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ABSTRACT

The study of the drug-protein binding using hollow fibre supported liquid
membrane (HFSLM) and Van’t Hoff plots is reported. Binding of diphenhy-
dramine hydrochloride (DPH) and (+) — chlorpheniramine maleate salt (CPA)
to human o, -glycoprotein (AGP) was investigated at optimal conditions of
the HFSLM. The binding was found to be effective within the first 400
minutes for DPH and about 2000 minutes for CPA after incubation at the
concentration ranges studied. The effect of pH in the binding of the drugs
to AGP was studied and showed that the optimal pH was 8 and 9 for DPH
and CPA respectively. The kinetic patterns of the interactions at various
temperatures as well as at physiological conditions of temperature and pH
were carried out and by using Van’t Hoffs’ plot it was found that the
association constant for DPH was0.96 x 10° mol L and that of CPA was 1.02
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INTRODUCTION

Thegudy of theextent of interaction between drugs’
activeingredientsand plasmaproteinsiscrucia asit
revea stheeffect of theinteraction onthe physiologicd,
pharmacokinetic and the pharmacodynamic properties
of adrug™. Whenthedrugisingested afraction of the
activeingredient will be bound to plasmaprotein dis-
playing stereo selective propertiesduetothechira ste-
reochemistry of plasmaproteing?, whiletheremaining
fraction will befree (unbound). Itisthisfreefraction
which hasgot the possibility to penetratethe cell mem-
braneor wallsof blood vessalsto exert specific physi-

ologicd conditionsto thevictim depending onthechem-
istry of the drug and the bound tissue®.

Themagjor drug binding proteinsin plasmaare hu-
manserumabumin (HSA), o, -acid glycoprotein (AGP)
and lipoproteins. HSA and AGP havestructuraly se-
lectivebinding sitesfor drugs, inthesameway that the
activestesof enzymesarestructuraly sdectivefor sub-
strates?. TheAGPd so known asorosomucoid (ORM)
isoneof theplasmaglobulin glycoproteinfound in hu-
man plasmaat concentrationsranging between 0.6-1.2
mg/mL whichin comparison to other plasmaproteins
makes 1-3 % plasma protein®. Sincethisproteinis
present inthebody plasmaand thefact that it hasthe
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ability tobind organic moleculesindudingthoseusedin
drugformulationsitisimportant toinvestigateitsinter-
actionwith thesedrug molecules. AGPinteractsmainly
with basic drugswith onebinding site selectivefor ba-
scdrugsandlikeal glycoproteinsit containschainsof
glycanscovdently linked to themain polypeptide side-
chains as well as the carbohydrate molecule that is
glycosilatedtotheprotein.®

Thedrug-protein binding process may berepre-
sented by thefoll owing reaction equations:

freedrug+freeprotein <> drug—proteincomple (1)
Thefree concentration of the drug and the unbound
proteins are normally expressed as the sum of the

fraction of the total drug and the total protein
respectively.

[Drug protein,DP] + _
[Free concentration of thedrug,Dy] ~ [TotalDrug.DJ  (2)

Theextent towhich adrug isbound in plasmaor
blood isusualy expressed asthefraction unbound (fu).

_ [Unbound drug] 3
" [Total drug,D,] ©

Fraction unbound (fu)

Thetighter the binding, thelower isthefraction
unbound. Thereisadifference between thefraction
of the drug that isunbound and unbound concentra-
tion of the drug. The fraction unbound of adrugis
determined by anumber of factors such astheaffinity
of thedrug for the protein, the concentration of the
binding protein and the concentration of drug relative
to that of the binding protein. Thefree drug concen-
trationiscontrolled by thefree drug clearance which
isindependent of the plasmabinding. Generally only
the free (unbound) drug is metabolized and can ac-
cessto thereceptor and thefreedrug concentrationis
controlled by thefree drug clearancewhichisinde-
pendent of the plasmabindinganditisexpressedin %
orbyf (freefraction).

Thefreefraction: f ; may be mathematically pre-
sented by thefollowing equations;

Freefraction concentration (Cy, )
Total concentration (C,y; )

Freefraction (f,)=

O

Cfree

f, ©)
A number of andytica methods havebeen devised and

Tota concentration, Cra =

—— Fyll Peper

used for the measurements of drug-protein binding.
Among thesemethodsaredialysswhichwasusedin
the studies of drug-cyclodextrin stability constants”#,
ultrafiltration which wasemployed inthestudies of se-
rum-prote n binding of oxycodoneand morphineaswell
asin the determination of human plasma binding of
baicain®9, spectrophotometric, whichwasusedinthe
invitro binding studiesof fusidicacid™, sulfoureasand
phenothiazinesto bovineserum abumin®? aswell asin
thebinding studies of amitriptylineandimipramineto
bovine serum abumin™®. However thesemethodsare
time consuming and the protocol sdemands many steps
and labour intensiveand they are also known tolack
reproducibility™. The main problemwith fluorescent
isthelack of fluorescence changeupon binding and/or
achangeof fluorescence dueto amechanism other than
binding (e.g. photoxidation). Themain limitation with
spectrophotometric probesisthat the methodsarein-
direct and they can only be applied to drugsthat can
replace the probe drug. HPL C isanother method that
has been used successfully however; specid columns
need to be used*4.

