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Free drug concentration (Cy) is instantaneous and susceptible to sampling time, which can confuse
clinicians and cause them to adjust the dosage regimen. In the present work, we indicated a new
parameter, the plasma protein binding (PPB) of clinical plasma samples, and discussed its application in
TDM (Therapeutic Drug Monitoring). Furthermore, carbamazepine was selected as a model drug to
develop a simple pretreatment method for the determination of PPB, in which C; and C; can be
simultaneously analyzed in one plasma sample using a single device. Our results demonstrated that this
proposed method exhibited some advantages, including perfect recovery (approximately 100%) and high
precision (CV% < 3.0%). Furthermore, it achieved successful application in real plasma samples. Individual

differences in PPB (from 10.1-68.9%) were among patients, and in additon, between the patients and
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Accepted 4th May 2017 healthy people (p < 0.05). Moreover, there was a weak correlation between C; and C¢ (> = 0.470 and p <

0.05), so the C; of CBZ cannot be estimated from C;. However, the primary cause of the variability of C¢

DOI: 10.1039/c7ra02991h is the change in PPB. As a consequence, applying PPB to guide individual dose adjustment is more
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1 Introduction

It is well known that only free drugs can pass through
membranes to an active site in order to exert pharmacological
activity. In addition, a good correlation between toxicity and
free concentration (Cg) has been found in clinical patients.?
Therefore, the monitoring of C¢ of a target drug is more valuable
for TDM compared to the total concentration (C).>* However, C¢
or C, determined in vitro just reflects the drug concentration at
a specific time, which cannot reflect the overall level of free
fraction during drug disposition. They are susceptible to the
sampling time. Likewise, typical peak-valley profiles of Ct or C,
are usually observed after drug administration.*® C¢ or C; ob-
tained at the time to peak concentration (Cpa) or valley
concentration (Cp,n) could deviate from the true concentration
due to an inaccurate sampling time, as well as individual vari-
ations. J. J. Marty et al. have demonstrated that the great
percentage fluctuation of Cr was in the range of 192-412%
during the 6 h dosing interval for four patients receiving val-
proate (400-800 mg) as usual, compared to C, (range 153-
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accurate and more scientific than using C; or C,.

374%).° The variation in C; or C, can result in the incorrect
estimation of the effective dose available for each patient in
clinical practice. Hence, a more accurate parameter contrib-
uting to the clinician’s optimised drug dosage regimen is
a demand for TDM.

In fact, with protein-bound compounds, the primary cause of
the variability of C¢ in pharmacology is the change in plasma
protein binding (PPB).” The binding of a drug to plasma
proteins could be in a steady-state equilibrium under stable
disease conditions and constant during a relatively long time,
which can reflect the whole process of drug disposition.
However, the co-administration of other drugs, pathological
conditions and gender of patients can markedly change PPB
and directly result in a variation in Cg, further influencing the
efficacy and toxicity of the drug.*® Recently, Levy R. H. et al.
indicated that an increase in C in plasma was associated with
hypoalbuminemia (hepatic and renal disease, burns and preg-
nancy) and competitive binding, as antiepileptic drugs are
predominantly bound to albumin.” For this reason, the moni-
toring of PPB in clinical treatments can highlight changes in Cy,
but also the variability of the individual physiological condition
of patients. As PPB is a reliable index in pharmacology and
physiology, PPB should be applied for better individualization
of a drug dosage regimen in TDM, rather than Cror Ci, to ensure

This journal is © The Royal Society of Chemistry 2017


http://crossmark.crossref.org/dialog/?doi=10.1039/c7ra02991h&domain=pdf&date_stamp=2017-05-26
http://orcid.org/0000-0003-0507-8520
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c7ra02991h
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA007045

Open Access Article. Published on 26 May 2017. Downloaded on 1/20/2026 4:43:12 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

the rationality and safety of drug administration in clinical
patients.

