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Abstract

Background. Amiodarone is widely used as an antiarrhythmic drug, but its
effectiveness is not entirely predictable, and its side effects are not completely
controllable. To determine the effective concentration of amiodarone in the blood, a
method for quantitative analysis of the drug in the presence of a biological matrix is
needed.

Objective. To develop a procedure for quantitative determination of amiodarone
(AMI) and desethylamiodarone (DEA) in blood plasma by high-performance liquid
chromatography (HPLC).

Materials and Methods. The procedure was developed using an Agilent 1260
Infinity chromatograph with diode array detector (Agilent, USA) on a Tsunami C18
Pharm column (250x4.6 mm, 5 um) with proprietary stationary phase. Agilent
Zorbax SB C8 precolumn (9.4x15 mm, 7 um) was used to protect the column from
mechanical contaminants. Validation was performed according to OFS.1.1.0012.15

“Validation of Analytical Methods” for the following parameters: selectivity, matrix
1


https://doi.org/10.29001/2073-8552-2025-2710
mailto:chekruzhova@mail.ru

effect, linearity, accuracy, precision, stability and limits of detection and
quantification.

Results. The QuEChERS sample preparation was modified to achieve optimal
conditions for the extraction of AMI and DEA from the biological matrix. Mobile
phase A was phosphate buffer (pH 3, 7.5 mM), mobile phase B was 100%
acetonitrile. The separation was performed in gradient mode. Up to 7.00 minutes —
the B phase content was 55%, from 7.00 to 7.15 minutes — an increase in B phase
content to 85% in order to elute the more hydrophobic components, from 7.15 to
15.00 minutes — the B phase content did not change, followed by a return to the
original 50% at 15.15 min. The total analysis time was 18 minutes. Column
thermostat temperature was set to 30 °C, flow rate — 1.2 mL/min; injection volume —
80 uL; selective wavelength was 241 nm. The value of retention factor for AMI was
2.25; for DEA —1.44

Conclusion. The authors have developed and validated the new HPLC procedure for
quantitative identification of AMI and DEA in human blood plasma
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1. Introduction

Amiodarone (AMI) is a highly effective agent for the treatment and prevention of
arrhythmias, classified as a class Il antiarrhythmic drug. In addition to blocking
potassium channels, it exerts inhibitory effects on sodium channels, slow inward
calcium current, non-competitively blocks alpha and beta adrenoreceptors, inhibits
multiple ion currents, and cholinergic receptors. Currently, when it comes to
prescribing antiarrhythmic therapy, 24.1% of physicians in the United States, 34.5%
in Europe, and 73.8% in Latin America choose AMI as their preferred option [1]. In
Russia, according to the results of a survey, AMI is prescribed in 41.2% of cases as a
first-line drug and in 51.9% of cases as a second-line therapy for maintaining sinus
rhythm in patients with atrial fibrillation in the presence of structural myocardial
disease [2, 3].

The effectiveness of AMI has been proven in the treatment of most cardiac
arrhythmias, including premature beats of any origin, paroxysmal supraventricular
tachycardias, paroxysmal atrial fibrillation and flutter, paroxysmal tachycardias in
patients with ventricular pre-excitation syndromes, both coronary and non-coronary
ventricular tachycardias, acting as both primary and secondary prevention of sudden
cardiac death. Based on the results of a systematic review, the effectiveness of AMI
In maintaining sinus rhythm ranges from 30% to 95.2% [4].

The pharmacokinetics of AMI are unique and complex, attributed to its high
lipophilicity and nearly complete binding to plasma proteins, as well as extensive
distribution in tissues (adipose tissue, liver, lungs, adrenal glands, testes, lymph
nodes, skin) [5, 6]. AMI is metabolized in the liver with the involvement of
cytochrome P450, forming its major metabolite, desethylamiodarone (DEA). The
latter is pharmacologically active and can enhance the therapeutic effects of the initial
compound [7]. According to a meta-analysis of 13 randomized controlled trials, the
frequency of amiodarone's adverse effects was analyzed, including thyroid
dysfunction (hypothyroidism in 6%, hyperthyroidism in 0.9%), pulmonary toxicity —
1%, hepatic toxicity — 0.6%, peripheral neuropathies —0.3% [8], and polymorphic

ventricular tachycardia not exceeding 1.5% [9, 10].



One of the significant challenges in the field of arrhythmology is that
antiarrhythmic drugs have a narrow therapeutic window, which poses objective
difficulties in their dosing. Even minor changes in their pharmacokinetics, resulting
in concentration alterations of active substance in the blood, can lead to both reduced
efficacy and increased toxicity. Considering the large number of generic drugs
available in the pharmacological market, this issue is crucial. Since measuring
amiodarone and its metabolites in serum is not a standard clinical practice, the effects
of switching between the original and generic drug, or between different generic
versions of AMI, can manifest over several weeks, which may go unnoticed in
routine patient care.

Previously, various analytical methods have been used for the quantitative
determination of AMI in pharmaceutical preparations, including high-performance
liquid chromatography (HPLC), high-performance thin-layer chromatography (Yang
and Fang, 1995), liquid chromatography (Gupta and Connelly, 1984; Geoffriau et al.,
1992), infrared spectroscopy (Jensen et al., 1988), Raman spectroscopy (Orkoula et
al., 2007), fluorescence spectroscopy (Mohamed et al., 1998), immunoassay, and
electrochemical methods (Saita et al., 2002; Ball et al., 1996), and methods for
determining AMI in biological fluids using HPLC-MS, HPLC with
chemiluminescence and ultraviolet detection were developed [11, 12] *. The HPLC
method is more selective than previously described methods and has high sensitivity.
That’s why it was chosen for development by the authors of this article.

The substantial variability observed in the pharmacokinetics of AMI complicates its
optimal dosing for individual patients. Attempts to personalize AMI therapy and
correlate its concentration with the efficacy and safety of treatment have been made
repeatedly. Dose-dependence has been noted not only in pharmacological
cardioversion and heart rate control [13-16], but also in the development of adverse
effects. Nevertheless, individual data indicate that achieving the target therapeutic

concentration of AMI often does not correspond to the expected clinical effect [17].

' OFS.1.2.1.2.0001 Chromatography. State Pharmacopoeia of the Russian Federation. 15th ed.; Moscow; 2023. URL:
https://pharmacopoeia.regmed.ru/pharmacopoeia/izdanie-15/1/1-2/1-2-1/1-2-1-2-khromatograficheskie-metody-
analiza/khromatografiya/ (06.10.2025).
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None of the methods used in the studies for determining the concentration have been
incorporated into routine clinical practice, leaving all potential prospects for
understanding the effects of AMI and its personalized use in patients unrealized.
Research objective is to develop a procedure for quantitative determination of AMI in
blood plasma by HPLC.

2. Materials and Methods
2.1 Experiment design

In the process of the procedure developing, a number of tasks were performed.
First of all, the QUEChERS (Quick, Easy, Cheap, Effective, Rugged, and Safe)
sample preparation was modified to achieve optimal conditions for the extraction of
AMI and DEA from the biological matrix. Further, chromatographic analysis
conditions were developed to achieve the required specificity. The final step was to
evaluate the suitability of the developed procedure for the quantitative determination
of the drug in blood plasma according to the criteria of specificity, accuracy,

linearity, precision and limits of detection and quantification.

2.2 Equipment
The procedure was developed using an Agilent 1260 Infinity chromatograph with
diode array detector (Agilent, USA) on a Tsunami C.g Pharm column (250x4.6 mm,
5um) with proprietary stationary phase. Agilent Zorbax SB Cg precolumn
(9.4x15 mm, 7 um) was used to protect the column from mechanical contaminants.
CLn-16 Centrifuge (Xiangzhi Centrifuge Instrument Co., Ltd, China), Analytical
Balances GR-200 (AND, Japan), ELMI CM-50 centrifuge (ELMI, USA), Ultrasonic
bath ElImasonic P (ElIma Germany), 200-1000 uL and 50-200 uL. mechanical pipettes
(Eppendorf, US), IKA Vortex Genius 3 (IKA-Werke GmbH & Co. KG, Germany),
1.5 ml Eppendorf tubes (Minimed, Russia), and transparent glass vials for

chromatography (Interlab, Russia) were used during the sample preparation.

2.3 Reagents



Sodium chloride (lab grade, Minimed, Russia) and acetonitrile (HPLC-grade,

PanReac, Spain) were used for proteins precipitation and extraction of the analytes.

2.4. Sample preparation
2.4.1 Standard samples

Samples of the dosage form “Amiodarone, concentrate for preparation of
solution for intravenous administration 50 mg/mL”, active substances of caffeine
(Organica, Russia), ibuprofen (Organica, Russia), nicotine (Sigma Aldrich) and
drotaverine hydrochloride (Organica, Russia); placebo (blood plasma samples from
an intact patient), and primary standartized samples of AMI (Clearsynth, Mumbai,
India, 50 mg) and DEA (Clearsynth, Mumbai, India, 10 mg) were used for procedure

development and validation.

2.4.2 Model Sample Preparation

A mixture of acetonitrile and phosphate buffer in a 50:50 volume ratio was
used as the solvent. Working solutions of AMI and DEA were prepared in advance
for adding the additive to the blood samples of a healthy volunteer. 5 mg of AMI and
DEA were added to a 100.0 ml volumetric flask, the solution was made up to the
mark with solvent, and mixed.Sample preparation was performed according to the
simplified QUEChERS method. Blood of intact patient was collected into sterile 6-9
mL tubes with EDTA buffer, followed by centrifugation for 10 min at a speed of
3000 rpm with subsequent selection of 450 pL of blood plasma and transfer to a 1.5
ml Eppendorf tube. Then 50 pL of amiodarone solution (concentration was equal to
0.5; 0.8; 1.25; 1.6; 2.5 pg/L), 0.33 = 0.04 g of NaCl and 500 pL of acetonitrile
extractant were added to the plasma sequentially followed by vortexing for 10
seconds at maximum speed, centrifugation for 5 minutes at 15,000 rpm and collection
of supernatants that was placed above the layer of protein deposited at the liquid-
liquid interface and followed by transfer of the contents into a vial with an insert and
HPLC analysis.



