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Abstract

The effects of temperature on the binding kinetics of phenytoin (PHT) to serum proteins were determined in patients with epileps
Serum samples examined in the study were obtained from 59 patients (31 male, 28 female) with epilepsy on PHT monotherapy. Their ¢
ranged from 3 to 64 years (mean (SD), 23.3 (16.3) years). Protein binding of PHT was evaluated by ultrafiltration under current routir
laboratory conditions (2% 3°C) or at a temperature of 3C. The in vivo binding parameters of PHT to serum proteins were determined
using a binding equation derived from the Scatchard equation for a one-site binding model. Significant differences were observed in ser!
concentrations of unbound PHT between paired d&ta (0.05). The mean association constaf} 6f PHT to serum proteins is 0.011
puM™ at 25+ 3°C and 0.006:M™ at 37C, while mean total concentration of binding sitegR)) is 1002uM for 25 + 3°C and 1112:M
for 37°C. Significant differences were observed in the binding kinetics of PHT to serum proteins for the different temperature conditions c
ultrafiltration (P < 0.05). Our study confirms that binding affinity for PHT-serum protein interaction is approximately 45% lowéCat 37
than at 25+ 3°C and consequently, binding potenti&«Q(Pt)) is approximately 39% lower at 3T than at 25 3°C. 00 1999 Elsevier
Science B.V. All rights reserved.
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1. Introduction cerebrospinal fluid [6,7]. Therefore, the determination of
binding kinetics in PHT-plasma protein interaction is useful
Phenytoin (PHT) is effective for the treatment of primary in clinical practice, because the correlation with clinical
or secondary generalized tonic-clonic epilepsy, and elemen-toxicity is much stronger when unbound rather than total
tary-partial and complex-partial seizures as well as status PHT concentrations are considered [8].
epileptics [1]. More than 90% of PHT binds to plasma pro-  The separation of protein bound from unbound antiepi-
teins, mainly albumin [2,3] and exhibits a relatively small leptic drugs in serum or plasma is usually carried out by the
inter-subject variation in the unbound plasma fraction, near ultrafiltration technique in the routine situation. It has been
or within the usual therapeutic concentration ranges [4,5]. shown that PHT binding to albumin decreases with tem-
Unbound plasma PHT concentration reflects the level in the perature [9,10]. However, the effects of temperature on
binding kinetics of PHT to albumin are not fully determined
Wresponding author. Department of Pharmacy, Miyazaki Medical in patients with epilepsy.
College, Kiyotake-machi, Miyazaki 889-1692, Japan. In vitro studies show that PHT has a single population of
Tel.: +81-985-85-1510; fax: +81-985-85-4626. binding sites on the albumin molecule [11]. Therefore, the
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relationship between total and unbound serum PHT concen-filtrate to that in serum and was expressed as the unbound
trations can be expressed by using a binding equation thatfraction.

was derived from the Scatchard equation, as was the case in

the relation between total and unbound serum concentra-2.4. Estimation of binding parameters

tions of valproic acid [12,13]. Serum albumin concentra-
tions in children reach adult levels in the first year of life
[14]. Thus, it is predicted that in children above 1 year of
age, the binding kinetics of PHT to serum albumin may be
similar to those of adult subjects.

Using this binding equation in the present study, we
determined the in vivo population binding parameters of

The in vivo binding parameters of PHT were determined
in all patients by the naive-pooled data method. Data ana-
lysis were performed using the SYSTAT statistical package
[17], as was the case in the studies of Anderson et al. [18] or
Scheyer et al. [19] for the determination of valproic acid
binding parameters to plasma proteins. The association con-

PHT to serum proteins under two different conditions of stant K) and total concentration of binding sites(Pt))

temperature for ultrafiltration in patients with epilepsy were estimated by iteratively reweighed least squares

receiving monotherapy. regression analysis to the binding equation shown below
(Eq. (1)) [12,13] derived from the Scatchard equation for
a one-site binding model.

2. Subjects and methods 1
1 —
2.1 Subjects Cf = S{Ct-n(PY) -1 JK+[(n(PY) - Ct+1/K)? +4Ct /K] 2}
1)

Serum samples examined in the study were obtained from whereCt is the concentration of total PHT in serum, abfl

59 patients (Table 1). The patient’s ages ranged from 3 to 64 . . !
yeaprs (3_1é years )31 suFl;jeCIS' 16944 yegrs 18 subjectsls the concentration of PHT not bound to proteins. For

45-64 years, 10 subjects). All were receiving only PHT as estimates of binding parameters of PHT to serum pro_tqps,
. . ; : : we used the data reported by Monks et al. [11] as the initial
their treatment for epilepsy. Biochemical screenings . : :
: ; . values. Binding potentialken(Pt)) was also determined.
showed their renal and hepatic functions as normal.