However, in recent years, drug-protein binding studies for
TDM have rarely been reported in clinical practice. Restricting
the development of PPB monitoring in clinics is mainly due to
some undesired drawbacks of analytical methods used in the
laboratory. Traditional methods generally include two parts: the
determination of C¢ and C.. In other words, two different pre-
treatment methods and the corresponding devices were
required, such as equilibrium dialysis (ED) or centrifugal
ultrafiltration (CF-UF) for Cy, but also liquid-liquid extraction
(LLE) or protein precipitation (PPT) for C, preparation. ED is
time-consuming and also has a possible dilution effect on drug
levels as a result of a volume shift."*” This would lead to
decreased sensitivity, which would be difficult for the analysis of
clinical samples with low concentrations. In contrast, CF-UF is
characterised as a simple and rapid separation. However, the
volume of the ultrafiltrate (V,,) was not accurately controlled and
the concentration polarization phenomenon could easily occur
in the process. Furthermore, the results of analysis showed
deviation from the true values. So, controlling the ratio of the
ultrafiltrate to the sample solution in CF-UF is a challenge for
operators, especially for different plasma conditions, such as
blood viscosity, protein levels, osmotic pressure and so on.'*™**
Meanwhile, more errors can be also introduced from using C;
monitoring procedures with another disparate device, such as
LLE, PPT."*"® These methods are unsuitable for C; monitoring
due to unsatisfactory recovery and poor reproducibility ob-
tained from multi-step manipulation procedures, phase change
processes and plasma conditions, thus the accuracy of the
results needs to be examined as they could mislead the physi-
cian in clinical treatment. In addition, two plasma samples
collected from each patient are required for C¢ and C;
measurement, the collection of which is subject to the
compliance of patients. The paired plasma needed is variable
due to different collection times and storage conditions, which
distorts the analysis result of the PPB and thus it is difficult to
faithfully reflect the PPB level in patients in a clinical setting. As
a consequence, the above problems assuredly impose restric-
tions on the application of PPB monitoring in the clinic.

Hollow fiber centrifugal ultrafiltration (HFCF-UF) has been
validated as a more accurate means of plasma pre-treatment
and has been successfully applied to quantify free CBZ in clin-
ical samples in our previous studies, which has improved on the
problems of ED and CF-UF, as described above.'® Furthermore,
the value of V,/Vs was correlated to the inside radii of both the
glass tube and the hollow fiber. With this smaller and well-
controlled value, the recovery and precision of the HFCF-UF
method were greatly improved and could not be affected by
the plasma condition.'®"” To make this simple and accurate
direct injection technology applicable to routine PPB measure-
ment, by adding an appropriate protein-binding releasing agent
into the same plasma following the determination of Cy, accu-
rate analysis of C; in the same system can also be carried out.
Therefore, a simplified operation procedure and satisfactory
recovery could make the HFCF-UF method feasible and

This journal is © The Royal Society of Chemistry 2017

View Article Online

RSC Advances

practical to analyze a large number of clinical samples in PPB
monitoring.

Carbamazepine (CBZ) is one of most prescribed anti-
epileptic drugs (AEDs) internationally and is used in the treat-
ment of psychomotor seizures and trigeminal neuralgia.'®*®
Widespread individual variations of CBZ as well as a narrow
therapeutic index range (4-12 pug mL™') have been observed
among epilepsy patients, resulting in the occurrence of side and
toxic reactions in the clinical response.”® Therefore, routine
TDM is common and essential for epilepsy patients treated with
CBZ in the clinic.

In the present work, we used CBZ as a representative drug to
study the importance of PPB monitoring in routine TDM. To
ensure the accuracy of the results and the convenience of the
clinical application, a simple pre-treatment method based on
hollow fiber centrifugal ultrafiltration (HFCF-UF) for simulta-
neous Cr and C; determination in the same plasma samples in
a single device was developed and was successfully employed to
monitor the PPB of CBZ in clinical plasma samples.

2 Experimental and methods
2.1 Materials and apparatus

The standard CBZ was purchased from the National Institute
for Control of Pharmaceutical and Biological Products (Beijing,
China). The hollow fibers (20 pm wall thickness, 10 kDa
molecular weight cut-off) were obtained from the Motian
Membrane Technology Corporation (Tianjin, China). Methanol
(HPLC grade) was from Sigma-Aldrich (Steinheim, Germany).
Ultrapure water was prepared by the Milli-Q50 water purifica-
tion system. All other reagents were of analytical grade. The slim
glass tubes (4.5 mm outside diameter, 0.5 mm wall thickness,
7 cm height) were provided by the Yongda Instrument and
Chemical Company (Tianjin, China). Drug-free human plasma
was obtained from patients who were not treated with CBZ in
the Hebei General Hospital.

