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Abstract

The determination of drug–protein binding and free drug concentration in plasma applying the equilibrium sampling through membrane (ESTM)
technique has been studied using supported liquid membrane extraction in a single hollow fibre without any membrane carrier. In the extraction
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etup, the donor phase (plasma or buffer) was placed in the vial, into which was immersed the hollow fibre with the acceptor phase
he lumen. This proposed technique was applied to study the drug–protein binding of five local anaesthetics and two antidepressan
ubstances, and the influence of the total drug concentration on the drug–protein binding was investigated. The brief theoretical bac
etermination of the drug–protein binding under equilibrium conditions is described. The developed method shows a new, improved
rocedure for determination of free drug concentration in plasma and extent of drug–protein binding.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Drug–protein binding is the reversible interaction of drugs
ith proteins in plasma. The binding of a drug to a protein bind-

ng site is a saturable process and it can be expressed by the ratio
f free to total drug concentration (the free fraction) or by the
atio of bound drug amount to the total amount (drug–protein
inding ratio)[1]. The extent to which binding occurs varies and
epends on the physico-chemical nature of the drug, the affinity
etween the drug and protein, the drug and protein concentra-

ions and the presence of other substances which either compete
ith the drug for binding sites or displace it through the allosteric
ffects [1,2]. There are several proteins in plasma, including
erum albumin,�1-acid glycoprotein (AAG) and lipoproteins
hat contribute to plasma protein binding of a drug. Increased
oncentration of the binding protein results in a decreased free
rug concentration, and increased drug concentration results
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in reduced drug–protein binding ratio due to saturation o
protein. In view of the high variation in the free fraction of d
ferent proteins and drug concentration, it is of interest fro
pharmacological point of view to measure the free drug
centration, since the pharmacological effect is considered
proportional to the free drug concentration[3]. There are clinica
situations where monitoring free drug concentrations provid
clinician with information and insights into a patient’s phar
cologic status. For those drugs that are highly bound (>80
plasma proteins, a relatively small change in the degree of
ing may have a significant effect on the free fraction. Some d
also exhibit a concentration-dependent (saturable) protein
ing within their therapeutic range so that higher concentra
are associated with lower drug–protein binding ratios[1]. AAG
binds most of the basic drugs and some hormones. It is an
phase reactant which has one binding site selective for
drugs such as disopyramide and lidocaine. The plasma co
tration of AAG increases in the presence of stress, inflamma
malignancy, myocardial infarction and various haemato
cal disorders. This AAG increase causes more binding si
become available thus causing a decrease in free drug lev[4].
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Several methods have been used for determination of free
drug concentration in plasma as well as drug–protein binding
ratio. These include affinity chromatography[5], ultrafiltration
[6], ultracentrifugation[3], equilibrium dialysis[7], microdial-
ysis [8], capillary electrophoresis[9] solvent microextraction
[10] and supported liquid membrane extraction[11,12]. These
methods differ in their speed, data quality and complexity[13].
Experimental artefacts associated with these techniques affect
the drug equilibrium and have led to erroneous values. Such
artefacts include: non-specific binding of the drug to the plastic
housing and ultrafiltration membrane, non-physiological con-
ditions (pH, presence of organic solvents), low concentration
of free drug (even under the detection limit), long periods of
analysis, etc.[14].

Supported liquid membrane (SLM) equilibrium extraction
(equilibrium sampling through microporous membrane) with a
flat membrane has recently been demonstrated as a new method
for in vitro determination of drug–protein binding under physi-
ological conditions without disturbing the equilibrium between
a drug and protein in plasma[15]. When the extraction is per-
formed with a very low enrichment factor (equilibrium extrac-
tion with incomplete trapping), only the free (unbound) fraction
of the drug is removed from the aqueous donor phase, so that the
binding equilibrium is not significantly perturbed[10,15]. With
these conditions met, the free concentration of the drug can be
determined directly as well as the drug–protein binding ratio.
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pH value not much lower than the pKa (for basic compounds),
the system can reach equilibrium (�C = 0) in a reasonable time
period. This is in contrast to other applications of membrane
extraction[17,18] intending to perform a more or less exhaus-
tive extraction, where acceptor pH at least 3.3 units lower than
pKa is used leading toαA ≈ 0. This ascertains high enrichment
factors, so that a true equilibrium is not reached within the exper-
iment time. This mode of extraction is not further considered
here.

