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To control the concentration of drugs with a narrow therapeutic range, and to conduct effective and safe treatments,
Therapeutic Drug Monitoring (TDM) is carried out. However, to date, the implementation of TDM is associated with various
difficulties, for the solution of which more convenient and less invasive methods for collecting biological material are being
developed.

The aim of the study was to develop protocols for the collection and storage of “dried blood spot” (DBS) samples, as well as
protocols for the validation methods for the quantitative determination of drugs in whole blood, using this technology for
subsequent therapeutic drug monitoring.

Materials and methods. To analyze a “dried blood spot” method in detail and to identify the characteristic features of taking
and storing biosamples, a collection and analysis of scientific literature over the past 10 years has been conducted. The search
for literature materials has been carried out from open and accessible sources located in the scientific libraries of institutions,
in electronic databases and search engines: Elibrary, PubMed, Scopus, Cyberleninka, Medline, ScienceDirect, Web of Science,
Google Scholar. Primary protocols for taking, storing and analyzing samples of the “dried blood drop” have been prepared.
To obtain the adequate quality samples, the developed protocols have been tested and optimized at the stages of selection
and storage. By high-performance liquid chromatography with mass spectrometric detection (HPLC-MS/MS), using a “dried
blood drop” as a sample preparation, drug validation protocols have been optimized to ensure that acceptable validation
characteristics were achieved, and subsequent Therapeutic Drug Monitoring was performed.

Results. The features of the collection, storage and analysis of the “dried blood spot” samples have been revealed. Such
characteristics as a spot volume effect, a hematocrit effect, a droplet uniformity, which can affect the results of a quantitative
HPLC-MS/MS analysis, have been determined. For a successful use of the new methods, appropriate protocols for taking
samples of “dried blood spot” from the finger of adult patients and from the heel of newborns, as well as protocols for
validating methods for the quantitative determination of drugs from these samples, have been developed.

Conclusion. The application of the “dried blood spot” method using newly developed protocols for taking, storing and
analyzing biological samples, relieves the existing constraints in conducting TDM, and can later become a promising method
for conducting preclinical and clinical studies.
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Abbreviations: MP/D — medicinal preparation/drug; HPLC-MS/MS — high performance liquid chromatography with tandem
mass spectrometry; TDM — Therapeutic Drug Monitoring; DBS — Dried Blood Spot; QCL — low quality con
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[NnA KOHTPONA KOHLUEHTPALMW JIeKapCTBEHHbIX MpPenapaTos, 06/aJaloWwmnX Y3KMM TepaneBTUYECKMM [AMana3oHoM, U
nposegeHna 3G eKTUBHbIX U 6e30MacHbIX METOA0B 1eYeHUA NPOBOAUTCA TEPANEBTUYECKUI NEKAPCTBEHHbIA MOHUTOPUHT
(TIM). OaHaKo Ha ceroaHALWHUIA AeHb npoBeaeHue T/IM cBA3aHO C pa3/IMYHbIMU 3aTPYAHEHUAMMU, AN PELUEHNS KOTOPbIX
paspabatbiBatoTca 6osee yaobHble U MeHee MHBa3MBHblE MeToAbl cbopa bBuonornyeckoro matepumna.