2.2 Chromatographic conditions

Analysis was performed using an Ultimate 3000 HPLC system
consisting of a LPG 3400SD quaternary pump and a VWD-3100
UV detector (Dionex, USA). All of the separations of CBZ were
conducted on a Diamonsil C;g column (150 mm X 4.6 mm, 10
um, Dikma), preceded by a pre-column frit (4.0 mm X 2.0 pm)
at 30 °C. Chromatography was accomplished using an isocratic
elution with methanol and 0.01 mol L™* potassium dihydrogen
phosphate buffer solution at 48/52 (v/v) at a flow rate of 1.0 ml
min~". The detection wavelength was 285 nm and the injection
volume was 20 pL.

2.3 Standard solutions and QC sample preparation

The stock solution (535 ug mL™") of CBZ was prepared by dis-
solving the drug in methanol and was used for the preparation
of working calibrator samples and working quality control
samples (QC). A series of CBZ stock solutions were diluted with
pure methanol to achieve final concentrations of 21.4, 10.7,
5.35, 2.14, 1.07 and 0.535 pug mL~'. The QC samples were
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obtained from a mixture of 450 uL of drug-free human plasma
and 50 pL of three stock solutions to achieve final concentra-
tions of 21.4, 5.35 and 0.535 pg mL ™" of total CBZ. The working
calibrator samples and QC samples were stored at 4 °C until
use.

2.4 Sample preparation

2.4.1 Preparation of free CBZ. A total of 500 pL of plasma
was subjected to HFCF-UF after the hollow fiber was cut into
15 cm segments and placed into the tube. After a simple
centrifugation at 1.25 x 10°g for 15 min, 20 uL of the ultrafil-
trate from inside the hollow fiber was directly injected into the
HPLC system. Fig. 1 shows the experimental procedure.

2.4.2 Preparation for obtaining the percentage of the
bound drug to protein. Subsequently, 200 pL of acetone was
added to the same plasma in the same HFCF-UF device. After
the mixture was vortexed for 5 min, centrifugation was carried
out at 1.25 x 10%g for 15 min. The ultrafiltrate (20 pL) from the
lumen of the hollow fiber was injected into the HPLC system for
the analysis of the bound drug. Fig. 2 clearly describes the
process.

2.4.3 Calculation for the total CBZ and plasma protein
binding. In our previous studies, we have reported that in the
HFCF-UF device the ultrafiltrate volume is constant and
depends on the inside diameter of the hollow fiber and the glass
tube under the conditions of a strong enough centrifugal force
and a long enough centrifugation time.'®"” Taking into account
the inside radii of the glass tube and hollow fiber in our present
work, 40 pL of ultrafiltrate can be obtained from 500 pL of
plasma. Based on the volume of the release agent and ultrafil-
trate, Cc and PPB were obtained from the following equations:

o VGt (et Vo= V)G
=
Vs

1)

PPB=1- — )

Cr is the free CBZ concentration in plasma; C, is the total
concentration of CBZ; C, is the bound drug concentration of

500uL Plasma sample

e -+
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CBZ in the same plasma and V,,, Vs and V; represent the volume
of the ultrafiltrate in the lumen of the hollow fiber, the plasma
samples and the release agent, respectively.

2.5 Clinical samples

The study was performed in accordance with the Declaration of
Helsinki and the International Conference on the Harmoniza-
tion Guideline for Good Clinical Practice. The Ethic Review
Committee of Hebei Medical University approved all of the
procedures (approval no. 2016032). All of the participating
patients provided written informed consent. In this study,
a total of 20 clinical plasma samples were collected from Hebei
General Hospital and were obtained from inpatients (2 male
and 4 female; aged 14 months to 79 years) and outpatients (10
male and 4 female; aged 7 months to 63 years) taking CBZ. The
subjects were treated with CBZ therapy for more than 1 month,
of which the CBZ has reached steady-state plasma concentra-
tion. After at least one week of continuous treatment with CBZ,
2-3 mL of peripheral blood was collected in a centrifuge tube
containing heparin just before the morning dose from each
patient, and centrifuged at room temperature. Then the ob-
tained plasma samples were stored at —80 °C until further
analysis.

