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ABSTRACT

The aim of this study was to develop a simple and reliable HPLC method for the
determination of phenytoin (PHT) in human plasma. Accuracy (RE%) were deter-
mined between (-0.93%) to 2.49% and precision (RSD%) values was <7.94. The
quantitation limit was 3.54 pg/mL and recovery was found between 82.15% and
101.06%. The method was applied to real plasma samples (n = 7). Plasma-PHT lev-
els were found between 1.12 and 18.76 ug/mL (9.52 + 7.78, mean+SD). Both the
plasma and dose-rated plasma results of PHT showed so high RSD% which were be-
tween 81.74% and 89.61%. In addition plasma-PHT levels were outside the recom-
mended treatment range in 4 of the 77 patients (57.14%) examined, and also surpris-
ingly PHT could not be detected in a patient’s plasma. This procedure is relatively
simple, precise, and applicable for routine therapeutic drug monitorization of PHT
in neurology clinics or toxicological analyses in reference laboratories.
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INTRODUCTION

Epilepsy which affecting people of all ages is the most common serious neuro-
logical disease that statistic studies have shown that, it affects 1% of the world
population * and may cause permanent deformation and reduce quality of life
and necessitate expensive treatment 2. It is a serious, potentially life-threaten-
ing brain disease that can successfully treat symptoms in most patients with one
or more antiepileptic drugs 3.

PHT, 5,5-diphenyl-imidazoline-2-4-dione, (Figure 1.a) is one of the most wide-
ly used anticonvulsant drug for the treatment of many epileptic-type seizures
(grand-mal complex partial seizures), and is usually given orally in doses rang-
ing from 100 to 600 mg/day 4. Either it can be use to treatment of epilepsy
seizures or use for prevent the seizures in patients under the risk 5. PHT, fol-
lowing the oral ingestion, precipitates in stomach. A good correlation is showed
between its plasma concentration and clinical effect . Although peak plasma
levels occur 3-12 hours after a single dose, its absorption can be extended up
to 2 weeks, especially at large overdose. PHT is highly bounding to plasma
proteins (90%) and free (unbound) PHT is the component that responsible
to its pharmacological effect, so any factor that modulates protein binding of
PHT is expected to alter free drug levels. The interaction of PHT with other
drugs or diseases (e.g., renal failure, uremia) and critical diseases can lead to
the observation of plasma levels in which its toxicity may occur by altering its
pharmacokinetics and/or efficacy. PHT has poor water solubility and a nar-
row therapeutic index, so it is very important to achieve equilibrium to avoid
pharmacodynamic activity as well as dose-dependent side effects 7. It is also
reported that the enzyme system including PHT metabolism becomes gradu-
ally saturated, in which the increase in the PHT dose caused to a decrease in its
elimination. That means after the enzyme system becomes saturated with PHT,
even a small change in dose could be cause to a big change its plasma levels.
PHT concentrations leading to enzyme saturation are highly variable among
individuals, therefore, a 50-fold difference in plasma PHT concentration may
be observed between patients receiving the same dose. In addition, it stated that
PHT may demonstrate non-linear pharmacokinetics even with the therapeutic
range 5. It is excreted by bile as inactive metabolites, which are reabsorbed from
the intestinal tract and by urine 8. Monitoring of PHT plasma levels is clinically
so important to achieve and maintain its therapeutic efficacy. Recommended
PHT therapeutic serum/plasma concentrations are reported between 10 to 20
pg/mL. Oral exposures are associated predominantly with CNS symptoms, so
its common dose-related adverse effects are somnolence, fatigue, dizziness,
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confusion, visual disturbances, nystagmus and ataxia, addditionally, nausea,
vomiting and anorexia which are gastrointestinal side effects are also seen. The
effects of PHT overdose between 20 pug/mL and 40 pg/mL are far lateral nys-
tagmus, 45° lateral nystagmus, ataxia and decreased mentation, respectively.
When PHT plasma value is reached greater than 100 pg/mL, it lethal effect 8.

Therapeutic drug monitoring (TDM) is a well-established procedure that helps
maximize the effectiveness of antiepileptic treatment and minimizes its adverse
effects and also increases clinical efficacy. Currently, monitoring of PHT plasma
concentrations like to most of other anti epileptic drugs, carried out by com-
mercial immunochemical determination methods. In addition to that immino-
chemical kits are mostly designed for just an individual drug. Although they
can be very sensitive in some applications, unfourtunately they have the cross-
positive reaction risk. So they can give false-positive result. For these reasons,
the results obtained from drug monitoring of immunochemical methods need
to be confirmed by any chromatographic method.