In thisparticular study the drug-protein binding
between AGPand two drugs (DPH and CPA), using
hollow fibre supported liquid membrane extraction
with high performance liquid chromatography is
reported.

Theuseof HFSLM in the study of drug-protein
bindingisattractiveinthat it hashigh selectivity and
specificity which makes the method more reli-
able?>1, Thetechnique, involvesthe establishment
of equilibrium between the agueous plasmasample
containing thedrug in which thefibreisimmersed,
the organic phaseimpregnated in the hollow-fiber
membrane pores and an aqueous receiving buffer
filledinthehollow fibrelumen. With thissystemitis
possibleto measurethefreefraction of thedrug (un-
bound) present in thereceiving agueousbuffer using
suitable analytical instruments such as chromato-
graphic systemsand will thus givethe measure of the
drug-protein binding!*18. In the Determination of free
fraction by HFSLM, the masstransfer isdriven by
the concentration difference of the uncharged spe-
ces
AC=0a,XC -a,xC,
or:

(6a)
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AC=C,-a,xC, (6b)
Where, C_= free fraction of the analyte in sample, C, = total
(measured) conc. in acceptor, a, = uncharged fraction of total
conc. in acceptor, and a,, is not very near zero

At equilibrium, AC = 0, but becomes near zero when
the pH of acceptor phaseix very low. However, the
freefractionisgiven by thefollowing mathematical
equiation:

C.=C,xa, @)
Since a,, isaknown parameter it isthen possibleto

control such that, thefreefraction can be calculated as
follows

EXPERIMENTAL

Reagentsand chemicals

Standardsof DPH, and CPA were purchased from
Sigma-Aldrich (St. Louis, MO, USA) (TABLE1).A
100 uL Hamilton syringe was purchased from Perkin
Elmer instruments. Analytical grade NaOH and HCI
(32%) were purchased from Merck (Darmstadt, Ger-
many) for adjustingthepH of thesamplesolutions HPLC
grade methanol wasobtained from Merck (Darmstadit,
Germany). Mobilephaseswerefiltered through 0.45um
Milliporefilter papers. Hollow fibrewas Q3/2 Accurel
polypropylene hollow fiber membrane (200 um wall

1 . . . .
U = ke ®) thickness, 600 um inner diameter, 0.2 pm pore size) pur-
chased from Membrane GmbH (Wuppertd , Germany).
TABLE 1: Sructuresof thecompoundsstudied, their pKavaluesand CASnumbers
Compound Sructure pKa LogP S;’t";g'!)(t:y CAS# Ref
Diphenylhydramine O CH 0.363
hydrochloride ™ ol 9.12 (base) 37 mgmlL 147240 2426
o
S(+)-Chlorpheniramine e
3.86(pyridine ring) 160.0
H - -
mal eate salt | OH 9.18 (base) 3.74 mg/mL 2438-32-6  24-27
OH
H
o]
Mwt 42 000
Conc

OL_l_glycoprotem(AGF)) g/L —>» 04-1.0

mM —— 9-23

Preparation of standards

Stock solutions of 1000 mg/L for both DPH and
CPA were prepared by dissolving appropriate amounts
indoubledidtilled water involumetricflasks. Fromthese
stock solutions standards of lower concentrationswere
made by diluting diquot anountsfrom the stocks AGP
wasdissolvedin Sorensen’s phosphate buffer accord-
ingto Urien (1995)%9

Hollow fibresupported liquid membraneextrac-
tion of thedrugsand drug-protein binding studies