Llenb. Pa3paboTatb NPOTOKO/bI B3ATUA U XpaHeHMs 06pasLoB «BbiCylweHHOW Kaniu Kposu» (Dried Blood Spot, DBS), a
TaKXe MPOTOKOAbl BaANAALMN METOA0B KONMYECTBEHHOIO ONpeaeneHNA NeKapCTBEHHbIX NPenapaToB B LIe/IbHON KPOBU C
MCMO/Ib30BaHWEM AaHHOW TEXHONOTMM ANA NOCAeAYIOLWEro NnpoBeaAeH A TepaneBTUYECcKoro N1eKapCTBEHHOrO MOHUTOPUHTA.
Martepuanbl U metogbl. s [EeTaNbHOrO aHaAM3a METoAa «BbICYLUIEHHOW Kamiu KPOBM» W BbISIBIEHUS XapaKTepHbIX
0COobeHHOCTEN B3ATUA U XpaHeHMA B1uoobpasuos, 6bi1 NpoBeaeH cbop M aHaNU3 HayYHOW NTepaTypbl 3a nocnegHue 10 ner.
MouCcK NMTepaTypHbIX MaTepUanoB NPOBOAMCA C MOMOLLHO OTKPLITBIX U AOCTYMHbIX UCTOYHUKOB, Pa3MeLLEHHbIX B HAyYHbIX
B6MBNMOTEKAX YUPEKAEHMM, B INEKTPOHHbIX 6a3ax AaHHbIX M NOUCKOBbIX cucTemax: Elibrary, PubMed, Scopus, Kubep/leHuHKa,
Medline, ScienceDirect, Web of Science, Google Scholar. MogrotoBuan nepBuYHbIE MPOTOKOAbI B3ATUSA, XPaHEHWUA W
aHanM3a 0bpa3LoB «BbICYLUEHHOM Kanan KpoBu». Ha ctaguax oTbopa n xpaHeHMs NpoBoauaIv anpobaLmio 1 onTMMm3aLmio
pa3paboTaHHbIX MNPOTOKO/MIOB A/A MNoayvyeHUA o6pasLoB Haa/eXallero KayectBa. MeTofom BbICOKOI(dEKTUBHOM
YUAKOCTHOM XpomaTorpadpuu C Macc-CrekTpomeTpuyeckon aetekumen (BIMX-MC/MC) ¢ mcnonb3oBaHUEM B KayecTse
Npo6oMnoAroTOBKM «BbICYLIEHHYIO Kanato KPOBWU», ONTUMMU3MPOBAAN MPOTOKO/bI BaNMAALMU NEKAPCTBEHHbIX MPenapaTos
ONA obecnevyeHna JOCTUNKEHUA NPUEMNEMbIX BaIMAALMOHHbIX XapaKTEPUCTUK U NpoBeaeHUs nocaeaytowero T/IM.
Pe3ynbratbl. BbisiBNeHbl 0cO6eHHOCTH cbopa, XPaHEHMS U aHaNN3a 06Pa3LOB «BbICYLIEHHOM Kanau KpoBu». OnpeaeneHbl
TaKMe XapaKTePUCTUKM, KaK: 3ddeKT 06bEMa Kanau, 3ddeKT reMaTokpmTa, OLHOPOLHOCTb Kanau, KOTOPble MOTYT OKa3blBaTb
BAWAHME HA pe3y/bTaTbl KonnyecTBeHHoro BIXKX-MC/MC aHanusa. [1ns ycnewHoro Ucno/ib30BaHWA HOBOW METOAMKU HamMu
6b11M pa3paboTaHbl Hagaexaline NPOTOKO/Ibl B3ATUA 06PasLOB «BbICYLUEHHOM Kanau KPOBM» U3 Masiblia PyKU B3POC/bIX
NaLMeHTOB U M3 NATKM HOBOPOXKAEHHbIX AETEN, a TaKKe NPOTOKO/bl BaNUAALMU METOA0B KOMYECTBEHHOTO onpeaeneHns
JIeKapCTBEHHbIX MPENapaToB M3 AaHHbIX 06pa3LoB.

3aknoueHue. MpYMMEHEHNE METOAA «BbICYLLEHHOW Kamau KPOBMY» C UCMO/Ib30BAaHUEM HOBbLIX Pa3paboTaHHbIX MPOTOKO/I0B
B3ATUA, XpaHEHWUA N aHaIM3a BrMonornyeckmx ob6pasLLoB CHUMAET CYLLLECTBYHOLLME OrpaHuYeHus Npy nposeaeHny T/IM, a Takke
B MOCNEACTBUN MOMKET CTaTb NEPCMNEKTUBHBIM METOAOM A5 NPOBEAEHNUA AOKNNHUYECKUX U KNMHUYECKUX MCCAe0BaHUMA.
KnioueBble cnoBa: MeTos «BbICYLIEHHOM Kamau KPOBUY»; TepaneBTUYECKUA SIeKapCTBEHHbIM MOHUTOPWUHT; BuoaHanus;
Ba/sMaauma metoaa; BIXKX-MC/MC

