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ABSTRACT

The bindíng of sulfisoxazole (higfrfy bound), theophylline (medium bound)

and the cholinesterase-reactivating oxime, HI-6 (lorv bound), to bovine serum

albumin was determined using conventional equilíbríum díalysís (bags), equili-

brium dialysis cel1s (Dianorm type) and ultrafiltration membrane techniques.

The effect of varyíng temperaËure, drug concentration, pH and albumin concen-

tration on the extent of bínding v/as investigated. HPLC and U.V. spectropho-

tometry \¡rere compared Lo determine their relÍabilíty and applicabÍ1ity in the

assay of HI-6 in aqueous medía.

The effects of temperature and albumin concentration on percent bound

sulfisoxazo1-e, theophylline and HI-6 tvere found to be highly significant.

Sulfísoxazole and theophylline bindíng lras found to be dependent on pH of the

medium in the basic range, whereas HI-6 binding r^ias independent of pH.

Percent bound sulfisoxazole decreased r¿ith increasíng drug concentratíon.

Theophylline and HI-6 binding were índependent of drug concentration.

All three methods for determiníng proteÍn binding gave significantly

dífferent resulËs under identíca1 conditions. Generally, ultrafiltraËion

yielded higher values of percenË bound drug than either the of equilíbrium

díalysis procedures.

The HPLC and spectrophot.ometric assay procedures for pure HI-6 ín phos-

phate buffer \¡/ere shown to give comparable results under the experímental

condítions used. Although spectrophotometric analysis may not distinguish

between HI-6 and some of its breakdovm products, either technique for assay

rnay be used with reasonable accuracy in routíne day to day analysis of HI-6 if

conditíons utilized do not result ín breakdown, Hor,lever" HPLC should be used

for long-term stability studies.
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INTRODUCTION

The inEeraction of drug molecules and other ligands wirh tissue and

plasma proteins has been the subjecL of intensive study. For many years, iE

has been appreciated Ehat the distribution, pharmacology and pharmacokinetics

of drugs can be affected by this interaction.

The fírst major interacËion between most drugs and body tissues occurs in

the blood compartment, where the drugs can dis tribute uneven.l-y between red

cells, r¡hite cells, plasma proteins and plasma \,rater. The maín ínteraction in

the blood compartmenL is due to the presence of a variety of plasma proteins

which can bind the drug molecules. This binding occurs mainly through revers-

ible forces such as ionic and hydrogen bonds, and Vanderwaals forces. Figure

I is a schematic representation of drug distribution in the body tissues in

relation to its activity and eliminatíon:

SPECIFIC
RECEPTORS

l- BouND I \ l-uNBouND I

I onuc 
I s- I rnuc 

I

/\ m*^;l
I rnuc 

I

t-rr-r* 1
I onuc 

I

S ITES

l-
ELIMINATION

FIG. 1 . The distributíon of free and bound drug in the different body
compartments.

Albuuin is quantitatively the most lmportant bindíng proteln in the

plasma, comprfsing approxJ-mat.ely one half of the total plasma proÈe1ns. In a

PLASMA TISSUES

JI
RENAL

ULTRAFILTRATION

JI
METABOLIC
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normal healthy adult" albumín concentration in the plasma ís approximately

4 g/I00 tnl, although lower levels may be found ín circumstances such as

pregnancy and certaÍn dísease staËes, such as renal and 1íver dísease. At

physiological pH, albumín has a net negaËive charge, but can Ínteract with

both anioni.c (acidic) and basic molecules, as r¿ell as neutral compounds. Many

drugs, especÍa11y basic ones, also wí1l bínd to other plasma proteins such as

alphar-acid glycoprotein (Borga, et a1., I977), and lipoproteins (Piafsky,

1980). There ís evídence thaË globulíns may have a very high affinity for

certain compounds, notably the cortícosteroíds.

1.1 PHYSICAL AND CLINICAL SIGNIFICANCE OF PROTEIN BINDING

Binding of drugs to plasma proteíns is an ímportant pharmacological

parameter. Frequently, it affects drug distribution and elimínatíon (Keen,

I97I; Jusko and Gretch, 1976), and the duration and íntensity of the pharma-

cological response (Chigne11, l97I). The hígh motecular weight of the plasma

proËeins prevents passage of bound drug molecules across the semi-permeable

membranes of capíllary wal1s. 0n1y the free (unbound) drug is thought to be

able to diffuse across biological membranes to ínteract v/ith an effector site

to produce a pharmacologic response, which may be either toxíc or therapeutic.

The actions of a large number of drugs including propranolol, phenytoin,

coumarin antícoagulants and sulfonamides have been shown to be dependent on

the free drug concentratíons in plasma (Mcdevitt, et al. " L976; Anton, 1960).

Quantitarive variations in the protein binding of a drug can result in changes

in clinical effectiveness due to an increase or decrease in the concentratíon

of free drug avaílable to produce a therapeuËic response.

Restriction of the protein-bound drug in the inËravascular space also

ensures that only the free form of the drug ís available for hepatic trans-



formation and/ot renal excretion (Levy, et al., 1980). Consequently, the

biologíca1 half-life of a highly bound drug is often longer than rhat for less

bound compounds, resulting in a prolongation of the drug effects 
"

Two or more drugs may compete for the saTrre binding site on a proËein

molecule, resulting in intra- individual variations j-n the concentratíon of

unbound drug available for actívity.

From these consideratíons, the need to be able to measure drug proteín

binding' partícularly in plasma, and to understand iEs effects on drug dis-

posítíon and acËion, ís evident.

1"2 FACTORS AFFECTING PROTEIN BINDING OF DRUGS

The exËent of bínding to plasma components varj.es wíde1y betv¡een drugs,

and there rnay be considerable variation for a given drug within a group of

índíviduals. Drug-protein binding may be ínfluenced by four major factors:

1. The affinity between drug and proËein

2" The concentration of drug

3. The concentration of protein

4. The presence of other substances which can compete for the bíndíng

site(s), or through an allosteric effect, alter drug bínding.

Atty or all of these factors can vary as a funcËion of genetícs, âge,

disease, other drug administration and envíronment.

Reduced plasma bíndíng of many drugs, especially acidic and neutral

drugs, ís associated r,¡iËh hypoalbuminemia. A variety of diseases lead to a

reduction in the plasma albumín concentraËion. This may result from the

effecÈ of the disease on the synthesis of albumin in the liver, as occurs in

cirrhosis and víral hepatÍtis (Affrime and Reidenberg, L975; Blaschke, Ig76),

andfor an íncrease in caËabo1ism, as ín the nephrotic syndrome (Gugler, et
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aI., L975), surgical trauma, arrd burns. Impaíred synthesis may also occur

because of a reduction in the pool of amÍno acj-ds available, due to malnutri-

tÍon. Several authors have reported an íncreased incidence of toxic effecLs

of drugs includíng prednisone, chlordíazepoxide and diazepam, in patients with

reduced plasma albumín levels (Lewis, et a1 ., L97L; Greenblatt and I(och-trrleser,

L974). Qualítative variations in amíno-acidsraltering the conformation of

the drug binding proteins can also occur j-n these disease states.

In acuËe phases of such inflamaËory disorders as rheumaËoid arthritis,

Crohnts disease and stress: plasma concentrations of many globulins are

elevated" These ínclude alphar-acid glycoprotein, r¡hích is the major binding

proteín for many basíc drugs, and accordingly, the plasma binding and total

plasma concentration of these drugs are correspondingly elevated (Piafsky, eË

â1., L97B; Piafsky, 1980).

One drug may influence the binding of another drug to plasma proteins.

For this to occur, the second drug must be present ín a concentration high

enough to saturate the bíndíng sítes of the proËein. Therefore, binding to

albumin ís only affected by such drugs as salÍcylates, phenylbuËazorLe and

sulfonamides, whích are either given in very large doses or accumulate exten-

sively during normal adrninistration (Row1and, et al., L973). Chronic adminis-

tration of a drug may affect íts own plasma binding, resulting in either an

íncrease or a decrease in binding (Rowland, 1980). The mechanism for this

ínteracËion is noË well understood, although decrease in binding of some drugs

like phenylbutazone and dísopyramide may be partially explaÍned by the accumu-

lat.ion of metabolites which compeËe with the parent drug for conmon bínding

sires on Ëhe protein. Although in most ínstances competitive bindíng ín-

creases the free concentratíon of one drug, decrease in free concentration may

occur as a result of Ëhis interaction; for example, the binding of pempidine
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has been shoun to be enhanced in the

cycline increases the bíndíng of both

ie80).

presence of chlorthíazj-de" and tetra-

promazíne and chlorpromazLne (Roi¿land,

Various disease states result in changes in the electrolyte balance in

Ëhe blood, whích alters the binding of drugs, since the activity coefficient

of the drugs changes. Also, there is a possíbility of changes ín the three

dimensional sËructure of the proteins when the electrolyËe balance j-s dis-

turbed. Age of the patient can also have a signifícant effect on the bínding

of drugs to plasma proteins, since the blood volume and composition change

with age. ChÍgnell, et a1. (1971) have demonstrated that sulfaphenazole has a

reduced affiníty for serum albumín of neonates and infanËs, conpared with that

of adults. There is evidence that the elderly may exhibit as much as 30

percent lower plasma albumin than young adults (Serení, et al., 1968).

Binding of free fatty acids (FFAs) to albumin constitutes a major trans-

port mechanísm for fats in plasma. Higher than normal levels of FFAs have

been observed in humans subjected to such conditions as exercíse, fasting,

sympaËhetic stimulation, bactería1 infection, diabetes me11ítus and hyper-

Ëhyroídism (Feely, et a1., 1981). Although most drugs and fatty acíds appear

to be binding at different sites on the albumin molecule, the elevated levels

of FFAs can result ín the displacement of drugs from theír bínding sites, due

Ëo allosteric changes induced on Ëhe albumin molecule by the fatËy acids

(Spector, et al., L973; Inlurtman and Fernstrom, I976). Protein binding of

certain drugs has been shovm to be affected by heparin, a conmon antícoagulanË

injected into j-ntravenous cannulas to keep them patent (trIood, I979; I,rIeigandu,

1979) .

In principle, Ëhere ís a iímited number of binding sites on the protein.

As Èhe drug concenËration in the plasma íncreases, the number of available
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bindÍng sites decreases, and the fraction of free (unbound) drug increases.

In practíce the fraction of free drug in plasma for most drugs adminístered in

Ëherapeutic doses is essenËial1y constant over Ëhe entire therapeutic concen-

ËraËion range. However, for highly bound drugs such as sulfonamides and

salicylates, r¿hich are also given in very large doses, saLuration of bíndíng

sites may occur at therapeutíc concentrations. In these cases, slight changes

ín the extent of binding can result ín a sígnificant change in the fraction of

free drug in the body, and consequently, in the clÍnical effects of the drug.

1.3 METHODS OF STUDYING PROTEIN BINDING

A variety of techníques has been used to characteríze the plasma bínding

of drugs in vitro. The most commonly employed methods include equílibrium

día1ysis, ultrafiltration, ultracentrífugation and ge1 filtration (Vallner,

L977). These are based on physícaIly separating the unbound from the bound

drug. Other non-separatíve, mainly spectroscopic methods, generally are used

to examíne the qualítative nature of the interactíon. These meËhods have pro-

vided insights into Ëhe nature of the amíno acid residues which participaËe in

the binding process, sËructural characterisËícs which promote binding, and the

íntermolecular forces responsible for bíndíng. The difference in the parti-

tíon coef f ícient of a drug between plasma or \.,/ater and an organic solvenË,

also has been used to predict changes ín the extent of protein binding.

1.3"1 Equílibrium Dialysis

Equilibriurn díalysis (Klotz, 1946) is the oldest and probably the most

popular method for studying protein binding. The procedure involves confining

the proËein component \.ríËhin a semi-permeable membrane through which unbound

drug molecules can diffuse freely. Usually, the proËein sample and a drug-
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free buffer solution are placed on eíther síde of Ëhe membrane. Unbound drug

in the protein solutíon passes through the membrane unti-l equilibrium is

reached, at which time the concentratíon of free drug in the dialysate is

equal to that in the protein solution. By measuring the drug concentration on

each síde of the membrane, the fraction of unbound drug can be determined.

The devices used for equílíbrium dialysis range from the conventional

simple cellulose bags tied at both ends and ímmersed in buffer, to specially

designed apparatus such as the micro-Plexiglass double ce11 technique. A

dynamic díalysis meËhod has been described by Meyer, et al. (1962) in which a

single experímenË yields bindíng data for a wide range of drug concentraËions.

The Spectrum equilibrium dialyser (DIANORM) (tr{eder, er a1., 1971), ís a

relatively ner,r equílibrium dialysis technique whích ís replacing the conven-

tional rrknotted b.g" method. The apparaËus consists of a semi-permeable

membrane sandv¡iched between two PTFE (Teflon) half cells. The advantages of

Ëhis procedure over other equílibrium dialysis methods include speedr preci-

sion and low non-specific adsorpt.íon. The small dialysis volume and large

membrane area ensure rapid atEaínmenË of equí1ibrium, which saves time and

minimises possíble protein denaturation. The cells are standardízed, whích

ensures reproducibility of results, and machined ruith precisíon so that a

leak-free seal ís produced between the cell halves. PTFE (polytetrafluoro-

ethylene) is relatívely inert, and this ensures minimal loss of drug or

proteín due to non-specifíc adsorption. Fílling and emptying the ce1ls ís

easily done using pípettesn and 20 samples can be dialysed símulËaneously.

The cells may be rotated at various speeds, and the drive unít can operate

uniformly wíthin a Ëemperature range of -10 to +65oC. Heat exchange is rapid

due to the thín cel-l wall desígn of the dialysis cell.
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I "3 ,2 Ultraf í1trati-on

Ultrafiltration ís anoËher method used widely for studying drug-proteÍn

bindíng. It ínvolves fílteríng a pre-eguílibraEed solution of drug and

proteÍn under pressure, through a dialysis membrane. A protein-free filtrate

contaíning unbound drug is collected beyond the membrane (Rehberg, 7943).

Knowledge of Ëhe ínitial concentration of the drug present and that in the

ultrafíltrate allor¿s calculation of the amount of drug bound to the protein.

The pressure may be exerted by a column of mercury or by centrifugatíon.

This techníque is faster and sÍmpler Ëhan equilibríum dialysis, since the

solution of fr:ee drug is a sample which v¡as initially in direcË contact v¡ith

Ëhe proteÍn solution. However, for precise quantítative studieso the method

is inferíor Ëo equilibrium dialysis because of the continually changing

proteín concentraËion (Davison, I97I), and adsorption of protein onto the

membrane surface"

Various modificatíons of the u1trafiltration technique involve the use of

Centriflo membrane corles (Piafsky, I977), and the microultrafíltration tech-

níque of Shah" et a1. (I974). DiafiltraËion (Bíxler, 1968), ínvolves a more

elaborate ultrafíltration ce11 in which the losL volume is continuously

replaced, thereby avoíding protein concentration changes, A novel ultrafil-

tration techníque whích utÍ1izes an immersíble molecular separator, has been

described by Briggs, et a1. (1979). The separator consists of an immersible

cartridge r,¡íËh a non-cellulosíc ultrafiltraiion membrane covering a plastíc

core. The cartrídge is immersed in the drug-protein solutíon and ultrafíltra-

tion is effected through a vacuum. The meËhod has been reported to give

protein binding resulËs comparable to ul-trafiltratíon membrane cones, for

theophylline (Fedak, i9B0).
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1.3.3 Ultracentrifugatíon

The ultracentrífugation technique involves the use of centrifugatíon to

separate Èhe small unbound drug molecules from the high molecular weight

drug-protein complex, Theoretically, the method is preferable to equilibrium

dialysis and ultrafíltration since iË does not disturb the equílibrium nor

alter the unbound drug concentration. However, ít is more laboríous, and

problems exist with plasma if the drug binds to the low-density lipoproteins,

r¿hich rise to Ëhe top of the tube druing the centrifugatíon process.

L.3.4 Gel Filtration

Gel filtration is a simple techníque based on trapping the unbound drug

ÍnËo Ehe pores of a ge1 complex. However: problems may arise íf excessíve

dissociatíon of the bound complex occurs. The method also requires very large

samples' which límits its application ín clínical siËuaËions where only small

or limited numbers of blood samples can be wÍthdra¡¿n from the paÈient.

None of the methods used to measure protein binding has an absolute

superiority over the oËhers, each having some inherent problems which may

influence the results. Equílibrium dialysis is the siuplest, and stí11 the

most popular method, often being used as a reference method against whích

other methods are compared. Difficulties in interpretation of results from

equilibriurn dialysis arise if bínding is dependent on drug and/ox protein

concentration" In this technique, the concenËratíon of drug ín the proËeín

solution at equilibrium ís lower than that initíatly present, parËly due to

diffusíon of drug ínto Ëhe buffer solution used for díalysis. A1so, dilution

of the protein by water moving from the buffer soluËíon ínto the proËein as a

result of osmotic gradíent may occur. This phenomenon, commonly referred to

as tvolume shiftr, recently has been reported to decrease Ëhe in vitro bínding
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of several drugs. The bindÍng of cortisone and drugs such as Íbuprofen"

proprano'lol and diazepam has been sho¡¿n to vary with serum protein concentra-

tion (Lockv¡ood and Wagner, 1983; Lima, et al., 1981) " The latter authors have

reported thaE Ëhe extent of volume shifË depends on the type of drug"

dialysis time, area and molecular weight cut-off of the membrane used, mem-

brane thickness" and the degree of proteín bínding of Ëhe drug. Verbeeck, e!

al. (i984) have reporEed a decrease ín plasma proteín binding of various drugs

with time, a factor which was partly attributed to the cont,inual díluEion of

the protein solution. The use of isotonic solutions or high concentrations of

low molecular weight buffers (Sonnenberg, 1949), does not entirely prevent

this osmotíc dilution, because buffer and salt ions freely equilibrate into

the proËein compartment, and the osmotic pressure due to the proteín sti1l re-

mains.

