet; (d), doublet; (tjplet.

(e
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Spin-Lattice Relaxation Time of DPH

Spin-lattice relaxation timeT{) of DPH was independent of the concentrations 10mM)(Table 4). The addition

of HSA (7.25x10M) to DPH (10mM) caused a significant decreasehirelaxation time. Th&, values of aromatic and
aliphatic protons decreased to 32.8-43.9% and B8.4% of their original values, respectively. Siifigant decrease in

theT; values of aromatic protons proved that DPH boand $A through the hydrophobic phenyl moiety.

Table 4: Spin-Lattice Relaxation Time {'y,s) of DPH

1-CH; | 2-CH, | 3-CH, | 4-CH | 5-CH | 6-CH | 7-CH
1mM DPH 1.669| 1.261] 1.266 2.394 5387 4.130 3.930
10mM DPH 1590 1.190] 1.214 2.267 5009 3.73 3.120
10mM DPH/7.25x10M HSA | 1.161 | 0.933| 0.934 1.285 1672 1.677 1.634
*pH=7, 40°C

Spin-Spin Relaxation Rate

Spin-spin relaxation timeTg) of DPH was measured by CPMG method (Figure 3)n-Spin relaxation rates

(1/T,) of DPH were almost independent of the conceminat{1- 10 mM) (Table 5). The addition of HSA (7.25%°) to

DPH (10 mM) caused a significant increase in tHaxeion rate. Owing to the lack of HSA on chemishift, slow
exchange between free and bound states was reporteguse the superposed narrow and broad peatte iNMR
spectrum. In this work, however, rapid exchangevbeh both sites was understood, since one pealkbssved as the
weighted average of two states. In a slow exchaygeem, T, measurement by CPMG method was found to be difficu
because of modulation action by repeated irradiatibthe pulse. In this work, a series of echoeasused by CPMG
method decayed according to Eq.2 without modulatitrerefore, the exchange between free and bowatdssin our
system was suggested to be rapid, similar to tke o@ported by Jardetzky (1964). The spin-spirkatian rate of drug

bound to albumin, (T4),, was calculated according to the equation propbgetardetzky:
1T, = (1 - B)(1/To)s + B(1/T)p (4)

Here (1T,); is the spin-spin relaxation rate of the free daug)B is the proportion of the drug bound to albumin.
The B value can be calculated from the binding constidihtand the number of binding sitas) @btained by equilibrium
dialysis. Fehske et al. (1979) reported that thedibg sites of two hydrophobic drugs, warfarin atidzepam, were
tryptophan and tyrosine residues on HSA, respdgtisad that a maximum 10.7 units of 18 units abgine in HSA were
modified. Therefore, the largest number of hydrdpbdinding sites on HSA was assumed to be 12, wbansisted of 1
unit tryptophan and 11 units tyrosine. The valukglLfr,), were calculated according to Eq.4. However, tiseudision of
the binding position on the bases ofTg)y values was not reasonable, since the relaxaties of the respective protons of
DPH, (1T,):,, were different from each other. The ratioTold/(1/T,)r, has a significant meaning for determination of the
binding position, since the sequence of the ratis immdependent of the arbitramywalues (1 or 12), although the absolute
values of the ratio depended on thesealues. As can be seen from Table 4, the 6-CHoprdiad the largest value of
(1/T,)/(1/T,)s,, followed by the 5-CH proton. It was therefore clowled that the binding position of DPH to HSA veds
the hydrophobic aromatic moiety. In Figure 4, tlwtour plot of the (I,),/(1/T,), values was illustrated for visual

representation of the binding position.
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Figure 4: Spin-Spin Relaxation Traces Obtained byhte CPMG Method for the Protons of DPH

Table 5: Spin-Spin Relaxation Rates (T, s*) of DPH’

1-CH; 041 0.37 4.59 6.07 1.65 7.46 2.03
2-CH, 0.85 0.84 10.29 13.59 1.62 16.70 1.99
3-CH, 1.05 0.89 9.62 12.56 141 15.45 1.74
4-CH 0.21 0.23 10.82 15.22 6.64 18.63 8.14
5-CH 0.14 0.09 4.37 6.15 6.71 7.53 8.22
6-CH 0.26 0.16 8.18 11.53 7.30 14.11 8.93
7-CH 0.34 0.21 9.02 12.66 6.00 15.50 7.35

* (1/Ty)n, free (ImM) observed; (Ij),, free (10mM) observed; TJ, overall observed (10mM DPH/7.25x1\
HSA); (1/T,), DPH bound to HSA calculated; number of binding sites on HSA.

Figure 5: Contour Plot of the Ratio of the Spin-Sp Relaxation Rate of Bound DPH to Free DPH
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