CnUCOK coKpalleHuid: /1M — nekapcTBeHHbIi npenapat; BIXKX-MC/MC — BbicokoapdEKTUBHAA KUAKOCTHAA XpOMaTorpadus ¢
MacC-CNeKTpoMeTpuYeckor aetekuneit; T/IM — TepaneBTUYECKUIA IEKAPCTBEHHbIA MOHUTOPUHT; DBS — «BbICyLLEHHAn Kanas
KpoBu»; QCL — HM3KMI NOKasaTe/lb KOHTPOA KadecTBa; QCM — cpefHMI NoKasaTesb KOHTpoas Kavectsa; QCH — BbicoKui
nokKasare/ib KOHTponA KavecTBa; KK — KoHTposb KayecTBa; HIMKO — HUMKHUI Npesen KoANYecTBEeHHOro onpeaeneHus.
KnioueBble cnoBa: MeTos «BbICYLIEHHOM Kamau KPOBU»; TepaneBTUYECKUN SIeKapCTBEHHbIM MOHUTOPWUHT; BGuoaHanus;
BasMaauma metoaa; BIXKX-MC/MC

CnUCOK coKpalleHuid: /1M — nekapcTBeHHbIi npenapat; BIXKX-MC/MC — BbicokoapdEKTUBHAA KUAKOCTHAA XpOoMaTorpadus ¢
MacC-CNeKTpoMeTpuYecKor aetekuneit; T/IM — TepaneBTUYECKUIA IEKAPCTBEHHbIA MOHUTOPUHT; DBS — «BbICyLLIEHHAA Kanas
KpoBu»; QCL — HM3KMI NOKasaTe/lb KOHTPOA KadecTBa; QCM — cpefHMI NoKasaTesb KOHTpoas Kavectsa; QCH — BbicoKuiA
nokKasare/ib KOHTponA KavecTsa; KK — KoHTposb KayecTBa; HMKO — HUMKHWI Npesen KoANYecTBEHHOro onpeaeneHus.
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INTRODUCTION

“Dried blood spot” (DBS) is a relatively simple
sample preparation method for collecting small volumes
of blood that can eliminate plasma collection and sample
freezing.

The DBS method presents a wide range of possible
applications that are not feasible or difficult to
perform with traditional methods of biosampling [1].
One of the main options for using such a technology
is therapeutic drug monitoring (TDM).

To date, for TDM and analysis of medical preparations
(MPS), it is necessary to collect a large amount of
biological material — plasma or blood serum. To obtain
these biosamples, it is necessary to take whole blood,
which is obtained by standard venipuncture methods.
However, for many groups of patients, standard
methods for collecting whole blood cause significant
difficulties, limiting the implementation of TDM and
the adjustment of dosing regimens for drugs with a
narrow therapeutic range [1, 2].

A new technology for collecting whole blood
samples, is a less invasive and simple DBS method,
makes it possible to overcome the significant limitations
associated with standard methods, and perform TDM
in the clinical situations in which it was difficult or
impossible in principle [3].

However, a quantitative analysis of MPs in DBS
samples require the use of highly sensitive and selective
analytical technologies, such as high-performance
chromatography with mass spectrometric detection/
tandem mass spectrometry (HPLC-MS/MS). The use of
such amodern analytical system will optimize the analysis
of biosamples for TDM and expand the possibilities of
using the DBS at various stages of drug development and
within the framework of pharmacokinetic studies.