HPLC is a simple, sensitive, accurate and cost-effective method %*° and it gives
a good recovery with high precision and also easily accessible in many labo-
ratories since cheaper compare to other techniques . This chromatographic
technique used to separate the components in a mixture, to identify each ingre-
dient, and to measure each component. The method includes a liquid sample
being passed over a solid adsorbent packed into a column using a flow of liquid
solvent known as the mobile phase. Each analyte in the sample interacts with
the adsorbent at a different level, which causes a change in the flow of the ana-
Iytes in the column. If the interaction is strong, the analytes flow off the column
in a long amount of time and if the interaction is poor, then the elution time is
short . This technique could give excellent results at the identification of many
pharmaceuticals. For these reasons, high-performance liquid chromatography
(HPLC) has been using as reliable techniques for the determination of PHT and
other anticonvulsant drugs.

HPLC coupled with ultraviolet (UV) detection 78, flourescence detection *
tandem mass spectrometry (MS-MS) 2°-23; gas chromatography (GC) coupled
with mass spectrometry (MS) ®24 and capillary electrophoresis (CE) coupled
with UV ¢ are the reported methods that were used for determination of PTH
in biological samples. In addition to that, colouremetric based determination
methods %, radioimmunoassay *®, enzyme immunoassay (EMIT) 25, fluores-
cence polarization immunoassay (FPIA) % and spectrophotometric assay *® have
been often used monitorization of PHT.
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Some extraction tecniques which based on protein precipitation (PPT) ®2, liquid-
liquid extraction (LLE) 13162223  golid-phase extraction (SPE) 2141624, solid-phase
micro extraction (SPME) 2%2° has been used for preparation of the biological
samples to the PTH analyses. Protein precipitation method is a simple, easier
and fast method compare to all of these applications. It needs moderate amount
solvent and short spin-down step and generally after these steps, supernatant/
resulting extract can be apply to the HPLC that desired amount. In addition to
this, some apllications needs to filtration of the samples. However, there is a risk
that the extract obtained may block the column if the method is not well estab-
lished. Also, obtained chromatograms applied this tecnique usually shows very
high backround that is exactly so important for selectivity and specificity of the
method. LLE is often preferred in the monitoring of many pharmaceuticals. It is
a technique in which the matrix pH of the solvents to be used in the application
can be adjusted according to analytes and application 3°. After evaporation of the
solvent obtained at the end of the application, the residue can be analyzed by re-
constitution in the appropriate solvent. Extraction recovery values are sufficient
for drug analysis from biological samples. Also, resulting extract product may be
transferred, evaporated to dryness and reconsituted with a suitable solvent prior
the analysis. But in this technique usually, a high volume of solvents consume
which has toxic properties. In addition, the LLE application has multiple steps,
each of which takes a long time. SPME was introduced as a solvent-free process
that may use different types liquid samples. Although, it has important proper-
ties, techniques need to expensive fibers that rather sensitive complex matrix
like to plasma. However, protein precipitation method is a simple and fast meth-
od compare to all of these applications. It needs moderate amount solvent and
short spin-down step and generally after these two steps, supernatant/resulting
extract can be apply to the HPLC that desired amount. SPE is a selective sample
preparation method that uses a packet solid sorbent (silica or polymer) to isolate
the desire analyte, that compare to LLE, less amount solvent which may toxic
uses in SPE. However, the price of adsorbents needed in this technique is expen-
sive, leading to an increase in the cost per analysis. Although the price of com-
mercial adsorbents needed in this technique is expensive, the recovery efficiency
obtained is quite successful. In the samples obtained using this method, valida-
tion test results, especially accuracy and precision, are generally quite success-
ful. In addition, many natural-plant materials and synthetic products produced
from natural materials can be used as solid phase absorbant 3.

Aim of this study is to develop a simple, rapid and reliable chromatographic
method and to validate it in terms of linearity, repeatability, sensitivity, recov-
ery, and robustness according to ICH guideline 3. This simple, reliable and
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precise extraction method allowed the determination of human plasma PHT
without any process of the deproteinization and derivatization. The method has
a wide linear range that could be used efficiently in cases of therapeutic, sub-
therapeutic and overdose poisoning. It was used in a therapeutic drug monitor-
ing study to determine the PHT levels in a plasma sample of 7 patients treated
with PHT. Blood PHT concentrations of volunteers treated with PHT were de-
termined by this method and the relationship between drug doses and blood
results were statistically analyzed.