It has been suggested (Steínhardt and Reynolds, L969) that the Donnan

distribution may cause significant errors ín the determination of plasma

protein binding of r¿eak electrolyËe drugs by equilibrium dialysis. The

presence of a charged macromolecule (protein) on one sÍde of the membrane will

alter Ëhe concentration of permeant íonized particles (drug), according to the

Donnan equilibrium. Drug molecules of the same charge as the macromolecule

wíll be constrained to the opposite síde of Ëhe membrane. The use of high

concenËration of electrolytes to diminish Ëhis effect (Steinhardt and

Reynolds " 1969; Van der Giesen and trrlílting, 1982), may cause artefacts due Ëo

competiËive ion-ion bindíng (Bowers, eË aI., 1984). It ís possible to correct

for sígnificant Donnan distríbution by calculating the effective Donnan ratío

from the drug ionizatíon and the distríbution of a non-bindíng ion. Keen

(L966) has used the net charge on the protein molecule Ëo indirectly estimaËe

the Donnan distribuËíon ratio. A direct and more reliable meËhod of quanÈi-
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Ëatíng this ratio has been described by suter and Rosenbusch (1917).

Other problems associated with equilíbrium díalysis include non-specífic

adsorptÍon of free drug to the dialysis apparatus, competitíve bíndÍng by

buffer íons, control of retentate pH, and protein leakage into the dialysate.

The long time requíred for equilÍbration in most díalysis techniques (usually

more than 12 hours) may a1low decomposition of the drug-protein complex, or

growËh of microorganisms. Therefore, the use of adequate representatíve

control-s is essential when using this method to measure protein bínding.

Although ultrafíltration appears to be more appropriate than equilibriurn

dialysis as routine methodology for estimating proteín bínding, it is not as

readíly adapted for large samples, and it requires somer¿hat more expensive

apParatus. PolarÍzation of. the protein onto Ëhe membrane, and drug uptake by

the membrane, are conmon problems encountered in ultrafiltration. Si-nce a

porËion of the aqueous phase is f orced a\¡ray f rom the proËein, Ëhe latter

solution becomes more concentrated with time" thereby tending to increase

binding" This problem may be minimi-zed by collectíng only a small fraction of

the toÈal sample volume (trrÏitlarn, et al. , 1981) , buË applícability of this

technique is lirnited by the sensitiviËy of the analytícal procedures available

for assaying the drug.

In view of Ëhe problems associaËed wíth the meËhods, it is difficult to

choose a meËhod that can be relied on to give correct protein binding values

for all drugs. The likelihood of obtaíning an accuïate estimate ís increased,

hovrever, if two or more techníques give comparable results"

The measurements of plasna drug levels has taken on an increased import-

ance in the PasE few years. For highly bound drugs which also have narro\¡I

therapeutíc indices, arrdfor shor¿ dose-dependent kinetícs, slight changes in

bínding may cause ín disproportionate changes in the free (unbound) drug"
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which may result in significant changes Ín the

Ëhe drug. There is an obvious need for a

reliable method for routine determínatíon of

ístics of these drugs.

Ëherapeutic or toxic effects of

simple, rapíd, conveníent and

the protein binding character*

1"4 PRESENTATION OF BINDING DATA

The binding of drugs to plasma proteins is a dynamíc process, and may be

considered to obey the lar,¡s of mass action (Meyer, et al. , 1968; Koch-l,Ieser,

et al., 1976; Vallner, 1977). The process may be represented as:

DF+P
Kt

;;-
^2

PD" Iühere P = Free protein concentration

D, = Free drug concentration

PD = Drug-Protein complex concentratÍon

Kt and KZ are the rat.e constants for associatíon and dissociatíon,

respectively. At equílíbrium, the association constarit, Ka is:

Kt 
PD

"t=or=P.%

The fraction of free drug in the plasma, that is Dp , where DU =
DF*DB

bound drug concentration, depends on the magnítude of Ka, the Ëotal concen-

tration of drug and the protein concentration. The hígher the affinity of

drug and the protein, the greater the equilibrium association constant, and

Ëhe smaller the plasma free drug concentration.

Several methods are available for presenting drug-proteÍn binding data

(Klotz " L946; Scatchard, 1949). The símplest and perhaps the most useful

presentatíon is calculaËing the fraction or percentage of drug bound, thus:
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Dt-Dp Where B = Fraciion of total amount of drug bound
D,

D,

described above. The percentage

= Total amount of drug, and DU and D, are

of drug bound ís therefore:

as

B%=

ConvenËional calculation of percentage bindíng is based on the initial

drug concentrations v¡ith no correcËions for non-specific binding to the

equipment This may lead to an overestimaËíon of the guantíty of drug bound

to the protein. In some studies, corrections for non-specific binding are

based on initial control runs r¿here the drug is dialysed wíthout the protein"

The variability whích occurs between replícates of the same experiment makes

thís meËhod unreliable. Recently, Briggs, eË al. (1980) described an improved

control procedure where replicate controls corresponding to Ëhe test sarnples

are dialysed under identical condítions, except that the proËein is excluded

from the control drug solutions. This procedures eliminaËes differences

between conditions of tesË and control runs and any bínding detected can be

aËËributed to Ëhe protein present" The extent of binding can therefore be

calculated from:

D.
D

Ç

D.-Do
Xi00= # xI00

-T

B= trnlhere Da =
Dc

Dr=

D^-D-U1
B"/" = x 100,C

Dc-Dt Amount or concentratíon of
free drug in control samples

Amount or concentration of
free drug in test sample

Similarly, the percentage bound may be calculated as:
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For many drugs, fraction bound i¿i11 alter r¿iEh change in drug or proteín

concentration" The use of this form of presenËatíon is limited unless the

drug and protein concentrations at r,¡hich the determinations are made are

specified.

1.5 PROTEIN BINDING OF SPECIFIC DRUGS

Several methods have been used to study the proteín binding of drugs, and

iË is a well established fact that the protein binding results of one drug

under identÍcal conditíons may vary from method to method. Whereas many

comparisons of different methods have been done usíng the same drugs, few

comparisons of methods have been done usíng drugs with different bínding

characteristics under standard conditÍons. A number of factors" including the

method of determining binding, will affecË the binding resu1ts of arry given

drug. It is likely that the extent of Ëhese effects on drug-protein binding

will be influenced by the affiniËy of the drug for the bínding proteÍn, and

hence, the extent to r¿hich the drug is bound to the protein" It ís important

to know how the methods used to study proteín binding, affects the bínding

results of different drugs with respect Ëo their extent of bínding.

1.5. i Sulfisoxazole Proteín Binding

Sulfísoxazole (sulfafurazoLe) is a short acting sulfonamide which is

wídely used in the treatment of bacterial infectíons. Like most other sulfa

drugs, sulfisoxazole has been shom to bind preferentially to albumin (Anton,

1960; Zíní, eË al. " 1976) and also to other plasma proteins. Reported binding

at therapeutíc concentrations range from 65'Á to about 90"/" using different

Ëechniques (Anton, 1969; Stock, et al., 1980).

Yacobi, et al. (L977) 
' and Yacobi and Levy (1977) have reported sígnifi-
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cant intersubject differences in the free fractíon of sulfisoxazole in the

plasma of rats and humans, respectívely. In vievz of the role of proËein

binding in the therapeutic effectíveness of highly bound drugs, these differ-

ences coul-d have significant therapeutic implícaËíons. Protein binding of

sulfisoxazole has been shov¡n to be affected ín certain disease states (Levy,

et aI. " L976), and íntersubject variations ín the excretion and metabolism of

this drug have been attributed to variatíons ín protein binding. Only the

free form of sulfísoxazol-e ís biologically active (Anton, 1960). Improvement

in the monitoring and therapeutic use of sulfisoxazole and other highly bound

drugs r¿í11 be achieved if a fast and convenient method is identified which can

be relied on to gíve accurate values for the free concentratíon of the drugs

in plasma.

L.5.2 THEOPHYLLINE PROTEIN BINDING

Theophylline is a xanthine derívatíve used in the symptomaËíc treatment

of asthma and oËher related condítions. Theophylline has been shovrn to bind

to plasma proteins to an exËent of about 50 to 70% at therapeutíc concentra-

tions (Koysooko, et al., L9743 Briggs, êt a1., I979; Fedak, 1980). The

efficacy and toxic effects of theophylline have been shovm to be related to

its serum concentraËions, and it has been suggested that the proteín binding

of theophylline may influence íts clearance (Jusko , L976) "

Theophylline has a narror^7 therapeutic index, and it has been suggesËed

that accurate determinatíon of free plasma levels could be useful ín optimiz-

ing the management of asthmaËíc patíents with altered protein bínding of this

drug.
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r.5.3 Hr-6 (OXrME)

A. Introductíon

The use of atropíne plus an oxíme such as

gonín is an effective therapy against poisoning

compounds (Lípp, et al., 1960). In the case of

colylurethylphosphonofluoridate), hov¡ever, this

effective for a number of reasons:

PAluf chloride, TMB-4 or toxo-

by most organophosphorous (Of¡

poisoning with soman (O-pína-

therapeuËic regimen is not

(AChE) enz)rme

oxÍmes prevents

, a possible rnajor

(a) Rapid agíng of Ëhe inhíbited acetylcholinesterase

(b) Resistance of the aged enzyme to reactivation

(c) Poor lipid solubility of mosË of the conventional

their entry ínto the central nervous system (CNS)

síte of action of soman

(d) Possible dírect toxic biochemical effects of soman

There is considerable ínËerest in the development of ner/¡ oximes as

therapeutic agents for treatment of poisoníng by organophosphorous compounds

r¿hich are resistant to conventíonal therapíes. Some new bis-pyridinium type

oximes originating from the laboratory of Professor Hagedorn Ín Germany, when

combíned v¡íËh aËropine have been sho¡,¡n to be ef f ective antidotes to soman

poisoning in mice (Kepner and Wolthuis, L97B; Oldiges and Schoene, L9701'

I^/olthuis , et a1. , I97 6) , dogs (Schenk, et a1. , I97 6), and monkeys (Lipp and

Do1a, 1980). Of these cornpounds HI-6 l-(2-hydroxyimíno-methyl-l-pyridiniurn)-

1-(4-carbauroyl-l-pyridinium)-dinethyl ether dichloride, has been show-n to be

the least toxic and most efficacious anËidote againsË soman poisoning

(Cleurent, 1981) .
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B. Chemistry and Assay of HI-6

FIG. 2.

@'-. "r-o - 
c H2 -'r@f 

t-*n'

Y
CHá{OH

l- ( 2-hydroxyimino-methyl- l--pyridinium) - 1- (4-carbamoyl- l-pyrid in-
ium) dimethyl eEher dichloride)

Chemical Structure of HI-6

HI-6 is a high molecular weight compound with the chemical structure

shovm in figure 2. It is a bis-quaternary ammonium salt consisting of tv/o

pyridine rings joined by an alkyl chain. It is readily soluble Ín \,/ater

giving solutÍons of about pH 3.5 at 250 mg/ml.

Using various congeners of HI-6, Bogdan (1981) has shoçm that Lhe oxime

group in posiËion 2 (relatíve to the nitrogen atom) of the firsË pyridiniurn

ring is critical for reactivation of soman-inhibited AChE. The amide group in

position 4 of the second pyridinium ríng was found to be responsible for Ehe

reduced toxicity of HI-6.

Until recently, the quantitative determination of oximes in both aqueous

and biological materials v/as performed by spectrophotometry under alkaline

conditions. The procedure is based on the formation of a yellor¿ anion r^¡ith a

characteristic wavelength of absorption, at higher pH values (Vlet, L966).

One major problen with thís procedure for HI-6 analysis is that the drug is

unsËable in alkaline conditions, and unless assay condítions are standardized

strictly, variatíon Ín assay results is ínevitable. The solutions have to be

assayed irnmediately to minimize degradation. The procedure also lacks speci-

ficity and may include measurement of rnetabolites and other breakdown products

if biological materÍals are being used (Benschop, eË aI., 1979).

A second method of analysis based on a trans-oximaËion reactfon v¡ith

p-níËrobenzaldehyde has also been descrLbed (Johnson, 1968), but ls less

o
il
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commonly used " Other methods thaË have been used for HI-6 (oxime) assay

include the acj-d hydrolysis Ëechníque of Askew (L956), and scintíllation

countíng of radiolabelled HI-6 (Bodor, I975) 
"

The problem of specifícity in HI-6 assay has been solved by chromato-

graphic separation followed by assay. Because of the quaternary ammonium

groups ín Ëhe structures of the oximes, ion-pair high performance líquid

chromatography (HPLC) provÍdes a saËisfactory method for their separation and

assay" Perchlorate and n-alkane sulphonates are frequently used as counter-

ions in the mobile phase, and usually, surfactants are added to decrease the

Ëailing of peaks. Several HPLC methods for oximes have been described in the

literature. Brown, et al" (1978) used a method with a urobile phase consisting

of acetonitrile aqueous buffer with n-heptanesulphonate as counËer-íons. The

system described by Benschop, eË al. (1980) utilises a silica gel stationary

phase and an eluent of methanol and acetic acid buffer.

C. Pharrnacology

Varíous authors have reported HI-6 reactivatíon of soman-inhibiËed AChE

ín vitro (Dejong and üIolring, 1980; hlolthuís and Kepner, L97B; Schoene, L973).

However, there is controversy regarding the actual site and mechanism of

action of HI-6 ín vivo. I¡Ihereas it was the general belief that AChE-activat-

íng potency of HI-6 against soman intoxicatíon r¿as due to its ability to cross

the blood brain barrier (Metter and ltTolthuis , 1968; Adams , et al. , Lgl6) ,

Clement (1981) found that inhibítion of AChE ín the CNS is not the primary

lesion in the lethality produced by soman. He suggested that the beneficial

actj-on of HI-6 j-n soman-poisoned rats is due to reactivatíon of díaphragn

AChE. Although some HI-6 gained entry ínto the brain, Ëhe concentratíon was

noË sufficiently hígh to reacËivate completely the soman-ínhibited AChE.
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Besides Íts abilíty to reactivat.e phosphonylated cholinesteraser some

other mechanism of action seems to be contributing to the therapeutíc effects

of HI-6 against soman poisoning. Several authors have report.ed ganglÍ.on-

blocking acEívíty (Lundy, r97B; Lundy and rremblay, r9l9), anrinicotiníc

acËivíty (Clernent, I979) and antímuscarínic ac'tívíty (Kuhaen-Clausen, I972;

A¡nitai, et al., 1980), Thus, whereas reacËÍvat.íon of ínhíbited AChE appears

to be the primary action of HI-6, Ít ís possible Ëhat the other non-enz¡rmatic

pharmacological actions of HI-6 (which lack in the other oximes) may be

important in its therapeutic action versus soman and other OP anticholinester-

ASES.

D. HI-6 Protein Bindíng

Studies on the use of HI-6 against organophosphorus poisoning are still

in the pre-clínical stages. No human c1ínícal studíes have been published,

but investigations in anímals have indicated that the drug has potential as an

antídote for soman poisoning.

The pharmacokinetics of HI-6 are currently under investigation. HI-6 is

a very water soluble compound, and this may limit íts penetratíon into the

brain and other sítes of action. Studies in animals have indicated that the

distribution of HI-6 ín the body greatly influences its effectiveness through

any of the possible rnodes of acËion. Hence, the extenË of bindíng of the drug

to plasma proteins, íf signifícant, wÍ1l affect this distríbuËion, and conse-

quently, its pharrnacological effects. The therapeutic bis-onium derívatives

oximes generally exhíbit low binding to plasma proteíns, buË specifíc informa-

tion is required regarding HI-6 binding. Unpublished sources (Marshall,

1983), have Índícated thaË there ís líttle binding Ëo rat serum, buË no

further work has been reported in this respect.



-2L-

L"6 OBJECTIVES OF THE STUDY

I.6"]. GENERAL OBJECTIVES

Protein bindíng is an imporËant pharmacological parameter affecting the

clínical effects of many drugs. A simple, rapid and convenient procedure is

required for rout.ine determination of plasma free drug levels. Many methods

are available, buË few comparisons of the methods have been made ruith specifíc

drugs under identical conditions. The protein bÍnding results obtaÍned for a

given drug by different meËhods are often varied. Unfortunately, there are no

standard drug-proteín solutions containing a knovm fraction of unbound drug to

calibrate the apparatus. The likelíhood of a correct, assessment of the true

value for protein binding is increased Íf tv¡o or more methods are shorrn to

give comparable values for the same drug.