2.6 Statistical analysis

Statistical analysis was performed using SPSS Statistics 21.0.
The Wilcoxon signed-rank test was used to compare the mean
PPB in epileptic patients with the values from healthy subjects.
Linear regression analysis was used to assess the relationship
between the total CBZ concentration and the free CBZ concen-
tration, as well as the total CBZ concentrations determined by
HFCF-UF and PPT or HFCF-UF and EMIT. A comparison among
total CBZ concentration determined by HFCF-UF, PPT and
EMIT was done by using two-way classification ANOVA. All
statistical tests were two-sided and p < 0.05 was considered

statistically significant.

20pL ultrafiltrate from the
inside of the hollow fiber to HPLC

Centrifugal ultrafiltration
at 1.25x103 g for 15 min

Fig. 1 The experimental procedure for the analysis of free CBZ by HFCF-UF.
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20uL ultrafiltrate from the
inside of the hollow fiber to HPLC

Fig. 2 The preparation procedure of the analysis of the bound concentration by HFCF-UF.

3 Results and discussions
3.1 Method validation

Method validation was carried out according to the “guidance of
the Food and Drug Administration (FDA) for bioanalytical
method validation”.”® Specificity, linearity, limit of detection,
limit of quantification, precision and accuracy, absolute
recovery and stability were specifically evaluated.

3.1.1 Specificity. The specificity of this method was evalu-
ated by comparing the chromatogram of blank plasma, human
blank plasma spiked with CBZ and a plasma sample from
a patient. As shown in Fig. 3, no significant interference was
observed at the retention time of CBZ, implying that this
method was sufficiently specific. Furthermore, the CBZ capacity
factor value of 5.53, the tailing factor value of 0.985 and theo-
retical plate number of 3865 were calculated according to ICH
guidelines.

3.1.2 Linearity, limit of detection (LOD) and limit of
quantification (LOQ). A series of standard solutions with
concentrations of 21.4, 10.7, 5.35, 2.14, 1.07 and 0.535 pg mL™!
were diluted with pure methanol to generate a calibration curve
for Cy. Also, a calibration curve for C, was constructed by plot-
ting the peak area with six different concentrations of CBZ (21.4,
10.7, 5.35, 2.14, 1.07 and 0.535 pg mL ') using blank plasma
(450 pL) spiked with 50 pL of the standard working solutions for
two replicates of each concentration and then operated as
described in the sample preparation section. The linear rela-
tionship between the peak area and C; of CBZ was described by
the calibration equation: 4 = (4.48 x 10*)C — 9.52 x 10° (R*> =
0.9996, weighted factor = 1/C%) in the range of 0.535-21.4 pg
mL . The linear relationship between the peak area and C, in
the range of 0.535-21.4 pg mL ™' was described by the calibra-
tion equation: A = (4.79 x 10")C — 2.26 x 10" with a correlation
coefficient of 0.9991 by a weighted factor of 1/C>.

The LOD and LOQ were determined by signal-to-noise (S/N)
ratios of 3 and 10, respectively. The LOD and LOQ were 0.214
and 0.535 pg mL ™!, respectively.

3.1.3 Accuracy, precision and absolute recovery. The accu-
racy and precision were evaluated by assaying five replicates of

This journal is © The Royal Society of Chemistry 2017

CBZ-spiked plasma (21.4, 5.35, 0.535 pg mL™ ). The intra-day
precision (coefficient of variation (CV%)) and accuracy (bias)
were evaluated by analyzing five replicates of each concentra-
tion on the same day. For the inter-day precision and accuracy,
five replicates of each plasma concentration were analyzed on
five consecutive days. Both the intra-day and inter-day precision
values were less than 3.0%.