The maximum concentration enrichment factor is reached at
equilibrium and can be expressed by:

Ee(max)=
(

CA

CI

)
max

= αDKD

αAKA
(2)

When plasma is spiked with a weakly basic drug (all local anaes-
thetics and antidepressants investigated in the work reported
herein are weakly basic amines), two equilibria are established:
the equilibrium between charged (unextractable) and uncharged
(extractable) drug molecules (i.e. the dissociation equilibrium,
described by pKa), and the equilibrium between the protein drug
complex and the free drug in plasma. Both equilibria depend on
pH of the donor solution. If the extraction is performed under
equilibrium conditions and the total concentration of the drug in
the plasma sample in equilibrium with the organic and acceptor
phase does not change significantly during the extraction, then
n tion.
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The aim of the present study was to develop an impr
nd simple method based on the equilibrium sampling thr
microporous membrane with a single hollow fibre for de
ination of drug–protein binding and free drug concentratio
lasma. The single hollow fibre extraction device was devel

n our laboratory and previously applied to environmental s
ling for the determination of freely dissolved concentratio
hlorophenol pollutants[16]. Simple sample preparation, sh
eparation time and physiological conditions were anticip
hen the study started.

. Theoretical background

Since in our previous paper, the theory for determinatio
rug–protein binding using SLM extraction under equilibr
onditions was described in detail[15], here is only given a brie
escription of the theory.

In the SLM extraction in a single hollow fibre, an aque
onor (sample) solution containing the analyte (local anaes
r antidepressant in this study) is placed outside a microp
ollow fibre. The drug is extracted in a three-phase sy

hrough an organic solvent immobilized in the pores into
queous acceptor solution inside the lumen of the hollow

16,17]. The rate of the mass transfer from the donor to the ac
or is proportional to the concentration difference,�C, over the
embrane, which can be written as[18]:

C = αDCDKD − αACAKA (1)

here the symbols are defined in the List of Symbols. If
xtraction conditions are set so thatαA > 0, i.e. with an accepto
c
s

-

one of these equilibria will be influenced during the extrac
herefore, it is possible to determine the true free concentr
f the drug in plasma as well as the extent of the drug–pr
inding.

It is necessary that the volume of a sample is large enou
hat the enrichment factor is very low, so that the total ana
oncentration in the sample is not influenced by the extra
depleting of the analyte in the donor phase should not be
han 5%)[19]. When extraction is performed in a flow system
n [15], the extraction equilibrium condition in the donor rep
ents the situation in the original sample; any equilibrium wi
he sample in which the analyte participates is undisturbe
tatic systems it is important to ascertain that the depleti
egligible.

Considering equilibrium between all phases in the pla
ample, the fraction of analyte in the extractable form in
onor,αD, has to be modified in order to include the effect

he protein binding:

D = αPαDd (3)

hereαP is the fraction of free drug, andαDd is the uncharge
raction of the non-bound drug due to the dissociation e
ibrium. Then the maximum enrichment factor for equilibri
xtraction from spiked plasma sample is:

P
e(max)=

αPαDdK
P
D

αAKA
(4)

aking into account the experimentally determined equilibr
alues ofCA and calculated values ofαA and αDd [20] and
sing Eq.(4), it is possible to calculate the fraction of free d
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Table 1
The main characteristics of studied local anaesthetics and antidepressants

Name/abbreviation pKa LogP PB (%)

Prilocaine/Pri. 8.0a 7.9b 2.73d 55e

Ropivacaine/Rop. 8.9a 8.1c – 90f

Lidocaine/Lid. 8.5a 7.8c 3.40d 40–60e

Bupivacaine/Bup. 8.9a 8.1c 4.05d 95f

Mesocaine/Mes. 8.6a – – 50–70g

Reboxentine/Reb. 8.3a – 3.17a 97h

Fluvoxamine/Flu. 9.4a – 2.82a 77i

a Calculated by the program ACD/pKa DB (Advanced Chemistry Develop-
ment Inc., Toronto, Canada; Ref.[15,21].

b Ref. [22].
c Ref. [23].
d Ref. [24].
e Ref. [25].
f Ref. [26].
g Estimated, T. Arvidsson, personal communication.
h Ref. [27].
i Ref. [28].

αP, as well as to estimate the drug–protein binding ratio. This
additionally requires either the assumption thatKD ∼= KA or an
experimental determination ofKA andKD.