2.4.3 Real Sample Preparation

Blood of the patient treated with AMI was collected into sterile 6-9 mL tubes
with EDTA buffer, followed by centrifugation for 10 min at a speed of 3000 rpm
with subsequent selection of 500 pL of blood plasma and transferred to a 1.5 mi
Eppendorf tube. Then 0.33 £+ 0.04 g of NaCl and 500 pL of acetonitrile extractant
were added to the plasma sequentially followed by vortexing for 10 seconds at
maximum speed, centrifugation of for 5 minutes at 15,000 rpm and collection of
supernatants. Blank samples were collected from intact patients, using the same

sample preparation algorithm.

2.5 HPLC-DAD Conditions

The analysis was performed by HPLC with diode array detector. The column
used for the study was Tsunami C18 Pharm, created in the Laboratory of
Physicochemical Methods of Analysis of Tomsk State University. Mobile phase A
was phosphate buffer (pH 3, 7.5 mM), mobile phase B was 100% acetonitrile. The
separation was performed in gradient mode. Up to 7.00 minutes, the B phase content
was 55%, then from 7.00 to 7.15 minutes there was an increase in B phase content to
85% in order to elute the more hydrophobic components. From 7.15 to 15.00 minutes
the B phase content did not change, followed by a return to the original 50% at 15.15
min. The total analysis time was 18 minutes. Column thermostat temperature was set
to 30 °C, flow rate — 1.2 mL/min; injection volume — 80 uL; selective wavelength
was 241 nm. Typical chromatogram of plasma sample is presented on Figure 1. The
value of retention factor for AMI was 5.2; for DEA - 3.4
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Figure 1. Typical chromatogram of a plasma sample containing amiodarone

and desethylamiodarone

2.6 Method validation

Validation was performed according to OFS.1.1.0012.15 “Validation of
Analytical Methods” for the following parameters: selectivity, matrix effect (by
plotting a calibration curve relative to AMI content in plasma after sample
preparation for different concentration levels), linearity, accuracy, precision, stability
and limits of detection (LOD) and quantification (LOQ). Table 1 contains the list of
evaluation criteria that was formed according to OFS.1.1.0012.15.

Table 1. Procedure suitability criterion

Parameter Procedure suitability criteria

Resolution between peaks of analytes and components of blood
Selectivity plasma, non-steroidal anti-inflammatory drugs, caffeine and
nicotine not less than 1.5

Correlation coefficient of linear regression in the range from

Linearity 50% to 200% of average therapeutic concentration not less than
0.99

Repeatability % RSD not more than 5%

Intermediate precision % RSD not more than 10%

Accuracy % recovery from 85% to 115% (from 70% to 130% for LOQ)

2.6.1 Specificity
The specificity of the procedure was evaluated in relation to the drugs most

commonly used in medical practice. This group includes non-steroid anti-
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inflammatory drugs (Ibuprofen), neuromimetics (Caffeine), spasmolytic drugs
(Drotaverine). Specificity was also assessed in relation to the main metabolite of

AMI.

2.6.2 Linearity

The linearity range of the procedure was evaluated by linear regression
calibration curves for model plasma samples of amiodarone. Model samples were
prepared according to the procedure, described previously, using modified
QuEChERS method.

Working solutions of AMI were prepared in advance for adding the additive to
the blood samples of a healthy volunteer. 5 mg of AMI was added to a 100.0 ml
volumetric flask, the solution was made up to the mark with solvent, and mixed.
Calibration solutions A—I were prepared from the working solution in a concentration
range of 0.005-0.025 mg/ml.

Solution A. 5.0 mL of the solution was added to a 10.0 mL flask, made up to
the mark with solvent, and mixed. The solution contained an amine at a concentration
0f 0.025 mg/mL.

Solution B. 3.2 mL of the solution was added to a 10.0 mL flask, made up to
the mark with solvent, and mixed. The solution contained an amine at a concentration
0f 0.016 mg/mL.

Solution C. 2.5 mL of the solution was added to a 10.0 mL flask, made up to
the mark with solvent, and mixed. The solution contained an amine at a concentration
0f 0.013 mg/mL.

Solution D. 1.6 mL of the solution was added to a 10.0 mL flask, made up to
the mark with solvent, and mixed. The solution contained an amine at a concentration
0f 0.008 mg/mL.

Solution I. 1.0 ml of the solution was added to a 10.0 ml flask, made up to the
mark with solvent, and mixed. The solution contained 0.005 mg/ml of AMI.

Sample preparation for linearity testing was performed using the QUEChERS

method. Blood patient's samples was collected into sterile 6-9 mL tubes with EDTA
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buffer, followed by centrifugation for 10 min at a speed of 3000 rpm with subsequent
selection of 450 uL of blood plasma and transfer to a 1.5 ml Eppendorf tube. Then 50
uL of amiodarone solution (concentration was equal to 0.5; 0.8; 1.25; 1.6; 2.5 pug/L),
0.33 £ 0.04 g of NaCl and 500 uL of acetonitrile extractant were added to the plasma
sequentially followed by vortexing for 10 seconds at maximum speed, centrifugation
for 5 minutes at 15,000 rpm and collection of supernatants that was placed above the
layer of protein deposited at the liquid-liquid interface and followed by transfer of the
contents into a vial with an insert and HPLC analysis. The constructed calibration
dependence is shown in Figure 5. A linear dependence was also obtained for DEA.
Based on these lines, the response factor (F) for DEA relative to AMI was calculated,

equal to 1.450.

2.6.3 Precision (repeatability and intermediate precision)

Repeatability was evaluated by measuring the analytical signal for three
samples, three parallel measurements for each sample. The measurements were
performed within a short time interval, using the same equipment and reagents, by a
single analyst. Intermediate (in-laboratory) precision was evaluated for three samples,
three parallel measurements for each, over a period of three days. Measurements
were performed with the same equipment and reagents, by the same analyst, but with
wide temporal variation. Cochran's C test was used in testing the homogeneity of
variance (standard deviation). Experimental values of peak areas (S, uVxs) and
retention times (RT, min) with calculated values of standard deviation (SD) and

relative standard deviation (RSD) are presented in Table 2 and Table 3, respectively.

2.6.4 Accuracy
The accuracy of the procedure was evaluated by comparing the measured and
actual concentrations of amiodarone in model samples and calculating recovery rate.
Recovery was calculated for four levels of concentration in the range from 40 % to

200 % of the average therapeutic concentration of amiodarone in human plasma

(Table 4).
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2.6.5 Robustness
The parameters used for robustness study were change of NaCl mass (£0.05 g)
and change of pH of mobile phase A (£5). Three different model plasma samples
were prepared to test the first listed parameter (Table 6). To study the effect of mobile
phase molarity, retention times of AMI was registered in same HPLC conditions,
using two buffers (10 uM and 5 uM) as mobile phase A. Related chromatograms are

presented in Figure 2 and Figure 3, respectively.
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3. Results

3.1 Specificity

During the specificity study, the ability to qualify AMI and DEA without mass-
spectrometry detector had been proved. The use of the Tsunami C;3 Pharm column
made it possible to achieve elution of peptides in dead time by an exclusion
mechanism, while the analytes were retained by a reverse-phase mechanism. Thus,
optimal chromatographic conditions were developed to eliminate the influence of
protein components of the biological matrix.

The procedure proved to be specific and shows absence of drug interference, as
well as absence of interfering coelution of analytes with components of blood plasma
matrix. Calculated resolution values for each critical pairs were more than 1.5 and
listed in Table 2. The obtained values were within the acceptable range; thus, the
developed procedure can be considered suitable according to the specificity
parameter.

Related chromatogram of the drugs standard solutions in developed HPLC

conditions is presented in Figure 4.

Table 2. Resolution values

Pair Resolution (Rg)
Amiodarone-Desethylamiodarone 65.2
Amiodarone-Ibuprofen 50.1
Desethylamiodarone-Caffeine/Drotaverine 16.5
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3.2 Linearity

According to the obtained data, the procedure can be considered linear in the
concentration range from 0.5 to 3.0 pg/L (40 to 240% of the average therapeutic
concentration). The value of the correlation coefficient (R was 0.9975. Thus, since
the R* values satisfy the condition R* > 0.99, the procedure can be considered suitable
according to the linearity criterion. Based on the proven linearity of the procedure,
the limit of quantification and limit of detection were calculated; LOD value was 0.30
ug/uL (S/N = 3) and LOQ is equal 0.82 pg/uL.
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Fig. 5. Calibration curve obtained with the average peak areas of amiodarone in

model samples with different concentrations of the drug (0.5; 0.8; 1.0; 1.25; 2.5; 3.0
ng/L)

The quantification of DEA in the sample is calculated according to Formula 1,
using the calibration curve for the model mixture of AMI and the response factor for
DEA.

c _8a7b

xF (1)

where:
Cp — DEA concentration, pg/L;
Sa— AMI peak area, pVxs;
a, b — linearity equation coefficients;

F — response factor for DEA.

The described technique allows to calculate the plasma concentration of DEA

without constructing a calibration curve for the metabolite.