METHODOLOGY
Chemicals and reagents

The pharmaceutical standards of PHT (Figure 1-a) and DZP (Figure 1-b) were
kindly donated by VEM Pharmaceuticals Company (Istanbul, Turkey) and Fo-
rensic Science Institute of Ankara University (Ankara, Turkey), respectively.
NovaPack® solid-phase cartridge was obtained from Waters (Milford, MA-
USA). HPLC grade acetonitrile and methanol were purchased from Sigma-Al-
drich (St. Louis, MO, USA). Analytical grade potassium dihydrogen phosphate,
dipotassium hydrogen phosphate and orthophosphoric acid were bought from
Merck (Darmstadt, Germany). Membrane filters (0.45 um pore size) obtained
from Millipore (Massachusetts, USA). Elga Purelab Water Purification System
(Lane End, Buckinghamshire, UK) was used to obtain ultra-pure water.

Cl ~MNH
G \ d |
J/
o H

(=} (1]

Figure 1. Chemical structures of PHT (a) and DZP (b).

Acta Pharmaceutica Sciencia. Vol. 59 No. 1,2021 | 153



Selection of internal standard chemical to be used in analysis

Fluphenazine, carbamazepine, opipramol, imipramine, sildenafil, and DZP
were tested for use as an ISTD. Although, carbamazepine and sildenafil showed
good ultraviolet chromatographic characteristics, their retention times (tR)
were unsuitable for the chromatographic analysis. Opipramol and imipramine
didn’t show good intensity at these chromatographic conditions. DZP’s chro-
matographic characterics were so fine for using as ISTD. It showed very good
intensity in the low concentrations. The obtained extraction recovery values
were shown to be acceptable and reproducible. Also, it’s separation sharpness
and retention time has acceptable in the chromatogram. Furthermore, the co-
administration of PHT and DZP in treatment is not frequently observed due to
the different pharmacological effects. Thus, it was decided that the DZP should
be selected as ISTD.

Instrumentation and chromatographic conditions

A Hewlett-Packard Agilent 1100 series (California, USA) high-performance lig-
uid chromatography (HPLC) system which equipped a degasser (G1322A, Degas-
ser), a gradient pump (G1311A, QuadPump), a column oven (G1316A, Colcom),
a manual injector (Rheodyne 7725i) has 20 uL loop volume, and an ultraviolet
detector (G1314A, VWD) was used for separation and quantification. The integra-
tion of chromatographic data and system control (Palo Alto, USA) were achieved
by Agilent Chemstation 08.03 software was used as. Analytical simultaneous sep-
aration was performed by a stainless steel Zorbax RP analytical column (4.6 mm
x 250 mm) packed with C ; filling material has 5 um particle size (USA).

Optimum chromatographic conditions were set after performed for column, sep-
aration temperature, mobile phase content and detector wavelength. The better
analytical seperation results obtained from the C18 RP Zorbax column (4.6 x 250
m, 5 um particle size) than the C18 RP Waters column (3.9 x 150 mm, 5 ym par-
ticle size). The minimum back pressure and enough peak resolution for column
were reached at 40°C in oven temperature. Although different wavelengths (246,
254, 270 and 290 nm) were also used to determine PTH and DZP, the highest
peak sharpness and the lowest interference were obtained from 220 and 230 nm,
respectively. The ultraviolet spectrums of PTH and DZP are given in Figure 2.

The mobile phase, composed with 10 mM KH_ PO, and 10 mM K HPO, that
contain 0.1 % triethylamine and acetonitrile (60:40, v/v), was filtered through
a 0.45 um membrane (Illinois, USA) and before the using it was degassed by
an ultrasonic bath, took at 30 minutes. Mobile phase’s phosphate buffer was
prepared with fresh ultrapure water and after adding triethylamine pH was ad-
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justed to 3.0 with 100 mM ortophosphoric acid and mixed with acetonitrile.
The mobile phase was isocratically applied to the column set at 40°C with 1.0
mL/min constant flow. Determination of PTH concentration in the quality con-
trol and human blood samples were carried out to using linear regression of
response (drug/ISTD peak area) versus DZP concentrations.

(A) (B)

Figure 2. a. The ultraviolet spectrum of PHT. b. The ultraviolet spectrum of DZP used as an
internal standard.

Preparation of stock standard solutions and working standards

Stock solution of PTH was prepared in methanol as 10 mg/mL and stored at
-20 °C until use. It had been observed that stable at least 1 months. Working
solutions of PHT were prepared weekly from the main stock solution in metha-
nol as 0.25, 0.50, 0.75, 1.00, 1.50, 2.00, 2.50 mg/mL concentrations. Working
standards were prepared weekly, and used to spike blank plasma samples daily,
prior to analysis. PHT dilutions were freshly prepared into the drug-free human
plasma to provide concentrations of 5, 10, 15, 20, 30, 40 and 50 pug/mL.

