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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.
Keywords: “dried blood spot” method; therapeutic drug monitoring; bioanalysis; method validation; HPLC-MS/MS
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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Для контроля концентрации лекарственных препаратов, обладающих узким терапевтическим диапазоном, и 
проведения эффективных и безопасных методов лечения проводится терапевтический лекарственный мониторинг 
(ТЛМ). Однако на сегодняшний день проведение ТЛМ связано с различными затруднениями, для решения которых 
разрабатываются более удобные и менее инвазивные методы сбора биологического материла.
Цель. Разработать протоколы взятия и хранения образцов «высушенной капли крови» (Dried Blood Spot, DBS), а 
также протоколы валидации методов количественного определения лекарственных препаратов в цельной крови с 
использованием данной технологии для последующего проведения терапевтического лекарственного мониторинга.
Материалы и методы. Для детального анализа метода «высушенной капли крови» и выявления характерных 
особенностей взятия и хранения биообразцов, был проведен сбор и анализ научной литературы за последние 10 лет. 
Поиск литературных материалов проводился с помощью открытых и доступных источников, размещенных в научных 
библиотеках учреждений, в электронных базах данных и поисковых системах: Elibrary, PubMed, Scopus, КиберЛенинка, 
Medline, ScienceDirect, Web of Science, Google Scholar. Подготовили первичные протоколы взятия, хранения и 
анализа образцов «высушенной капли крови». На стадиях отбора и хранения проводили апробацию и оптимизацию 
разработанных протоколов для получения образцов надлежащего качества. Методом высокоэффективной 
жидкостной хроматографии с масс-спектрометрической детекцией (ВЭЖХ-МС/МС) с использованием в качестве 
пробоподготовки «высушенную каплю крови», оптимизировали протоколы валидации лекарственных препаратов 
для обеспечения достижения приемлемых валидационных характеристик и проведения последующего ТЛМ. 
Результаты. Выявлены особенности сбора, хранения и анализа образцов «высушенной капли крови». Определены 
такие характеристики, как: эффект объёма капли, эффект гематокрита, однородность капли, которые могут оказывать 
влияние на результаты количественного ВЭЖХ-МС/МС анализа. Для успешного использования новой методики нами 
были разработаны надлежащие протоколы взятия образцов «высушенной капли крови» из пальца руки взрослых 
пациентов и из пятки новорожденных детей, а также протоколы валидации методов количественного определения 
лекарственных препаратов из данных образцов.
Заключение. Применение метода «высушенной капли крови» с использованием новых разработанных протоколов 
взятия, хранения и анализа биологических образцов снимает существующие ограничения при проведении ТЛМ, а также 
в последствии может стать перспективным методом для проведения доклинических и клинических исследований.  
Ключевые слова: метод «высушенной капли крови»; терапевтический лекарственный мониторинг; биоанализ; 
валидация метода; ВЭЖХ-МС/МС
Список сокращений: ЛП – лекарственный препарат; ВЭЖХ-МС/МС – высокоэффективная жидкостная хроматография с 
масс-спектрометрической детекцией; ТЛМ – терапевтический лекарственный мониторинг; DBS – «высушенная капля 
крови»; QCL – низкий показатель контроля качества; QCM – средний показатель контроля качества; QCH – высокий 
показатель контроля качества; КК – контроль качества; НПКО – нижний предел количественного определения.
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показатель контроля качества; КК – контроль качества; НПКО – нижний предел количественного определения.
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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 a modern 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.

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 µm). 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 2nd 

minute. At the 3rd minute, the ratio was changed to the 
original, and, at the same time, the system was balanced 
up to the 5th 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 µl of whole 
blood was transferred into 1.5 ml microtubes and 10 µl 
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 µg/mL (lower limit 
of quantitation, LLQQ), 3 µg/mL (low QC, QCL), 400 µg/
mL (medium QC, QCM) and 750 mcg / ml (high QC, QCH).

Next, 20 µl 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 

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 
[7].

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 account in 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 on the 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 

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 dry in a dark 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 area;

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.

DOI: 10.19163/2307-9266-2022-10-4-331-342



336

ISSN 2307-9266   e-ISSN 2413-2241

 RESEARCH ARTICLE

Volume X, Issue 4, 2022

Figure 1 – Puncture location  
of newborn’s heel 

No

Yes Yes

Figure 2 – Example of a map for DBS

Figure 3 – Mass spectrum of ivabradine in blood plasma

Figure 4 – Chromato-mass spectrogram of ivabradine in blood plasma
Note: on the abscissa – time (min), on the ordinates – signal intensity.

No
Yes
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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, 
drop volume effect [22–26]

Everolimus Immunosuppressant Homogeneity, hematocrit effect, 
drop volume [24-26, 28, 37, 38]

Tazobactam Antibiotic – [16, 31] 

Vancomycin Antibiotic Homogeneity, hematocrit effect, 
drop volume effect [16, 17]

Tacrolimus Immunosuppressant Homogeneity, hematocrit effect, 
drop volume effect [22–30]

Cyclosporin A Immunosuppressant Homogeneity, hematocrit effect, 
drop volume effect [26, 30, 34-36, 43]

Table 2 – Standard validation parameters

Validation parameter Tests performed Acceptance criteria [8, 10]

Linearity 8 calibration samples + blank sample + zero sample ≤ 15% of nominal values (≤ 20% for LLQL), 
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 
and 14 days after applying the blood drop)

≤ 15%

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 µl) 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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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 

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/x2, 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.

Table 4 – Validation parameters of DBS sample preparation methods

Parameter
Value

LLQL
(1 ng/ml)

QCL
(3 ng/ml)

QCM
(400 ng/ml)

QCH
(750 ng/ml)

Precision (CV %)
Inside the cycle 9.4 8.0 7.5 11.4
Between cycles 12.5 10.1 9.2 5.8

Accuracy (%)
Inside the cycle 112.3 110.7 106.1 107.2
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

Hematocrit, % QC Nominal concentration 
(ng/ml) Accuracy (%)

0.3
QCL 3 113.7
QCH 750 109.6

0.4
QCL 3 99.4
QCH 750 105.1

0.5
QCL 3 95.5
QCH 750 94.7
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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 µl) (30, 40 and 55 µl) 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 
for validating 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 
quantitative 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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