The study of DHP/AGP and CPA/AGP binding

using HFSLM proceeded in three stages. In thefirst
set of experiment, the drug standardswereused to es-
tablish thebest set of HFSLM optimal conditionsfor
extraction. Therefore optimization of parameterssuch
as best organic solvent, sample pH, extraction time,
stirring speed and acceptor buffer werestudied. The
second part involved the study the binding pattern of
DPH and CPA totheprotein (AGP), whereby thedrugs
(DPH aswdll asCPA) wereeach mixed withAGPat a
1:1 ratio and then adjusted to basic conditions (pH 12
for DPH and pH 13 for CPA) before being incubated
at a selected temperature prior to extraction using
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HFSLM. Theincubationtimewasvaried such that sam-
pling was being donefor the analysis of the unbound
faction a specifiedtimeintervas. Theunbound fraction
of thedrugs crossed the organic membranecomprising
of 5% tri-n-octyl phosphine oxide (TOPO) in isooc-
taneand wereextracted ins dethelumen of the hollow
fibre containing acceptor phase which wasadjusted to
acidic conditionsusing acetate buffer (pH ~ 3.00 for
DPH and pH ~ 0.5 for CPA) at stirring speed of 310
rpm. Each extraction proceeded for 45 minutes. Then
thelumen contents of the HFSLM wasflushed out us-
ingasyringeinto a100 puL sampleinsert whichwas
fittedinto HPLC samplevids. Volumes of about 7uL
were obtained and 5 uL of this extract wasinjected
intotheHPLCfor andyss. Thethird set of experiment
involved extraction of DPH and CPA from cough syr-
ups, CS1, containing DPH and CS2 containing CPA)
and usetheextractsto study thebinding behaviour with
AGP Theexperimenta set up used inthiswork issmi-
lar to the onereported earlier?9,

Chromatogr aphicconditions

Shimadzu LC-20AT prominence HPLC with
DGU-20A5 prominence degasser, SIL-20A promi-
nenceautosampler and SPD-M20A prominence DAD
detector was used for all separation and detection of
extracted compounds. The column used wasan X Terra
MSC,35umx 3.0mmx 150mm column from Waters
(Ireland). The mobile phase was 75% methanol and
25% water. The isocratic mode of elution was used
throughout at aflow rate of 0.3 ml/min.

RESULTSAND DISCUSSION

Effect of pH on drug-protein binding

To study theeffect of pH on thedrug protein bind-
ing, thedrugs (2 ng/L of each of DPH and CPA) were
mixed withAGP(1:1, v/v) and these solutionswere
adjusted to a range of pH from pH 6 to pH 11 and
incubated at room temperature. DPH was incubated
for ~ 240 minuteswhile CPA wasincubated for ~ 2000
minutes. Thefreeaswell asthe bound fraction were
then determined. Theresultsfor thisexperiment are
shownin Fgure1whereby the pH seemsto control the
binding process. Thefraction boundwasincreasngwith
pH from pH 6 to 8 for DPH and to 9 for CPA.

—= Fyll Paper
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Figurel: Effect of pH on drug-protein binding.

ThepH wasa so found to have control ontheas-
sociation constant, asit increased with pH to optimal
levelsof 8and 9 for DPH and CPA respectively, when
thetemperature was kept constant at 37 °C. At these
pH vauesnearly haf of the drug moleculesare neutra
sincetheir pKavaluesarewithinthe pH range. Below
and beyond thispH rangemorethan haf moleculesare
ionized and thiscausesthelow vauesof theassocia
tion constants. Generally, the association constants of
theneutra formsof ligandsarehigher thanthose of the
ionized formsof ligandd?. Thismay beduetothetype
of interaction that exist between thesedrugs and the
protein, which could be hydrophobic and/or van der
Waal§2! Another plausible explanation could thefact
that, thecomplexation of neutra ligandswithAGPmay
befavoured because neutra moleculesarelesshydrated
thanionized ones? and thisleavesmoresitesavailable
for drug binding.

Effect of concentration on drugprotein binding

Theeffect of concentration onthedrug-protein bind-
ingwasstudied by gradually increasing the concentra-
tion of thedrugs, at levels, 2, 4, 6, 8and 10ug/L. The
results are shown in Figures 2aand b. At increased
drug concentration, the bound fraction diminishes pre-
sumably dueto the depl etion of thebinding sites.
Drug-proteininteraction

The processof binding of drug to plasma(andtis-
sue) proteinsisvery important asit governsthe pro-
cess of drug disposition and distribution in the body
system. Binding of drugsto proteinshasaso avery
important effect on drug dynamicsasonly thefree (un-
bound) druginteractswith specific proteins.
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Figure2a: Effect of concentration onthe DPH-AGP binding.

From theresultsof drug-protein bindingfor DPH/
AGPand CPA/AGP(Figures3aand 3b), it showsthat
interaction actualy doesexigts.

Figures 3aand 3b show that after about 200 min-
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Figure3a: Freeand bound fractionsin DPH-AGP binding
and thekinetics studiesat physiologic conditions (pH 7.4
and 37°C).