DZP main stock solution (1 mg/mL) was prepared and used weekly with meth-
anol to yield 20 pg/mL of DZP, in plasma. Likewise, plasma quality control
standards spiked with 5, 20 and 40 pg/mL of PHT were prepared to measure
the repeatability values of the method. Also same protocol was used in prepara-
tion of limit of detection (LOD), quantification (LOQ), recovery and robustness
test samples.
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Preparation of quality control samples and real plasma samples

Fresh the pool of human blood were prepared that collected from Sivas Cum-
huriyet University, Blood Center of Medical School. These plasma samples have
been used the forming of the quality control samples used during the devel-
opment and validation process of this method. Also, the collected real patient
blood centrifuged at 4000 rpm for 5 min to separate the plasma. Quality control
plasma and real patient plasma samples were stored at -20°C until the analy-
ses were carried out. Working solutions were checked chromatographically for
purity before experiments, were utilized as quality control specimens and were
checked for the stability before and after the injections of every sample set.

Waters (Milford, MA-USA) NovaPack® cartridges (100 mg, 1 ml) were used for
sample pretreatment. The SPE procedure was carried out on a glass SPE appa-
ratus according to the following steps:

i. Cartridge adsorbent was conditioned with 1 mL acetonitrile;
ii. Equilibration was done with 1 mL water;

iii. Applying sample constituted in 500 pL plasma with 10 pL ISTD (1 mg/mL)
standard solution and 10 pL STD (for quality control samples) to cardridge;

iv. Washing (2x) with 1 mL water;

v. Eluting with acetonitrile for 2 min at 60 kPa (to elute acetonitrile as com-
pletely as possible);

vi. Evaporating of the collecting extraction solvent under nitrogen;

vii. Injecting into the analysis system as a volume of 20 pL after reconstitute of
the residue in 500 pL of the mobile phase.

Method validation

The developed analytical method was validated in terms of the specificity and
selectivity, linearity, accuracy and precision, limit of detection (LOD) and limit
of quantification (LOQ), recovery and robustness. Intraday and inter-day vali-
dation protocol were applied considering reproducibility of the method to ob-
tain accurate and precise measurements in accordance with International Con-
ference on Harmonization (ICH) Q2R1 guideline 3.

Specificity and selectivity

The method showed excellent chromatographic specificity without endogenous
interference at the retention times of PHT and DZP (5.8 and 10.0 min) in plas-
ma. Representative chromatograms, which are blank (Figure 3-a), spiked (Fig-
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ure 3-b) and real patient samples (Figure 3-c), were illustrate the high chroma-
tographic resolution that conducted in 11 minutes.

Linearity

After chromatographic conditions were established, matrix-based calibration
curves of PHT was plotted concentrations over the range 5 - 50 ug/mL versus
peak-area ratios to the ISTD. The calibration points (n=7), which were 5, 10, 15,
20, 30, 40 and 50 pg/mL composed 3 individual replicates were prepared by
standard addition method in plasma and injected to HPLC.

Accuracy and precision

The accuracy, defined as the relative error (RE%) was calculated as the percent-
age difference between the added and found PHT quantity by 5 individual rep-
licates both intraday and inter-day. The precision, defined as relative standard
deviation (RSD%), was calculated by five separate replicates of PHT both in-
traday and inter-day. Five replicate spiked samples were assayed intraday and
inter-day at the three different concentrations (5, 20 and 40 pg/mL).

. ®

Phenytoin
Diazepam
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Figure 3. a. A chromatogram sample which belongs to blank plasma used to establish the
quality control standards in validation studies. b. A chromatogram sample that contained PHT
as 20 pg/mL which is prepared by standard addition method used as quality control sample.
c. A chromatogram sample obtained form the real patient plasma

Sensitivity
The limit of detection (LOD) and limit of quantification (LOQ) were calculated
according to the ICH recommendations based on standard deviation of the re-

sponse and the slope of the calibration graph. 10 pg/mL was used as the lowest
calibration point in sensitivity test of PHT.

o o
LOD=3.3 — ; LOQ=10 —
s s

(o0: The standard deviation of the response; S: The slope of the calibration curve).

Recovery

The recovery of extraction procedures from human plasma was determined by
comparing pre-extraction spikes with the post-extraction spiked ISTD. Five in-
dividual replicates of spiked samples at low, middle and high concentrations (5,
20 and, 40 ug/mL, respectively) of PHT were prepared with and without ISTD.
Extraction procedure was carried out as described before in sample preparation
step.