The HFCF-UF method was considered a mature approach for
the determination of Cy in a previous study because the corre-
sponding absolute recovery was approximately 100%, therefore,
only the recovery of the analysis of C; by HFCF-UF was examined
in this study.'® Absolute recovery was assayed by comparing the
C, calculated by eqn (1) with the CBZ standard solution at the
same concentrations. Then the PPB was calculated by eqn (2)
based on Cr and C; as described above. Table 1 summarizes the
intra-day and inter-day precision as well as the accuracy. The
absolute recovery was in the range of 100.2-100.8% (CV% <
2.0%) for C,, showing that this method can satisfy the target
drug monitoring of C; measurements.

3.1.4 Stability. Six aliquots of the QCs samples at three
concentrations were prepared to investigate the stability of the
samples. The stability of the CBZ standard solution and
samples after long-term storage and freeze-thaw cycles was
investigated. The stability of the standard solution was
measured after maintaining the solutions at 4 °C for a month by
comparing the peak areas to those of freshly prepared solutions.
The long-term stability was evaluated by comparing the plasma
samples with concentrations of 21.4, 5.35, 0.535 ug mL ™', which
were kept for 3 months at —70 °C, with that of the newly
prepared samples. In addition, for the analysis of the freeze-
thaw stability, samples were subjected to three cycles of freezing
for 24 h at —80 °C and thawing at ambient temperature. All CV%
values for stability were below 4.0%, showing that CBZ
remained stable in the whole analysis process.

3.2 Comparison of C, from clinical samples by HFCF-UF,
PPT and EMIT (Enzyme-Multiplied Immunoassay Technique)

The C; of CBZ measured by HFCF-UF, PPT and EMIT were
analysed in all of the clinical samples from the 20 patients. As

RSC Adv., 2017, 7, 28048-28055 | 28051


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c7ra02991h

Open Access Article. Published on 26 May 2017. Downloaded on 1/20/2026 4:43:12 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

View Article Online

RSC Advances Paper

12.00-1

10.00-1

8.00]

6.00]

4.00-

CBZ concentration (ug/mL)PPT

Zh dn Gh l.h 10:00 121@
CBZ concentration (ug/mL)HFCF-UF

12,007

10.00-

4.00

200

CBZ concentration (ug/mL)EMIT

2.;!1 4.:10 6.:” ain 10:«) 12500
CBZ concentration (ug/mL)HFCF-UF

T T T T Fig.4 (a) Correlation between total CBZ concentration determined by

o 2 4 6 8 10 12 14 HFCF-UF and PPT (n = 20, y = 0.44 + 0.94x, r = 0.973) (b) correlation

t/min between total CBZ concentration determined by HFCF-UF and EMIT
(h=20,y=0.07 + 1.0, r = 0.977).

Fig. 3 Typical HPLC chromatograms of the HFCF-UF of drug-free
plasma (a), blank plasma spiked with carbamazepine (5.35 pg mt™3) (b)
and the plasma sample of a patient (c).

Table 1 Intra-day and inter-day accuracy and precision data for total CBZ in plasma

Intra-day (n = 5) Inter-day (n = 5)
Amount added Mean amount Imprecision Mean amount Imprecision
(ng mL™ Y (ng mL™ ) Accuracy” (% bias) (% CV) (ng mL™Y) Accuracy” (% bias) (% CV)
0.535 0.530 —-1.0 2.2 0.533 —-0.4 2.9
5.35 5.31 —-0.8 1.7 5.33 —-0.4 1.8
21.4 21.6 1.0 1.2 21.5 0.5 1.5

¢ Accuracy = [(mean amount — added amount)/added amount] x 100.

28052 | RSC Adv., 2017, 7, 28048-28055 This journal is © The Royal Society of Chemistry 2017
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shown in Fig. 4, comparison of the proposed HFCF-UF method
with either PPT or EMIT showed good agreement which
confirmed the accuracy of the HFCF-UF method. In addition,
there were no significant differences among the results deter-
mined by the three methods (p > 0.05). Thus, the HFCF-UF
method for measuring C; could be comparable with the
widely accepted methods - PPT and EMIT - but the proposed
HFCF-UF method was the simplest and most accurate among
the three methods.