However, despite a great potential and advantages
of this technology, its widespread introduction into
the routine practice of TDM will be possible only
after a reliable confirmation of the accuracy and
reproducibility of the obtained analytical data on the
concentration of the studied drugs. These factors will
require additional development and validation of
bioanalytical methods using the DBS method at the
stage of taking the biomaterial and preparing it for
the study.

THE AIM of the study was to develop protocols for
the collection and storage of “dried blood spot” (DBS)
samples, as well as protocols for the validation methods
for the quantitative determination of drugs in whole
blood, using this technology for subsequent therapeutic
drug monitoring.

Tom 10, Beinyck 4, 2022

MATERIALS AND METHODS

To analyze the DBS method and identify its
characteristic features of taking and storing biosamples,
a collection and analysis of scientific literature over the
past 10 years have been carried out. The search for
literature materials has been conducted using open and
accessible sources located in the scientific libraries of
institutions, in electronic databases and search engines:
Elibrary, PubMed, Scopus, Cyberleninka, Medline,
ScienceDirect, Web of Science, Google Scholar.

The following words and phrases were chosen
as the parameters for the selection of literature: DBS;
HPLC-MS; therapeutic drug monitoring; validation;
sample preparation; bioanalysis. The search was also
carried out using the English analogues of the keywords:
DBS; HPLC-MS; therapeutic drug monitoring; validation;
sample preparation; bioanalysis.

After analyzing the literature data, primary
protocols for taking, storing and analyzing the DBS
samples were developed, based on the detailed analysis
and identification of the specific characteristics of this
technique.

Then, using the HPLC-MS/MS method and a DBS
as a sample preparation, the ivabradine samples
were analyzed and the drug validation protocols
were optimized to achieve acceptable validation
characteristics and conduct subsequent TDM.

The basic equipment was an Agilent 1260 HPLC
system with a binary pump and a temperature-
controlled autosampler. A chromatographic separation
of the components was carried out on a Poroshell 120
C18 column (4.6 x 50 mm x 2.7 um). The analytes were
determined using a Sciex QTRAP 5500 hybrid mass
spectrometric system.

The mobile phase was represented by a water-
acetonitrile mixture, the mobile phase modifier was a
0.1% formic acid, which was added to both the aqueous
and organic mobile phases.

In the course of optimizing the conditions for a
chromatographic separation, a gradient elution mode
was chosen. The mobile phase ratio of water-acetonitrile
(70:30) did not change at 0.6 ml/min until 0.5 minutes,
after which there was a gradual change to the ratio of
water-acetonitrile (0:100), which was reached at the 2
minute. At the 3™ minute, the ratio was changed to the
original, and, at the same time, the system was balanced
up to the 5" minute. The mobile phase modifier was a
0.1% formic acid, which was added to both the aqueous
and organic components of the mobile phase.

In this methods, ivabradine standards (Servier,
France) and N-desmethylivabradine as an internal
standard (Toronto Research Chemical Inc., Canada),
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were used to prepare calibration standards and quality
control samples.

For each analytical series, fresh standard working
solutions were prepared. The final concentrations of
ivabradine working solutions were 10, 20, 100, 500,
1000, 5000, 8000, 10000 ng/ml.

To obtain a calibration solution, 100 ul of whole
blood was transferred into 1.5 ml microtubes and 10 pl
of a working solution of the appropriate concentration
was added. The concentrations of calibration solutions
were 1, 2, 10, 50, 100, 500, 800, 1000 ng/ml.

Quality control (QC) samples were prepared at the
following four concentration levels: 1 ug/mL (lower limit
of quantitation, LLQQ), 3 pg/mL (low QC, QCL), 400 pg/
mL (medium QC, QCM) and 750 mcg/ ml (high QC, QCH).

Next, 20 ul of the resulting working solutions were
applied to the filter paper and let them dry at room
conditions for 3 hours.

To prepare the DBS samples, a disc with the diameter
of 6 mm was cut from the cards with a Uni-Core marker
cutter, placed in a test tube and extracted with an
extraction solution. The extraction was performed with
a shaker for 20 min at 25°C, then the samples were
transferred to new tubes and analyzed by HPLC-MS/MS.