Robustness

The robustness test was performed with 20 pug/mL of PHT, which is the ap-
proximate medium concentration of the calibration interval. The response of
the method of changes in ultraviolet wavelength (+ 3 nm), mobile phase flow
rate (+ 0.1 mL/min), mobile phase solvent content (+ 5%) and column tempera-
ture (+ 5 °C) was observed.
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Collection of plasma samples

Approximately 1 mL whole blood samples were taken from patients who had
formed the steady-state concentration of the PHT in their plasma. As a rule,
blood samples were taken from the patients after 12 hours the last drug adminis-
tration. After it was centrifuged at 4000 rpm for 5 minutes, obtained individual
0.5 mL plasma samples stored in -18 °C until analyzed. The ethical permission of
the this research was approved by the Clinical Research Ethics Committee which
belong to Sivas Cumhuriyet University Medical School, with 2018-01/22 decision
number on 10 January 2018 and was conducted in accordance with the Declara-
tion of Helsinki and its subsequent revisions. Prior to inclusion in the research,
the informed consent was obtained from all volunteers. Blood samples were ob-
tained from 7 patients who were under the PHT treatment at the Sivas Cum-
huriyet University, Medical School Department of Neurology. Blood samples
collected in vacuum tubes containing Na,EDTA were then centrifuged at 4000
rpm for 5 minutes on the same day. The supernatant (plasma) was transferred to
the micro experiment tubes and it has been stored at the -20 °C freezer until the
analysis. Plasma PHT levels in patients were measured in less than one months.

Statistical analysis: All statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS) 22.0. Statistical analyses were performed
using Student’s t test for two independent means and correlation analysis- bi-
variate with a p value <0.05 considered to be statistically significant.

RESULTS AND DISCUSSION
Method validation

Validation procedures were conducted according to ICH-Q2R1 guideline dur-
ing the whole test steps. 3!

Linearity

Calibration curves of PHT drawn at 7 points (n=3) between 5 - 50 ug/mL con-
centration versus the area of DZP as ISTD by the standard addition method
showing excellent correlation with r? = 0.9939, respectively (Table 1). The cor-
relation of values obtained at the individual different 7 points was quite good.
The linearity study was designed to covered sub-therapeutic, therapeutic and
toxic drug levels of the drug. The wide linear range has also had a positive effect
on the use of the method. Since, the obtained real blood results was shown very
high standard deviation.

System suitability parameters show that it has a good resolution (Rs) and selec-
tivity (a). Capacity factor and theoretical plate number (IN) show enough chro-
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matographic properties for a successful determination of PHT from plasma as
it can follow in Table I.

Table I. Chromatographic characteristics and system suitability parameters of the method.

Retention | . . .| Theoretical | Selecitivity
Analyte time t::leaer Calibration m.l;t::.? c?: :lzlrw plate (Separation) | Resolution LOD Loa
(min) 0 equation \ number factor (Rs) (ng/mL) | (pg/mL)
R | gml) ® | \
t (N) ()
i y=0.0345+
PHT 58 5-50 00581 0.9939 1.0 1893 17 22 0.12 0.35
DzP 10.0 - - - 25 10519
tR-tO tR
Capacity factor (k) = ; Theoretical plate number (N) = 16 (——) ; Resolution (R) =
Wt
VN a1 k k2

—— ; Specificity factor (a) = ——. Abbreviations: t,: retention time of the analyte
4 a k+1 kr

peak; to: retention time of mobile phase peak ; WT: peak width

Sensitivity

Limit of detection (LOD) and limit of quantification (LOQ) were determined
based on the standard deviation of the response and the slope of the calibration
curve 3 (LOD= 3.30/S, LOQ= 100/S where o is the standard deviation of the
response and S is the slope of the calibration curve). The results of LOD and

LOQ values, which were obtained by the measurement of individual 10 quality
control (QC) samples, demonstrated in Table I.

Precision and accuray

The data obtained from the accuracy and precision tests, performed in intraday
and inter-day with quality control standards established in the blank plasma sam-
ples by standard addition method, showed low RSD% values <7.5% and <7.94%
for interday and intraday respectively and also low RE % average values between
(-0.90) — 2.49% for inter-day and (-0.93) — 0.22% for intraday test values (Table
IT). The obtained repeatability results were show that, the method has excellent
precision and accuracy values not only intraday but also inter-day analyses.

Recovery

Recovery test results which at done at 10, 20 and 40 pg/mL were between
82.15% and 101.06% and the results were given in Table II. The method has a
highly successful analytical result with the average recovery of 90.36%. Recov-
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ery values were obtained in the extraction procedure has demonstrated excel-
lent efficiency. It was observed that extraction procedure was not complicated
and also was not need to a sophisticated instruments.