For the PPT method, a relative ratio of 300 puL of methanol to
100 pL of plasma sample was required to precipitate proteins,
which led to the effects of dilution and low detection sensitivity.
Furthermore, the target drug was prone to be adsorbed and
embedded by the precipitated protein, which resulted in a loss
of the drug and a reduction in recovery. Moreover, there was
variation among recoveries in the phase transition process due
to the differences in operation processes (vortex time, centrif-
ugal speed and so on) and the condition of plasma in epileptics
(blood viscosity, protein level and so on). Thus, the measured C;
often deviated from the true values, which misled the physician
who was optimizing epileptic patients’ drug regime, and further
affected clinical treatment. Therefore, a simple and accurate
assay for C; analysis is desired to make it feasible and practical
to analyze a large number of clinical samples. In the present
work, the validated HFCF-UF method only required 200 puL of
acetone as the protein-binding releasing agent into 500 pL of
the plasma. The volume of organic solvent in HFCF-UF was
significantly lower than that in PPT, making the sensitivity of
HFCF-UF higher than that of PPT. Also, acetone could almost
completely release CBZ from the protein into the plasma
without a phase transition process and all small drug molecules
could pass though membrane freely without any concentration
polarization phenomenon by ultrafiltration, as the direction of
centrifugal force is completely parallel to the membrane. As
a consequence, higher recovery and reproducibility were ob-
tained by this simple method, meeting the need of monitoring
the total CBZ in clinical plasma samples in routine TDM.

As for EMIT, the data for C; in this work was determined by
the experienced clinical pharmacist from Hebei General
Hospital. The operation process was carried out according to
the corresponding Emit CBZ assay instruction on a Syva Autolab
System. Meanwhile, determination of CBZ in plasma or serum
has been developed by Jens Martens (1993) and B. Rambeck
et al. (1994).2*** This method has been a traditional and simple
one for in vitro diagnostic use in the quantitative analysis of CBZ
in a hospital. However, the process of EMIT suffered from many
influencing factors (temperature, reaction time and so on). Julia
Grandke et al. reported that incubation temperature, as a factor
in immunoassays, greatly influenced the assay sensitivity of
CBZ, especially in the case of concomitant medication.*
Therefore, rigorous operation as well as controlling the impact
is key to achieve the high performance of the immunoassay in
routine CBZ monitoring. In addition, the overestimation of the
target drug concentration using EMIT has been presented in the
literature and is due to not only unspecific cross-reactivity but
also plasma condition.”* In contrast, the pre-treatment in the
HFCF-UF method was simple as it just involves the centrifugal

This journal is © The Royal Society of Chemistry 2017
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operation, which is not susceptible to environmental factors, so
this method has excellent reproducibility, is easier to perform
and consumes less time, especially for a large number of bio-
logical samples.

In addition, this method had a conspicuous predominance
on the simultaneous analysis of Crand C; in one plasma sample
without other pretreatment for C;. The errors resulting from
multi-step manipulation procedures, as well as the use of two
plasma samples, were largely reduced, which could sufficiently
meet the needs of TDM in patient management.

3.3 Data analysis of clinical samples

The proposed HFCF-UF method was successfully applied to
determine the PPB in 20 patients undergoing treatment with
CBZ. The ranges of C and C¢ were 2.41-11.5 ug mL™ " and 1.07-
10.3 pg mL~". The PPB data of each patient is shown in Fig. 5
and the mean (range) of PPB was 46.3% (10.1-68.9%). Out of all
of the observations, 17 of the C, measurements were within the
therapeutic range of 4-12 pg mL™". There was a statistical
difference in the data of PPB among the patients and in addi-
tion, between the patients and healthy people (p < 0.05). The
results indicated that in clinical practice, using the PPB
(approximately 76%) from healthy people to calculate C¢ on the
basis of determined C; to guide dose adjustments is irrational.

As shown in Fig. 6, there was a weak correlation between C
and C;. The increase in Cfwas not associated with an increase in
C¢. One patient’s C; of CBZ was in the therapeutic range at 8.32
pg mL™', while their C; was high at 7.48 pg mL™". Another
patient’s C; of CBZ was lower than the therapeutic range at 3.92
ug mL~', whereas their free fraction was high at 64%. Thus, the
Cr of CBZ cannot be estimated from C;. Due to the difference in
sampling time, the Cf measured at one time was not capable of
predicting the CBZ concentration at another time, and also the
extent of increasing or decreasing the drug dose could not be
deduced from the single Cr measurement. So it is essential to
choose a correct dose metric in TDM for individual drug
delivery.