3.3 Precision (repeatability and intermediate precision)

The experimental value of Cochran's C — criterion for retention time of
amiodarone was 0.387; for peak area — 0.561. Theoretical value of Cochran's C —
criterion, for the confidence level equal to 0.95, was 0.871 according to the Russian
Federation System for Ensuring Uniformity of Measurements (Recommendations on

Interstate Standardization 61 — 2010).
GEXP (RT) = 0387,

Gexp (5) = 0.561;
GTHEOR =0.871
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The experimental values of Cochran's C — criteria are less than the theoretical
one. Therefore, the dispersions can be considered homogeneous and averaged to
calculate the SD of repeatability of the method.

As can be seen from the calculation results (Table 3), % RSD values of
repeatability and intermediate precision meet the established requirements (less than
5% and 10%, respectively). Consequently, the developed procedure can be

considered suitable within the analytical area.

Table 3. Precision study on peak area and retention time — repeatability and

intermediate precision

Sample Peak area, nVxs Retention time, min

Sample 1 115.33 7.56

Sample 2 115.27 7.76

Sample 3 115.29 7.85

Sample 4 114.91 7.52

Sample 5 115.34 7.66

Sample 6 114.81 7.71

Sample 7 117.86 7.55

Sample 8 115.49 7.68

Sample 9 121.71 7.76

Sample 10 105.76 7.70

Sample 11 113.84 7.89

Sample 12 115.00 7.93

Mean 115.05 7.71

Repeatability SD 3.974 0.119

Repeatability %RSD 3.47 1.55

Intermediate precision SD 2.985 0.091

Intermediate precision %RSD 2.61 1.18
3.4 Accuracy

The obtained values of deviations of measured concentrations from the actual
value in the range from 40% to 200% of the average therapeutic concentration are
within the range of acceptable (Table 4). Thus, the developed procedure can be

considered accurate in the considered range of concentrations.

Table 4. Recovery rate

| Level RSD. % | Mean % Recovery |

15



40% 3.49 84.02

100% 2.07 91.92
130% 3.54 90.97
200% 0.70 85.06

3.5 Robustness

The calculated data did not indicate a significant change in the degree of
extraction of amiodarone with a change in the mass of NaCl. The recovery level for
all samples, used for this study, was above 99% (Table 4).

Robustness was also assessed by varying the pH of the mobile phase. Plasma
samples were analyzed at pH values of 2.5 and 3.5. The results showed an overlap of
the AMI peak with the peak of the biological matrix component at pH 2.5, as well as
a change in retention time (RT = 6.22). At pH 3.5, the analyte peak was characterized
by an increase in retention time (RT = 8.16) and broadening (Fig. 4). Thus, the
method exhibits low robustness values for a number of chromatographic parameters
and requires precise adherence to the sample preparation procedure and mobile phase

preparation.

Table 5. Effect of NaCl mass on amiodarone recovery

NaCl mass, g Mean peak area, pVxs % Recovery
0.33 115.33 100.0
0.28 115.21 99.9
0.38 115.10 99.8

4. Discussion
Attempts to personalize amiodarone therapy and identify the correlation
between its concentration and the efficacy and safety of treatment have been made
repeatedly. The method of inverse voltamperemetry is quite sensitive and allows for
the determination of amiodarone levels at 0.01 mg/ml. However, a significant
drawback is that the conditions were developed for substance solutions and do not
account for the presence of blood components in the sample; therefore, this

methodology cannot be used to determine amiodarone in blood plasma. An
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alternative method is based on spectrophotometric analysis of chloroform extracts of
the ion associate of amiodarone and methyl orange from an acetate buffer solution at
pH 3, at a wavelength of 430 nm. Its drawback is its unsuitability for the assessment
of biological samples, as the methodology does not consider the matrix effects of
plasma components and the potential formation of ion associates with other small
molecules that possess positively charged functional groups. Moreover, the limit of
quantification of amiodarone for the described analytical method is 0.34 mg/ml,
which is more than 100 times higher than the therapeutic concentration of
amiodarone in Dblood plasma (1.0-2.5 pg/ml). The method for determining
amiodarone in serum by liquid tandem chromato-mass-spectrometry is more selective
and sensitive compared to photometric and amperometric methods. However, this
method is relatively expensive due to the high costs of reagents, standards, and
equipment. Another downside is the sample preparation time: the preparation time for
a single sample exceeds 20 minutes. The method described in the article by T. Pérez-
Ruiz et al. [11] is based on determining amiodarone using high-performance liquid
chromatography with a chemiluminescent detector. This method allows for the
determination of amiodarone in biological samples but requires a chemiluminescent
detector not included in the basic equipment of the chromatograph, as well as the use
of expensive reagents, which poses a significant limitation for its routine use. An
alternative method is described in the article by Marcio Rodrigues et al. [12]. For
quantitative analysis, the method employs high-performance liquid chromatography
using a UV detector. The sample preparation procedure involves adding an internal
standard and phosphate buffer at pH 5, followed by triple extraction of AMI with n-
hexane, complete drying of the combined extract under a nitrogen stream at 60°C,
and re-dissolving the dry residue in methanol. Chromatographic separation is
performed on a Purospher Star C18 column with 55mmx4mmx4um geometry in
isocratic mode with solution of 0.1% formic acid/methanol/acetonitrile (45:5:50,
v/viv) at a flow rate of 1.2 ml/min. The detection wavelength is 254 nm, and the
injection volume is 20 pl. The limit of quantification for the components is 0.1 pg/ml.

This method is the most similar in technical essence and achievable results to the one
17



developed by the authors. However, its disadvantages include a long sample
preparation process and the need for additional equipment: a nitrogen concentrator
and a liquid chromatograph, the pump of which should operate at pressures ranging
from 700 to 1000 bar.

The novelty of the proposed method:

1) The sample preparation features based on the QUEChERS method, which
ensures the significant reduction of plasma protein interference in chromatographic
analysis;

2) The specific chromatographic conditions of gradient elution using a
proprietary Tsunami C18 Pharm column at a flow rate of 1.2 ml/min, with an
injection volume of 80 pl, a detection wavelength of 241 nm in a total analysis time
of 18 minutes.

The application of these new conditions eliminates the interfering effects of
blood plasma proteins, confirming the feasibility of quantitative determining of AMI
using high-performance liquid chromatography-ultrafiltration, without utilizing a
mass spectrometric detector. The absence of analogous method in routine clinical
practice, coupled with the relatively high speed of analysis implementation, would
allow us to consider clinical research to evaluate AMI concentrations in the treatment
of arrhythmias, with subsequent integration into healthcare practice. This would
create opportunities for studying the patterns of AMI effects in patients with
arrhythmias, as well as for forming a controlled and personalized approach to the

treatment of patients with arrhythmic profiles.

5. Conclusions

The new HPLC procedure, based on ultraviolet-detection of analytes, has been
developed for quantitative identification of AMI and DEA in human blood plasma.
The procedure shows suitability by the parameters of specificity, linearity, accuracy
and precision, and was validated as per OFS.1.1.0012.15 “Validation of Analytical
Methods”. Although, the developed procedure is characterized by high sensitivity to
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changes in the molarity of mobile phase, it can be employed in routine

pharmacological control of AMI and DEA in blood plasma of treated patients.
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Paspadorka BO7KX-meroauku onpeaejieHuss aMMOAapPOHA U

A€3ITUITAMHUOAAPOHA B INIasM€E€ KPOBH Y€JI0BEKa
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1 o o o
Hay‘—IHO-I/ICCHCI[OBaTeJ'II)CKI/II/I HHCTUTYT KapAWOJIOTWH, Tomckui HallMOHAJIbHbBIN

HCCJIEIOBAaTENbCKU MeIUMUMHCKUI 1eHTp Poccuiickoil akagemun Hayk (HUUA
kapauosioruu  Tomckoro HUMIL), 634012, Poccuiickas ®enepanus, ToMmck,

yi. Kuesckas, 111a

2 ) ) ) )
HannonansHslil nccnenoBarensckuii ToMckuil rocynapctBeHHblid yausepeutet (HA

TT'Y), Poccuiickas enepanus, 634050, Tomck, nip. Jlenuna, 36

AHHOTALMSA

AKTYaJIbHOCTb. AMUOIapOH ITUPOKO HCIIONIB3YeTCs B Ka4yeCcTBe
AHTUAPUTMHUYECKOTO TMpemnapara, ojHako ero 3¢G@dEKTUBHOCT, HE Bcernaa
npejackazyema, a MmoOouHbie A(G(EKTHl HE TMOJHOCTHIO KOHTpOIUpyembl. Jlis
onpeneneHuss >(QPEKTUBHON KOHIICHTpAIlMM aMHOJapoHa B KPOBU HEOOXOauMa
pa3paboTka METOAMKHA KOJIMYECTBEHHOTO aHajiu3a IMpernapaTta B MPUCYTCTBUU
OMOJIOTUYECKON MaTPHUIIBIL.

Hean. Pa3paboraTts METOAUKY KOJIMYECTBEHHOTO ompeseneHus amuonapona (AMU)
u  gesdTwiamuogapona  (JDA) B mia3Me  KpPOBM  UEIIOBEKA  METOJIOM
BBICOKO?(DPEKTUBHOM KUAKOCTHOM Xpomarorpaduu.