Statistical processing of results

The obtained data were processed using the R 3.6.1
software-statistical environment in the RStudio 1.2
program, as well as the specialized Sciex Analyst 1.6.2
software. During the system operation, the acquired
data were processed in the Analyst software as full mass
spectra, single or multiple ion intensities versus time,
or total ion current. For a quantitative determination,
a calibration curve method with a weighting factor of
1/x2 was used. The ratio of the peak areas of the analyte
and the internal standard was taken as a parameter
[8, 10, 12, 23].

RESULTS AND DISCUSSION

General provisions on DBS method

Unlike standard whole blood collection methods,
DBS involves collecting a minimal amount of capillary
blood from the finger of an adult or the heel of a
newborn child and applying the drop of blood to the
marked area of filter paper. After this procedure, a
drop of blood dries in air at room temperature for at
least 4 hours in a dry place without direct sunlight.
The dried samples are transported to the laboratory,
where they are subjected to the manipulations related
to cutting discs with a special device from 3 to 8 mm
from the filter card. This disk is subsequently extracted
with an organic solvent or a mixture of an aqueous
and organic solvent. Further on, the obtained samples
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are quantitatively determined by various bioanalytical
technologies [4].

Thus, the entire process of collecting DBS samples
is considered as the distribution of a blood drop over
a porous surface with a simultaneous penetration
and spreading inside it. The distribution and wetting
of substrate pores by blood is a complex process that
depends on the physical and chemical properties of
paper and blood, which must be further investigated
before being used in wide clinical practice [4].

This whole mechanism of the DBS method
determines a number of significant advantages of
this technology over standard methods for collecting
biomaterial, as well as some of its limitations.

Advantages and disadvantages

of DBS technology

One of the main advantages of this technology
is the collection of a sufficiently smaller amount of
whole blood, which makes it possible to overcome the
existing limitations of TDM for various patient groups.
The DBS method also involves the process of drying
samples under standard laboratory conditions and their
transportation to an analytical laboratory without the
use of special equipment and with a minimal risk of
infection [3, 5].

It is possible to carry out the procedure for taking
biomaterial at home without the involvement of special
personnel. This will allow more analyzes to be performed
using the DBS method and to build a more accurate
concentration-time curve to optimize the dosing regimen
of the drugs with a narrow therapeutic range.

All of the above advantages can have significant
economic benefits in the collection and analysis of DBS
samples compared to standard biosampling methods.
Potential home DBS sampling would also result in
significant economic benefits in patients requiring TDM
[71.

However, this method is not free from shortcomings.
The analysis of the DBS samples imply special highly
sensitive analytical equipment and the need to train
medical specialists to obtain samples of the adequate
quality [8, 9].

It should be also taken into account that the
currently used requirements for the validation of
bioanalytical methods, which are described in the
manuals for traditional matrices, do not provide all
the necessary aspects of the method development,
analytical and clinical validation for DBS samples and
their use in TDM. Such specific parameters characteristic
of the new technology are as follows: the effect of
hematocrit, which can lead to different blood viscosities
and a droplet distribution on paper, the homogeneity
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of the droplet and its size can affect the result obtained
and, in turn, require additional validation [10, 11].

All these shortcomings cause the need to develop
new protocols for taking and storing blood samples, as
well as additional validation that would be characteristic
of the DBS method and its use in TDM.

Analysis of current literature sources

Over the past 10 years, a large number of articles
describing the development, validation of a new DBS
method, as well as the possibility of using it as a part of
TDM for various classes of drugs (analgesics, antibiotics,
antiepileptics, antidepressants, antimalarials, antifungals,

antiretrovirals, diuretics, immunosuppressants and
others), have been published [12].
The existing methods for the quantitative

determination of MPs using HPLC-MS/MS in the DBS
samples have been analyzed (Table 1). The additional
validation characteristics that are unique to the new
method of collecting biosamples and have a significant
impact on the results of the analysis, have been taken
into accountin the selected studies. These characteristics
are: a droplet size, the nature of the material, a map for
the DBS samples, the extraction conditions, and the
hematocrit level [9, 10, 13, 15, 16, 18-20, 25-29].