The general aim of this study Ís to evaluate tvro equilibriurn dialysis

procedures for determining protein binding, and to compare the results with

those obtained by an ultrafiltration procedure. Equilibrium dialysis usíng

the knotted ce1lulose bag technique, and the Spectrum equÍ1ibríurn dialyser

(Dianorm) r¿í11 be compared with ultrafiltration using Centriflo membrane

cones. The drugs for study r+ill include sulfisoxazole (a highly bound drug) ,

theophylline (a rnedíum bound drug) and HI-6 oxime (a lor¿ bound drug) . Ttre

final goal of the study is to be able to recoumend suitable procedures that

can be used routíne1y in the c1ínícal laboratory, to accuraËe1y determine

levels of free drug for most drugs, thereby providing ínformaËion which could

give a better guide Ëo Ëherapy"
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L "6.2 SPECIFIC OBJECTIVES

A. Evaluatíon of Proteín BindÍng Procedures

The suitability of three methods of determining protein bindíng wÍll be

assessed using three drugs of varying degrees of bindíng. The effect of the

methods on Ëhe apparent extent of binding wí1l be investigated r,¡ith respect

fo:

1. Temperature variation

2. Varíatíon of drug concentration

3" Variation of protein concentraÈion

4" Variatíon of pH

Effect of Temperature on Binding

The effect of Ëemperature variation on the extent of binding of sulfi-

soxazole, theophylline and HI-6 v¡il1 be examined using three methods. The

binding of some drugs includíng phenytoín (Hooper, et a1., 1973), and barbit-

urates (SmíËh, et al., 1968), have been shown Lo vary with temperature" Fedak

(1980) has reported a decrease in the binding of theophylline Ëo bovine serum

albumin, r¿ith íncreasing temperatures, using equilibrium dialysis (bags) or

ultrafiltraËion membrane cones.

Most recent protein bindíng studies which have been reported were carrj-ed

ouË at 37"C. Howevere some investigators have reported results from studies

at non-physiological temperatures (Keen, L966; Fedak, 1980). It is important

Ëo know whether temperature variation v¡ill affect binding before carrying out

proteín binding studies, because the choice of temperature may have a signifi-

cant effecL on the results obtained.
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) Effect of Drug Concentration on Binding

The effect of drug concentratíon on the exËent. of bÍnding of the three

drugs wí1I be ínvestígated usíng the three methods, and the results of the

indivídual- methods compared. Most studies report binding at therapeuËíc drug

concentration" Briggs, et al. (i983) have reported a decrease in the binding

of sulfisoxazole with increasing drug coricentration, using knotted cellulose

bags. The extent of bindíng of theophylline has been reported to be índepend-

ent of initial drug concentratíon (Fedak, 1980), although signíficant differ-

ences ¡¿ere observed ín the results of the three methods used to study protein

bínding.

Many factors " both endogenous and exogenous" ínfluence the protein

bínding process, resulting in varíations ín the free drug levels in the b1ood,

The therapeutíc effects of sulfisoxazole (Anton, 1960), and theophylline are

dependent on their free plasma levels " It is therefore desirable to know how

drug concentratíon affecËs binding, and r¿heËher the results obtained are

ínfluenced by the degree of binding of the drugs and the technique used to

measure binding.

3. Effect of Protein Concentration on Bínding

The effect of varyíng protein (albumin) concentraËíon on the extent of

binding of sulfísoxazoLeu theophyllÍne and HI-6 v¡ill be ínvestigated using

three methods under sËandard conditíons. Many pathophysíological factors may

alter plasrna protein concentration through changes in the synthesís, catabol-

ism or dístríbutíon of the protein (Rowland, 1980) . A 25% decrease in albumin

concentrations may result ín doubling of the free concentratíon of phenytoin

(Porter' I975) wíËh consequent fatal results. Knowledge of how free drug

concentratíon varíes with that of the proËein may be useful in achíevíng
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opËimum therapy wíth many drugs, especÍa11y those highly bound drugs wíth a

narro!,/ therapeutic índex.

4. Effect of pH variation on Binding

The majoriLy of proËein binding studies reported in the literature

contain few references to the effect of pH on the bindíng characteristics.

Bicarbonate and carbon díoxide are part of a physiologícal buffer system in

serum, playing a key role in pH control. Brors, et al. (1983) have shov¡n thaË

there is a marked increase in pH during a dialysis tíme of three hours, and

that the use of non-physiologíeal buffers, even at high concentrations, failed

to maintain a stable pH. pH-dependent bínding ín hurnan serum has been re-

ported for a number of drugs includíng warfarin (I^Iilting, et al., 1980),

propranolol and fusidíc acid (Henry, l9BI), imipramíne (Kristensen and Gram"

L982), and theophyllÍne (Brors, et al., 1983). An increase in bindíng was

observed with increasing pH for all the drugs except fusidíc acíd. Bindíng

decreased with increasi-ng pH ín studies on the latter drug.

The pH is also ímportanË r¿hen considering formulation of certain dosage

forms such as liposomes and proteinaceous microspheres" In these techníques,

the pH may fall well outside Ëhe normal physíologícal range. This could

result in changes ín the loading of the dosage form and affect the release

characteristics of the dosage form. It ís therefore important j.n such cases

to know how pH affects the behaviour of the drug and protein.

The ímplication of pH dependency for drug serum binding ís Ehat pH

control may be essentíal when runníng in vitro binding sËudies of some drugs.

Bíndíng data obtained at non-physiological or unknown pH values may be irrele-

vant to in vivo condiËions. Most conventional dialysis experiments take more

than 12 hours. It is probable that pH effects (if any) will be more pro-



-25-

nounced Ín thís method than the other methods r¿hich take less tíme for equili-

bration.

In the present study, the t\,/o equilibríurn dialysÍs methods and ultra-

filtration will be compared wj-th respect to pH ehange. The effect on the

degree of bínding of the three drugs of this change wíll be assessed.

B. Comparison of HI-6 Assay Procedures

Several analytícal methods have been described for the quantítation of

oximes ín bíological fluids, including hydrolysÍs (with hydroxamíne) of the

deproteínized supernatant, and direct spectrophotometric measurement of

absorption of Lhe oximate aníon at 355 nm (Ellin and Kondritza, 1959; Creasy

and Green" L959). Over the past few years, modern liquid chromatography, and

specifically HPLC, has become established as the method of choice for solvíng

many biochemical and clinícal analysis probleurs assocíated wíth the spectro-

photometric assay procedure. It ís generally more specific Ëhan spectrophoto-

metric methods, and separates the parent compound from breakdor,rn products and

metabolites. However, HPLC, besides being expensive, ís time-consumi-ng and

requires more skilled personel. The spectrophotometríc assay ís easier and

faster to run, and is less expensive. It may prove useful in the routíne day

to day clinical situatíon.

The present study wí1l compare the suitability of the above two methods

as Ëechniques for quantifying HI-6 in aqueous media.

) EXPERIMENTAL.

MATERIALS

(a) Instruments and Equípment

Conventional equílíbrium dialysis

t1

r'¡as done using 1. 0 cm diameter cellu-



-26-

lose dialysis tubing5, with a molecular weight cut-off of I2,000 to 14,000"

The bags r4/ere placed ín dialysing buffer contaíned in 16 x 125 nm glass

culture tubes and closed tightly wíth PTFE-Iined screv¡ caps. Samples vrere

rotated using a model 340 Rotor""k5. The Spectrum equilíbrium dialysís unit

consísted of a 20-ce11 equilíbrium díalyser 
"y"t.*11 wíth a variable speed

drive .rtitIl, and 4 cel1 "tttiur"Il. Standardized 60 mm diameter semÍ-micro

PTFE ""11"11 and "topp.t"11 were used with Spectropor 4 membrane t,rbing1l.

Ultrafiltration was performed using type CF50A Centríflo membrane cones2 with

a molecular weight cuË-off of 50"000. The cones rl¡ere supported by a poly-

ethylene conical s,rpport2. Samples T¡rere centrif uged in a ref rigerated

International Centrífuge6. The ultrafiltrate \^ras collected ín polycarbonate

model CTI tubes2. All studies above room temperature \,¡ere carried out Ín a

PSC model No. 6 temperat.ure-controlled Íncubator9. SulfÍsoxazole and HI-6

spectrophoËometríc assays were done on an LKB 4050 spectrophotometerT.

The HPLC system used in Ëheophylline and HI-6 assay consísted of a i.tlaters
1t

U6K ínjector", a model M-45 solvent delivery system, a model 480 LC spectro-

photometer and an Omniscríbe model B 51I7-5I recorder. The column used was a

¡:Bondapak CrU, 3.9 crn internal díameter x 30 cm long. The conditions for

HI-6 assay r{ere;

1. Aldrich Chem. Co., Milwaukee.

2. Amicon Corp. , Danvers, Mass.

3. Ames Co. Division" Miles LaboraËories Ltd., Rexdale, Ont.

4. Beckman InstrumenËs, Fullerton, CA.

5. Fisher Scientifíc Co., New Fair Lawn, N.J.

6" fnternational Equípment Co., Needham, Mass.
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Column: ¡Bondalak CrU

Mobile phase: 20% acetonítriJ-e/80"Á Paired-Ion buffer

I^Iavelength: 295 nm

Chart speed: 0. 5 crn/mín

Flov¡ rate: I.5 rnls/mín

Sensítivity: 0.02 AUFS

The conditions for Theophylline assay r¡rere:

Column: 
¡Bondalak 

C*

Mobile phase: 9"/. aceËonitrlTe/9I% 0" lM Na acetare, pH 4.0

Inlavelength: 280 nm

Chart speed: 0.5 cm/min

Flow raËe 2 2"0 mls/min

Sensítivity: 0.02 AUFS

(b) Chernicals

sulfisoxarol"l0, theophyllineB, and beta-hydroxy eËhy1 theophylline

(pHnf¡B t"t" used as obtained from the manufacturers without furËher purifica-'l

tíon. The HI-6 used was custom prepared by the Defense Research EstablishmenE

Suffíeld (DRES 32). Purífj-ed toxogonín v¡as used as internal standard for HI-6

proteín binding studies. Spectrograde acetonitríle5 was used in the HPLC

assay procedures. clinical grade d..*tr"rr10 \,üas used in Ëhe Hr-6 protein

7" LKB Biochrom. Ltd", Rockford, I11.

B. Pierce Chemical Co", I11.

9. Precision Scientific Co., Chicago, I11.

10. Sígma ChemÍcal Co., St. Louís, Montana.

11. Spectruu Med. Ind., Anex, LA, Californía.

12. I,{aters Assocíates, Millford, MA.
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Bovíne seïum albumin powder (Cohn f raction V) 
10 \¡/as alsobínding studies.

used "

Protein leakage r^7as checked

(Albust íx) 3.

Sodium nitrite, ammonium sulphamate" N-(1-naphthyl-ethyleneammonium

dihydrochloride), trís(hydroxyrnethyl)aminomethane, acetic acíd, sodium ace-

Lare, l-heptane sulfonic acid, tetramethylammonium chloride, and concentrated

glacial acetic acid \¡rere all Standard Laboratory Grade reagents (Fisher).

Buffers \.ùere prepared with laboratory grade hydrated monobasíc and dibasic

potassium phosphate and phosphoric acíd.

using proteÍn test reagent strips

(c) Solutions

All solutions for HPLC were prepared using double distilled \¡rater fít-

Ëered through 0.45 uM pore diameter membrane filrers6 (lot No. 106 16). All

other solutions r¿ere made wíth unfiltered double distilled water.

Sodí-um acetate 2M was made by dissolving 164.05 g in one litre of wat.er.

acetic acid 2l"I \^ras prepared by diluting L44.4 mL of concentrated glacial

acetic acid with \,üater to one litre. To make 0.1M sodium acetate buffer at pH

3. 0, 95 mL of 2l"I acetic acid \¡ras míxed with 7 50 rnT. of \,¡ater, The pH was

adjusted using the 2M sodíum acetate (by titration), and the volume made to 1

litre i,¡ith double distilled v¡ater" To prepare I lítre of paired-ion buffer at

pH 3'0, 2"2 g of l-heptanesulfonic acid, 50 mL of 0.1M sodium acetaËe buffer

and 0"27 g of tetrameLhylammoníum chloride \¡rere mixed wíËh 300 mL of water,

and the pH adjusted using concentrated glacial acetic acid. The volume was

adjusted to I litre before the soluËíon was filtered.

Mobile phase for HI-6 assay r¿as made by inixing 800 rnI- of the buffer with

200 mL of acetonitrile" Mobíle phase for theophylline assay was made by
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mixing 5 of 2M sodium acetate with 90 mL acetoniËrile and making up to the

final volume of I litre wirh r,/ater.

The buffer used in the spectrophotometric assay of HI-6 \Âras prepared by

díssolving 6"36 g of tris(hydroxynethyl)aminomethane in \,,/ater and makíng it to

Ëhe final volume of 1 litre"

2.2 METHODS

2.2.1 ASSAY PROCEDURES

(a) Sulfixoxazole in Phosphate Buffer

SulfísoxazoLe was assayed usíng Ëhe method of Bratton and Marshall (1939)

for sulfonamides. The standard calíbration curve rras prepared using samples

containing 1.0, 2"0, 5.0, 10.0 and 20.}ye/nL of sulfisoxazole in phosphate

buffer. All drug samples for assay Tdere treated as follows: To 2.5 mL of

sample' 260yL of 0.L"Á sodíum nitrite was added and left to stand for 3 mín-

utes. Ammonium sulfamate (250¡rL 0.5"/") l^ras then added, followed by 250 ¡rL of

N-(l-naphthyl)ethylenediamine dihydrochloride (colour developíng reagent)

after 2 minutes. Absorbance r¡/as then read aË 545 nm using an LKB model 4050

spectrophotometer. All samples, both test and control, v/ere referenced to a

buffer blank treated similarly.

(b) HI-6 in PhosphaËe Buffer

Spectrophotometric assay of HI-6 r.,¿as performed using a modification of

the procedure of Vlet (1966). Tris buffer (4.OmL) of r¿as added to l"OmL of

assay sample, and the resulting solution mixed thoroughly, then subjected to a

spectrophotometric assay at 355 nrn. All samples \ùere referenced to a buffer

blank. Replicate samples conËaíníng 5.0, 10.0, 20.0" 25.0 ar.d 50.O¡S/mL were
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used to prepare standard calibration curves.

HPLC assay of HI-6 I¡Ias done using a modífication of the procedure of

Brown, et al. (i978). To every 1.0rnl of HI-6 assay sample r^ras added 25yL of.

400ye/nL toxogonín (ínternal standard). The resulting mixture r¿as míxed on a

vortex for 30 seconds, then 10 to 20yL of. the sample r¡/as injected onto the

column"

(c) Theophylline in Phosphate Buffer

Theophylline was assayed by HPLC using a modification of the procedure of

OrcuËË, et a1. (1978). 100¡:L of assay sample was mixed r,rith an equal volume

of l5ire/ml BHET (ínternal standard), and mixed on a vortex for 30 seconds.

The samples vnere then centrifuged for approximately 2 minutes, after whích 5

to 15,uL of the sample \¡ras ínjected onto the column.
I

Standard calibration curves were made using samples conËaininC 2.5, 5.0,

10"0 and 20.1ye/nL of theophylline in phosphate buffer.

2.2"2 DETERMINATION OF PROTEIN BINDING

(a) EquÍlibrium Dialysis (Knotted Bags)

Dialysis v¡as done using 20 cm strips of dialysis tubing of 1.0 cm di-

ameter, 4.8 nm pore width and a molecular weight cut-off of 12,000 to 14,000.

Prior to use, the membranes \4rere immersed ín boiling rqater and stirred for

approxímately 2 hours as the \ùater cooled" The tubing was then transferred to

707" methanol and stírred for another 30 minutes. It was then rinsed in double

distilled T/¡ater and soaked ín dialysing buffer for 2 hours before use. Tubing

not required ímmedíately was refrígeraËed for noË longer than 3 days.

In use" the tubing was draíned of excess fluid then tied at one end wírh

a double knot. 1.0mL each of drug solution and proteín soluËion was intro-
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duced into the tubing through the open end which v¡as then secured with a

double knot. Both ends of the tubÍ-ng were rinsed in double distí11ed v/ater

and buffer, then placed ín glass culture tubes containing 4.OmL of dialysíng

buf f er. The tubes \,,¡ere closed tightty r¿ith PTFE-lined screw caps . The

samples v,/ere rotated on a Rotorack at L2 rpm for 24 hours. Prelíminary

studies had indicated that equitíbrium was achieved at 16 to 20 hours, and no

change ín percent bound drug was noted for up to 36 hours.

After each díalysis, the dialysate vras observed for proteín leakage, both

visually (presence of frothÍng), and using proteín test reagent strips

(Albustix). Samples were discarded if rnarked leakage of protein through the

membrane had occured.

For each test sample dialysed, a corresponding control was also dialysed.

The control sample was identical to the Ëest sample except that the protein

solution insíde the membrane was replaced wÍth an equal volume of buffer.