Martepuan u metoabl. Meron pa3paboTaH ¢ MCIHOJb30BaHHEM XpomoTorpada
Agilent 1260 Infinity (Agilent, CIIIA) ¢ ucHoJb30BaHUEM THOTHO-MATPUUHOTO
JCTEKTOpa Ha OKCIEPUMEHTaJIbHOM oOpa3ie kojsoHku Tsunami C18 Pharm
(250%4,6 mm, 5pum) B YCIOBHSIX TPagUCHTHOTO »JIIOUpPOBaHMSA. [l 3alIuThl
KOJIOHKH OT MEXaHUYEeCKUX BO3JICHCTBUI MpUMeHsIach npeakoonka Agilent Zorbax
SB C8 (94x15mm, 7 um). Bammpmanus mnpoBeAcHa B COOTBETCTBHH C
O®C.1.1.0012.15 «Banupgauusa aHAIUTUYECKUX METOAOB» JUISl  CIEIYIOLIUX
MapaMeTpoOB: CEJIEKTUBHOCThb, MAaTpU4YHBIH 3PGEKT, JUHEHUHOCTh, TOYHOCTD,
MPEIU3UOHHOCTh, CTAOWJIIBHOCTh M TIpe/el KOJUYECTBEHHOTO OMNpPENCNCHUs W

oOHapy>KeHHS.
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PesyabTarsl. [Ipobonoaroroska no meroqy QuUEChERS 6s1na moguduumpoBana st
JNOCTH)KEHHSI ONTHUMAJIBHBIX yCIOBUW 1t u3BnedeHuss AMU u  JIDA  wu3
Ouonornyeckol Marpuilpl. B kadecTBe moABMKHOM (a3pl A HCHOIB30BAJCA
oydepnsiit pochar (pH 3, 7,5 mM), nmogsuxHoU ¢dazer B — 100% aneroHUTpHI.
Pexxum osmoupoBanuss — rpamueHtHeid. o 7,00 MuH comepkanune ¢aszel B
cocraBisio 55%, 3arem ¢ 7,00 1o 7,15 MuH HAOIIOMATIOCh YBEIUUCHUE COMIEPKAHUS
daser B 10 85% c menpro amronpoBanus 6onee ruapodoOHbIx KoMmoHeHToB. C 7,15
no 15,00 mun comepxanue ¢aszbl B He u3MeHsuioch, a 3areM BO3Bpallalioch K
ucxogueiM 50% na 15,15 muH. CymMapHOoe BpeMsi aHajiu3a COCTaBWIO 18 MuH;
temneparypa tepmoctara — 30 °C; ckopocTh noToka — 1,2 MiI/MUH; 00bEM HHKEKIUU
— 80 MKII; IJTMHA BOJIHBI JICTEKTUpOBaHus — 241 HM. 3HaueHHe Memiaromero hakropa
st AMU cocraBuio 2,25, s [IDA — 1,44,

BoiBoabl. ABTOpamu pa3pa0boTaH M BaJMIUPOBAH HOBBIM CIOCOO KOJIHMYECTBEHHOTO
onpeaenenuss AMU u JIEA B mia3mMe KpoBH YeI0BEKa.

KuroueBrble ciioBa: BbICOKO3((PEKTUBHAS KUJIKOCTHAs. XpoMaTorpadpus; aMHuOJapoH;
JI€39TUIIAMHUO/IapOH; TJIa3Ma YeJIOBEK; pa3padoTKa METOIUKH.

duHAHCHPOBAHMeE: HCCIEAOBaHUE ObUIO BBIMOIHEHO Mpu mnoxaaepxkke HUU
kapaunosorun Tomckoro HUMII PAH, Tomck, Poccusi.

Co0J1101eHle ITHYECKHX HOPM: HCCIEOBaHUE OBUIO OJIOOPEHO JIOKATbHBIM
stnueckum komuteroM HUU xapanonorun Tomckoro HUMIL PAH, Tomck, Poccus
(mpotoxoi Ne 240 ot 15.02.2023).

Jusa nurupoBanmsi: Curkosa E.C., baranos P.E., Kypraues /[.A., T'opn E.A.,
Kazanuesa K.1., Hparynosa M.A., Kpusomanos C.H., Mockosckux T.B.,
[TonoB C.B. Pazpabotrka BOXX-meromumku ompenencHuss aMuoJapoHa H
N€33TUIIaMUOIapOHa B IJIa3Me KpOBU uenoBeka. Cubupckuti s#CypHal KIUHUYECKOU U

3KCI’lepuM€HmaJZbHOIZ Meduuunbl.

6. BBenenue
Amvuonapon (AMUN) seasiercss BICOKOA((HEKTUBHBIM CPECTBOM IS JICUCHUS

u npoduUIaKTUKU apuTMui, oTHeceHHbIM K IlII kjmaccy aHTmapuTMuueckux
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npenapaToB. [Tomumo G10Kaabl KaIMEBOTO TOKA, OKA3bIBA€T YrHETAIOIIEE ACHCTBHE
HAa HATPUEBBIM TOK, MEIJICHHBIM BXOJISIIUN KaJbLHUEBBIA TOK, HEKOHKYPEHTHO
onokupyer anbbha- u OeTa-apeHOPEUENTOPbl, WHTHOMPYET MHOTOYUCICHHBIC
WOHHBIE TOKH, XOJUHEpPrudeckue peuentopel. Ha ceroaHsimHuii AeHb TpHU
HEOOXOIUMOCTH HA3HAYEHUS AHTHAPUTMUYECKOM TEepamuu CBOM BBIOOP B MOJB3Y
AMMN nenatot 24,1% Bpaueit B CIIA, 34,5% — B EBpone u 73,8% — B JlatuHckoi
Awmepuke [1]. B Poccun no pesyibraraM MpoBEAEHHOTO OMPOCa MPU OPraHUYECKOM
MOpaKEHUU MHUOKap/a B TAKTUKE YAEp>KaHUS CHHYCOBOTO pUTMa Mpu GUOPHILIAIUN
npeacepauii AMUM na3znauvaerca B 41,2% ciiydaeB B KauecTBe Ipemnapara HepBOU
muann 1 51,9% — B KauecTBe Tepanuu BTOpoi mHuu [2, 3].

O¢ddextuHocth AMUW nokazana B Tepanuu OOJBIIMHCTBA CEPACUYHBIX
apUTMUNA, BKJIIOYAs HKCTPACUCTOJNMU JIOOOr0 MPOUCXOXKIEHHUS, BCE  BUJBI
CYNpPaBEHTPUKYJISIPHBIX ~ TaXWUKapJud, MapoOKCU3MalbHyl0  GUOPWLIAIUI0 U
TpeneTaHue npeacepui, mapoKCUu3MaibHble TAXUKAPAUU Y OOJBHBIX C CUHIPOMAMHU
MPEeABO30YKIACHUS YKETyI0YKOB, KOPOHAPOTE€HHBIX u OOJIBIIIMHCTBE
HEKOPOHAPOTEHHBIX KEIYJOYKOBBIX TaXHUKapAWH, peanu3ys Kak MEePBHUYHYIO, TaK U
BTOPUYHYIO NPO(PWIAKTUKY BHE3amHOW cepaeyHol cmeptu. Ilo pesynbraram
cUCTEMaTH4YeCcKoro 0030pa r¢dexktnBHOCTE AMU B ynepkaHUM CHHYCOBOT'O pPUTMA
BapbupoBaiia ot 30 10 95,2% [4].

®apmakoknHeTnka AMU yHHKagbHA W HEMPOCTa, 00YCIOBJIEHA €r0 BBICOKOM
TUNOGUIHHOCTPIO Y TMPAKTHYECKH TOJHBIM CBSI3BIBAHHEM C O€JIKaMH TUIa3Mbl, a
TaKXke OOJIBIIMM paclpe/iejieHueM ero B TKaHW (GKUPOBOW TKAaHW, MEUYCHH, JIETKHX,
HaJIMOYEYHUKAX, SMUKaxX, JUMQpaTHUECKUX y3Jax, Koxke) [5, 6]. Merabonusupyercs
AMU B mnedenn c¢ yuactuem 1uToxpoma P450 ¢ oOpa3oBaHMeM OCHOBHOTO
MetabonuTa nae3dtunamuogapona ([DA). [locineqnuii, B cBOIO ouepellb, SIBISECTCS
(hapMaKoJOTUYECKA aKTHUBHBIM M CIIOCOOCH YCWJIMBAThH TepaneBTHUYeCKue 3(HeKTh
OCHOBHOTrO coeauHeHus [7]. B  wera-aHanmze 13 paHIOMH3UPOBAaHHBIX
KOHTPOJIUPYEMBIX HCCIIECIOBAHUI MPOaHAIM3UPOBAHA YAaCTOTAa PAa3BUTHS MOOOYHBIX
abdexroB AMU, cpenrt KOTOPhIX TUCHYHKIHS MATOBUIHON Keye3bl (THIOTUPEO3 B

6%, runeptupeo3 B 0,9%), nopaxkenue jerkux — 1%, neuenn — 0,6%,
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nepudepudeckue Heifponatuu — 0,3% [8], pa3Butue nMonUMOp(PHON KeTyT0UKOBOU
tTaxukapauu — ue o6omnee 1,5% [9, 10].

Cepbe3nyro mpoOieMy apUTMOJIOTHH TPEICTaBIsSeT TOT (akT, dYTO
AHTUAPUTMHUYECKUE TPETapaThl SBISIOTCS (HapMaKOJIOTHYECKON TPYIIONW C Y3KUM
TEpaNeBTHUECKUM OKHOM, YTO COMPSDKEHO C OOBEKTUBHBIMH TIpOOJIEeMaMu UX
JIO3MPOBAHUS: JakK€ HE3HAYUTENbHBIE HM3MEHEHUS UX (PapMaKOKHHETHKH,
MPUBOJISIINE K W3MEHCHHUSM KOHIICHTPAIlMU aKTHBHOTO BEIIECTBA B KPOBH, MOTYT
NPUBOJNTH KaK K CHIDKCHHUIO Y((EKTUBHOCTH, TaK M K MOBBIIMICHUIO TOKCHYHOCTH.
YuuteiBas 00JbIIOE KOJIUYECTBO HKEHEPUUECKHUX MPErnapaToB, MPEICTaBICHHBIX Ha
(bapMaKoJIOTHYECKOM PBIHKE, 3TOT BOMPOC SBISETCS KpaiiHe BakHBIM. [lockonbKy
u3mepenne AMUM u ero MeTraboJMTOB B CBHIBOPOTKE HE SBISETCS CTAaHIapTHOM
KIIMHAYECKOW TMPaKTUKOW, dS(PQeKThl Tmepexoga MEXAy OpPUTHHAIBHBIM U
JHDKEHEPUYECKHUM MperapaToM U 00paTHO WM MEXKY JKEHEPUUYECKUMU MTpernapaTaMu
AMMU MoOryT nposiBUTHCS 4Y€pe3 HECKOJBKO HEJNEIb, YTO B YCIOBUSX PYTHUHHOIO
HAOII0/ICHUS TAIIeHTa 0CTaeTCs 0e3 TOJDKHOTO BHUMAHHS.