M easur ements of association constant between
thedrugsand AGPat physiological conditions

The measurements of association constants and
other thermodynamic parameterswere conducted at
physiological pH of 7.4 and temperaturesof 37 °C. It
isknown that the protein bound fraction and thefree
fractionscan berel ated by thelaw of massactionwhich
statesthat whentwo species (X andY) reactsat apar-
ticular temperaturethe affinity that may exist between
them, isproportional to the active masses, that isthe
concentration of X aswell asthat of Y, raisedto apar-
ticular power. A mathematical mode for thisrel ation-
shipmay begivenasfollows:

u_- I
[ s

CPA-Bound, ug/L

=
[P in

i} T T T T
0 1 2 3 4 5 §

CPA-Free ugL
Figure2b : Effect of concentration onthe CPA-AGPbinding.

utesof incubation at atotal concentrationis2mg/L and
the unbound concentration of DHPwasreduced to half
whilethe same proportion was achieved after ~ 1300
minutesin thecase of CPA.
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Figure3b : Freeand bound fractionsin CPA-AGP binding
and thekinetics studiesat physiologic conditions (pH 7.4
and 37°C).
Affinity =K[X][Y]
Where, k is the association constant
Thereforeat equilibrium thisreaction may berepre-
sented mathemati cally by thefoll owing equation:

KXl [Y ] == KIX],[Y.], (10)
But, at equilibrium, theforward reaction = backward
reaction, therefore,

Forward reaction === backward reaction, that is,

©)

KIXIY] = KIX.I[Y,] (11)
Therefore, theequilibrium constant
(K) =k, /k- === [X,I[Y XY (12)

However, the association constant isrelated to free
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Gibbsenergy (AG®) by the following equation

k = gacmr (139)
or,
AG =-RTInk; AG/RT =-Ink (130)

Where, R = Universal gasconstant (1.987 cal/mol -K) and T =
temperaturein deg K.

Effect of temperatureon binding behavior of the
DPH and CPAtoAGP

The binding tendency of DPH and CPA to AGP
wasinvestigated at varioustemperatures (10, 25, 37
and 42) °C at physiological pH of 7.4. The results
showed that, the association constant was decreasing
withincreaseintemperature (Figures4aand 4b). When

BOOOO000

*

3 10 15 20 23 30 33 49 43

Temperatura (deg-C}

Figureda: Effect of temperatureon thebinding of CPA to
AGP.

—— Fuyl] Paper

Ink wasplotted against inversetemperature (1/T) (see
Figure4c), alinear relationship wasobtained. Thisim-
pliesthat thereisahigher affinity of drugsto protein at
lower temperaturesrather than at higher temperatures.
Generdly theaffinity asobserved fromthelnk values
(TABLE 2) arevery low whichindicatesthat the asso-
ciaionwasvery wesk and asexplained previoudy short
lived. This may not be termed as binding per se but
rather association between drugsand theprotein. The
vauesfor k obtainedinthisstudy are0.96 x 10 mol L-
Tand 1.02 x 10° mol L for DPH and CPA respec-
tively. NB: Thevauesfor AG® used for the calculations
of In k were obtained from Zeiss and Bauer-Brand,
(2006)23,

Peak areas

10 13 0 25 30 33 40 43

Temperature (drz-C)

Figure4b : Effect of temper atur eon thebinding of DPH to
AGP.

k

0.0168

0.0166

0.0164

0.0162

0016

0.0158

Figure4c: Van’t Hoff plot for the interaction of CPA with AGP at pH 7.4.

TABLE 2: Van’t Hoff parameters for CPA.

ng”)p UT K A([;Rk; 213‘]’"1 RT(callmol)  AG/RT = Ink
283 0003533568  -0.96 562321 0.017712303
208 0003355704  -0.96 592126 0.016820744
310 0003225806  -9.96 615970 0016169618
315 0003174603  -9.96 625905  0.015912958

CONCLUSIONS

A combined HFSLM and HPLC-UV/DAD has
shown successin the study of drug-protein binding.
Important factorsinfluencing drug-protein binding have
been studied. It was observed that at high concentra-
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tionsthebindingisaffected dueto saturation of thebind-
ingsitesintheprotein (AGP). pH asoisimportantin
influencing binding aswell astheassociation congtants.
The two drugs studied DPH and CPA has different
optima bindingoptima pH vaues. Theassoci ation con-
stantsreveal ed that the binding istoo weak to such an
extent that it may not be called binding but merely an
association and which cannot last long and henceacon-
clusion that these drugs may bedistributed and éimi-
nated faster than many others. This study has also
shown that DPH isbeing distributed and eliminated
faster than CPA.

To the best of my knowledge to binding studies
involving CPA and DPH has so far been reported and
thereforethere aredatafor comparison.
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