Steady state condition for PHT had been already attained,
and all patients had taken the same dose of PHT for more
than 4 weeks prior to the study. Patients did not take any
other chronic medications. Blood samples from each patient
were obtained at approximately 3 h after the morning dose
of PHT with their usual breakfast. These samples were
allowed to clot, and then the serum was separated. All sam-
ples were obtained as part of a routine therapeutic monitor-
ing approved by the local ethical committee.

2.5. Calculation of theoretical minimal unbound serum
fraction

The unbound serum fractioriuj of drugs with a single
population of binding sites on serum proteins depends on
the association constant for the drug-protein interaction, and
the concentration of free proteinB)(according to Eq. (2)
[20]:

1
1+K [P
and

P=n(Pt)-Cb

fu=

)

2.2. Sample analysis

Serum levels of total and unbound PHT were determined
by a fluorescence polarization immunoassay (TDx; Abbott
Laboratories, Chicago, IL). The day-to-day coefficient of
variation (CV) of the total PHT assay was 3.3% at 29.7
uM, 3.0% at 59.5uM, and 2.1% at 118.9M. The CV of
the unbound PHT assay was 3.0% at pM, 3.8% at 9.9
uM, and 1.3% at 13.9M.

®3)

Cb=Ct-Cf 4)

Table 1
Demographic data and serum PHT concentration of the patients

. . Mean+ SD Range
2.3. Protein binding study
No. of patients 59
Protein binding of PHT was evaluated by ultrafiltration igz ((?égrs) 2331&/2186 5 264
with a commercially available MPS-3 device (AMICON,  sgrym PHT concentrationif)® R
Tokyo, Japan) [15] under current routine laboratory con- Total 448+ 28.9 42-111.8
ditions (25+ 3°C) or at a temperature of 3Z. All serum Unbound
samples were ultrafiltered as soon as possible after separ- at25+3°C 4.0£26 0.2-10.7
at 37C 6.1+ 4.0 0.4-15.5

ation from blood, because pH changes affect the serum

protein binding of drugs [16]. The degree of protein @rhe mass [¢g/ml)-to-molar ¢M)] conversion factor for serum PHT con-
binding was calculated as the ratio of drug in the ultra- centrations was 3.964.
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where Cb is the concentration of PHT bound to serum
proteins. Thus, by substitution Eq. (3) to Eq. (2):
1

fu= ——— —
U= T+K(n(PY -Cb) ®)
The theoretical minimal unbound serum fraction of PHT
can be defined as a value fof at 0 uM of bound serum
PHT concentration and therefore, is calculated by the fol-
lowing Eq. (6):

1

= Tk ey

(6)

2.6. Statistical analysis

The Wilcoxon signed-rank test was used for comparison
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Fig. 1. Relationship between total and unbound PHT concentrations
simulated by using the binding parameters determined in different condi-
tions of ultrafiltration at a temperature of 253 or 37°C. (1) Binding
equation at 25 3°C (@) (n=59), Cf=(1/2){Ct - 1002~ 1/0.011+

of paired unbound serum PHT concentrations determined in[(1002- Ct + 1/0.011§ + 4Ct/0.022}}. (2): Binding equation at 37C

different conditions of ultrafiltration at a temperature of
25+ 3 or 37C. Comparison of binding kinetics of PHT
to serum proteins was made Bytest, which was an approx-
imation to the likelihood ratio test, to determine differences
between data examined at different conditions of ultrafiltra-
tion. The predetermined level for significance was:. 0.05.

3. Results

() (n=59), Cf = (1/2){Ct - 1112~ 1/0.006+ [(1112 - Ct + 1/0.006§
+ 4Ct/0.006}'3.

4. Discussion

The effects of temperature on in vivo binding kinetics of
PHT to serum proteins were determined in the epileptic
patient population with wide age ranges receiving mono-
therapy. The results show that there are significant differ-
ences in binding kinetics of PHT to serum proteins for the

The demographic data and serum PHT concentration of data obtained at different temperature conditions of ultrafil-

the patients are shown in Table 1. The mass/ftl)-to-
molar M)] conversion factor used for serum PHT concen-
trations was 3.964 [21].

Serum concentration of albumin was within the nor-
mal range (37.0-51.7 g/L) in all patients. The mean
serum concentration of albumin was 45.6 g/L (range
37.1-51.2 g/L). Significant differences were observed in

tration. Therefore, it is clear that temperature has a signifi-
cant effect on binding kinetics of PHT to serum proteins.
In an in vitro study of PHT binding to plasma proteins,
Lunde et al. [9] found that the unbound plasma fraction of
PHT determined by the ultrafiltration method was consider-
ably greater at 3TC than at room temperature (23-°259.
Higher binding under a current routine laboratory condition

serum concentrations of unbound PHT between paired (i.e. room temperature) may be accompanied with changes

data P < 0.05).
The mean binding parameters characterizing PHT bind-
ing kinetics to serum proteins are shown in Table 2. The

in the association constant and/or the total concentration of
binding sites. Allison et al. [22] showed significant differ-
ences in PHT-serum protein binding affinity as a function of