Panee nmnpeanpuHUMaIUCh  TOMBITKA MO  NPUMEHEHUIO  Pa3IUYHBIX
AHAIUTUYECKUX  METOJIOB I  KOJIMYECTBEHHOro ompeaeneHus AMU B
(dapMareBTUUECKNX TIpernaparax, BKJIOYas BBICOKOI(PGHEKTUBHYIO KHUJIKOCTHYIO
xpomarorpaduro (BOXKX), BricOk0I(D(PEKTHBHYIO TOHKOCIONHYIO XpoMaTorpaduro
(Yang u Fang, 1995), xwunkoctHyro xpomarorpaduio (Gupta u Connelly, 1984,
Geoffriau u coasrt., 1992), undpakpacuyro criekrpockonuio (Jensen u coast., 1988),
KoppeisimonHyto criekrpockormto (Orkoula u coart., 2007), diayopecueHTHYIO
cnektpockonuto (Mohamed wu coabr., 1998), uMMyHOQEpMEHTHBIH aHATU3 W
aJIeKTpoXuMudeckre mMeroabl (Saita u coasrt., 2002, Ball u coast., 1996), a Taxxe
ObUM pa3zpaboTaHbl MeTOAWKH omnpeneynenuss AMM B Ouonornueckux oOpasiax
Merogamu BOXKX-MC, BOXX ¢ XeMHIIOMUHECHIEHTHBIM U YIbTPa(PUOIECTOBBIM

aerektupoBanuem [11, 12] 2, Metox BOXKX sBiusiercss HanboJIee CENCKTHBHBIM B

> O®C.1.2.1.2.0001 Xpomarorpadus. Tocymapcreennas dapmakones Poccuiickoii ®enepamum. XV u3m.
M.;2023: snexkrponnsiid pecypc. URL: https://pharmacopoeia.regmed.ru/pharmacopoeia/izdanie-15/1/1-2/1-2-1/1-2-
1-2-khromatograficheskie-metody-analiza/khromatografiya/ (06.10.2025).
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CPaBHEHMH C paHee ONHWCAaHHBIMM METOJaMU U O0JagaeT  BBICOKOU
YyBCTBUTEIHHOCTHIO. FIMEHHO TTO3TOMY OH OB BBIOpaH ISl pa3pabOTKH aBTOpAMHU
CTaTbH.

bonbiias crenenb U3MEHYUBOCTH, HabmonaemMast B (hapmakoknHetuke AMMU,
3aTpyJHSET ONTHMAJbHOE €ro JO3UPOBaHUE I OTAEIbHOro manueHra. [lombITku
nepcoHaIN3UpoBaTh Tepanuio AMU U BBIIBUTH KOPPESLUIO €r0 KOHLEHTPAUuN U
koHneHtparuu  JIDA ¢ sddexkTuBHOCTRIO W 0€30MacHOCTh  Tepaluu
OpEeIIPUHUMAINCh HEOJHOKPATHO. Jlo303aBUcHUMBIE 3((EKThl OBLIM ONUCAHBl HE
TOJIbKO B MEAMKAMEHTO3HOM KapAHOBEPCHMH M KOHTPOJIE YACTOTHI CEpPJCYHBIX
cokpamiennii [13-16], HO W B pa3BuTHM MOOO0YHBIX 3(hdexToB. Bmecte c Tem,
OTJENbHBIE JaHHbIE CBHUAETEIbCTBYIOT O TOM, YTO JOCTHXKEHHE LEJIEBOM
TEpANEeBTUYECKON KOHUEHTpaunu AMU 3adacTyro HE CONpPOBOXKIAETCS Pa3BUTHEM
oXXugaemMoro kimHudeckoro s¢ddexra [17]. Hu onmHa u3 ucnonb3yeMbix B
HCCJIEIOBAaHUSIX METOJIMK ONPEEICHNUs KOHLIEHTPAalMU TaK U HE BOLLIA B PYTUHHOE
MCIIOJIb30BaHNE B KIIMHUYECKOW MPAKTHUKE, OCTaBJISAS BCE BO3MOXKHBIC MEPCIIEKTHBBI
NOHMMAaHUs 3aKkoHOMepHocTell apdexktoB AMUW u nepcoHuduxamuu  ero
MCIIOJIb30BaHUs y MAIMEHTOB HEPeaTn30BaHHBIMH.

[enb uccnenoBanus — pazpaboTaTh METOAMKY KOJIMYECTBEHHOTO OMPECIICHUS

AMMU B mna3me kpoBu yenoBeka metogoM BOKX.

Marepuaja u MeTOABI

2.1 Iuzaiin

B npouecce pazpaboTku METOIUKK ObUT pelieH psn 3agad. Bo-nepBbix, Oblia
moaudumuposana mpodomoaroroska mo meroxy QUEChERS (Quick, Easy, Cheap,
Effective, Rugged and Safe — brictpsiii, [Ipoctoii, [lemesbiii, D¢ddeKTUBHBIM,
Tounslii 1 HaiexxHblil) 711 AOCTUKEHUST ONTUMANIBHBIX yCIIOBUN n3BiedeHuss AMU u
DA u3 OUONOTHYECKON MaTpuIlbl. BO-BTOpBIX, HJIsi TOCTHXKEHHUS HEOOXOIMMOM
cnenuUUHOCTH ObUIM pa3pabOTaHbl YCIOBUA XpoMarorpaduueckoro aHaiusa.

duHATBHBIM IIaTOM CTaJla OIlEHKA TMPHUIOJHOCTH pa3paOOTaHHON METOIMKH IS
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KOJINYECTBEHHOTO ONPEACIIEHUS IIpernapara B IUIa3M€ KpPOBM 10 KPUTEPHUAIM
CHEU(PUIHOCTH, MPABUIBHOCTH, JTUHEHMHOCTH, MOBTOPSIEMOCTH U MPOMEKYTOUHOU

MMPCIHNU3NOHHOCTH.

2.2 O0opynoBanue

[Tpoueaypa Oblia pa3paboTaHa ¢ HCIOJb30BaHHEeM Xpomartorpada Agilent
1260 Infinity ¢ mmomHOo-MaTpuuHbiM neTekTopoM (Agilent, CIIIA) Ha KOJIOHKE
Tsunami C,;g Pharm column (250%4,6 MM, 5 MKM) B YCIOBHUSX TI'PaJlE€HTHOIO
amonpoBanus. [lpeakononka Agilent Zorbax SB Cg (9,4x15 mm, 7 MkM) Oblia
WCIIOIh30BaHa IS 3alllMThl KOJOHKHA OT MEXaHH4YeCKoro 3arpssuenus. llentpudyra
CLn-16 (Xiangzhi Centrifuge Instrument Co., Ltd, Kuraii), aHamuTHYeCKUE BECHI
GR-200 (AND, Smnonwms), uentpudpyra ELMI CM-50 (ELMI, CIHIA),
yiabTpa3BykoBas BanHa Elmasonic P (Elma, I'epmanus), MexaHHUUecKue 03aTOPBI
200-1000 Mk and 50-200 mxn (Eppendorf, CIIIA), Boprekc IKA Vortex Genius 3
(IKA-Werke GmbH & Co. KG, TI'epmanus), mpooupku Onmengopd Ha 1,5 mi
(Minimed, Poccus), u mnpo3pauHble CTEKISHHBIC BHAaJbl IS XpoMartorpaduu

(Interlab, Poccust) Ob1TH UCTIOIB30BAaHBI BO BPEMsI TPOOOITOATOTOBKH.

2.3 PeakTuBBI
Xnopun Hatpus (lab grade, Minimed, Poccust) u aneronutpun (HPLC-grade,

PanReac, Mcnanust) nCnob30BaHbl TSl OCAXKICHUS OCIIKOB M U3BJICUCHHS aHAIUTOB.

2.4. [IpobdonoaAroroBKa
2.4.1 IlpuroroBJieHHe CTAHAAPTHOI0 PACTBOPA
Cranpaptabie 00pasisl AMU (KoHIIEHTpaT JJisi MPUTOTOBJICHUSI PacTBOpa JJIs
B/B BBeAeHus 50 mr/mun), aktuBHbIe cyOctanmmu kodeuna (Organica, Poccus),
noynpodena (Organica, Poccus), nukotmra (Sigma Aldrich) u aportaBepuna
rugpoxiopuaa (Organica, Poccus); 1miane6o (oOpasmbl  KpOBH  30POBOTO

100poBoJIbIIa), cTanAapTHbIEe 00pasbl AMU (Clearsynth, Mymoaii, Uuaus, S0 mr) u
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JDA (Clearsynth, Mywmoaii, Mamus, 10 Mr) ObuIM UCTIONB30BaHBI AJIsl pa3paboOTKH U

BajIymaganvuy MCTOJUKU.

2.4.2 IlpuroroBJjieHHe MO/EJbHBIX PACTBOPOB

B kaudecTBe pacTBOpUTENS UCIOJIb30BaHA CMECh AllETOHUTPHIIA U (ochaTHOTO
oydepa B 06bemMHOM cooTHOIeHnH (50:50).