(b) Spectrum Equilíbrium DialysÍ-s (Díanorrn)

In carrying out Spectruur equilibríum dialysis, PTFE semi-micro cel1s with

a díameter of 6.0 cm and a total working volume of l.36ml were used. Before

beíng used for the first time, the ce1ls were placed ín a !üater bath at 30 to

40oC for 30 mínutes, then all the sËoppers were inserted imrnedíately. Spec-

trapor 4 membrane with identical molecular weíght and pore widËh specifica-

tions as described for the rknotted bagu dialysis, vras used. The 4"5 cm

díameter tubing r,ras cut into 6.0 cm length strips" soaked in ruater f or 15

minutes, and then slit at both closed sides to produce single thickness

membranes. The membranes were stírred in 30"Á eËhanol for 20 minutes, rinsed

ín double distílled water, then placed in dialysing buffer for 2 hours before

use.
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(N) THE ASSEMBLED UNIT IN USE

(e) CELL CARR I ER WITH

ASSEMBLED CELLS

THE SPECTRUM EOUILIBRIUM DIALYSERFIGURE 3,
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To calrry out dialysís, a membrane strip was placed onto the female half

cell which has a sealing 1ip. Pressure was applied aË the edges to produce a

smooth surf ace. The male half l,/as then placed over the f emale half cell,

uniformly sealíng the membrane between the two Teflon components. The cells

rÂ/ere then assembled in the cel1 carrier. To fill Lhe cells, the assembled

ce11 carrier \¡/as placed Ín a horizontal position wíth the filling holes

adjacent to each other facíng upwards. Keeping the third holes stoppered,

1.0mL of drug sample was íntroduced into one half cell, and an equal volume of

albumin (test) or buffer (control) introduced into Ëhe oËher half, usÍng a 5mL

plastic syringe equipped with a Z-ír.cÌ;, blunt end 23G needle. Care r¿as t.aken

not to puncture the membrane" The filled ce1ls were stoppered and the cell

carríers mounted into the dríve unít (fig. 3a), and rotated at l2rpm at a

coris tant temperature.

After 4 hours, the ce11 half containing the dialysate r¡as drained through

the third hole. A sample of the dialysate (0.5urI-) Ì,/as accurately pipetted

into a clean tube and assayed for drug content. Before each âssâlr samples

were tested for protein leakage using AlbusËix. Samples shor¿ing marked

leakage were discarded.

For each test sample, a correspondíng control v¡as run ín which the

protein soluËÍon in the test sample r¿as replaced T,rith dialysing buffer.

(c) Ultrafiltration

To prepare samples for ultrafiltratíon, double strengÈh drug solution rvas

combined r¿ith an equal volume of double strength albumin (test), or buffer

(control) solutíon, and íncubated at the working Ëemperature, r¿ith corrstant

agitation for tr¿o hours 
"

Ultrafíltratíon v¡as carried ouË usíng type CF50A membrane cones ryith
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ENTR I FLO 14EMBRANE

POLYCARBONATE
TUBE

AMPLE

CONICAL SUPPORT

ULTRAF I LTRATE

(n) A UNIT IN USE

(e) INSERTING THE CONE

FIGURE 4, ULTRAFILTRATION MEMBRANE CONE APPARATUS,
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approxímateLy 95% retention for molecules with molecular weight above 50,000.

Before use, the cones were soaked in double distilled \^rater for at least one

hour. Taking care not to scratch or crease the membrane interíor, each

membrane cone r,/as placed into a polyethylene conical support, type CSIA, and

Ëhe support rotated counterclockwiser pushing the cone down firmly until it

\,üas fully seated in the support r,¿íth its tip protruding through the bottom

(fígure 4) " The supporË \,/as then placed in the top of a polycarbonate col-

lecting tube, vríth the flange seated on the Ëube. The cones \,rere centrifuged

at 21500 rpin for 10 mínutes Ëo remove excess \,üater. The collecting tubes \^rere

replaced with dry ones, Lhen 2.OmL of pre-equílibrated drug-proteín sample $/as

accurately pipetted into the dry cones and centrifuged at l,500rpn and con-

sËant temperature for 15 minutes. These conditíons had been shown to gíve an

ultrafíltrate volume of not more than 0.15 mL, whích was considered to give a

mínima1 dísturbance of the equílibrium.

After 15 mínutes, a 0.lurT- sample was accurately pipetted from the col-

Iecting tube and assayed for drug content. The rest of the collected sample

hras ËesËed for proteín leakage with Albustix. Samples that showed marked

proteín leakage were discarded and the leakíng corres noted.

For each test sample, a corresponding control sample contaíning buffer in

place of protein solution was prepared and run concurrently rn¡iËh the Lest

samples.

The membrane cones \¡rere cleaned by soakíng in a 57" sodium chloride

solution for one hour, fo11ov¡ed by several centrifugaËíons and rinses in

double dístilled I,raËer. After the final centrifugaËion, the cones were stored

either in the dry state or in 102 ethanol.
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2.3 SPECIFIC PROTEIN BINDING STUDIES

2.3"L The Effect of Drug Concentratíon on Bindíng

The effect of initíal drug concentration on the binding of sulfisoxazoLe,

theophylline and HI-6 by albumÍn was investígated using conventional equili-

brÍum dialysis, Spectrum equilibríurn dialysis (lianorrn) and ultrafiltration

membrane cones. The study covered a sulfisoxazoLe and HI-6 concentration

range of 50 to 250y8/nL" to encompass the possíble range in human serum

following a therapeuËic dose. Drug concentrat.íons of 50, 100, 150, 200 and

250y5/nL were used in both cases. Theophylline concentrations of 5, 15, 25,

50 and 75 f\/nl- vrere used. In each study, the albumín concentration r,ras

constant at the approximate physíological concentration of 4.0"/, v/v and

replicate Ëest and control samples \¡/ere prepared. The temperature and pH of

the samples \^/ere kept constant at 37oC and 7.4 units, respectívely. Al1 drug

and protein solutíons $/ere prepared initially at double the required sËrength,

in pH 7"4 phosphate buffer. In the díalysis rknotted b"g' method, 1.OmL

aliquot samples of drug and proteín solutions lrere mixed in the díalysis

tubíng and díalysed against 4.OmL of buffer for 24 hours. Similar studies

lrere done usíng the Díanorm and membrane cones as described. The ttcontrol

ca1íbration curve" procedure permítËed direct comparison of assays with Ëhe

sËandards run previously, allowing for Ëhe dilutíon by dialysate"

2,3"2 The Effect of Proteín (Albumin) Concentration on Bíndíng

The relationship beËween the concentration of proËeín and the extent of

bínding of sulfisoxazole, theophylline and HI-6 v¡as studied over the protein

concentration range of 1.0 to 8.07! w/v. Each of Ëhe drugs was ínvestígated



-37-

using equilibrium díalysis (bags),

ultrafiltration membrane cones.

the Spectrum equlibrium dialyser, and

Theophylline binding was studied at a nominal concentration of 15ug/ml.

Sulfisoxazole and HI-6 concentrations \,¡ere kept constant at 200ug/nL" All

solutions were made up in pH 7.4 phosphate buffer" Protein concentrations of

1"0, 2.0, 4.0, 6.0 and 8.0% w/v in phosphaËe buffer \,/ere used. The tempera-

Ëure of the samples r,¡as kept constant at 37"C.

For each protein concentration studied, replicate test and control

samples !/ere used. Equilibriurn dialysis rùas performed in a temperature-

controlled incubator for 24 hours v¡ith the bag techníque and 4 hours with the

Dianorm. Samples for ultrafiltration were pre-equilibrated at 37oC f.ox t\,/o

hours prior to ultrafiltratíon.

After appropriate equilÍbration times, samples were collected for assay

of drug content. Proteín leakage v/as tested for as descríbed above.

2.3"3 The Effect of Temperature on Extent of Protein Bindíng

The effect of temperature on the bínding of sulfisoxazoLe, theophylline

and HI-6 to albumin was investigated in the range of 6 to 45"C (inclusíve).

Protein bínding studies \¡/ere done aË 6oC, 25"C (room Ëemperature), 37"C and

45oC, using convenËional equílíbrium dialysis, Spectrum equilíbrium d.ialysis

and ultrafiltration membrane cones.

In all the st.udíes, proteÍn concentration r'¡as kept constant at 4.0% w/v"

Sulfisoxazole and HI-6 r¿ere used at a concentration of 200 ug/u.L, while the

theophylline concentration rì/as 15 ug/mL throughout. All drug and protein

solutions were made up ín pH7 "4 phosphate buffer. For each drug studied, the

same stock solution of drug and proËein r¡¡as used throughout.

The 6oC study was done in a temperature controlled cold ïoom" The 37"C

and 45"C studies Ttere carried out in a constant temperaËure incubator, while

tlne 25oC sËudy r^/as run at room temperature.
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Replicate samples vrere prepared for each temperature studied. A corres-

pondíng set of controls in r,rhích the protein solution in the test samples was

replaced rvith buffer v/as run simultaneously r¿íth the test sample.

Af ter the appropriate equí1Í-bration tímes, samples Ì,¡ere removed and

tested for protein leakage before being assayed for drug content.

2"3.4 The Effect of pH on Extent of Proteín Binding

The effect of varying the pH of the drug and proteín solutions on the

extent of binding to albumin of sulf ísoxazo1-e " theophyllíne and HI-6 Ì,^/as

examined. Equílibrium dialysÍs (bags), Spectrum equilibrÍum díalysis and

ultrafiltration membrane cones were used to study the protein bínding of the

drugs.

The studies hrere conducted in 0.2M phosphate buffers of varying pH values

ranging from 4"5 to 10.5 pH units. Buffers of pH 4.5, 5.8, 6.8, 7.4,8.0 and

10.5 Ì/ere prepared. For each pH value studied, drug and proteín solutions

were made in the appropriate buffers and used imrnediately. Samples of the

stock solutions \¡/ere reserved and analysed for the actual drug content.

Sulf ísoxazole and HI-6 concent.rations \^rere kept constant at 200ug/mL.

Theophylline concentratíons of 15 ug/ml were used throughout. All dialysis

st.udíes r'¡ere carried out at 37"C. Samples for ultrafiltratj-on r/üere íncubated

at 37oC for two hours prior to ultrafiltration at 37'C. The albumin concen-

tration was kepË coristant at 4% w/v"

In all the experíments, ËesË and control replicates were prepared.

Samples \^rere analysed for drug content after the appropríate equilÍbratíon

tímes. Protein leakage !üas assessed as descríbed above.

2.3.5 Comparison of HI-6 Assay Procedures

High perfoltnance liquid chromaËography and the spectrophotometric assay
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procedure \,/ere compared for their suitabilíty as techniques for quantitation

of HI-6 in aqueous media. Calibration curves i^¡ere linear u¡ith standard solu-

tions containing 5, 10, 20" 30, 40, 50 and 200y2/nL of HI-6 in pH7.4 phosphare

buffer. Replicate samples for each concentratÍon r,iere assayed by HPLC and

spectrophotometrically as described, and the results compared.

Studies were also done to determine whether there r^rere any differences ín

the proteín bínding result.s obtained for HI-6 usÍng the two methods of assay.

Spectrum equílibrium díalysis and ultrafiltration membrane cones were used Ëo

study proteÍ-n bínding. The effect of varyíng temperature on the binding of

HI-6 r¿as investigated, as described, and Ëhe resulting samples assayed by HPLC

and spectrophotometríca11y. An albumin concentration of 4.0% w/v was used.

All solutions were made up in pH7.4 phosphate buffer.

In each study, replicate test and control samples v¡ere prepared. Protein

leakage r,ras tested for before each assay.

2.4 PROTEIN BINDING CALCULATIONS

A calibration curve r^ras prepared from standard control values of varyíng

drug concenËrations for each of the procedures used to measure protein bind-

ing" This curve, r¿hich is referred to as the rcontrol calibration curvet,

(Briggs, eË al, 1983) was used as a standard from whích all test and control

values r¿ere evaluated. IË was used in order to account for the non-specÍfíc

bínding of the drug to sources other than the protein.

The percentage ("/.) drug bound was calculated for each of the control/test

replícates by subtracting the test value from the control value and expressíng

the results as a percentage of the control, thus;

control drug conc. (pS/mf) - Test drug conc. (¡Sl*t-)
Z bound =

control drug conc.

r¿here the test drug concentration = Free

(pelnt.)

(unbound) drug.

x 100,
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For each proteín/drug system studíed, mean percentages lüere calculated.

An analysÍs of varíance and Tukeyts studentized range test \¡rere used to

determine v¡hether differences observed in the means of different systems vrere

significant" Computer data analysis vras done usíng the statístícal analysís

system (SAS) package. All tests r^/ere carried out at a 95ll leve1 of signifi-

cance.

3. RESULTS AND OBSERVATIONS

3" I ASSAY PROCEDURES

3 " 1. 1 Sulfisoxazole Ln Phosphate Buffer

Numerical calibratÍon curve data Í.or sulfÍsoxazole in pH 7 "4 phosphate

buffer are presenËed in Table l" The corresponding línear regression line is

shown ín Figure 5. The line fits the general equation y = 0.0826X + 0.0305,

r¿iËh a correlation coeffícient of 0.9999. There ís a linear relatíonship

beËween the concentration of sulfisoxazole ín phosphate buffer and opËica1

densíty at 545 nm. Graphical and numerical rcontrol calíbratíon curvet dat.a

obtained for sulfisoxazole usíng conventional equilibrium dialysis, spectrum

equilibríum dialysis and ultrafiltration membrane cones, are presented Ín

Figure 6 and Table 2" Bindíng data v/ere calculated from the I'calíbraËíon

conËrolttcurves, which were ín the concenËratíon range of the standards, due

to effective 'fdilution" by the dialysing solvenË. A linear relationship

between sulfisoxazole concentraËion and optical density rüas observed for each

method, in the concenËration range studíed. Comparíson of the linear regres-

sion parameters of the standard calibration curve of sulfisoxazole wiEh those

of the control calibration curves enabled calculation of the extent of non-

specific bínding of sulfisoxazoLe to Ëhe test apparatus (Tab1e 9). AI1 three
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TASLE 1 CALIBRATION CURVE DATA FOR SULFISOXAZOLE IN PHOSPHATE BUFFER

Sulfisoxazole
Conc. (eelml)

Absorbance
at 545 nm t S.E*

1.0

2.0

5.0

i0.0

20.0

6

6

6

6

6

0.07i t 0.002

0.138 t 0.005

0.355 t 0"005

0.639 I 0.004

1.341 r 0.01

¡kstandard error of mean
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0.0663X + 0.00473
a,9999r:

0
P

T
I

C

Ê
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1Cl.-J

^trU.J

i0 15 2D

SULF i S0XÊS0LE C0NCENTRÊT I 0N (pe/mL)

Figure 5. Calibration curve for sulfisoxazole in phosphate buffer'
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TASLE 2 CONTROL CALIBRATION CURVE DATA FOR SULFISOXAZOLE

Method*
Sulfisoxazole
Conc. (r¿e/üiI, )

Absorbance at
545 nm t S.E

i
1

1

1

1

50
I00
150
200
2s0

10
10
10
t0
l0

0.301 r 0.01
0.613 t 0.01
0.869 t 0.02
I.L44 ! 0.02
1.771 r 0.01

2

2

2

2
2

50
100
150
200
250

10
10
t0
10
10

0.304 t 0.007
0"592 t 0.02
0,963 t 0.04
I .245 r 0.04
L.566 I 0.06

3
J
ôJ

3

3

50
100
r50
200
250

B

B

B

B

I

0.284 r 0.02
0.592 t 0.05
0.865 t 0.02
1"139 t 0.04
L.377 t 0.05

*Method: l=
a_L-
a_J_

Equilíbrium dialysis (bags)
Spectrum equilíbrium dialysís
UltrafiltraÊion membrane cones
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v
r
v
r
v

= 0.00694x
= 0.9808
= 0.00655x-
= 0.9992
= 0.005066x

- 0.I017

0.0191

+ 0.0715

50 1 0D I 50 200 250

iNITIÊL SULFIS0XRZ0LE C0NCtNTRÊTl0N (¡rS/mL)

Control calibration curves for sulfisoxazole as determined by
A-equilibrium dialysis (bags) (*), B-spectrum equilibrium (O) and
C-UltrafiltraÈion membrane cones (A) .

Figure 6.
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methods exhibiËed a high degree of non-specifi-c binding of sulfísoxazoLe,

although the Díanorm showed slightly lower binding than the other ti,¡o methods.

Conventional equilibrium dialysis and ultrafiltration showed comparable values

(I0"9"/" and I0.87", respectively) .

3.2.2 THEOPHYLLINE IN PHOSPHATE BUFFER

Figure 7 ís an HPLC chromatogram showing the separaËion of theophylline

and beta-hydroxyethyl theophylline (BHET) j-n pH 7,4 phosphate buffer" Both

peaks Tdere separate, distinct and reproducíble, with approxímate retentíon

tímes of 4.6 mÍnutes and 6.0 minutes respectÍ.vely, for theophylline and the

beta-hydroxyethyl derivatíve.

Theophylline calibratíon curve data are presented graphically in Figure

8. Numerícal data are shown in Table 3. The data fít the linear regression

equation Y = 0.1256X + 0.0711, with a correlaËion coefficient of 0"9994. In

the concentration range standard, a línear relationshiop exists between the

quantity of theophyllíne and BHET in phosphate buffer and their corresponding

peak heights.

Control calibratíon curve data obtained for theophylline using equili-

brium dialysis bags, the Dianorm and ultrafiltration, are presenËed in Table

4. Línear regressíon lines wiËh Ëheir corresponding equations and correlaËion

coeffícients are shovm in Figure 9. All three rnethods gave a linear relation-

shíp between theophylline and BHET concentrations in buffer, and their corres-

ponding peak heights. Peak height ratios obtained using ultrafilt.ration r¿ere

generally much 1or¡er than those obtained using the equilibrium dialysís

nethods, implying higher binding of theophylline to the ultrafíltration cones.

Conventíona1 dialysís resulted in the smallest degree of non-specifíc bíndíng

of theophyllíne (Table 9).
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Chromatogram
and B-hydroxy

of a sample mixture
ethyl theophylline

of 15 ¡rB/mL each
(B).