In our previous paper[15], a simplified method for determi-
nation of protein binding was described that used the experimen-
tally obtained values ofCA after the equilibrium extraction with
the same total drug concentrations from both plasma (CP

A) and
buffer (CA). From Eqs.(2) and (4), αP can then be calculated:

αP = CP
AαDKD

CAαDdK
P
D

(5)

whereαDd refers to the plasma sample, andαD refers to the
buffer solution. Then, assuming thatαD =αDd andKD = KP

D
under the experimental conditions, a simple relation for protein
binding is obtained:

αP = CP
A

CA
(6)

The assumptions leading to Eq.(6) require that the buffer has
the same pH and ionic strength as the plasma[15].

3. Experimental

3.1. Chemicals and materials
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light. Aqueous working solutions were prepared daily from the
stock solution.

The donor solution contained 0.25–10.0 mg dm−3 of a single
drug in the buffer solution (0.067 mol dm−3 phosphate buffer at
pH 7.53). The acceptor solution was 0.067 mol dm−3 phosphate
buffer at pH ranging from 7.0 to 7.4 depending on the studied
drug. Di-hexyl ether with 5% tri-octylphosphine oxide (TOPO)
was used as an organic phase.

Blank plasma was obtained from the blood center, Lund
University Hospital (Lund, Sweden) and kept frozen at
−20◦C. According to information from the blood center, the
plasma contained 0.01 mol dm−3 citrate acid, 0.07 mol dm−3

sodium citrate, 0.01 mol dm−3 sodium dihydrogenphosphate
and 0.08 mol dm−3 glucose. The plasma was thawed and kept at
room temperature during the day of analysis. The spiked plasma
solutions were obtained by adding the appropriate amounts of
the stock solution to the blank plasma.

3.2. HPLC analysis

The HPLC system consisted of a pump (Varian 9012),
a column (250 mm× 4.6 mm, 3�m, Ace 3 C18, Advanced
Chromatography Technologies, Scotland), a LC-detector (Spec-
troflow 755 ABI Analytical Kratos Division) at 210 nm for
the local anaesthetics and at 230 nm for the antidepres-
sants. A mobile phase consisting of 30% methanol and 70%
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The local anesthetics studied (prilocaine, lidocaine, rop
aine and bupivacaine) were obtained as hydrochloride
rom Astra Pharmaceutical Production (Söderẗalje, Sweden)
esocaine was synthesized at Astra Pain Control (Söderẗalje,
weden). The antidepressants: reboxetine methane-sul
nd fluvoxamine maleate were obtained from Solvay pha
euticals (Weesp, the Netherlands) and Pharmacia & Up
.p.A (Milano, Italy), respectively. The main characteristic

he studied compounds are given inTable 1.
Stock solutions (200 mg dm−3) were prepared in water a

ere stable for months when stored at 4◦C and protected from
s

te
-

.025 mol dm−3 phosphate buffer at pH 2.5 with a flow rate

.0 cm3 min−1 was applied for the analysis of the local ana
hetics. Thirty-five percent acetonitrile and 65% 0.01 mol dm−3

riethylamine aqueous solution, adjusted to pH 2.90 by phos
ic acid, with flow rate of 1.0 cm3 min−1 was used for analysis
he antidepressants. The chromatographic data were eva
sing a PeakSimple Model 203 Single Channel Data Sy
SRI Instruments, Torrance, CA, USA).

.3. Procedure of SLM extraction in a single hollow fibre

The microporous polypropylene hollow fibre membr
ACCUREL, Type PP 50/280, Membrane GmbH Wuppe
ermany) was used in the study. The inner diameter of the

ow fibre was 280�m, the thickness of the wall was 50�m and
he length of the hollow fibre was 150 mm. The effective volu
as calculated after extraction for each hollow fibre separa
The lumen of a single hollow fibre membrane was filled w

cceptor solution using a 0.5 cm3 syringe with 0.3 mm need
BD Micro-Fine Syringe, BD Consumer Healthcare, NJ, US
he membrane was impregnated by soaking in the organic

or 5 s, which was followed by washing in water in order
emove excess of the organic phase. Then, the lumen of th
ow fibre was washed with the acceptor buffer and the en
he hollow fibre were sealed to prevent leakage. This was
y bending the fibre ends over and fixing with a piece of Al-
nd a 50�L limited volume vial (Alltech). The membrane w
laced in the donor solution (spiked buffer or plasma) pre

n a 10 cm3 vial (seeFig. 1). During the extraction, the sam
le vials were shaken at 100 rpm using a shaker (INFORS
ottmingen, Switzerland). The final collection of the acce



172 T. Trtić-Petrović et al. / J. Chromatogr. B 826 (2005) 169–176

Fig. 1. Schematic of SLM extraction in a single microporous hollow fibre. 1:
donor aqueous phase; 2: microporous hollow fibre with organic phase placed
into membrane pores and the acceptor phase in the lumen of hollow fibre; 3:
50�L limited volume vial (Alltech); 4: Al-foil.

solution was accomplished by pressing the contents of the fibre
into a 50�L vial with a 0.5 cm3 syringe, followed by injection
into the HPLC. Similar experimental devices were described in
more details in[16].