[IpenBaputenbHO TOTOBIIINCH paboure pacTBopbl AMU u JIDA st BHEceHUs
no06aBkM B 00pas3ilbl KPOBH 3J0pPOBOTO JOOpoBosibIla. B  MepHyro Koily
BMectuMocThio 100,0 M BHOocwioch S Mr AMU u JIDA, pactBop A0BOAWICS 10
METKHU PaCTBOPUTEJIEM U MEPEMEIIUBAICS.

[IpoGonoAroToBKa MOJAEIBHBIX PACTBOPOB OCYIIECTBISUIACH IO  METOY
QUECHhERS. KpoBb 13 mepudepryeckoil BeHbI MMalnyueHTa 3adupanach B CTCPUIbHBIC
npobupku ¢ DATA 6-9 mi, nuentpudyrupoBanach B Teuenue 10 MHUH O CKOPOCTBIO
3000 o6/mMuH c mocienyronmM oToopoM 450 MK TUTa3Mbl KPOBHM U TIEPEHOCOM B
snnenaopd Ha 1,5 M. [lamee mpou3BOAUIIOCH TMOCHEA0BAaTENbHOE A00aBJICHUE K
miazme 50 MKJI TpagyupoBOUHbIX pacTBOpoB AMU u JIDA (koHueHTpalusi paBHA
0,5; 0,8; 1,25; 1,6; 2,5 mr/m), 0,33 + 0,04 T xsopuma Hatpus u 500 MK SKCTpareHTa
allETOHUTPUJIA C TMOCJHEAYIOIIMM BOpPTEKCHpoBaHWEM B TeueHue 10 cekyHn Ha
MaKCUMaJIbHOM YacToTe U HeHTpUudyrupoBaHuem srmeHaopda B TeueHne 5 MUH Ha
MaKcUMalbHbIX 000poTax (15 Thic. B MUH) U OTOOPOM CyliepHaTaHTa (HaXOAUTCS Hal
CJIOEM OCEBIIEr0o Ha TPAHHUIIE PACCIOCHHUS >KUIKOCTEH Oelika) ¢ MOCIeayIoNUM

MIEPEHOCOM COAEPKUMOTO B BUally co BctaBkor u BOKX-ananuzom.

2.4.3 IlpuroroBjieHne peajbHbIX 00pa3L 0B
KpoBb u3 nepudepuueckoil BeHbl NMallUEeHTa, Mojydaromiero tepanuio AMU,
3abupanack B crepwibHbie Tpobupku ¢ DJITA 6-9 mn, nentpudyruponaiach B
teuenue 10 muH co ckopocthio 3000 06/MuH ¢ mociemyromumM otdéopom 500 MK
IJa3Mbl KpOBM W MepeHocoM B anmeHaopd Ha 1,5 mu. Jlamee mpou3BOIUIIOCH
nocienoBareabHoe nobasnenne k miazme 0,33 £ 0,04 r xmopuna Hatpus u 500 Mx

OKCTparcira ancTOHUTpUIa C IIOCICAYIOIWM BOPTCKCUPOBAHUEM B TCUYCHHC
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10 cekyH7 Ha MakCUMalbHOM 4YacToTe U IeHTpuyrupoBaHueM osmrneHaopda B
TEYEHHWE S5 MUH HAa MaKCHUMaJIbHBIX oOopotrax (15 Thic. B MUH) U OTOOpOM
Ha10caiouHOM kuakoctu. OO6pasus! miazmel 6e3 AMU Obutn coOpaHsl y 310pOBBIX

MMaguCHTOB C UCIIOJIb30BAHHUEM TOI'O K€ aJITOPpUTMa IOATOTOBKH.

2.5 YcaoBusa anaausza BOXKX

Ananmu3 npoBoawica MerogoM BDOXX ¢ ucnonb3oBaHWEM  THOAHO-
MaTPUYHOTO AeTeKkTopa. /i ucciaenoBaHus UCIOIb30Bajgach Koyionka Tsunami C18
Pharm, paspaborannas B Jlaboparopuu (QHU3NKO-XHMHYECKUX METOJIOB aHaJH3a
Tomckoro rocymapctBeHHOro yHuBepcutTera. lloaBuxnas ¢daza A — docdaTHbrit
oypep (pH3, 7,5MM), momBwxnas ¢daza B — 100% ametonutpumi. Pexum
AIIOUPOBaHKS — rpaaueHTHbIM. [Iporpamma rpamumenta: no 7,00 MuH coxep:kaHue
da3slt B cocraBmsio 55 %, 3arem c¢ 7,00 mo 7,15 mun coxepxkanue dasel B
YBEJIMYHUBAIOCH J10 85 % c 1enblo daoupoBaHus 6oiiee ruipoHOOHBIX KOMIIOHEHTOB.
C 7,15 no 15,00 mun conepxanue (a3pl B He u3MeHsIOCH, a 3aTe€M BO3BpaIllAJIOCh K
ucxoaueiM 50% Ha 15,15 Mun. CymmapHOe BpeMsi aHalu3a COCTaBUJIO 18 MUH.
Temmepatypa Ttepmoctara — 30 °C, ckopocth moToka — 1,2 mu/muH; 00beM
nmwkekiun — 80 MK, JguMHA BOMHBI JeTekTupoBaHus — 241 am. Tunwunas
XpoMarorpamMma oOpaslia Tula3Mbl TpeacTaBiieHa Ha pucyHke 1. OTHOCHUTETbHOE

BpeMs yaepkuBanus 11 AMU coctasuno 5,2, nis [1DA — 3,4.
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Puc. 1. Tunmunas xpomarorpamMmma o0pasiia mia3mbl, COAEPKAIIETO aMHUOIapOH

" AC33TUIIaMUOdapOH

2.6 Baaupanus

Bamunaumss npoBogunack Ha ocHoBe O®C.1.1.0012.15 «Bamunauus
AQHAJIMTUYECKUX  METOAMK» IO  CICAYIOIIMM  IapaMeTpaM:  CEJICKTHBHOCTD,
MaTpuyHbli  3¢pdekT  (MOCPEACTBOM  IMOCTPOCHUS  KAIUOPOBOUHOM  KPHUBOMU
OTHOCHUTENBHO conepxkanus AMMU B miazMe mocie mpoOOmoAroTOBKH ISl Pa3HBIX
YPOBHEW KOHIICHTPAIINH), TUHEHHOCTh, TOYHOCTh, PEIHU3UNOHHOCTh, CTAOMIIBHOCTD U
npees KOJTUYECTBEHHOTO OlpeesieHrs U oOHapykeHus. B Tabnune 1 npencTraBieHsb

Kkputrepun Banuaanuu B coorserctun ¢ OOC.1.1.0012.15.

Taomuua 1. Kputepun npuroiHoCTH METOJMKHU aHAIU3a

[Toka3zarenp Kputepuii mpurogHocT METOAUKU

Pasperienre Mex 1y AByMsI IMKaMU OIPEICIIIEMbIX BEIIECTB U
KOMIIOHCHTOB IIJIa3MbI KpOBI/I, HGCTCpOI/II[HOFO
IIPOTUBOBOCIIAIUTEIILHOIO Mpenapara, KodenHa ¥ HUKOTHHA HE
menee 1,5.

CeJIeKTUBHOCTD

Koaddunment koppensuuu JMHEHHON 3aBUCMOCTH B
JIuneitHOCTH nuanaszone ot 50% no 200% TepaneBTHUECKOM KOHIIEHTpAUU
amuoznapona He meHee 0,99.

IToBTOpsieMOCTh % RSD ne 6onee 5%
Hpouesicyrotmas % RSD ne 6om1ee 10%
IIPELIU3UOHHOCTh
% BoccTtanoBieHus oT 85% 10 115% (ot 70% mo 130% nns
IIpaBUIBHOCTH

YPOBHA IIPpEAciia KOJIMYECCTBECHHOTO 06Hapy>KeHI/I$I)

2.6.1 CneundpuaHocTb

OnennBanu cHerUUIHOCT, METOAMKH IO OTHOIICHUIO K JICKAPCTBEHHBIM
BEII[ECTBaM, HanOoJIee PaCIPOCTPAHCHHBIM B MEIUITMHCKOM TTpakTuke. B 3Ty rpymnmy
BXOAST  HECTEPOWJHBIE MPOTUBOBOCHANUTENbHBIE  cpenctBa  (MOympoden),

ctumyisTop HepBHOM cucteMbl (Kodeun), a Takxke cna3zMOIUTHUYECKOE CPEACTBO
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(dpotaBepun). CrienmupUIHOCTh OIEHUBATIN TAKXE MO OTHOIICHUIO K OCHOBHOMY

meTtabonuty AMU.

2.6.2 J/IuHeliHOCTD

JIMHEeMHOCTh METOJIUKH OIICHUBAJIM IIyTeM IOCTPOCHHS TPaTyHPOBOYHOMN
3aBUCUMOCTH Il CTaHAapTHBIX pacTBopoB AMMU. CranmapTHble 00pa3libl ObLIH
MPUTOTOBJIEHB 1O  METOJUKE, OINHUCAHHOM  paHee, C  UCIOJb30BAHHEM
MoauduIupoBaHHOU MpobdonoaroToBku 1mo Mmerony QuEChERS.