Figure 7. of theophylline (T)
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TASLE 3 CALIBP.ATION CURVE DATA FOR THEOPHYLLINE IN PHOSPHATE BUFFER

Theophylline
Conc. (ue/inl-)

Peak HeÍght
RatÍo* t S"E

2"5

5.0

r0.0

20. 0

5

5

5

5

0.368 r 0.01

0.685 t 0.01

1.378 t 0.02

2"563 t 0.08

*Peak height ratío = Theophyllíne peak height/beta-hydroxyethyl theophylline
peak height
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i5 ¿U

lNE C0NCtNTRÊTl0N (Pelml-)

r0

THEOPHYLL

Figure 8. Calibration curve for Èheophylline in phosphate buffer.

0. I256X
0.9994

0 .071r
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TASLE 4 CONTROL CALIBRATION CURVE DATA FOR THEOPHYLLINE

Method*
Theophylline
Conc. (Eelni,)

Peak Height
Ratío t S.E

1

I
t
I
t

5.0
i5. 0
25 "0
50. 0
75.0

10
10
t0
i0
IO

0.198 t 0.01
0.623 t 0"08
1.072 t 0.08
2.079 I 0.08
3.058 t 0. 10

2

2

2

2

2

5.0
15.0
25.0
50.0
75"0

10
10
10
10
10

0.196 r 0.03
0.585 r 0.05
1.028 t 0.08
1. 983 t 0.02
2.909 t 0. rB

3

3
J

3
3

5.0
15. 0
25.0
50. 0
75"0

B

B

B

B

B

0.191 t 0.004
0. 543 t 0. 06
0.984 t 0.05
1.683 t 0.08
2.465 I 0.13

*Method: 1=
.>_

J=

Equilibriurn dialysis (bags)
Spectrum equilibrium dialysis
UltrafilËratíon membrane cones
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v
r
v
r
v
r

0.0409x
0.9989
0.0388X
0.9997
0 .032 IX
0.9980

0.0r85

0.0209

0.0827

+

+
3.0

1C

0.5

Figure 9.
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INITiÊL THE0PHYLLINE C0NCENTRÊTIDN (¡:e/ml)
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ConÈroI calibration curves for
Equilibrium dialysis-bags (*),
and C-Ultrafiltration membrane

theophylline as determined by A-
B-Spectrum equilibrium dialysis (cl
cones (¿) .
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3.T.3 HI_6 IN PHOSPHATE BUFFER

A sample HPLC chromatogram showing the separatÍon of HI-6 and obidoxíme

(toxogonin) in pH 7.4 phosphate buffer is shov¡n in Figure 10. Both peaks Ì.^/ere

separate, distinct and reproducÍble with approximate retention times of 7.9

minutes and 1I.2 mínutes, for HI-6 and toxogonin, respectively.

Spectrophotometric and HPLC calibration curve data for HI-6 ín pH 7 "4

phosphate buffer are shown in Tables 5 and 7, respecËively. Graphical data

aye presented in Figures 11 and 12 wíth 1ínear regressíon equations and

respective correlatíon coefficients. It can be seen from the results Ëhat

Ëhere ís a positive linear relationshíp between Ëhe concentration of HI-6 ín

phosphate buffer and both optical density at 355 Dnr and HPLC peak height

ratíos of HI-6 and toxogonín.

Spectrophotometric control ca1íbration curve daËa for HI-6 obtained from

equilibriurn dialysís bags, Spectrum equilibrium dialysís and ulËrafiltration

membrane cone studies, are presented in Table 7 and Figure 13. Spectrum

equílibrium dialysis and ultrafiltration HPLC control calibration daÈa are

shown ind Table B and Figure 14. A linear relationshiop was observed between

HI-6 concentratíon ín phosphate buffer and both optical density and peak

heights ratio obtained in chromatographic separation.

All nethods resulËed in very little non-specific binding of HI-6 to the

test apparatus (<2%).

3.2 PROTEIN BINDING STUDIES

The protein binding of HI-6 to bovine serum albumin ín vitro at approxi-

mate physiological conditions \^ras found to be around 5"/" wL.en determined using

ultrafiltration membrane cones. There \¡ras consíderable variatíon beËvreen

replícates" values of percent bound HI-6, ranging from less than 1 percent to



Figure 10. Chromatogram of

-52-

46810

TIME (MINS " )

a sample mixture of HI-6 (H) and Toxogonin (T).

18t6

INJECT



tra_ JJ _

TABLE 5 SPECTROPHOTOMETRIC CALIBRATION CURVE DATA FOR HI-6 IN PHOSPHATE
BUFFER

[1I-6 Conc.
(üslml,)

Mean Absorbance
t S . E* (355 mn)

10. 0

20.0

30. 0

40. 0

50.0

6

6

6

6

6

0.081 t 0.004

0.163 t 0.005

0.238 t 0.007

0.324 t 0.007

0.398 t 0.003
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0.008x + 0.0023
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0.3

o.2

0.c
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HI -6 C0NCENTRÊT I 0N (¡rslml,)

Figure 11. SpecËrophotomeÈric calibration curve for HI-6 in phosphate buffer.
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TASLE 6 SPECTROPHOTOMETRIC CONTROL CALIBRATION CURVE DATA FOR HI-6

I"lethod*
HI-6 Conc.

(uelm].)
Absorbance at
355 nm t S.E

I
1

I
I
I

50
100
150
200
250

l0
10
IO
10
r0

0.r34 t 0.007
0"269 r 0.008
0.372 I 0.01
0.519 r 0"003
0.643 ! 0.02

2

2

2

2
2

50
100
150
200
250

10
10
10
10
IO

0.136 r 0.006
0 .266 t 0.0r
0"375 r 0.01
0.534 i 0.02
0.67s r 0.02

3
a
J

3
3
J

50
r00
150
200
250

8
B

o
B

B

0.I37 r 0.01
0.267 t 0"02
0.361 I 0.04
0.541 r 0.004
0.696 t 0.01

xMethod: 1-.)_
L_
1-J-

Equilibrium díalysis (bags)
Spectrum equilibriuur dialysis
UltrafÍlrration menbrane cones
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= 0.0445X
= 0.9999

- o.o24

2D 30 40 5D

Hi -6 coNcENTRÊT I oN (pa/n]-)

Figure 12. HPLC calibration curve for HI-6 in phosphate buffer.
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TASLE 7 HPLC CALIBRATION CURVE DATA FOR HI_6 IN PHOSPHATE BUFFER

HI-6
Conc. (peln]-)

Peak
height ratio t S.E

10"0

20. 0

30"0

40. 0

50.0

5

5

5

5

5

0"430 r 0.03

0.854 r 0.008

r.305 t 0.009

I"758 r 0.03

2.204 t 0.02
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TABLE 8 HPLC CONTROL CALIBRATION CURVE DATA FOR HI-6

Method'"
HI-6 conc.

(pelml-)
Mean peak

heÍght ratío t S.E

2

2

2

2

2

50
100
150
200
250

IO
10
10
10
i0

0.7L3 t 0.01
1"297 t 0.009
I.962 r 0. 006
2.654 t 0.003
3.419 I 0.003

J
3
J

J

J

50
100
150
200
250

8
8
B
ou
B

0.695 t 0.005
L.396 t 0.04
2,108 t 0.003
2.9L5 r 0.06
3.429 t 0.009

J.Method a-
a-
J-

Spectrum equilibríum dialysis
Ultrafíltration membranes curve



B:

v
T

v
r

-60-

= 0.136X - 0.0217
= 0.9988
= 0.0140X + 0.0125
= 0.9982
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300

Figure I4. HPLC control calibration.curves for HI-6 as determined by A-spectrum
equilibrium dialysis (*), and B-Ultrafiltration membrane cones (0).
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TABLE 9 NON-SPECIFIC BINDING OF SULFISOXAZOLE, THEOPHYLLINE AND HI-6 TO TEST
A?PARATUS AT ITHERAPEUTIC I CONCENTRATIONS

Conc "

METHOD

Equilibrium Spectrum equilibríum Ultrafiltration
Membrane ConesDru

Sulfísoxazole

Theophylline

HI_6

(pelmI,) dialysis (baes) dial sas

i00

15

i00

r0 "9"Á

2. 10/

| .9"/"

7"

7.

1"

4/"

57"

3"Á

r0.8"Á

12 "7"/.

L "7"/.

Results are based on all determinations done at
rhe study.

these concentrations duríng
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lor'¡er values of percent bound HI-6 vrere obtaíned

dialysis, røith a símílar high degree of variability
ttsignal to noisettratio vrould greatLy affect low

It r¿as observed that conventional equilíbríum dialysis (bags) " generally

gave rtestt values that were higher than the corresponding tcontrolt values

for HI-6. This made ít Ímpossible to calculate the extent of binding of HI-6

from the results obtained using this rnethod. A sample of the test results

obtained by varying HI-6 concentration from 50 ¡re/rnl- to 250 pg/nr is presented

in Table 10. Similar resulËs (not shown) vrere obtained for the temperature,

pH and protein concentration studies using this method of studying protein

bínding.

In a f urËher study, 2"/" dextran v¡as added to the buf f er of test sample to

establísh whether the anomaly ín protein binding results of HI-6 could be

abolished. The problem was suspecËed to be due Ëo osmotíc(osmosis-induced)

volume shífts. The results of thÍs study are presented in Table 11. Although

there r¡/as a slight decrease in the test values, the change v/as not sufficient

to correct the problem and alloru calculation of bindíng.

For each of the three drugs the value for the percent bound drug as

determined by the ultrafiltration technique generally uras higher than that

obtained by the equílibrium dialysis procedures. Conventional equilibrium

dialysis most commonly produced the lowest values.

3.2.T EFFECT OF DRUG CONCENTRATION ON EXTENT OF BINDING OF SULFISOXAZOLE,
THEOPHYLLINE AND HI_6.

Numerical data for percent bound sulfísoxazole obtained at different drug

concenLrationse are presented in Table 12" Corresponding graphical data are

presented in Figure 15" The data fít the general equations, Y = -0.1453X +

106.19; Y = -0.I134x + 103.53; and Y = -0.0776x + 101.66, wírh correlarion
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CONCENTRATION ON PROTEIN BIND]NG OF HI-6 AS

EQUTLIBRIUM DIALYSIS (BAGS)

HI-6
Conc " (uelnI-)

Control- 0.Dx
at 355 nur

Test 0.D
at 355 nm

Control-Tes t
0.D

50
50
50
50

100
100
100
100
150
150
150
150
200
200
200
200
250
250
250
250

0. 117
0. 109
0.138
0.L22
0.254
0.207
0. 300
0.278
0.381
0.356
0 "366
0. 380
0.498
0.5 rB
0.523
0"518
0. 655
0"647
0.66L
0.652

O. LL2
0.134
0. 139
0.L32
0"278
0 "290
0.266
0.289
0.419
0. 408
0.463
0"44L
0. 587
0.562
0.578
0. 605
0 .696
0.677
0. 659
0. 690

+0. 005
-0.025
-0. 00r
-0 . 010
-0 "024
-0. 083
-0. 034
-0.011
-0. 038
-0 "0s2
-0 "097
-0.061
-0.081
-0.044
-0. 055
-0.087
-0.041
-0.030
-0. 002
-0.038

*optíca1 density
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EFFECTS OE 2"Á DEXTRAN ON PROTEIN BINDING
EQUTLTBRTUM DTALYSTS (BAGS) AT 200 

IJG/W-

OF HI-6 AS DETERMINED BY
HI-6.

Control 0.D* Test 0.D.
aË 355 nm (No dextran)

Tes t-Control
0.D

Test 0.D
(+2"/. dextxar-)

Test-Control
0.D

0.509
0.486
0 .492
0 .493
0.502
0 .577
0.498
0.500
0. 514

0. 580
0.579
0"5r2
0.587
0"583
0 .617
0 .493
0" 561
0.534

-0.071
-0.093
-0. 020
-0.094
-0.081
-0. 100
-0. 005
-0. 06 r
-0. 020

0.499
0.502
0"514
0"486
0. 508
0 .497
0. 505
0"487
0.503

0.0i0
-0 . 016
-0.022
0. 007

-0. 006
0.020

-0. 007
0.013

-0. 020

*0.D. = optical density.
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coeffícíents of 0.9975,0"9949, and 0.9872, for conventional equilíbrium

díalysis, the Díanorm and ultrafiltratíon, respectively. A negatíve línear

relationship r,/as observed between inítia1 sulfisoxazole concentration and

percent drug bound. Although the amount of sulfísoxazole bound to albumin

increased wíEh increasing initial concentratíon (Figure 16), percent bound

drug decreased from 99.38% at 50 ¡e/ml inítia1 sulfisoxazole, to 70"847. at 250

f4/nf, usíng conventional equilibrium díalysis. A sirnilar trend was observed

using the other Ëwo methods of studyíng bindíng.

The results of the analysís of variance shovred that drug concentration

and method of deËermining binding can affect the apþarent percenË - bound

sulfísoxazole. Tukey's sËudentízed range test on the data at Ëhe 95"/" Level of

signifícance \¡/as used to compare the results. For a given method of determin-

ing binding, all means of percent bound sulfisoxazole at the different drug

concentrations were shown to be different from each other. Differences \¡¡ere

also found between the means of percent drug bound determined by all three

methods at higher sulfisoxazole concentratíons. No significant difference \,üas

observed in the means obtaíned using Spectrum equílibrium dialysis and ultra-

filtration at 50 þZ/nt or 100 lB/nL 
(Tab1e 13).

The results of percent bound theophylline at different drug concentra-

tions are presented j-n Table 14 and Figure 17. Fígure 18 is a plot of ínítial

theophylline concentration versus the amount of drug bound. Linear regressíon

parameters are also shovm. The amount of theophylline bound was observed to

Íncrease ¡¿ith íncreasing iniËial theophyllíne concentratíon, although the

fraction bound remained reasonably consËant throughout the concentratíon range

studied "

All three methods gave statístícally differenË means for percent bound

theophylline at each theophylline concenËraLion studied (Tukeyts test; P =
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TABLE 12 EFFECT OF DRUG CONCENTRATION ON PROTEIN BINDING OF SULFISOXAZOLE

l'{ethod*
IniËial Sulfisoxazole

Conc. (rrelnl-)
l{ean "/"

Bound t S. E

I
I
I
1

I

50
100
150
200
250

10
10
10
10
IO

99.38 r 0. 18
9L.92 ! 0.22
83"49 r 0.11
7 6.33 t 0. 33
70.84 x 0"27

2

2

2
2

2

50
100
I50
200
250

10
l0
10
10
10

98.76 r 0.45
9I"87 t 0"38
85.L2 t 0.32
81.05 ! 0.19
70.82 ! 0.46

J

J

J

3
3

50
100
150
200
250

8
B

B

B

Õ

98.82 ! 0"26
92"60 I 0.39
89.44 t 0.50
87.04 t 0.31
82.19 t 0.63

*l
2

J

Equilibrium dialysis (bags)
Spectrum equilibríum dialysis
Ultrafiltratíon membrane cones
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Figure 15. Effect of initial sulfisoxazole concentration on percent bound as

determined by A-Equilibrium dialysis (bags) (*), B-Spectrum equilibrium
dialysis (o), and C-Ultrafiltration membrane cones (a).
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+ 24.65

+ 23.96

+ 13.06

A: y=
r=

r-
y=
r=

C
,/L

B

E

50 100

INIT]RL SULF]SOXÊZOLE

150 200 250

C0NCENTRÊT I 0N (¡:e/mL)

Sulfisoxazole concentration bound vs. initial sulfisoxazofe concentration
as determined by A-Equilibrium diaTysis (bags) (*), B-Spectrum equilibrium
dialysis (t), and C-ultrafiltration membrane cones (a).
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TASLE 13 EFFECT OF DRUG CONCENTRATION AND METHOD O}] PROTEIN BINDING OF

SULFISOXAZOLE

Sulfisoxazole
Conc. (ue/nL)

Equílíbríum
Dialysis (Bags)

l{ean1l
N Bound

METHOD

Spectrum Equili-
bríum Dialysis

YÍean7"
N Bound

Ultrafiltration
Membrane Cones

Meart"Á

N Bound

50

100

150

200

250

10

10

10

l0

10

10

10

10

10

10

gg.3ga*

gt.ozbx

g3. 4gc*

76.33d*

70. g4e*

gB.7 6a

gr.87b

85. 12c"

8l.o5d*

7 5 "82c'"

98.824

92.6ob

gg .44e*-

87. O4d*

g2. lge*

Means wíth the same letter (per method) are not signifícantly dífferent.
Tukeyrs studentízed range test P = .05.