Such parameters as a hematocrit effect, a drop
volume effect and a droplet uniformity can have a
significant impact on the result of a MP analysis in the
DBS samples and can vary from sample to sample. It
is these characteristics that have been identified as
additional parameters requiring the development of
new validation protocols for the quantitative HPLC-
MS/MS analysis of drugs, as well as working out
practical recommendations for medical professionals
on the collection and storage of these whole blood
samples to obtain acceptable analytical results. [8, 9,
17, 39]

Development of protocols for sampling,

storage of samples and validation DBS

Based onthe literature analysis and existing methods
for collecting whole blood drops on special paper,
protocols for taking DBS samples from an adult patient’s
finger and from a newborn’s heel have developed
and optimized [40-42]. The developed protocols are
presented below.

Protocol for taking and storing DBS samples from
newborn’s heel:

1. Issue the informed voluntary consent of the legal
representative;

2. Sign the drops with a patient’s ID and date;

3. Choose the puncture location on the lateral side

Tom 10, Beinyck 4, 2022

of the heel;

4. Warm up the foot with a warm diaper;

5. Clean hands and put on sterile gloves;

6. Place the heel below the baby’s torso and hold it
without sharp bending of the ankle;

7. Treat the puncture location with an antiseptic
solution and let it dry;

8. Quickly pierce the skin laterally, in the place as
shown in the picture (Fig. 1) using a lancet, and wipe off
the first drop of blood with a sterile cotton ball;

9. Hold the puncture location down, gently pressing
on the adjacent area, and take blood on a filter paper
blank;

10. Hold the card without touching the marked area
(Fig. 2);

11. Carefully, touching a drop of blood with a filter
paper card, apply it to the card. Let the card absorb the
blood until the circle is full. After the application, do not
touch the marked area;

12. Let the blood spot dryin adark place. Avoid direct
sunlight for at least 4 hours. Do not heat or let dried spot
samples come into contact with other surfaces during
the drying process;

13. Seal the card (or parts of the card) in a gas-tight
bag with a zipper. Store no more than one card per
package in the refrigerator until sent to the laboratory
at 2-8°C.

Protocol for taking and storing samples of DBS
from a finger:

1. Issue the informed voluntary consent of the legal
representative;

2. Sign the drops with a patient’s ID and date;

3. Choose the puncture location on the index finger;

4. The phlebotamist must clean his hands and put
on sterile gloves;

5. Treat the puncture location with an antiseptic
solution and let it dry;

6. Quickly pierce the skin with a lancet and wipe off
the first drop of blood with a sterile cotton ball;

7. Hold the puncture location down gently pressing
on the adjacent area, and take blood on a filter paper
blank;

8. Hold the card without touching the marked area;

9. Gently touching a drop of blood with a filter paper
card, apply it to the card. Let the card absorb the blood
until the circle is full. After the application, do not touch
the marked ares;

10. Let the blood spot dry in a dark place. Avoid
direct sunlight for at least 4 hours. Do not heat or let
the dried spot samples come into contact with other
surfaces during the drying process;

11. Seal the card (or parts of the card) in a gas-tight
bag with a zipper. Store no more than one card per
package in the refrigerator until sent to the laboratory
at 2-8°C.

335



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &

PHARMACOLOGY

Inbervity, eps.

Figure 1 — Puncture location
of newborn’s heel

[ sz e v cE e Sarmpi ' _FinniPron_Poa ¥ (Turt Serm

%687 apo

Figure 2 — Example of a map for DBS

Ve 1 247 1

Intensi...