[IpenBaputenbHO TOTOBWINHCH paboune pactBopel AMMU st BHeceHHs
n00aBKM B 00pa3lbl KPOBH 3J0pOBOro jJ0OpoBosiblla. B MepHylo KoJOy
BMectuMocThio 100,0 M1 BHOcuiock S mr AMMU, pacTtBOp IOBOAWICS J0 METKH
pacTBopuTeslieM U nepeMmemmuBaicia. M3  pabouero pactBopa TOTOBUIIUCH

rpaayupoBodHbie pacTBOpbl A—/Jl B nuamnaszone konuentpanui 0,005-0,025 mr/mit:

PactBop A. B kon0y Bmectumocthio 10,0 M BHocuiioch 5,0 mui pactBopa,
COAEPKHUMOE JOBOJUIOCH IO METKH PAacTBOPUTENIEM M IepeMelInBaiochk. PacTtBop
coaepxkan AMMU B kounuentpanuu 0,025 mr/mt.

PactBop b. B koa0y Bmectumocthio 10,0 Mmn BHOcHIOCH 3,2 MII pacTBOpa,
COAEPKUMOE JOBOJUIOCH 10 METKH PAacTBOPUTENIEM M IepeMelInBaiochk. PacTBop
coaepxkain AMU B konuenTpanuu 0,016 mr/mt.

PactBop B. B konby Bmectumocthio 10,0 M BHOcHIIOCH 2,5 MJI pacTBOpa,
COJICP’)KUMOE JIOBOJIMJIOCH JI0 METKU PACTBOPUTENIEM U TMEepeMelnBaiock. PacTBop
coaepxkann AMU B konuentpanuu 0,013 mr/m.

PactBop I'. B xon0y Bmectumocthio 10,0 Mmn BHOcHIoCh 1,6 MiI pacTBOpa,
COJICP’)KUMOE JIOBOJIMJIOCH JI0 METKU PACTBOPUTENIEM U TMEepeMelnBaiock. PacTBop
conepxan AMMU B kornenTpamuu 0,008 mr/mir.

PactBop /I. B kxonby Bmectumocthio 10,0 M BHOcuioch 1,0 mut pacTBopa,
COJICP’)KUMOE JIOBOJIMJIOCH JI0 METKHU PAaCTBOPUTENIEM U IepeMelnBagock. PacTBop

conepxan AMMU B xkornenTpamuu 0,005 mr/mi.
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[IpoGomnoaroToBKa pacTBOPOB AJII MPOBEPKH JTUHEHHOCTH OCYIIECTBIISUIACH TIO
metony QUEChERS. Kposp u3 mepudepuueckoli BeHbI HalMeHTa 3a0Wpanach B
crepuiibHbie podupku ¢ IATA 6-9 M, uentpudyruponanach B Teuenue 10 MuH co
ckopoctbio 3000 06/MuH ¢ mocnemyronuM oToopoM 450 MKJI TIa3Mbl KPOBH U
nepeHocoM B anmneHaopd Ha 1,5 M. Jlamee mpou3BOAMIOCH TMOCIETOBATEIBHOE
noOapnieHrue K 1iazMe 50 MKJI TpaJlyupoBOYHBIX pacTBOpoB AMU (koHIIEHTpalus
pasua 0,5; 0,8; 1,25; 1,6; 2,5 mr/m), 0,33 £ 0,04 r xmopuma Hatpus u 500 MK
AKCTpareHTa aleTOHUTPWIA C TMOCJIEAYIOIIMM BOpPTEKCHpOBaHMEM B TeueHue 10
CEKYHJ] Ha MaKCUMaJIbHOW YacTOTE W IEHTPpU(PYTHpOBaHUEM dMMEeHAOPA B TCUCHHE
5 MUH Ha MakCUMaJbHBIX oOopoTax (15 Thic. B MMH) U OTOOpPOM CyIlepHaTaHTa
(HaxoguTCs HAJ CJIOEM OCEBIIEro Ha TpaHUIE PACCIOCHUS KUAKOCTEH Oenka) ¢
MOCJIEIYIOIIUM TIEPEHOCOM COJICPKUMOTO B BUAITY CO BcTaBkoi n BOXKX-ananuzom.
[TocTpoenHas rpaayupoBOYHasi 3aBUCUMOCTD IIPE/ICTaBlIeHa HA PUCYHKe 5. JIuHeliHas
3aBUCUMOCTh Takxke Obuia monyudeHa misa JIDA. Ha ocHOBaHMM JaHHBIX JIMHHUMA

paccuntan gakrop orkiuka (F) nius IIDA orHocurensno AMU, paBnsii 1,450.

2.6.3 BocnpoussoaumocTts (moBTOpPSIEMOCTH U NPOMEKYTOYHAS
NPenU3MOHHOCTD)

[ToBTOpSIEMOCTH OLIEHUBAJIACH ITyTEM U3MEPEHHS aHAIMTUYECKOTO CUTHANIA IS
Tpex 00pa3loB, TPEX MapaJIeNbHBIX U3MEPEHUN i Kaxaoro oOpasua. M3mepenus
IIPOBOAWINCH B TEYEHHE KOPOTKOTO IIPOMEXYTKa BpPEMEHHM, C MCIOJIb30BaHHEM
OJTHOTO M TOTO K€ 000PYIOBaHUS M PEAreHTOB, OJJHUM aHATMTUKOM. [IpomexxyTouHas
(BHyTpuiabopaTopHasi) TOYHOCTh OLIEHMBajgach JUisi Tpex oO0pasloB, Tpex
MApAJUICIIBHBIX HM3MEPEHUM Ui KaXKIOro, B TeUYeHUEe Tpex AHeu. M3mepenus
MPOBOAMIIMCH C HMCHOJIb30BAHUEM OJTHOTO M TOrO XK€ OOOpYIOBaHUS U PEareHTOB,
OHUM U TEM K€ aHAJIUTHUKOM, HO C IIMPOKUM BpPEMEHHbIM pazOpocoMm. G-Kpurepuii
KoxpeHa ucnosb3oBajicd I NMPOBEPKU OIHOPOJHOCTH AUCHEPCHM (CTaHIAPTHOE
OTKJIOHEHHE). OKCIIEpUMEHTAJIbHbIE 3Ha4eHMs Iuioniaae nukoB (S, MkBxc) wu

BpemeHu yraepxkupanusi (RT, MHH) ¢ pacueTHbIMM 3HAUEHUSIMU CTaHIAPTHOTO
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orkioHeHuss (SD) wum  oTHocuTenbHOro cra"aaptHoro ortkiaoHeHuss (RSD)

(mpencrtapneHsl B TabmuIe 2 u Tabnuiie 3 COOTBETCTBEHHO).

2.6.4 IlpaBUIBHOCTD

To4dHOCTH TIpOIEAYpPHI OIIEHHWBAJIIACH IIyTEM CpPaBHEHUS HU3MEPEHHBIX M
(daxTuyeckux KoHueHTparuii AMU B crangapTHBIX oOpasiiax M pacdyeTa CKOPOCTH
BOCCTaHOBJICHUSA. BOCCTAaHOBIIEHHE pPACCUUTHIBAIIOCH IS UYETHIpEX YpPOBHEH
KOHIIeHTpauun B pauamnazoHe ot 40% no 200% or cpeaHel TepaneBTHYECKON

koHIeHTpaunu AMU B mia3me yenopeka (Tadnuia 4).

2.6.5 PodacTHOCTH

[lapameTpamu, HCIONB30BAaHHBIMHU IS MCCIIEIOBAaHUS HAJACKHOCTH, OBLIU
u3menenne maccel NaCl (0,05 r) u usmenenue pH nonsmwxkHou dazer A (£5). s
MPOBEPKU TEPBOTO M3 TEPEUYHUCICHHBIX MapaMeTpoB ObUIM TOATOTOBICHBI TpHU
pa3IMUHBIX CTaHAAPTHBIX oOpasmna (tadmuna 6). s wusyueHus BiusiHus pH
MOJIBIKHOM a3kl BpeMs ynepxuBanus AMU peructpupoBaiu B TeX K€ YCIOBHIX
B3XX c ucnons3oBanuem Byx Oydepon (10 MkM u 5 MKkM) B KauecTBE MOABUAKHOM
¢da3pl  A. XpomarorpamMMbl TPEACTABICHBl Ha pUCYHKE 2 U PHUCYHKE 3

COOTBCTCTBCHHO.
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Puc. 2. Xpomarorpamma crangaptaoro oopasma (5 MM Oydep)
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Amiodarone

1 2 3 4 5 6 7 8 9 10 _11 12 13 14 15 16 17
Response Units vs. Acquisition Time (min)

Puc. 3. Xpomarorpamma craggapraoro oopasua (10 mxM Gydep)

3. PesyabTaTsl
3.1 Cnenupu4HOCTH

B xome wuccnemoBaHus cnenuUYHOCTH OblIa JOKa3aHa BO3MOXKHOCTH
onpeneneanss AMU u  JIDA 0e3 Macc-CHEKTPOMETPUYECKOTO  JIETEKTOpA.
Ucnonb3oBanue konoHkW Tsunami C18 Pharm mo3Bonuno AoOUThCA 35IHOMPOBAaHUS
MENTUIOB TI0 MEXaHU3MY HCKIIIOUEHHS, B TO BPEMsl KaK aHAJUTHI YAEP>KUBAJIUCH T10
MexaHu3My oOpaiieHHon (as3el. Takum oOpa3zom, ObuTH pa3paboTaHbl ONTUMATbHBIC
Xpomarorpaduueckre YCIOBHs AJi YCTPAHCHHUS BIMSHUS OEIKOBBIX KOMIIOHEHTOB
OMOJIOTMYECKON MaTPHIIBI.