Robustness

No significant changes in the analytical signals were observed upon changing ul-
traviolet wavelength value (+ 3 nm), mobile phase flow rate (+ 0.1 mL/min), mo-
bile phase organic solvent ingredient (+ 5%), and column temperature (+ 5 °C).
As well as, change of analysts, columns, sources of chemicals and/or solvents did
not lead to significant changes in chromatographic signals and results, too. As
it can follow in Table III, robustness experiment results demonstrated that the
method has a high ability that created data of acceptable precision and accuracy.

Table II. Confidence parameters that including intraday, inter-day precision and accuracy and
recovery values. These results were obtained from individual samples (n=5) prepared as quality
control samples in real plasma.

Intraday repeatability Inter-day repeatability
Expected R
conc. Observed Observed ec:/lvery
(pg/mL) conc. Precision | Accuracy | conc. Precision | Accuracy (%)
T+8D (RSD %) | (RE %) TSD (RSD %) | (RE %)
(ng/mL) (ng/mL)
10.38 + 10.25 =
10 0.82 7.94 0.22 0.27 2.59 2.49 82.15
19.99 + 20.47 +
20 0.92 4.48 -0.05 153 7.50 -0.90 87.87
38.75 + 39.69 +
40 943 6.27 -0.93 0.92 2.33 -0.78 101.06

Acta Pharmaceutica Sciencia. Vol. 59 No. 1,2021 | 161



Table IlIl. Robustness data of the described method representing as the RSD% value. These results
were obtained in the analysis of three variable points calculated by independent (n=5) analyzes.

Mobile phases Ultraviolet Column
Flow rate
Analytes solvent content wavelength (+0.1 mL/min) temperature
(£ 5%) (+ 3 nm) - (£5°C)
PHT (20 pg/mL) 45 2.8 1.8 2.1

Stability

The stability of QC plasma samples (10, 20 and 40 ug/mL) and analytes in stock
solutions under several conditions were assessed. Stability of the stock solutions
at room temperature was evaluated with 1, 2, 3 and 4 week periods. The stability
test of freeze-thaw was executed by three QC samples after operating five repeat-
ed freeze-thaw period. The stability test of long-term was carried out for 1, 2 and
3 months using QC samples maintained at -20°C. Neither significant decrease
nor degradation were observed in the concentration of VPA in three different
conditions. The relative standard deviation in all samples was less than 5.3 %.

Measurement of PHT levels in patient plasma samples

The developed HPLC method was used to monitoring of the PHT levels in plas-
ma samples taken from 7 patients who receiving PHT orally between 100 and
300 mg/day. Plasma samples were prepared according to the extraction meth-
od described previously. None of these samples showed any problem for the
quantification of the analytes, additionally, peak purity showed that no analyti-
cal interference was encountered from endogenous substances. The daily used
PHT amounts, PHT plasma levels, its dose-proportional levels and the descrip-
tive statistical analysis for the obtained data are given in Table IV.
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Table IV. The samples included to the analysis, daily PHT doses, plasma and dose
proportionally plasma PHT concentrations.

Method-1¢ Method-2m
Patient PHT
sample Dose Plasma PHT Plasma P_HT Plasma P!iT Plasma P!-IT
number (mg/day) concentration concentration/ | concentration/ | concentration/
(ng/mL) Dose Dose Dose
(wg/mL/g) (wg/mL/g) (wg/mL/g)
PHT-01 300 6.87 22.89 3.88 12.93
PHT-02 100 14.30 143.00 <2.5 <25.00
PHT-03 300 18.50 61.66 10.6 35.33
PHT-04 - 7.07 - - -
PHT-05 300 18.76 62.52 11.0 36.67
PHT-06 200 1.12 5.59 <2.5 <12.50
PHT-07 - ND - - -
Average 9.52 59.13 8.49 28.31
SD 7.78 52.99 4.00 13.34
RSD% 81.74 89.61 4710 47.11

Note: Method—1* refer to our developed and validated analysis method and
Method—2 refers to the analysis method used routinely from Hospital.