affinity of PHT to serum proteins is approximately 1.8 times temperature. It appears that the differences between differ-

higher at a temperature of 253°C than at 37C, while the

ent conditions of temperature at ultrafiltration in binding

total concentration of binding sites seems to be apparently affinity of PHT to serum proteins are relatively larger than
similar between the two temperatures. Significant differ- those in binding capacity and therefore, effects of tempera-
ences were observed in binding kinetics of PHT to serum ture on binding kinetics may be greater in binding affinity
proteins for the different temperature conditions of ultra- than in binding capacity. Our results also demonstrate an

filtration (P < 0.05). Consequently, the theoretical mini-

approximate 45% reduction in binding affinity of PHT to

mal unbound serum fraction of PHT was approximately serum proteins as the temperature increases from 2%0

1.6 times higher at a temperature of°@7than at 25+
3°C.
Fig. 1 shows the relationships between total and un-

37°C and consequently, binding potential at°@7is

approximately 39% lower compared with that at23°C.
To examine the implication of our study in relation to

bound serum PHT concentrations obtained by applying therapeutic drug monitoring for patients, we calculated the-
binding parameters determined in different conditions of oretical target values for unbound serum PHT concentration
ultrafiltration at a temperature of 263 or 37C in Table using theoretical minimal unbound serum fraction of PHT
2 to Eq. (1). The relationship between total and unbound shown in Table 2. The appropriate therapeutic concentration
PHT concentrations was more curvilinear at23°C than ranges for total serum PHT are 40—80 [23] and there-

at 37C. fore, the estimations of target ranges for unbound serum
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Table 2 monitoring service for free phenytoin, Br. J. Clin. Pharmacol. 19
(1985) 693-697.

Mean binding parameters and theoretical minimal unbound serum fraction [7] M.J. Brodie, S.E. Muir, E. Agnew, G.J.A. Macphee, G. Vold, E.

of PHT* Teasdale, P. Macpherson, Protein binding and CSF penetration of
Temperature Number K (uM™) n(Pt) (uM) Ken(Pt) fu phenytoin following acute oral dosing in man, Br. J. Clin. Pharmacol.
(°C) 19 (1985) 161-168.
[8] H.E. Booker, B. Darcey, Serum concentrations of free diphenylhy-
25+3 59 0.011 1002 11.022 0.083 dantoin and their relationship to clinical intoxication, Epilepsia 14
37 59 0.006 1112 6.672 0.130 (1973) 177-184.

[9] P.K.M. Lunde, A. Rane, S.J. Yaffe, L. Lund, F. §jist, Plasma
protein binding of diphenylhydantoin in man: interaction with
other drugs and the effect of temperature and plasma dilution,
Clin. Pharmacol. Ther. 11 (1970) 846—855.

PHT concentration are 3.3-64M for 25 + 3°C and 5.2— [10] D.W. Kinniburgh, N.D. Boyd, Phenytoin binding to partially purified

10-4l/~M for 37°C. Our results show that correction should albumin in renal disease, Clin. Pharmacol. Ther. 29 (1981) 203-210.

. . [11] A. Monks, S. Boobis, J. Wadsworth, A. Richens, Plasma protein
always be made for temperature effect when applying in binding interaction between phenytoin and valproic acid in vitro,

¥, association constan(Pt), total concentration of binding site$
n(Pt), binding potentialfu, theoretical minimal unbound serum fraction.

vitro data to therapeutic situations in vivo. Br. J. Clin. Pharmacol. 6 (1978) 487-492.
Binding potential is a parameter to reflect the capacity of [12] Y. Kodama, Y. Koike, H. Kimoto, F. Yasunaga, M. Takeyama, .
the serum proteins for drug-binding site interaction [24]. Teraoka, |. Fujii, Binding parameters of valproic acid to serum pro-

. . tein in health Its at st tate, Ther. D Monit. 14 (1992
As changes in unbound serum fraction of drugs can " 2" y adults at steady state, Ther. Drug Monit. 14 (1992)

occurred with changes in binding potential, it is needed to [13] Y. Kodama, K. Tsutsumi, I. Teraoka, I. Fuijii, M. Takeyama, Effect

determine which binding parameters of association constant of unbound clearance on binding parameters of valproic acid to
or total concentration of binding sites have significant serum proteins, J. Clin. Pharmacol. 33 (1993) 130-135.

effects on changes in binding kinetics of drugs to serum [14] C. Lentne_r, Geigy scientific tables, Vol 3, eighth ed., Ciba-Geigy,
proteins. Our study confirms that binding affinity for Basle, Switzerland, 1984, pp. 65-204.

. R R ) ) o [15] T. Ohshima, I. Johno, S. Kitazawa, Comparative evaluation of micro-
PHT-serum protein interaction is approximately 45% ultrafiltration devices for determination of protein binding, Ther.

lower at 37C than at 25+ 3°C and consequently, binding Drug Monit. 10 (1988) 310-315.
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