4. Results and discussion

The main characteristics of the investigated local anaesthet-
ics and antidepressants are given inTable 1. All these drugs
are weakly basic amines. For some drugs, two different value
of pKa are given: both calculated using the computer program
ACD/pKaDB (Advanced Chemistry Development Inc., Toronto,
Canada) and obtained from the literature. The values of pKa from
the literature are specified at 37◦C [23].

4.1. Optimization of the extraction procedure

4.1.1. Donor pH
The pH of the sample has a large influence on the equilibrium

between protein-bound and free drug in plasma[29]. The free
concentration of dissociable drugs is strongly affected by the pH
of the plasma. As an example, when the pH was raised from 7.2 t
7.6, the free fraction of ropivacaine and bupivacaine (which are
basic drugs) decreased by a factor of two[3]. In the view of this
and in order to be able to study the drug–protein binding at native
c tion
o t and

Table 2
The influence of the acceptor pH on the total concentration of the analyte in the
donor phase under the equilibrium conditions expressed as a percentage of drug
depletion in the donor phase

pH Drug depletion in donor phase (%)

Rop. Pri. Lid. Bup. Mes. Reb. Flu.

7.0 10.0 2.5 6.5 20 8.7 3.6 4.2
7.1 6.3 1.0 5.1 17 3.5 – –
7.2 2.0 – 3.0 14 – – –
7.3 – – – 11 – – –
7.4 – – – 8 – – –

equal to 7.5 in all of the experiments. This condition was the
same as in our previous work[15].

4.1.2. Acceptor pH
The selection of the acceptor pH is less straightforward. On

one side, a low pHA leads to a higher enrichment factors, and
thus a more sensitive determination of low drug concentrations,
but this is not crucial in this application. High enrichment factors
could lead to depletion of the donor causing changes in the drug
protein binding equilibrium. Because of this, the influence of the
acceptor pH on depleting the analyte concentration in the donor
phase was investigated for each drug separately. These results
are given inTable 2. Depleting partly depends on hydrophobicity
of the drug, as a hydrophobic drug tends to accumulate in the
organic phase in the membrane. More hydrophobic drugs (higher
logP) are more depleted from the donor phase. For example,
lidocaine has higher logP (3.4)[24] than prilocaine (2.73) (both
of these drugs have low protein binding), thus the pH of the
acceptor phase should be higher for lidocaine (pH 7.2) than
for prilocaine (pH 7.0) in order to reach equilibrium without
changing in the total drug concentration in the donor phase.
Also, in the case of extraction of bupivacaine which is the most
hydrophobic of the investigated local anaesthetics (logP = 4.05),
depleting of the drug in the donor phase is more than 5%, when
the acceptor pH 7.4.
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onditions, the pH of the donor solution, i.e. the buffer solu
f the drug or plasma spiked with drug, was kept constan
s

o

.1.3. Time to attain equilibrium
The time required to obtain results in biomedical studie

ften considered to limit the usefulness of the method.Fig. 2
hows the time variation of the enrichment factor for rop
aine and lidocaine. These drugs are extracted separately
he buffer solution and plasma. The total concentration in d
hase was 5 mg dm−3, the donor volume was 2 cm3 and the
embrane length was 150 mm. It is evident from this fig

hat the time required for the establishment of the equilib
onditions is no longer than 25 min. It means that the total
or determination of drug–protein binding is 30–40 min depe
ng on the retention time of the drugs in HPLC analysis. T
ompares favorably with the application of dialysis and mi
ialysis for determination of drug–protein binding where v

ong experiments time is needed (at least 12 h)[30].