Means of methods signíficantly different at the same drug concentratíon are
indicated by t*t. Tukeyrs sËudentized range test P = .05.
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TABLE 14 EFFECT OF DRUG CONCENTRATION ON PROTEIN BINDING OF THEOPHYLLINE

Method*
InÍtia1 Theophylline

Conc. (Þe/rr.r)
Nlean %

Bound t S.E

I
1

I
1

I

5

15
25
50
75

9

10
l0
t0
10

19.83 ! 0.72
18. 93 I 0. 50
r9.01 r 0.38
20.21 r 0.21
19"92 ! 0"47

2

2
2

2

2

5
15
25
50
75

10
10
l0
10
10

26.93 t 0.56
24.29 t 0.56
23"63 t 0.10
24"84 r 0.75
24.83 t 0.62

J

J

J

3
3

5

15
25
50
75

B

B

B
ôo

B

37 .87 ! 0.29
39.60 ! 0.46
37.01 t 0.35
36.16 t 0.50
36.96 ! 0.26

*Method: f=

a_
J-

Equilibríurn dialysis (bags)
Spectrum equílibrium dialysis
U1Ërafiltration membrane cones
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TASLE 15 EFFECT OF DRUG CONCENTRATION AND METHOD ON THE PROTEIN BINDING OF

THEOPHYLLINE

METHOD

Equilibrium Spectrum Equili- Ultrafiltratíon
Dialysis(Bags) brium Dialysis Membrane Cones

Initial Theophyl- l{ean% Mear.1l
line conc. (ue/rnl-) N Bound N Bound

l{.ean%
N Bound

5

15

25

50

75

io 19.534* 10 26.g3ax B 39. B7a*

to 18 . 93a* to 24 ,29b * 8 39 . 6oa,k

to 19. ola,t to 23.63b* 8 37. o1b,t

to zo.2rax 10 24.84b* B 36. t6b*

Io r|.g2ax ro z4.gzb,r B 36.g6bx

Ìfeans with the same letter (per method) are noË sígnificantly different.
Tukeyrs studentized range tesË P = .05.

Means of methods signíficantly different at the same drug concenËraËion are
índicated by r*r. Tukeyrs studentízed range test P = .05.
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TABLB i6 EFFECT OF DRUG CONCENTRATION ON PROTEIN BINDING OF HI-6

Method'^
Initial HI-6
Conc. (pelmT.)

Mean Z Bound
IS. E

2

2

2

2

2

50
100
150
200
250

9

10
10
10
I

4.38 t 1.10
3.69 ! r.7
4"L5 ! 0.92
4.48 t i.3
4.76 ! L.2

J

3

3

3

50
100
150
200
250

B

7

B

8
B

5.62 ! 0.Br
7 "55 ! I.4
7.48 ! r.2
5.89 t 0.6
6 .52 ! L.9

:kMet.hod: .,_
.)-
J-

Spectrum equilibríum dialysís
Ultrafiltratíon membrane cones
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TABLE 17 EFFECT OF DRUG CONCENTRATION AND METHOD ON PROTEIN BINDING OF HI-6

HI-6
Conc. (pe/ml-)

Spectrum Equili-
brium Dialysís

l{ean1l
Bound

Ultrafiltration
membrane corres

l{ean"/.
Bound

50

100

150

200

250

4.384

3"694

^4. L5*

4.484

4.7 6a

5 .624

7 "554

7.4g4

5.894

6.524

9

t0

r0

i0

B

B

7

8

B

B

Means wíth the same letter (p"r method) are not significantly different.
Tukeyrs studentized range Ëest P = 0.05.

Means of methods significantly different at the same drug concenËration are
Índícated by *. Tukeyrs studentízed range test. P = 0.05.
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.05). No significant difference \,/as observed ín the means obtained at the

different drug concentrations using conventional equílÍbrium dialysís. Means

of percent bound theophylline obtained using the Dianorm and ultrafiltration

r./ere found to be slÍghtly but signíficantly higher at lower drug concentra-

tíons ( 15 pg/inl) than those at higher concentraËions (Table 15). No differ-

ence v¡as observed in the means of percent bound at concentrations higher than

15 yslml-.

Numerical data for percent bound HI-6 at different inítial drug concen-

Ëratíons as determined by Spectrum equÍlíbríun dialysís and ultrafi-lËration,

are presented in Table 16. Analysis of variance at tlne 95"/. level of signifi-

cance indicated that for each method, there $/ere no significant differences ín

the means of percenË bound HI-6 at the different concentrations. No signifi-

canE difference vras observed between the methods at each of the drug con-

centrations studied (Table 17).

3.2.2 EFFECT OF TEMPERATURE ON EXTENT OF PROTEIN BIND]NG OF SULFISOXAZOLE,
THEOPHYLLINE AND HI-6

The data obËained in the study of the effect of varying temperatures on

the extent of binding of sulfisoxazoLe, theophyllíne and HI-6, by albumin, are

summarized in Tables 18, 20 and 22, respectively. Graphical data are pre-

sented in Figures 20, 2I and 22" Línear regression parameters are also shown.

It can be seen Ëhat there ís a negatíve linear relatíonship between

temperature and percent bound drug for all the three drugs. There is a

decrease in exËent of bínding of the drugs r.¡iËh increasing temperature.

Analysis of varíance showed that the effects of temperaËure and methods of

measuríng proteín binding, r^rere highly significant factors in determining the

exËent of binding of all three drugs. Tukeyrs studenlízed range test on the

daËa at the 95"/" level of sÍgnificance indícaËed that all means of percenË
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TABLE 18 EFFECT OF TEMPEBATURE ON PROTEIN BINDING OF SULFISOXAZOLE

l'lethod*
Temp "
( "c)

l(ean %

Bound 1 S. E

i
I
t
1

6

25
37
4s

i0
i0
10
10

96.L6 r 0.81
89.48 t 0.39
82.91 ! 0.7 2

80"66 r 0.15

2
2

2
2

6

25
37
45

10
10
10
r0

97.09 t 0.61
88.87 t 0.27
80.96 t 0.11
78.24 t 0. 55

B

8
o
B

3
3
J

.f

6

25
37
45

99.27 r 0.20
86.20 t 0.41
78.04 r 0.36
72.05 1 0.18

*Method: 1-
a-L_

3-

Equí1íbríuur dialysís
Spectrum equilíbríurn dialysis
Ultrafiltration membrane cones
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TASLE 19 EFFECT OF TEMPERATURE AND METHOD ON PROTEIN BINDING OF SULFISOXAZOLE

Temperature
( "c)

Equilíbríum
Dialysís (Bags)

l{.ean%
Bound

METHOD

Spectrum Equilí-
brium Dialysis

l{.ean%
N Bound

Ultraf iltrat,ion
Membrane Cones

---- Meæ-
N Bound

6

25

37

45

10

10

10

10

96 . r6a

89. 4Bb

g2.grct

go. 6od,t

10 97.Tga

10 88.57b

i0 80. 96c",

10 76.Z4dx

B gg.27a*

B 86 " 20bx

B 78 .O|c*

B I z. o5d:.

Means with the same letter (per rnethod) are not signíficantly different.
Tukeyrs studentized range tesË P = .05.

Means of methods signíficantly different at the same Ëemperature are indicated
by t*t. Tukeyts studentLzed range test P = .05.
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TABLE 20 THE EFFECT OF TEMPERATURE ON PROTEIN BINDING OF THEOPHYLLINE

Method*
Temp.
( oc)

Mean Theophyllíne
Bound t S.E (Z)

I
i
1

I

6

25

45

10
IO
i0
10

28.40 ! 0.64
20.82 ! 0"22
L8"52 t 0.50
10.19 ! 0"44

2

2

2

2

6

25
37
45

i0
o

l0
10

46.84 ! L.02
32.89 r 0.34
24.47 t 0.56
2L.33 t 0"21

J
J

J

J

6

25
37
45

o
B

B

8

57.9I t 0.58
42.87 ! 0"79
38.19 t 0.52
36.36 t 0.96

*Method: 1=
a-L_

3=

Equilibriurn Dialysis (bags)
Spectrum Equilibrium DialysÍs
Ultrafiltration membrane cones
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TABLE 21 EFFECT OF TEMPERATURE AND METHOD ON THE PROTEIN BINDING OF
THEOPHYLLINE"

Temperature
( "c)

Equilibrium
D Íalys ís (Bags )

I{.ean%
N Bound

METHOD

Spectrum Equilí-
brium Dialysís

MeanZ"
N Bound

Ultrafiltration
Membrane Cones

Yl.ean%

N Bound

6

25

37

45

10

t0

10

10

10

9

r0

10

28.4at.-

29.82b*

1g. 52c*

10.19d,t

46.844*

3z.ggbx

24.47c,\

21.33d*

57 .gra*

42 . B7b ¡,

39.3gc*

38. t6d*

N = Number

Means with the same letter (per nethod) are not significantly different.

Tukeyrs studentized range test P = 0.05.

Means of method signíficantly dífferent at the same temperature indicated byr*¡. Tukeyts sËudentízed range Ëest P = 0.05.
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TA-3LE 22 EFFECT OF TEMPERATURE ON PROTEIN BINDING OF HI-6

Method*
Temp.
( "c)

l{,ean %

Bound t S. E

2

2

2

2

6

25
37
45

9

9

9

9

5.86 r 0.87
5.09 1 0.98
4.57 ! 0"56
4.78 t 0.78

3

J

J

J

6

25
37
45

B

B

8

o

7"0i r 0.93
5.98 t 0"BB
5.7r ! 0"66
4"94 ! L"46

';Method:
J=

Spectrum equilíbrium dialysis
Ultrafiltration membrane cones
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TABLE 23 EFFECT OF TEI"IPERATURE AND METHOD ON PROTEIN BINDING OF HI-6

METHOD

Temp.
('c)

Spectrum Equili-
brium Díalysís

lf.ean"/"
Bound

Ultrafí1tratíon
membrane cones

l{lean1l
Bound

6

25

JI

45

5. 864

5.0g4

4 .574

4.784

8

B

8

ö

7 .Ora

5.98b

_ _-b5./L

4.g4b

Means r¿ith Ëhe same letter (per
each other. Tukeyls test, P = 0.

Means of methods signífícantly
ËemperaËure are indicated by t*t.

rnethod) are not signifícantly different from
05.

different from each other at the same
Tukeyls studentized range test, P = 0.05.
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bound sulfísoxazole and theophylline at the different temperatures r¡rere

sígnificantly different. Means of percent bound sulfisoxazole determined by

ultrafiltration membrane cones \.{ere statistically different from those of the

t\,/o equilibrium dialysis procedures at all temperatures (Table 19). No

difference qras observed between the 1aËter t¡^¡o methods at 6oC and 25"C, but

there were signíficant differences in the methods at the higher temperatures.

Significant differences in all three methods vrere noted for mean percent

bound theophylline at all temperatures studied (Tab1e 2I). Differences

beLr¿een results obtained at all temperatures for a gíven method, were also

statistíca1ly different at the 95"Á level of signíficance (Tukeyrs test, P -

o.0s).

Although there was consíderable varíation in the resulËs of percent bound

HI-6 at the differenË temperatures, Tukeyls test done at the 95"/" level of

significance indicated that there \,/ere no sígnificant differences betvreen the

means obtaíned usíng Spectrum equilibrium dialysis. No difference \,¡as de-

tected beËween the means of percent bound HI-6 determined by ultrafíltration

at 25"C, 37"C and 45"C. Percent bound HI-6 at 6"C was signíficantly higher

than at the higher temperatures using thís method (Table 23).

3"2"3 EFFECT OF pH 0N THE EXTENT 0F PROTEIN BINDING 0F SULFISOXAZOLE,
THEOPHYLLINE AND HI_6

A summary of the data obtained Ín the study of the effect of varying pH

on the extent of binding of sulfisoxazole, theophylline and HI-6 is presented

in Tables 24, 26,28, and Figures 23,24 and 25, respecËively.

Analysis of variance indicated that pH and method of determining protein

binding had a significant effect on the extent of sulfisoxazole and theophyl-

line bound by albumin" A progressíve decrease Ín the bínding of sulfisoxazole

was observed r¿ith íncreasíng pH in the pH range of 6.4 to 10.5 units, Tukeyrs
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TABLE 24 EFFECT OF PH ON PROTEIN BINDING OF SULFISOXAZOLE

l"iethod* pH
Nlean "/"

Bound t S.E

1

I
i
1

i
I

4"5
5.8
6.8
7 "4
8.0

10. 5

t0
i0
t0
10
10
10

90"62 t 0.81
91.30 t 0.36
90.65 t 0.21
89.27 ! 0.42
86.60 t 0. 10
75"79 t 0"59

2

2

2

2

2

2

4.5
5.8
6.8
7.4
8.0

r0.5

10
i0
10
10
10
10

92.68 ! 0.49
93"16 t 0.56
89.28 t 0.32
87.81 r 0.11
87 .23 r 0.18
78"37 ! 0.64

3

J

3

3
3

J

4"5
5.8
6.8
7.4
8"0

10.5

B

B

B

8
8

8

92,99 t 0,2L
92.25 t 0.33
92.16 r 0.56
90"65 ! 0.2L
87 .74 r 0.70
78"46 r 0.52

*Method: 1 = Equilíbrium dialysis (bags)
2 = Spectrum equilibrium díalysís
3 = Ultrafiltration membrane cones
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TABLE 25 EFFECT OF pH AND METHOD ON PROTEIN BINDING OF SULF]SOXAZOLE

pH

Equilíbriun
Dialysis (Bags)

l{ean1l
N Bound

METHOD

Spectrum Equí1i-
bríum Dialysis

Mean1l
N Bound

Ultrafiltratíon
Membrane Cones

luleanT
N Bound

4.5

5.8

6"8

7.4

8.0

10.5

l0

r0

10

10

10

l0

i0

10

t0

10

i0

10

g0 .624x

g1.304*

g0 " 654

Bg.27b

86. 60c

75.7gd"n

92.6Ba

93.r6a

89. 2Bb

87. B1b*

87.nb

7 B .37c

92.gga

92.254

92 . L6ax

90. 65b

87 .7 4c

7 B .46d

Means v¡ith the same letter (per method) are not signifícantly different.
Tukeyrs studentized range test P = .05"

Means of methods significantly different aË the same pH are índicated by t*t.
Tukeyts studentízed range test P = .05.
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studentized range test at the 95"/" 1evel of significance índicated that the

üeans of percent bound sulfísoxazoJ-e at different pH values in thís range rüere

statistically different from each other and from Ëhose at the lower pH values

(Table 25). No significant difference LTas detected ín percent bound sulfisox*

azole between pH 4.5 and 6.8, ínclusive. Means of percent bound sulfisoxazole

determíned by equílibrium dialysis bags vrere significantly dífferent from

those of the other two meËhods at the extreme low and high pH values, which

are outsíde the normal plasma ranges.

A progressive Íncrease in binding of theophylline vras observed v¡ith

increasíng pH ín the basic pH range (Table 26)" Tukey's studentízed range

test at the 95"/. 1evel of signifícance indicated that for each of the three

methods, there was no signíficant difference in the means of percent bound

theophylline below pH 6.8. Signíficant differences in theophylline bínding

were observed at all the hígher pH values (TabLe 27). There were signíficant

differences beËr¿een methods at all pH 1evels studíed. These differences r¡rere

more pronounced at high pH, whích could be important ín formulating drug-

loaded proteinaceous microspheres" Greater binding was observed usíng ultra-

f iltratíon than i,rith dialysis methods.

HI-6 binding to albumin as determined by Spectrum equilibrium dialysis

and ultrafí1tratíon, remaíned relatively constant throughout the pH range

studíed" Analysís of varíance done at the 95% level of signíficance indicated

that there \¡/as no sígnificant difference beËween Ëhe means of percent bound

HI-6 aË the dífferent pH values. No statistíca1ly significant differences

v/ere observed between the means of percent bound HI-6 determined by Spectrum

equilibrium dialysis and ultrafiltration membrane cones at ai-L the pH values

tested (Table 29).
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TABLE 26 EFFECT OF PH ON PROTEIN BINDING OF THEOPHYL],INE

Method* pH
Theophyllíne Bound ("/")

t S"E

1

I
I
1

I
1

4"5
5"8
6.8
7 "4
8.0

10.5

10
l0
10
10
10
10

2L .09 t 0. 33
L9"64 t 0.14
20.29 t 0.81
22 "82 t 0.5 7

22.90 t 0"28
29"L4 r 0.19

2

2
2
2

2
2

4.5
5.8
6.8
7.4
8.0

10.5

r0
r0
l0
10
l0
10

22,83 t 0. 36
22"66 t 0.54
23.88 t 0.18
24"47 ! 0.79
27.74 t 0.55
40.25 ! 0.62

J

J

J

J

J

-l

4.5
5.8
6.8
7.4
8.0

10. 5

B

o
B

B

B

8

27 .53 r 0.19
27.L6 ! 0.47
26 .89 ! 0.7I
39.38 ! 0.42
48"37 t 0.68
57.r2 t 0.34

*Method: I = Equilibríum dialysis (bags)
2 = Spectrum equilibrium díalysis
3 = UlËrafi-ltration membrane cones
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TABLE 27 EFFECT OF pH AND METHOD ON PROTEIN BINDING OF THEOPHYLLINE

pH

Equilibriurn
Dialysis (Bags)

l{ear.1l
N Bound

METHOD

Spectrum Equili*
briurn Dialysis

Ì4ear.1l
N Bound

Ultrafí1traËion
Membrane Cones

l{eanT"
N Bound

4"5

5.8

6"8

7.4

8.0

10. 5

l0

i0

10

10

10

10

10

t0

10

10

10

t0

20.99

19"64

20.29

22.82

22.90

29 "L4

22.g3ax

22.664*

23. BBb*

24.47bx

27 .7 4c,\

40.25dt.

27 .534x

27.164"^

26.gga'k

39. 3Bb*

48.37c*

57.rzdt

Means wiËh Ëhe same letter
Tukeyrs studentízed range test

Means of methods signíficantly
Tukeyrs studentized range test

(per method) aîe not signifícantly different.
P = "05.

different at the same pH are indicated by t'å-r.