A drug binding to plasma protein (PPB) is a reversible
process, which may be in a steady-state equilibrium with
plasma under stable physiological conditions. In addition, an

O‘ﬂ_r'ﬂ_fﬂ_rﬁ_rr'_l_r‘_‘ﬁﬂ_\
01234567 891011121314151617181920
Patients No.

Fig. 5 The PPB data of 20 patients.
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Fig. 6 Correlation between free and total CBZ concentration in 20
clinical plasma samples.

individual variation of PPB directly results in a change of Cp,
which further influences the therapeutic effects of CBZ. For this
reason, the optimisation of dosing regimens to avoid side
effects could be based on PPB in TDM. In the present work, we
have successfully applied PPB monitoring into TDM.

3.4 Assessment of non-specific binding (NSB) in
ultrafiltration

The major disadvantage of the UF method is the non-specific
binding of drugs to the filter membrane, leading to the ultra-
filtrate concentration deviating from the true drug concentra-
tion. Therefore, an evaluation of NSB was needed before
obtaining PPB measurements by HFCF-UF devices. Five repli-
cates of CBZ standard solution were prepared at three concen-
trations (21.4, 5.35 and 0.535 pg mL ™), then 500 puL was placed
into the HFCF-UF devices and centrifuged at 1.25 x 10°g for
15 min. Finally, intra- and extra- solutions of three types of
hollow fiber (polyvinylidene fluoride, polysulfone and poly-
amide) were injected into the HPLC system. The NSB in ultra-
filtration was assessed by comparing the obtained
concentrations of the extra-solution, as well as the intra-
solutions, of the hollow fiber to the corresponding concentra-
tion of the standard solutions. The results were all around 100%
(CV% < 3.0%), indicating that there was no significant NSB in
this study. Considering the flexibility and purchasing conve-
nience of the three kinds of hollow fibers, we chose the poly-
vinylidene fluoride hollow fiber to be used for further study.

3.5 Selection of the protein-binding releasing agent

The key to determining PPB using the HFCF-UF method is to
select a stable protein-binding releasing agent to completely
release CBZ from the drug-bound fraction and dissolve the
small drug molecules across the membranes freely. Thus, both
Crand C, could be obtained from the same plasma. As the target
drug (CBZ) is a kind of liposoluble protein-binding drug, several
organic solvents, such as methanol, acetonitrile, ethanol and
acetone were discussed in the present study. The results are
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Fig. 7 The effect of the type and volume of protein-binding releasing
agents on the recovery of C,.

shown in Fig. 7. The recovery of C; made it clear that acetone
was the most appropriate protein-binding releasing agent out of
the above solutions, with the highest recovery of CBZ. Thus,
acetone was used in the following experiments.

The effect of different protein-binding releasing agent
volumes on the extent of CBZ released from the drug-bound
fraction was also investigated (Fig. 7). The volume of organic
solvents used was also associated with the sensitivity. The best
recovery of C, was obtained when the volume of acetone reached
200 pL. Additionally, the volume of acetone increased with
decreasing sensitivity. In contrast, unsatisfactory recovery was
a result of decreasing the releasing agent volume. So, the best
volume of acetone was 200 uL and this volume was used in the
experiments.

4 Conclusion

In the present study, the significance of a new parameter — PPB -
in TDM was presented and successfully applied to epileptics
taking CBZ. Compared Cy or C;, using PPB to guide the indi-
vidual dose adjustment was more rational. Meanwhile, we
developed a simple and accurate method based on HFCF-UF
coupled with HPLC for monitoring the PPB of CBZ and found
that C and Cr could both be obtained from one clinical plasma
sample in a single HFCF-UF device. This method had
a conspicuous predominance on the analysis of C, and C¢ with
excellent accuracy and precision. In addition, the developed
method achieved successful application in the TDM of 20
Chinese epilepsy patients undergoing CBZ therapy. Therefore, it
would be a simple and reliable alternative to PPB analysis of
biological samples in routine TDM.
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