.1.4. Phase volumes
The volumes of biological material are highly limited.

he majority of membrane extraction studies reported on hu
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Fig. 2. The time variation of the enrichment factor for ropivacaine and lidocaine.
The total concentrations of drug in donor phase (buffer or spiked plasma) was
5 mg dm−3. (©) lidocaine in phosphate buffer; (�) lidocaine in blood plasma;
(�) ropivacaine in phosphate buffer; (�) ropivacaine in blood plasma. Acceptor
was phosphate buffer pHA 7.00.

plasma[11,31–33]extractions were accomplished from a 4 cm3

sample, and in many cases, smaller plasma volumes (0.5–2 cm3)
were diluted with the buffer to give a total donor volume of 4 cm3.
Dilution is not advisable for drug–protein binding studies as
the equilibrium could be shifted. Therefore, the influence of the
donor volume on the extraction was investigated. Three differen
sample volumes: 1, 2 and 4 cm3, were used for SLM extrac-
tion of ropivacaine (CI = 2 mg dm−3) from the buffer solution,
while the acceptor pH was 7.0. Also, two different hollow fibre
lengths were investigated in these experiments. The obtaine
results are given inTable 3. The enrichment factor is slightly
higher in the extraction with the longer hollow fibre (150 mm)
than in the extraction with the smaller length (100 mm) of the
hollow fibre but this is within the measurement errors. Also, the
enrichment factor was higher when the drug was extracted from
2 and 4 cm3 than from 1 cm3 of the donor solution, i.e. depletion
might occur at 1 cm3 sample volume. There is no significant dif-
ference in enrichment between SLM extraction from 2 and 4 cm3

donor volumes (the difference is within the measurement error)
Therefore, in the following experiments, 2 cm3 donor volume
and hollow fibres of 150 mm were used.

Table 3
The dependence of the enrichment factor on donor volume and length of hollow
fibre (LHF)

D

1
2
4

R
p dard
d

5. Drug–protein binding determination

The drug–protein binding was determined for five local
anaesthetics and two antidepressants, all weakly basic amines
and dominantly bounding to�1-acid glycoprotein (AAG).
Although the affinity of local anaesthetics to HSA is less than
to AAG, the enormous binding capacity of HSA renders this
protein important in the binding equilibrium process: when bind-
ing to AAG is saturated, HSA continues to bind these drugs
[23].

The same amount of a single drug was extracted both from the
buffer solution and from spiked plasma in triplicate. After 60 min
of SLM extraction, the hollow fibre was removed from the donor
phase and the acceptor phase was collected from the lumen of the
hollow fibre. The acceptor concentration of the drug was deter-
mined using HPLC, both after extraction from buffer and from
plasma solutions.Fig. 3shows HPLC chromatograms obtained
after the extraction of reboxetine and fluvoxamine from buffer
and spiked plasma. It is clear that the peak area after extraction
of the drug from plasma is significantly smaller than the peak
area after extraction of the drug from the buffer. The fraction of
the free drug in plasma is calculated from Eq.(6) using experi-
mentally obtained values ofCA andCP

A. The obtained values of
protein binding, PB, (in percent) for the local anaesthetics are
given inFig. 4andTable 4. (PB = 100 (1− αP).

The influence of total drug concentration on protein binding
w tions
a otein

T
T ted on
t itions
i

D

P

R

L

B

Mesocaine 50–704.9 74 (5) –
2.4 76 (7) 50

The values of relative standard deviation for three replicates are given in brackets.
onor volume (cm3) Enrichment factor (Ee)

LHF = 100 mm LHF = 150 mm

1.9 (2.8) 2.1 (4.8)
2.2 (5.1) 2.4 (4.8)
2.1 (3.4) 2.3 (3.2)

opivacaine (CI = 2 mg dm−3) was extracted from buffer solution pHD 7.5 and
HA 7.0. The time of extraction was 60 min. The values of relative stan
eviation for five replicates are given in brackets.
t

d

.

as investigated in this study. In most cases, drug concentra
t therapeutic doses are well below those of the binding pr

able 4
he obtained values of protein binding (PB) of local anaesthetics calcula

he bases of experimental results of SLM extraction under equilibrium cond
n a single hollow fibre at different total drug concentrations

rug C (mg dm−3) PB (%)

Hollow
fibre

Flat membrane
[15]

Literature (cf.
Table 1)

rilocaine

5.1 12 (4)