P = .05.
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TABLE 28 EFFECT OF pH 0N PROTEIN BINDING 0F HI-6

Method* pH
Alean 7"

Bound t S"E

2

2

2

2
2

2

4"5
5.8
6.8
7.4
8"0

i0.5

t0
10

9

l0
10
10

3"96 t 0.43
4.49 ! 0"72
4"54 ! 0.78
4"93 t 0"45
5.69 r 0.89
5.93 ! 0.64

6

B

B

B

Õ

B

3

3

3
3
3
a
J

4.5
5.8
6.8
7.4
8.0

10.5

5.33 t 0.89
4.78 r 0.85
4"55 ! L.07
5.20 r 0. 89
5"43 ! 0.67
4.I0 r 0.51

*Methodz 2 = Spectrum equilíbriurn díalysis
3 = Ultrafiltration membrane cones
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TABLE 29 EFFECT OF pH AND METHOD OF DETERMINING BINDING ON PROTEIN BINDING OF

HI-6

METHOD

pH

Spectrum Equili-
briurn Díalysis

Mean1l
N Bound

UltrafiltraËíon
Membrane Cones

l{rean"/,
N Bound

4.5

5.8

6.8

7.4

8.0

l0 3.964

t0 4.494

g 4.544

10 4.934

10 5.934

6 5.334

B 4.784

B 4.554

B 5.204

8 4.104

Means with the same letter (per method) at.e noË signifícantly different.
Tukeyts studentized range test, P = 0.05.

Means of methods significantly dífferent at Ëhe same pH are indicated by t*r.
Tukeyrs studentized range test' P = 0'05.
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3,2"4 EFFECT 0F PROTErN (ALBUMTN) CONCENTRATTON 0N EXTENT 0F BTNDTNG 0F

SULFISOXAZOLE " THEOPHYLLINE AND HI-6

Tables 30, 32 and 34 represent a suuìmary of resulËs obtained in the study

of varying albumín concentratíon on the extent of binding of sulfisoxazoLe,

theophylline and HI-6 by albumin. Graphical daËa are presented ín Fígures 26,

27 ar,d 28, respectively"

For all three drugs, íË was observed that as the concentratíon of albumin

íncreased, the fracËion of drug bound also increased, approaching a maximum at

hígher protei-n concentration. Although at 1or¿ albumin concentraËions, the

bínding of drugs íncreased rapidly rr¡ith concentration of protein, an increase

in albumín at higher concentrations produced only a small elevatÍon in bind-

ing. For example, doubling Ëhe albumin concentration f rom I "0"/. to 2.0%

resulted in almost a 3-fo1d íncrease ín the bindíng of theophyllíne (5.64% to

15"47%) when deËermined using equílibrium dialysis (bags). Increasing albumin

concentratíon from 47" to 8% increased binding of the same drug by only abouË

30"/" (20.84"/. to 28.09"/"). The same trend was observed for the oËher drugs using

a1l methods of studying bíndíng. Generally, ultrafiltration gave higher

values of bínding than the equilibrium díalysís procedures, although thís

effect \^ras more pronounced for the medium bound drug (theophylline) than the

high and low bound drugs.

Analysis of variance r^ras done to determíne r¡hether there r¿ere differences

in the extent of drug bound at Ëhe different protein concentrations. The

results showed that. the effect of proteÍn concentratíon on the bindíng of

sulfisoxazoLe, theophyllíne and HI-6 vras signifícant aË the 95% level.

Tukeyrs studentized range tesË indicated that all the means of percent bound

sulfísoxazole and Ëheophylline at the different protein concentrations LTere

staËístically differenË from each other aË Ëhe 95"/" leveL of significance.
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TASLE 30 EFFECT OF AIBUMIN CONCENTRATION ON PROTEIN BINDING OF SULFISOXAZOLE

Method*
Albumín

Conc. (Zw/v)
l|ean %

Bound t S.E

I
1

1

I
1

1"0
2.0
4.0
6.0
8.0

l0
i0
t0
l0
r0

29.76 t 0.27
52.52 r 0"16
75.86 t 0.32
93.08 t 0.51
98.78 1 0.68

2
2

2

2

2

1.0
2"0
4"0
6.0
8.0

10
10
IO
10
10

27 .88 ! 0.42
5L.63 r 0.39
78.35 ! 0 .22
89.38 ! 0.L2
97 .69 t 0.4i

J

J

J

3

J

1.0
2.0
4.0
6.0
8"0

8
8
8

I
8

24"50 t 0.15
49 .83 r 0.28
74.r2 x 0"49
97.32 ! 0"2L
99.22 t 0.44

*MeÈhod: 1=
n-L_

3=

EquílÍbrium dialysis (bags)
Spectrum equilibriun dialysis
Ultrafiltratíon membrane cones
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Figure 26. Effect of alburnin concentration on percent bound sulfisoxazole as

deterrnined by A-Equilibriun dialysis (bags) (*), B-Spectrum
equilibrium ãialysis (u), and C-Ultrafiltration membrane cones Q.).
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TA3LE 31 EFFECT OI' AIBiIMIN CONCENTRATION AND METHOD ON PROTEIN BINDING OF

SULFISOXAZOLE

Albumín
Conc. (%w/v)

Equilibrium
Dialysis (Bags)

NIean?.
N Bound

METHOD

Spectrum Equili-
bríum Dialysís

NIean1l
Bound

Uitrafiltration
Membrane Cones

þIear.1l
N Bound

1.0

t ('l

4.0

6.0

8.0

10 29 .7 6ax

10 52.52b

10 75.86c

10 93.08d*

10 g}.78e

10

10

l0

10

10

27 .ggax

51.63b

78.35c*

89. 3Bd'*

97 "69"

g 24.604*

B 49. 83b

B 74.t2c

B 97.32dx

8 gg.22d

Means r¡ith the same letter (per method) are not. signifícantly dífferent.
Tukeyrs studentízed range test P = "05.

Means of methods signifícantly different at the same albumin concentration are
indícated by t*t. Tukeyrs studentízed range test P = .05.
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TASLE 32 EFFECT OF AIBUMIN CONCENTRATION ON PROTEIN BIMING OF THEOPHYLLINE

Method*
Albumin

Conc. (%w/v)
þlean Z Theophylline
Bound t S. E

I
I
1

I
I

1.0
2"0
4.0
6"0
8.0

10
10
10
10
IO

5"64 ! 0.48
L5 .47 t 0. 33
20.84 ! 0"72
23.60 t 0"24
28.09 t 0.91

2

2

2

2

2

1.0
2.0
4.0
6"0
8.0

10
t0
10
10
10

7 "92 t 0.r2
18.93 ! 0.29
24.43 ! 0.46
30.03 f 0.56
35.22 t 0"Bi

3

3

J

3

J

1.0
2.0
4.0
6.0
8.0

B

B

B

B

8

13.16 r 0.30
34.42 t 0.6I
46.34 t 0.28
5r. 93 t 0" 51
6r.6r t 0.59

:! f = Equilíbrium dialysis (bags)
2 = Spectrum equilíbrium dialysís
3 = Ultrafíltration membrane cones
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468
RLBUIIlN C0NCtNTRÊTI0N (% w/v)

Figure 27. Effect of albumin concentration on percent bound theophylline as

derermined by A-Equilibrium dialysis (bags) (*), B-spectrum
equilibri,rr ai"tyri" (p), and C-UltrafiltraÈion membrane cones (a)
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TASLE 33 EFFECT OF AIBUMIN CONCENTRATION AND METHOD ON PROTEIN BINDING OF

THEOPHYLLINE

Al-bumin
Conc. (%w/v)

Equí1ibríum
Dialysis (Bags)

Mean Theoph
N Bound (%)

Spectrum Equilí-
briuur Díalysis

Mean Theoph.
N Bound(Z)

Ultrafiltration
Membrane Cones

Mean Theoph.
N Bound(i()

1.0

2.0

4.0

6.0

8.0

10 5.644"^

10 L5.47bx

10 20 ,84c "^

10 23.60d*

i0 28.oger,

7 .g2ax

18. 93b*

^ t , ^C^"¿L+.4J ^

30. o3d*

35.22'x

13" l6a*

34.4zbx

t / nrC-
40. J4 ^

5t.g3d*

61"61"*

10

IO

i0

IO

10

Means with the same let.ter (per method) are not significantly dífferent"
Tukeyts sËudentized Tange ËesË P = .05"

Means of methods signífícantly different at the same albumín concentration are
índicated by t*t. Tukey's studentízed range test P = .05.
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TASLE 34 EFFECT OF AIBTIMIN CONCENTRATION ON PROTEIN BINDING OF HI-6

Method*
Albumín

Conc. (%w/v)
l{.ean %

Bound t S"E

2

2

2

2

2

1.0
2.0
4"0
6.0
8.0

9

10
10
i0
10

r"06 t 0.31
2"46 ! 0"65
4.86 ! 1..22
6.23 ! 0.7 4
7.76 ! 0.93

3

3

J

3
J

I"0
2.0
4"0
6.0
8.0

B

B

B

ö
8

r.07 r 0.34
3.48 t 0.70
5.09 r 0"50
6.62 ! 0 .86
8.28 I 1.02

tslvlethod. 2 = Spectrum equílíbrium dialysís
3 = Ultrafíltratíon membrane cones
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All three methods showed significant differences in the means of percent

bound theophylline at each protein concentration studied (Table 33) (Tukey's

test, p = .05) . Percent bound sulfisoxazole values obtaíned using the three

methods r,¡ere reasonably close although some differences between methods v/ere

deËected, especially at the low protein concenÈrations (Table 3f). At the

physiological albumin concentration (4%), mean percent bound sulfisoxazole

determined usíng the Dianorm \¡ras slíght1y but sÍgnifícantly different from

those obtaíned by conventional díalysis and ultrafÍltration.

Both ultrafiltration and Spectrum equilibrium díalysis showed an increase

in the bínding of HI-6 with increasing albumín concentration. Tukeyts test

done at the 95"Á level of significance indicated thaË for both methods, the

means of HI-6 bound at L% and 2% a].bumin concentraËion \,rere not statistically

different, but they differed from those at the higher albumin concentrations.

No significant difference rrras detected in Ëhe means of HI-6 bound at 4%, 6"/.

and 87 albumin.

No signifícant dífference \47as detecËed betr¿een the two methods used to

deËermíne HI-6 bínding at all albumin concentrations studíed (Table 35).
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Effect of albumin concenÈration on percent bound HI-6 as

determined by A-Spectrum Equilibrium dialysis, and B-Ultrafiltration
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TA3LE 35 EFFECT OF AIBI]MIN CONCENTRATION AND METHOD ON PROTEIN BINDING OF

HI_6

METHOD

Albunin
Conc . (7"w /v)

Spectrum Equili-
brium Díalysis

l"lean 7.

N Bound

Ultrafiltration
Membrane Cones

Mean "/"

N Bound

1"0

2.0

4"0

6.0

8.0

9

i0

10

10

10

1.064

2.464

4.86b

6.23b

_ __b/. /b

r.o7a

3.484

5.09b

6.62b

B. 2Bb

Means wiËh Ëhe same letter (per method) are not
Tukeyts studentízed range tesË' P = 0.05.

Means of methods sígníficantly different at the same

indícated by r^*r. Tukeyrs studentized range Ëest, P

sígníficantly dífferent.

albumin concenËraËion are
= 0. 05.
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3"2"5 COMPARISON OF SPECTROPHOTOMETRIC AND HPLC ASSAY PROCEDURES FOR HI-6

Numerical data for a plot of spectrophotometríc absorbance values of

standard concentrations of HI-6 in phosphate buffer, versus corresponding

HI-6/Toxogonín peak height ratíos, obtained by HPLC assay of the same standard

solutions are presented ín Tables 5 and 7.

There is a strong lÍnear correlation between HPLC HI-6 and toxogonin peak

heights and spectrophotomeËric absorbance at 355 nm. Linear regression

analysis yíelded a straíght line with the general equation;

PHR = 5.5974A - 0.0376, where PHR = peak heíght ratio¡ and A = absorb-

ance. The correlation coeffícient !'ras 0.9997.

Proteín binding results for HI-6 at differenË temperatures as determined

by Spectrum equilíbriurn dialysis and ultrafiltratíon membrane cones" and

assayed by both spectrophotometríc and HPLC Ëechniques, are presented in Table

36.

Analysis of varíance was done to find out if the means of percent bound

HI-6 obtaíned using the Ë\./o assay techniques r,rere sígnificantly different

under the conditíons used in thís study. No signifícant difference \¡/as

detected between the tr^ro sets of results at the 9511 leve1 of signíficance

(Table 37).



TABLE 36 PERCENT BOUND HI-6 AT

METRIC AND HPLC ASSAY
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DIFFERENT TEMPERATURES USING SPECTROPHOTO_

TECHNIQUES

% Bound t S.E

l"lethod*-

Temp.

( "c)

Spect.

Assay

HPLC

Assay

2

2

2

2

6

25

37

45

9

9

9

9

5.86 t

5.09 r

4.57 !

4.78 !

0. 87

0. 98

0. 56

0.7 B

5.03 t 0.82

4.92 ! 0.BL

4.89 ! 0.44

4.9r ! 0"56

3

J

3

J

6

25

37

45

8

8

B

8

7.01 t

5.98 t

5"71 r

4"94 !

0. 93

O. BB

0. 66

r"46

7 .39 ! 0"60

5.16 t 0. 87

5"42 ! 0"53

5.05 t 0.98

*Method:

Means of assay

índicated by r:k I

methods signíficantly

. Tukeyrs studentízed

dífferent at the same

rangetestrP=0.05.

2 = Spectrum equilibrium dialysis

3 = Ultrafiltration membrane cones

temperaËure are
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D ISCUS S ION

The assay procedures for sulfisoxazoLe, theophylline and HI-6 in phos-

phat.e buffer showed adequat.e linearityr precision and accuracy vrithin the

concenËratíon ranges studied" HPLC peaks for theophylline and HI-6 v/ere

separate, distinct and reproducible, and no breakdov¡n of eíther drug \^7as

deËected even at 45oC" or in the extreme pH ranges. It r¿as shown that \^7ÍEh

standard concentrations of albumÍn, the protein did not interfere v¡ith either

HPLC or spectrophotometríc analyses of any of the drugs at the wavelengËhs

used. Although slíght protein leakage may affect the binding results, ít was

not a contributing facËor to variabílity ín results for quantitation of the

compounds present"

One major problem \,üith all procedures for separaLíng free from bound drug

is drug loss due to bínding Ëo the membranes or apparatus. hrhereas HI-6

showed almost negligíb1e binding to the test apparatus (<2"/"), sulfisoxazole

and theophylline exhíbíted a relatívely high degree of non-speci-fic bindíng at

approxímately therapeutíc concentratíons. Although conventional díalysis

takes a üuch longer time than Ëhe Díanorm for equilibration, Ëhe large mem-

brane surface area relative to the workíng volume in the latter method is

probably Ëhe major contributing factor to the hígh degree of non-specific

bínding observed for theophyllíne. For borh drugs, ultrafiltration gave the

hÍghesË extent of non-specific bíndíng. The reported figure of 79.8"Á Teten-

tion of theophyllíne by CF25 Auricon cones (Fedak" 1980) is much hÍgher than ín

the present sËudy (I2.35%). The author has also reported sígnificant díffer-

ences in the protein binding results of theophyllíne obtaíned using two types

of Amicon membrane cones (CF25 and CF50). It ís likely Ëhat the dífferences

between our results and those reported by Fedak are due to dÍfferences in the

binding characterisËics of the ultrafiltratíon membranes used. Membrane
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manufacturers have been modifying formulatíons and polymers in attempts to

mÍnimise non-specífíc bínding. The precíse formulation of the Amicon CF25

membrane pol1'rner has been altered since the oríginal batches of the cones were

made.

The ímplicatíons of these results are that in the absence of adequate

represenËative controls to monitor non-specific binding, drug bound to the

test apparatus may be consídered to be due to protein binding, resulting in an

overestimatíon of drug bound. Attempts to adjust dosages based on Ëhese

results rnay be poËentially hazardous. For drugs such as sulfisoxazole (ZLni,

et al. " I976), and díazepam (Stock, et a1. " 1980), which exhibit concentration

dependent binding, the observed unbound fractíon at any given initíal concent-

ratíon vrill not reflect the actual drug free at that concentratíon, since the

drug available for protein binding is less than that oríginally present.

ZhÍ-rkov and Piotrovskii ( 1984) have demonstrated that several cardiovas-

cular drugs at concentrations close to or even exceeding therapeutíc concen-

trations, can bind extensively to dialysis and ultrafiltration membranes,

Íncluding the CF50A Amícon cones. For some drugs such as verapamil, prazosin

and nífedipine, the retention r,ras so high that Ëhere was no detectable drug in

the ultrafíltrate. Simílar results have been reported for disopyramide using

ultrafiltration (Hindering, I974). i^Ihereas non-specífíc binding may be of

little clínical ímportance in certain drugs such as sulfonamÍdes and salicy-

lates, it may play a major role Ín contributing to errors in ínterpretatíon of

the binding of drugs r,¡hich have a low therapeutic Índex, andf or shor¿ concen-

Ëration dependent binding. In such cases, the choice of ¡nethod for deËermin-

ing binding is very important if clinically meaningful results are to be

obtained.

Apart from a number of HI-6 studies where the resulËs \,Íere very varíable
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and could not al1or¿ a clear distÍnction beLween the methods, significant

dif f erences \¡rere f ound beËrueen results obtained r¿íth all three methods of

studying protein bindíng" Ultrafiltration generally gave higher values of

percent drug bound than Spectrum equí1Íbrium dialysis which in turn gave

hígher values than conventional dialysís. These discrepancies are due mainly

Ëo the dilution effects occuring in equílibríum dialysis resulting in a lower

concentration of protein at equilibrium than was originally present. The tíme

needed for equilibration may lead to changes ín the bínding characterístícs of

the proteins and a consequent díssociation of the drug-proteín complex.