Same plasma samples were analyzed with the homogeneous enzym immunoas-
say (EMIT) tecnique. The method used for routine therapeutic drug monitor-
ing analysis of PTH was established by Sivas Cumhuriyet University, Faculty
of Medicine. According to obtained patient results, LOQ of this method was
given 2.5 pg/mL. However, this method does not give definite PTH plasma lev-
els which may be observed in low levels due to polymorphism and compliance
problem to PTH. The correlation between our method and the other immuno-
assay based method was 1.00 (p<0.01) and a very strong correlation was ob-
served. On the other hand, when the obtained results which got from two differ-
ent methods were evaluated, it was observed that plasma results showed that
the different PTH values. The difference between plasma PTH results obtained
by two methods was found to be statistically not significant (p>0.05).
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As a sample, a volunteer patient chromatogram was given in Figure 3-c which a
representative of the real plasma sample separation. As can be clearly seen, no
interference was observed that could affect the analysis. All blood samples were
successfully pretrated to the analyses and their owned PTH quantities were
measured properly. Although these patients undergoing plasma drug monitor-
ing were in multidrug treatment, as can be clearly seen from the sample chro-
matogram, no interference was observed that could affect the analysis not only
as pharmaceutical but also endogenous from plasma.

There was 7 voluntary patients’ blood samples, who have been treated orally
PTH between 100 and 300 mg/day, and the average dose/day of PTH was 240
mg/day. The detected average blood PTH level was 9.57 ug/mL (7.71 + 80.58,
SD + RSD%). SD and RSD values were higher than expected due to the devia-
tion between plasma PTH results. Since the therapeutic range of the PTH is so
narrow and its have serious toxicological risks, the investigation of blood values
is of great importance. For this reason, the drug level monitorization is sug-
gested during treatment with this drug. More interesting results were observed
in the dose-proportional results of plasma level of PTH with values of 59.13 pg/
mL/g + 52.99 (89.61) (mean + SD (RSD%)). The unexpected high levels stand-
ard deviation (SD%) and also RSD% emerged in the result. The metabolic dif-
ferences of enzymes who responsible for the metabolism of this drug between
individuals are thought to play an important role in the emergence of this differ-
ence. In addition, the bioavailability of this drug may negatively be affected by
the first pass effect. This situation leads to a reduction in the pharmacological
and pharmacodynamic effect expected from the PTH treatment.

Recommended blood plasma values for the treatment with PTH are between 10
and 20 pg/mL. The result of the study showed that out of 4 in 7 patients treated
with PTH (57.14%) had plasma concentrations below these values. However,
this is very important because the patients show that they continue to undergo
treatment for PTH at a lower level than they need. This means that, despite drug
intake, serious symptoms of the disease cannot be prevented. In addition, it is
toxicologically important that no overdose was observed for PTH in any of the
plasma of the 7 patients monitored. This situation is very important in terms of
public health because the treatment has serious toxicological risks.

It was thought that the effect of biotransformation enzymes on PTH was an
important factor in the emergence of this unexpected result. On the other hand,
multidrug therapy is thought to be another important cause of the outcome.
Consequently, this result showed that the importance and necessity during the
treatment of the TDM.
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The study published by Bugamelli et al. (2002) phenytoine and totaly six antie-
plieptic and two sellected metabolites were pretreated with two different proce-
dures which are protein precipitation and solid-phase extraction were tested in this
study and then obtained extracts were determined by HPLC-DAD method 2. In
this research, 250 pL plasma sample was used in the analysis and instrument was
calibrated with quality control samples which were prepared in real plasma. Sep-
eration was achieved with the mixture of methanol, acetonitrile and 15 mM phos-
phate buffer containing 0.63% (pH 3.0) triethylamine (19.2:16.8:64.0, (v/v/v)) by
a C18 column (150 x 4.0 mm, i.d. 4.5 um). Altrough, LOQ was detected as 0.2 ug/
mL, correlatlion coefficiency was foud 0.998. Linearity study was applied between
4 and 40 pg/mL. PTH retention time (Rt) was approximately 11.0. Also, althought
recovery was determined between 94 to 101%, precision was detected as < 10.3.

Another HPLC-DAD based study was carried out by Dalmora et al. (2009) . In
study, human plasma samples (300 uL) were prepared with liquid-liquid extrac-
tion method and isocreatic seperation was achieved with a reverse phase Ci2
column (150 x 4.6 mm i.d.) with a mobile phase constituted with water: acetoni-
trile: methanol (58.8:15.2:26, v/v/v). Detector was set at 205 nm. Phenobar-
bital was used as an internal standard. Chromatographic run time was 12 min.
Instrument calibrated with quality control samples prepared between 50 and
2500 ng/mL PTH. Precision was <4.48 RSD% and accuracy was between 98.71
to 100.17%. This developed method was succesfully applied to 22 volunteers’
blood for the bioequvalance study for evaluation of two tablets formulation.