55
2.4 21 (4) 19
1.0 45 (5) 36
0.5 49 (7) 35

opivacaine

10.7 60 (4) –

90
5.4 68 (4) –
2.6 70 (5) 70
1.1 73 (4) 73
0.6 74 (6) 68

idocaine

6.6 11 (5) –

40–60
2.9 31 (5) –
1.5 42 (5) –
0.5 56 (7) 44

upivacaine

10.7 64 (3) –

95
5.6 69 (5) –
3.0 73 (5) –
1.2 74 (6) 58

10.0 54 (5) –
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Fig. 3. HPLC chromatogram of the acceptor phase after SLM extraction in a single hollow fibre. (i) a: Extraction of reboxetine and fluvoxamine (0.5 mg dm−3) from
buffer solution; b: extraction of reboxetine from plasma spiked with 0.5 mg dm−3 of reboxetine; c: blank after enrichment from blood plasma. (ii) a: Extraction of
reboxetine and fluvoxamine (0.5 mg dm−3) from buffer solution; d: extraction of fluvoxamine from plasma spiked with 0.5 mg dm−3 of fluvoxamine.

and the fraction unbound is constant across the therapeutic range
of the drug concentration. However, the concentration of�-acid
glycoprotein is relatively low, and saturation of the binding
sites can occur in the therapeutic range. Therapeutic plasma
concentrations of local anaesthetics are usually in the range of
2–5 mg dm−3 [34]. It is clear fromFig. 4 that there is highly
significant influence of total drug concentration on drug–protein

F local
a ;
a

binding for local anaesthetics with low protein-binding (about
50%). For example, in the cases of prilocaine, with the
increasing of total drug concentration in plasma from 0.25 to
5 mg dm−3, drug–protein binding decreases from 49 to 12%.
However, local anaesthetics with high drug–protein binding
such as bupivacaine and ropivacaine do not show any significant
dependence of drug–protein binding on the total drug con-
centration in the concentration range from 0.5 to 10 mg dm−3.
The values of drug–protein binding of the local anaesthetics
obtained in the work reported herein are in good agreement with
previously published values obtained using equilibrium SLM
extraction with the flat membrane in a flow mode operation[15].

The protein binding for two antidepressants (reboxetine and
fluvoxamine) is determined and given inFig. 5 and Table 5.
Also here, a clear dependence of protein binding on the total
drug concentration was observed.

The obtained maximum values of drug protein binding are
lower than the literature values, but the comparison is uncer-
tain, as there is usually no information in literature about which
plasma drug concentration the given protein binding refers to.
Also, the literature values are mainly obtained using the ultra-
filtration technique, which can be suspected to have a tendency
to provide systematically high protein binding values, either by
shifting the protein–drug equilibrium during the ultrafiltration
procedure or by absorption of the drug to the filter. Therefore, the
values obtained here could be more accurate as they are based
o n in
t

ig. 4. The influence of the total drug concentration on protein binding of
naesthetics: (�) lidocaine; (�) ropivacaine; (�) prilocaine; (�) bupivacaine
nd (�) mesocaine.
n a true equilibrium and would be insensitive to absorptio
he membrane.
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Fig. 5. The influence of the total drug concentration on protein binding of antide-
pressants: (�) reboxetine; (©) fluvoxamine.

Table 5
The obtained values of protein binding (PB) of antidepressants calculated on the
bases of experimental results of SLM extraction under equilibrium conditions
in a single hollow fibre at different total drug concentrations

Drug C (mg dm−3) PB (%)

Hollow fibre Literature

Reboxetine

2.4 40 (4)

97
1.0 55 (3)
0.5 73 (5)
0.2 81 (5)

Fluvoxamine

2.3 43 (4)

77
1.0 59 (6)
0.4 63 (4)
0.3 70 (5)

The values of relative standard deviation for three replicates are given in bracket

6. Conclusion

The main goal in the approach discussed in this study has bee
to develop a technically simple realisation of the ESTM principle
for measurement of drug–protein interaction and the free drug
concentration under equilibrium and physiological conditions.
The equilibrium sampling through membrane in a single hol-
low fibre represents a simple and fast method for drug–protein
binding determination. Strong influence of the total drug con-
centration on percentage of drug–protein binding was observe
only for low protein binding drugs.

7. List of Symbols

CA total concentration of analyte in acceptor phase
CD mean concentration of analyte in donor phase
CI initial concentration of analyte in donor phase
Ee concentration enrichment factor
KA partition coefficient between organic phase and accep

tor phase

KD partition coefficient between donor phase and organic
phase

Ka dissociation constant of the analyte
PB drug–protein binding, expressed in percent

Greek letters
αA fraction of analyte in extractable form in acceptor phase
αD fraction of analyte in extractable form in donor phase
αP fraction of analyte not bound to plasma proteins

Subscript and superscript
P denotes the conditions in the plasma solution
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recting the English in this paper and Ms. Tatjana Nedeljković
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