Although ultrafíltration is more rapid than most dialysis procedures, ultra-

filtration devices tend to be more susceptible to non-specÍfic binding. The

increase in proteín concentration with tíme may also contribuËe to the high

proËein binding results in this method. Ultrafiltration and Spectrum equí1ib-

ríum dialysis gave results whích \¡/ere close at approximaËe physiological

conditions. Differences r^rere more pronounced for the medium (theophyllíne)

and 1or,r (HI-6) bound drugs than for the highly bound drug (sulfisoxazoLe) 
"

The physico-chemical propertíes of these three drugs differed consíderably,

and rníght affect Ëhe results obtaíned with a partícu1ar method.

SËudíes of HI-6 bíndíng using equílibrium díalysis indj-cated that thís Ís

a poor choice of meËhod for determíníng the bínding characteristics of low

bound drugs. Veerbeck, et al., (1984) have demonstrated that the effect of

volume shífts in equílibrium dialysis is dependent on the extent of bindíng of

the drug to the proteín. Thus, whereas the same phenomenon as observed with

HI-6 may be operatíng wíth Ehe higher bound drugs, it may not be as easily

recognized as with a low bound drug like HI-6. Ultrafiltration appears to be

the method of choíce for the determination of the protein binding of low bound
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drugs since the problem of volume shift is avoidedr províded the volume

removed by filtratíon is minimísed. tr{hen non-specific binding is not very

exËensive or when proteín binding is not concentraËion dependent, the Dianorm

is the best method of those tested for determining the protein bínding of both

highly and medium bound drugs.

Most sulfisoxazole proteín binding studies have been done usíng equili-

brium dialysís at approximately 100 to 200 ye/nL, which ís consídered as the

average therapeutic concentratíon of this drug. Conventional dialysis (bags)

and plexiglass equílibrium cell procedures have been used.

Sulfisoxazole bínding Eo 4"/" ai-bumírr at 200 ¡:,e/nL and approximate physí-

ological conditions ranged from 75.86 t 0.332 to 89.27 ! 0.422 using conven-

rional equilibrium dialysis; 74"12 ! 0.49"Á to 90.65 ! 0"25"/. usíng ultrafiltra-

tion. The values determíned by conventional equilíbriurn dialysis are slightly

hígher Ëhan those of AnÈon (1960) r¿ho has reporËed a value of 68.0% using

símilar condítions. Hígher bínding values have been reported for sulfísoxa-

zole using whole blood (Yacobí and Levy, L979), and serum or plasma (Briggs,

et al." 1983; Zíní, et al, 1979). This difference betv¡een binding perceritage

measured in plasma and corresponding albuinin concentration has been attríbuted

to the bindíng of sulfísoxazoLe to plasma proteins other than albumin (Briggs,

et aI., 1983). Decreased sulfísoxazole binding has been reported in patients

with impaired renal function (Yacobi and Levy, I979).

Unlike sulfisoxazol-e, studies of theophyllíne bínding to bovine serum

albumín have been done using several methods, including conventional dialysis

(Eichnran , 1962) , ultrafiltration (Briggs, €t 41. , L979), and immersíble

molecular separation (Briggs, et al. " I979). Fedak (1980) has demonstrated

significantly different results for theophylline protein bindíng using the

three methods under standard condiËíons.
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Theophyllíne binding to albumin r¡as found to be in the range of 18.93 t

0.50"Å to 24"47 t 0"56% usíng equilibrium dialysis (bags) and 38.19 t 0"52% to

46.36 ! 0.28"/" as determíned by ultraf iltration membrane cones. Theophylline

bindíng measured using the Dianorm varied from 24"29 ! 0"56'Á to 27.74 x 0"55"Á.

These values are in close agreement r¡ith those reported by the above authors

under similar conditions.

The low binding of HI-6 to albumin suggests that protein binding may be

of lítt1e clinícal ímportance in the therapeutic use of the drug. However,

because the Í-mportance of oËher plasma proteins ín the bindíng of HI-6 T,rlas not

Ínvestigated, conclusions dra¡un from sËudies on binding to albumin alone

should be Ínterpreted with care. It r¡/as predicted that the highly polar

nature of this drug would result in 1ow binding to proteins and the presenË

resulËs lrith albumin are in accordance wíth thís.

The observed decrease in the fraction of sulfísoxazole bound with in-

creasing concentration of the drug implies that the number of binding síLes on

albumin available to this drug is lirnited " Zi-ni, et al. , (1976) have demon-

strated that there Ís only one farnily of sulfonamide bindíng sítes on human

albumin, and this may be the case with bovine albumin. The significant

increase in sulfísoxazole free fraction within the therapeutic range (B.0BZ at

i00 Fg/mL to 23.67"Å at 200 pg/mL using conventional equilíbriurn dialysis),
l

demonstrates the importance of usíng pharmacologícally realistic drug concen-

trations when studying the prot.ein binding of this drug and others whích show

conceritration-dependent binding" such as díazepam, valproic acid and dexa-

methasone. The high bínding of sulfisoxazoLe, results in a situation ín whích

any slíght changes in binding could result in a signifícant change in Ëhe free

fraction of the drug. Under normal circumstances, the increase in free

fraction of sulfisoxazoLe is compensated for by an increase in the metabolism
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of Ëhe drug (Levy, i980), resulting in an overall minimal change in free frac-

tíon. However, this may not apply in patíents whose elimination processes are

compromi-sed or in geneËic slow drug metabolisers.

Theophylline binding to albumin as determined by conventional equilibríum

díalysis shor,¡ed bÍndíng to be independent of drug concenËration. Fedak (1980)

has reported similar results using the same procedure and ultrafiltratíon

membrane cones. The observed concentrat.ion dependence of theophylline bíndíng

at concentrations below 15 
¡S/mt using ultrafíltration and Spectrum equilíb-

rium dialysis could be artefactual, since there is proportíonately higher

non-specifíc binding of the drug to apparatus at lower drug concentrations.

Any drug concentratíon dependence of the binding of HI-6 and other low bound

drugs would be rnasked by the wide variations observed between replícates at

the same concentratíon.

Both sulfisoxazole and theophylline binding showed a significant decrease

of percent drug bound with íncreasíng temperature using all procedures of

determining bínding. Sulfisoxazole bínding at 37oC was observed to be 82.9L !

0"72%, 80.96 t 0.II"A ar'd 78"04 ! 0.36% respectively using conventÍonal equili-

brium dialysis, the Díanorm and ultrafílËration membrane cones. Respective

values of theophylline bindíng rrere 18 .52 ! 0 .50"/., 24 " 47 t 0 .56"/" and 38 . 19 t

0"52%. All methods gave significantly dífferent results from each other at

thís Ëeinperature.

Some auËhors have reporËed protein bindÍng values of sulfisoxazole

(AnËon, 1960) and theophylline (Brors, et al., 1983), at room temperature.

The observed temperature-dependence of the bíndíng of sulfisoxazole and

theophylline implies that proteín binding studies done at non-physiological

Ëemperatures may not be rel-evant to the clinical situatíon. Protein bínding

results usíng conventional equílíbrium díalysis obtained for sulfisoxazole and
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rheophyllíne ar 25oC (89.48 t 0.39"/", and 20.82 ! 0"22"/"" respectively) índícate

that results done at room temperature yíeld an elevation in protein bindíng

resulËs amounting to approxímately 7 "47"" and IL% of. the amounts determined at

37"C for sulfísoxazole and theophyllíne, respectively. Correctíons to these

results based on calculated factors for conversion to give data equivalen! to

those r^¡hich would be obt.ained at 37"C would be necessary for them to have

clinícal relevance.

Although no significant difference lras observed in the binding of HI-6 at

the different temperatures, the examínation of the numerical data suggested a

trend towards a decrease in the binding of HI-6 with increasing temperature.

The very 1ow protein bínding of the drug plus the wíde variabíliËy observed

between replícates at any given temperature \^ias Ëhe main reason for not

detecting any differences in binding between temperatures.

All Ëhree drugs showed an increase ín the extent of drug binding wíth

íncreasíng albumín concentration. Although at low albumi-n concentratíons the

drug bínding increased rapidly, Ëhe íncrease became progressívely gradual wiËh

further increases in albumin concentration beyond 4% w/v. Many authors,

includíng Goldstein (I946) have reported possible polymerisatíon of albumin in

solutíons of concenËrations greater than 2 g/Litre. Such polymerisatíon may

have two possíble effects;

1. If albumin molecules are bound by sites other than those that bind the

d.rugr there will be a fall ín the number of binding sítes due to steric

blocking, although affínity would be preserved.

2. If albuurin molecules bind on sites Ëhat bind the drugu then there will be

a reduced affinity for Ehe drug although the total number of binding

sítes r¿ou1d remain constant. The albumin bindíng rvould use some siËes

oËherrvíse available Ëo the drug.
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The observed progressive decrease in the affinity of albumin for the drug

implies that the latter mechanism may be responsible for the observed decrease

in exlent of bínding aË high albumin concentratíons.

Although cases of hyperalbumínemia are rare, many pathophysiologíca1

conditions are associated wíth significantly decreased levels of albumin. In

certain disease states, such as liver disease (Branch, et al., L976), and the

nephrotÍc syndrome (Gugler, et al. ,L975) " plasma albumin levels may fa1l to

half the physiological concentration. Knowledge of how proteín bínding of a

drug varies with changes in protein concentration may help to explain some of

the observed drug-relaËed toxic reactions whÍch occur ín some patj-enËs.

Many protein binding studies using albumin have been done at an original

albumin concentration of 4 g/I00 mL, whích represenËs the average physiologi-

cal concentratíon of thís protein in plasma. Due to the dilution effects in

conventional equilibríum dialysís, the protein concentration at equilibrium

may be sígnifícantly lower than that origínally present. The observed depend-

ence of drug bínding to albumin concentration inplíes thaË many of Ëhe re-

ported values of protein binding using these procedures are an underestimatíon

of the actual bínding under physiological conditions. In addítíon' the

relatj-vely weak affinity of alburnín at hígh concentrations permits bínding to

oËher circulating proteins whích make it ímpossíble to deduce binding percent-

ages in plasma from in vitro percentages of bínding Ëo albumin. For drugs

t.hat bind to albumin as !ùe11 as other plasma proteins, ít may be more real-

istic to measure protein binding in plasma rather than isolated albumin.

The dependence on pH of binding in human serum has been reported for a

number of drugs including warfarín, propranolol, fusidic acid, imipramine"

quínidine, theophylline and sulfonamides. The binding of theophyllíne to

albumin r,¡as shown to increase wíth íncreasing pH whereas sulfísoxazole bindíng
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decreased with pH, $iithin the basíc pH range. It has been establíshed that

around neutral pH, bovíne and human serum albumín exíst in Er"¡o conformational

f orms, the N- and B-forms (I^IÍ1ting, et a1., i9B0). In phosphate buf f er" pH

6.0 almost all the proteín ís Ín the N-conformation, r¿hereas at pH B, the

beta-form is predominant. The N-B transitíon in albumin occuring between pH 6

and 9 is thought to be responsible for the observed effect of pH on binding.

Katz and Klotz (1953) have shown that an íncreased number of sites becomes

available for anionic and neutral ligands aË pH values higher than to the

ísoelectric point of albumin. It has also been revealed that 150 "non-

exchangeable" hydrogens exist in bovine serum albumin, but these hydrogens

become completely exchangeable at the extreme pH values ((:.0 and )8.5).

These findings are consisËent with the observed íncreased binding of theophyl-

line and other drugs, r¿íth increasing pH. The binding of sulfisoxazoLe,

however, decreased wíth increasing pH. Henry et al., (1981) " have also

reported a decrease in the bindíng of fusídic acid wiËh increasíng pH. These

differences may be atËríbuted to dífferences in drug íonisation and to confor-

matíonal changes in the albumin molecule that occur ín thís pH range.

The implícation of pH dependence of drug serum bindíng ís that binding

d.ata from experíments run at non-physiological or unknown pH values may be

írrelevant to in vivo condiËions. Most clínical binding studies are done on

ttspikedttserum. It has been shov¡n that the pH of sËored serum íncreases with

time. It is therefore important to bríng the pH of "spíked" serum back to the

origínal rqhole blood pH before proteín bindíng studies are done, if the extenË

of drug binding ís pH-dependent.

In the pasË few years HPLC has become establíshed as the method of choice

for determÍning drugs in biological fluíds. The spectrophotometric procedure

used for HI-6, although símpler and more convenient, ís less sensitÍve Ëhan
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HPLC and its use may involve measuïement of metabolites or other breakdown

producËs. In a series of stability studies done Ín our laboratory (Keling and

Puríno, unpublished data), soluËions of HI-6 in phosphate buffer assayed by

U.V. spectrophotometïy consístently gave higher values than ídentical solu-

tíons assayed by HPLC. After four days of storage of 250 mg HI-6 in solution

at 95oC, the HI-6 remainíng when assayed by spectrophoËometry was I1.32 t 0.31

urg/rnl vrhereas no HI-6 vras detected usíng the HPLC assay. The implication of

these resulÈs is that the chromatographic procedure for HI-6 assay is more

specific than the spectrophotometric meËhod. A breakdown product appears to

be interferíng with HI-6 assay in the latter meËhod.

A very strong correlaËion l{as observed between results of assay of

non-degraded HI-6 using HPLC and spectrophotometry, even at concentratíons as

low as 5 ¡re/nl. No sígnificant difference vlas detected beÉween HI-6 protein

bindíng values at different temperatures, obËaíned using the tvro methods of

assay. The reason for the observed devíation of our results from those

reported earlier may be the relatively rnílder condítíons and short.er times of

íncubation in our study. Sínce iË was not possíble to obtaín HI-6 proteín

bínding values using conventional día1ysis, iË was not possíble to compare the

results of this method with those obtained usíng ultrafiltratíon and the

Díanorm. Because of the longer tíme Ëaken for equilibration in the former

method, ít ís líkely Ëhat some breakdov¡n of HI-6 ¡.vou1d have been detected,

especially at 45oC. The influence of these breakdot¿n products on proËein

binding measured for HI-6 is unknown. Hor¡ever, they could affect both the

acËua1 bindíng and the âssê]: teading to anomolous results, particularly íf a

specËrophotometric assay \Àtas used.
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CONCLUS IONS

Measurement of free drug levels in monítoríng therapy with highly bound

drugs has taken on an íncreased Ímportance in recent years. Thís is particu-

larly relevant ín drug displacement situations or when disease states cause

modifícatíons in plasma proteins or alterations ín theÍr concentratíori in

plasma. For highly bound drugs r¿hich also have a narro\,,/ therapeutic index,

slight changes in bínding may result in disproportionate changes in the free

(unbound) drug, and consequently, sígnificant changes in the pharmacologÍcal

effect.s of the drug. A simple, rapid and convenient procedure is requíred for

routine determination of plasma free drug levels in the cliníc.

The binding of sulfisoxazole, theophylline and HI-6 to bovíne serum

albumin was evaluated usíng conventinal equilibrium dialysis (bags), Spectrum

equilibrÍum díalysís and ultrafiltration membrane cones. The extent of

bíndíng of all three drugs r,ras shordn to be directly related to temperature and

albumin concentration. The bínding of Ëheophylline and sulfisoxazole also was

affecËed by the pH of the medium. Percent bound sulfísoxazole decreased r¿ith

íncreasing drug concentration, but theophylline and HI-6 bindíng was independ-

ent of iníËial drug concenËration.

The proteín binding results obEained by the three methods used each drug

T/¡ere significantly dífferent from each oËher. Generally, for all three drugs,

ultrafiltration gave the highest results for percent bound, whereas conven-

Ëíonal dialysis gave Ëhe lowest. Ultrafiltration appears to be the method of

choice for determiníng Ëhe protein binding characterístícs of lor¿ bound drugs.

Both Spectrum equilibriurn dialysis and ultrafiltration may be used for medium

bound drugs with reasonable accuracy, provided extensíve bindíng of the drug

to the test apparatus does not occur. Generally, the proteín binding of

highly bound drugs does not seem to be affecËed significantly by the nethod
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used for separaËi-on.

HI-6 was found to bind to 47. bovine serum albumin to an exËent of approx-

imately 5% using ultrafiltratíon membrane cones. The spectrophotometríc assay

procedure for HI-6 gave results comparable with those obtaíned by HPLC. The

former method of assay may be used ín routine day to day analysis of non-

degraded HI-6. Hor,,/ever, it must be noted that the behaviour of HI-6 ín

biological fluids may be different from thaË observed in aqueous buffer, and

any ext.rapolations should be interpreteted u¡ith cautíon. Similarly, the

presence of breakdown products may ínterfere with the spectrophoËomet.ric assay

of stored samples.

The results of thÍs study demonstrate the ímporcance of usíng standard

physiological conditions r¿hen determining the proËeín binding of drugs, to

obtaín clinically relevant results. The method of determining binding has a

significant effect on the results obtained, especially for very 1ow bound

drugs like HI-6, and to a lesser extent, medium bound drugs. For routíne use,

díalysis techníques are most suÍtable for medium and highly bound drugs.

Although the technique influences results with low-bound drugs, the clinícal

signíficance of changes in the extent of binding of these drugs is mínímal"

Precíse, accurate data are much more important wíËh highly bound drugs,

partÍcularly those lríËh a low therapeutic index.
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