336

Figure 3 — Mass spectrum of ivabradine in blood plasma
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Figure 4 — Chromato-mass spectrogram of ivabradine in blood plasma

Note: on the abscissa — time (min), on the ordinates — signal intensity.
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Table 1 — Additional validation parameters for drug analysis by HPLC-MS/MS

MP Class of MP Additional DBS validation References
Fluconazole Antifungal Drop volume effect [32, 33]
Mycophenolic acid Antitumor - [15, 19, 20]
Methotrexate Antitumor Hematocrit effect [18]
Voriconazole Antifungal Drop volume effect [14, 15]
Moxifloxacin Antibiotic Drop volume effect, paper type [14, 21]
Pipyrecillin Antibiotic - [18, 20]
Sirolimus Immunosuppressant Homogeneity, hematocrit effect, [22-26]
drop volume effect
) H ity, h it effect,
Everolimus Immunosuppressant omogeneity, hematocrit effect [24-26, 28, 37, 38]
drop volume
Tazobactam Antibiotic - [16, 31]
Vancomycin Antibiotic Homogeneity, hematocrit effect, (16, 17]
drop volume effect
. H ity, h tocrit effect,
Tacrolimus Immunosuppressant omogeneity, hematocrit efiec [22-30]
drop volume effect
Cyclosporin A Immunosuppressant Homogeneity, hematocrit effect, [26, 30, 34-36, 43]

drop volume effect

Table 2 — Standard validation parameters

Validation parameter

Tests performed

Acceptance criteria [8, 10]

< 15% of nominal values (< 20% for LLQL),

Linearity 8 calibration samples + blank sample + zero sample not less than for 75% of samples
Selectivity 6 blank samples and 6 LLQLs <20% of LLQL

Accuracy 5 QC samples at 4 concentration levels <15% (< 20% for LLQL)

Precision 5 QC samples at 4 concentration levels <15% (< 20% for LLQL)

Matrix effect

5 QC samples at 2 concentration levels at 3 different

hematocrit values

<15%

Stability

5 QC samples at 2 concentration levels at room
temperature at three time points (2 hours, 7 days <15%
and 14 days after applying the blood drop)

Note: QC — quality control samples; LLQL — lower limit of quantitation level.

Table 3 - Specific validation parameters

Validation parameter

Tests performed

Acceptance criteria [8, 10]

Drop volume effect

5 QC samples at 3 drop volumes (10, 40, 70 pl) at 3
hematocrit levels (0.3; 0.4; 0.5), at 2 concentration levels

< 15% of nominal values

Hematocrit effect

5 QC samples for 3 hematocrit levels, at 2 concentration levels

< 15% of nominal values

Droplet uniformity

5 QC samples at 2 concentration levels at 3 hematocrit levels
are compared; obtained by 2 drop cut options: from the
center of the drop and at the edge.

< 15% of nominal values

Note: QC — quality control samples.
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Table 4 — Validation parameters of DBS sample preparation methods

Value
Parameter LLQL QcL QcMm QCH
(1 ng/ml) (3 ng/ml) (400 ng/ml) (750 ng/ml)
. Inside the cycle 9.4 8.0 7.5 114

Precision (CV %)

Between cycles 12.5 10.1 9.2 5.8

Inside the cycle 112.3 110.7 106.1 107.2
Accuracy (%)

Between cycles 91.2 100.7 95.9 96.3
Stability (%) - 88.3 - 91.2
Selectivity (%) 10.4 - - -
Correlation coefficient 0.99

Table 5 — Hematocrit effect on the analysis results

Nominal concentration

Hematocrit, % QC

Accuracy (%)

(ng/ml)
acL 3 113.7
03 QCH 750 109.6
QclL 3 99.4
0.4 QCH 750 105.1
acL 3 95.5
0.5 QCH 750 94.7

In this case, all the obtained samples on the filter
paper should be evenly distributed over the marked
area and the drops should not merge with each other.
In case of an incomplete distribution of blood in the
marked area or the fusion of two drops, such samples
are considered unacceptable and are not used for a
further analysis.