Khedr et al. 2008 4 was developed a new HPLC-DAD method in rabbit plasma.
Sildenafil was used as an internal standard. Extraction was achieved with a based
on solid-phase method and detector set at 220 nm. Isocreatic seperation was
achieved with Agilent Zorbax Extended C18 column (150 mm x 4.6 mm internal
diameter) and mobile phase which consist of 29% acetonitrile and 71% sodium
acetate solution (0.02 M, pH 4.6). Method was linear between 0.15 to 39 pg/mL
and LOD was found as 0.15 ug/mL. Recovery was found 101.88%. The mobile
phase consist of 29% acetonitrile and 71% sodium acetate solution (0.02 M).

In another study, Maya et al. (1992), a new method was developed was de-
scribed for determination of PTH in plasma and urine and its metabolite
5-(4-hydroxyphenyl)-5-phenylhydantoin, in urine . Seperation of extracts
a Nova-Pak RP-C18 column was achieved in the chromatographic seperation
using a mobile phase consisting of methanol-water-tetrahydrofuran (40:60:4,
v/v/v) with UV detection at 230 nm. The method established to determination
of PHT in plasma and urine was linear between 0.4-4.0 pg/mL and 0.1-1.0 pg/
mL. Precision showed a good value which is RSD% <4.49%.
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Guan et al. (2000),  is described a reliable and sensitive method for the ex-
traction and quantification of phenytoin (5,5-diphenylhydantoin), its major me-
tabolite, 5-(p-hydroxyphenyl)-5-phenylhydantoin (p-HPPH) and minor metabo-
lite, 5-(m-hydroxyphenyl)-5-phenylhydantoin (m-HPPH) in equine urine and
plasma. Solid-phase extraction (SPE), liquid-liquid extraction (LLE), enzyme
hydrolysis (EH) methods were used in the sample preparation step and high-per-
formance liquid chromatography (HPLC) was used for determination of extracts.

Bahal and Nahata (1993) 7 was described a new method for determination of
both phenytoin and its major metabolite, 5-(p-hydroxyphenyl)-5-phenylhy-
dantoin (p-HPPH) in urine. In this method, a Water 10 um pBondapak C-18
column was used in the sample extraction step, a mobile phase containing
45% acetonitrile and 55% distilled water was used in the seperation, and the
ultraviolet detector set at 230 nm was used for the quantitative determination.
Analitical run time was <9.0 min. As an internal standard, 5-(4-methylphenyl)-
5-phenyl-hydantoin was used. The correlation coefficients was 0.999. Accuracy
was between 94.3 and 108.8 RE%. Precision (RSD%) was <5.0%.

The precision (<7.94 RSD%) and accuracy ((-0.93) and 2.49 RE%) result of the
method showed that it has enough repeatability values. Exactly, the observed
values from the accuracy tests were excellent. The obtained results from the
method repeatability increase the reliability of the performed analyses. The
sample extraction, has single step, was simple and rapid, which provided the
excellent reliable recovery values between 82.15% and 101.06% (90.36+9.70,
T'+SD). This method has some attractive properties which are the simplicity
of sample preparation protocol although it was a solid phase method; relative-
ly short analysis time (11 min) and favourable LOQ value. Furthermore, our
analysis method stands out from published methods with remarkable accuracy
and recovery values. In addition, the robustness and stability tests performed
demonstrated the strength of the method against changing conditions which
ability may effect seriously the analysis. Almost all of the patients included in
this study were using at least one other drug in addition to PHT, some of which
are known to be under heavy drug treatment with multidrug therapy. On the
other hand, this did not cause a chromatographic problem in any blood sample
and no problem in quantification. Thus, the test results clearly demonstrated
that this developed assay method is fast, precise and reliable for plasma PHT
analyzes.

We strongly recommended this validated method to be used in routine thera-
peutic drug analysis of PHT and also it can be adapted for monitoring of over-
dose/poisoning with this drug. Furthermore, since the method is established in
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the range of 5 to 50 ug/mlL, it can be used in overdose and suicide cases with
PHT as well as in the detection of compliance problems. The proposed method
can be easily applied in routine TDM studies of PHT, also it can be preferred in
bioequivalence studies, pharmacovigilance and pharmacokinetics studies.

In our study, it was observed that both plasma-PHT levels and plasma-PHT
recorrected according to daily drug doses (ug/mL/g) were observed very high
RSD% results which are 80.58 and 89.61%, respectively. These results are both
pharmacological and toxicologically significant and have the potential to cause
serious health problems.

Since these observed unexpected plasma PHT concentrations are thought to be
related to the polymorphism of the enzymes CYP2C9 and CYP2C19 responsi-
ble for the biotransformation of PHT, it is planned to investigate the polymor-
phisms of the respective enzymes in the collected blood samples and investigate
its relationship with the plasma results obtained.
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