Validation protocols for quantitative

HPLC-MS/MS methods of analysis

To date, such organizations as the International
Association for Therapeutic Drug Monitoring and Clinical
Toxicology and the Food and Drug Administration (FDA)
are working at developing general guidelines for the
validation of dried blood spot technology, describing not
only validation parameters specific to standard sample
preparation methods and traditional matrices, but also
specific parameters inherent only to this new technology
[10, 11, 45-48, 50].

Based on the current methods analysis for the
quantitative HPLC-MS/MS determination of MPs
using this sample preparation method, new validation
protocols using standard (Table 2) and specific validation
parameters for the DBS method, were developed
(Table 3).

While developing methods for the quantitative
determination of ivabradine in the DBS samples, ions-
ivabradine “precursors” which corresponded to the

338

particles with m/z 469, were found out. To develop
a multiple reactions monitoring (MRM) method, ion
transitions corresponding to the highest intensity of the
ions-"products” were used. It was found out that in the
course of dissociation in the collision chamber, the most
intense ions-“products” were: m/z 262.2 and 177.1 m/z
(Fig. 3).

In the process of chromatographic determination
under the optimized conditions, the retention time of
ivabradine in blood plasma was 1.74 min (Fig. 4).

The developed methods confirmed its linearity in
the concentration range from 1 to 1000 ng/ml using a
weighted coefficient 1/x?, while >0.99. The coefficient
of variation (%) calculated when determining inter- and
intraday accuracy did not exceed 15% for the main range
of concentrations.

The lower limit of the procedure quantification
was determined based on the data of linearity,
accuracy, and precision. The minimum concentration
of ivabradine in the samples of DBS in the analytical
range for which it is possible to quantify ivabradine
with values of the relative standard deviation of
no more than 20%, was taken as the lower limit of
quantification in these methods, and it was 1 ng/mL
(Table 4).

For the DBS method, the influence of specific
parameters of the new method on the results of the
analysis was also evaluated.
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The hematocrit effect was evaluated at 3 levels (0.3;
0.4; 0.5) for QCL and QCH, the concentrations obtained
were in the range from 95.5 to 107.1% of the nominal
(Table 5).

To validate the volume effect, 3 volumes (10, 40,
70 ul) (30, 40 and 55 pl) were analyzed at the average
hematocrit level (0.4), at 2 concentration levels in 5
series. At the average volume, the relative error of the
calculated concentrations did not exceed 15% of the
obtained values.

When validating the droplet homogeneity, the
results of the QC samples at QCL and QCH, obtained
by 2 drop cut options — from the center of the droplet,
and from the edge, were compared. The analysis was
carried out in 5 series. In this case, the relative error in
comparing the concentrations of the samples obtained
from the central and edge notches did not exceed 15%
of the nominal values.

The DBS samples at QCL and QCH levels were used
to assess stability, and the samples were analyzed at
three time points of 1, 7 and 14 days along with freshly
prepared samples as a part of the same analytical series.
The calculated concentrations of the samples after
storage were compared with the average concentrations
of freshly prepared quality control samples. At the same

time, the values obtained after 14 days of storage were in
the ranged of 87.2-93.8%.

Thermal stability was evaluated when storing the
DBS samples for 14 days at 22°C and 45°C, as potential
temperatures during their storage and transportation.

The developed protocols turned out to be suitable
forvalidating the methods for the ivabradine quantitative
determination and are acceptable for a further use in
research and TDM.

CONCLUSION

It should be noted that the DBS method is the latest
method of biological sampling, which has a number of
significant advantages over the standard methods.

With the use of the optimized sample preparation
and the new protocols that have been developed
for taking, storing, validating, and methods for the
guantitative analysis of DBS samples, the technology
is widely used in preclinical and clinical studies,
therapeutic and toxicological drug monitoring, as well as
in large epidemiological studies. At the same time, this
technology can provide a more cost-effective model for
the analysis of drugs, as well as provide much-needed
pharmacokinetic results in a fairly efficient and reliable
way.
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