B  pesynbrare Oblla JOKYMEHTHUPOBaHa  CHEIU(UUHOCTH  METOIUKH,
MPOJAEMOHCTPUPOBAHO OTCYTCTBUE JIEKAPCTBEHHOM MHTEPPEPEHLMH, a TaKxKe
MEIIAIOIIETO KOAIIOMPOBAHUS aHAIMTOB C KOMIIOHEHTAMU MATPUIILI TUIa3Mbl KPOBH.
PacuetHbie 3HaueHus pa3pemeHus g KaKI0M KPUTUUECKOM Maphl COCTABUIN Ooee
1,5 u npuBenensl B Tabnuiie 2. [lonydeHHbIe 3HaYeHUS] HAXOJUIIUCH B JIOMYCTUMOM
auana3oHe, TakuM 00pa3oM, pa3pabOTaHHYIO MPOLEAYPY MOXKHO CUMTATh NPUTOAHOU
no mapametrpy crennduaHocTd. COOTBETCTBYIOIIAsT XpOMAaTOrpaMMa CTaHIAPTHBIX
pPacTBOPOB JIEKAPCTBEHHBIX TMpemaparoB B pa3padoTaHHBIX YycioBusix BOXKX

MpECTaBICHA HA PUCYHKE 4.
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Tabamuuna 2. 3HaueHue pa3perieHus

[Tapa Pazpemenne (Rg)
AMUMOIIapOH — AE€33THUIIAMUO/IAPOH 65,2
Amuonapon — M6ynpoden 50,1
He3stunamuonapon—Kodenn/[IporaBepun 16,5

x10 2

0.9+

0.8

0.7+

0.6+

0.5

AmwnopapoH
M6ynpodeH

HukoTuH
[es3atunammonapoH

0.4+

KodheuH + [poTaBepuH

0.3

0.2+

0.1

0

6 7 8 9 10 11 12 13 14 15 16 17
Response Units (%) vs. Acquisition Time (min)

Puc. 4. Xpomarorpammbl CTaHIAPTHBIX PACTBOPOB JIEKAPCTBEHHBIX CPEACTB

3.2 J/IuHeHOCTh

CoryiacHO TOJy4Y€HHBIM JaHHBIM, METOAMKY MOKHO CUMUTATh JMHEHHOW B
nuaria3oHe kKoHueHtpamuit or 0,5 mo 3 mxr/min (ot 40 mo 240 % ot cpeanei
TEPaNeBTUUCCKON KOHIICHTpanuu). Bennuuna koaddunuenta koppensiuu (R2)
cocraBmia 0,9975. Takum oOpa3oMm, MOCKOJBKY BETUYMHBI R2 yHOBIETBOPSIOT
yenosmio R?>0,99, MeTOmMKy MOXHO CUHTATh TMPUTOJHOH IO KPUTEPHIO
nuHenHocTH. Ha ocHOBaHWUM JOKa3aHHOM JIMHEMHOCTH METOJMKHU OBLUTA PacCUUTaHbI
npeaesl KOJMYECTBEHHOTO ONpelesieHuss M mpeaena OOHapyKEeHHsl COrjacHo
OdDC.1.2.1.2.0001 Xpomatorpadus. Ilpenen obuapyxkenus cocraBma 0,30 mr/mi

(S/N = 3), mpenen koauuecTBeHHOT0 onpeneacHust — 0,82 Mr/mur.
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250 -
225 -
200 -
175
150
125 - R?=0,9975

100

S (mV/s)

75
50 +

25+

+—
0,0000 0,0005 00010 00015 00020 0,0025 0,0030 0,0035

C amiodarone (mg/mL)

Puc. 5. I'pamyupoBouHblii Tpaduk s CTaHAAPTHBIX PACTBOPOB aMHOJApOHA C

pa3IMuHbIM KOHIIeHTpanusamMu npenaparta (0,5; 0,8; 1,0; 1,25; 2,5; 3,0 mr/n)

Copepxxanne JIDA B mnpobe BbUUCHAIOT 10 Gopmyne 1, ucnonb3ys

rpagyupoBOYHBIN rpaduk it MoaenbHoM cMecu AMU u pakrop oTkmuka st JIDA.

c. _Sa=h

x F (1)
rJe:
Cp — konrnenTparus DA, mn/i;
Sp — mromaas nuka AMU, mBxc;
a, b — Koaddurments! B ypaBHEHUHN JINHEHHOCTH;
F — ®akTop oTknmka mist JIDA.

OnucaHHas METOJIMKA TIO3BOJISIET OMpEAeNsITh KoHIeHTparuioo JIDA 06e3

MOCTPOCHHUSI KATUOPOBOYHOM KPUBOM 711 META0OIUTA.

3.3 Bocipon3BoauMocCTh (IOBTOPAEMOCTh M IPOMEKYTOYHAS NMPEU3HOHHOCTD)
OkcniepuMeHTanbHoe  3HadeHue G-kputepuss Koxpena i BpemeHHM
yaepxuBanusi AMU cocrasumno 0,387, nna momaau nuka — 0,561. Teopetnueckoe

3HaueHne G-kputepusi KoxpeHa misg ypoBHS JI0OCTOBEpHOCTH, paBHOro 0,95,
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coctaBmiio 0,871 cormacHo Cucrteme obecriedeHus equHCTBa n3mMepenuit Poccuiickoi

Oeneparuu (PekoMeHanuu no MeKrocy1apcTBeHHOM cranaptusanuu 61 —2010).

Gexp (RT) = 0,387,
GEXP (S) = 0,561,
Graeor = 0,871.

OkcnepuMeHTanbHbie 3HaueHus G-kputepus KoxpeHna MmeHblie TaOIHMUHOTO,

CJICAO0BATCIIbHO, JUCIICPCUU MOKHO CHHUTATh OAHOPOIHBIMU U YCPCAHUTD IJIA pacucTa

CKO mnoBropsiemoctn Metoauku. Kak BUAHO W3 pe3yibTaToB pacyera (Tadmmma 3),

3HAYEHUs] OTHOCHUTENILHOTO CTaHaapTHOro orkioHeHus (RSD) mosropsemoctu u

HpOMG)KYTO‘IHOfI IMPCHHU3UOHHOCTH COOTBCTCTBYIOT YCTAHOBJICHHBIM TpC6OBaHI/IHM

(menbie 5% u 10% coorBeTcTBeHHO). Cle10BaTeNbHO, pa3pabOTaHHYIO) METOIUKY

MO>XHO CUUTATb HpPII"OI[HOfI B IIpCACiaax AHAJTUTHYCCKOM 00JIaCTH.

Tadauua 3. M3ydeHnue TOYHOCTH IUIOIIAIN [TMKa U BPEMEHH YACP/KUBAHUS —
MOBTOPSEMOCTb U MTPOMEXKYTOUHASI TOYHOCTD (ITPOOBI MHKEKTUPOBAHBI TPHIK/IbI )

IIpoda Ilnomans muka, mBxc Bpems yaep:xuBaHusi, MUH

ITpoba 1 115,33 7,56

[Tpoba 2 115,27 7,76

[Tpoba 3 115,29 7,85

[Tpoba 4 114,91 7,52

[TpobGa 5 115,34 7,66

[Tpoba 6 114,81 7,71

[TpobGa 7 117,86 7,55

[Tpo6a 8 115,49 7,68

[Tpo6a 9 121,71 7,76

ITpo6Ga 10 105,76 7,70
ITpo6a 11 113,84 7,89
ITpo6a 12 115,00 7,93
Cpennee 115,05 7,71

CKO noBropsiemoctH, % 3,97 0,12
RSD nostopsiemoctu, % 3,47 1,55
RSD npomexyTo4HOMi 2,61 1,18
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MPEIU3UOHHOCTH, %

3.4 IlpaBWIBHOCTH

[lonydeHHbIE BEIWMYMHBI OTKJIOHEHUW PACUECTHBIX  KOHIIEHTpPAIMKA  OT
HOMHUHAJIBHOTO 3HadeHus B nuanazoHe ot 40 % po 200 % ot TepaneBTUYECKOMN
KOHIICHTPAIIMK BXOJAT B JWara3oH npuemiieMblx (Tabmuma 4). Takum oGpazowm,
pa3pabOTaHHYI0 METOAMKY MOXHO CYHTaTh MPaBUJIBHOM B paccMaTpUBaAEMOM
JIAAMA30HE KOHIIEHTPALUH.

Tabauua 4. [TpaBUIBLHOCTH B YCIOBUSAX MOBTOPSIEMOCTH

%, OT cpenHei
. BoccTranosJjienue,
TepaneBTHYeCKOM RSD, % o
KOHIIEHTPauu 0
40% 3,49 84,02
100% 2,07 91,92
130% 3,54 90,97
200% 0,70 85,06

3.5 PoGacTHOCTD
Brusanue maccol nasecku NaCl

PacueTHble NaHHBIE CBHUAETENBCTBYIOT 00 M3MEHEHUU CTENEHH W3BICUCHUS
AHAJIM3UPYEMOIO BEILIECTBA IIPU U3MEHEHUM Macchl ucnoyibdyemon conu Ha 0,05 T,
IIPUYEM  H3BJIICUYECHUE YBEIIMYMBACTCS C YBEJIMYEHHEM Macchl. Pe3ynbrarsl
MpECTaBIICHbI B TaOmuLE 4.

OrneHky poOacTHOCTM MPOBOAWIM Takke Npu W3MeHeHun pH mnoaBuxHON
¢da3pl. AHanu3 o0pas3loB IUIa3Mbl MPOBOMIIM TIpHU 3HaueHusx pH, paBubix 2,5 u 3,5.
Pesynprarel aHanuza mnokaszanu HajnoxkeHne nuka AMM Ha mnHMK KOMIIOHEHTa
Oouonoruyeckoit marpuilsl st pH 2,5, a Takxke W3MeHEHUWE BPEMEHU YNEepPKUBAHUS
(RT=6,22); mnpu 3Hauenun pH 3,5, mnuK aHaIU3UPyeMOro  BEIECTBA
XapaKTepu3oBaJicad yBenudeHueM BpeMenu yaepxkuBanus (RT = 8,16) u ymmpenuem
(puc.4). Takum o0OpazomM, METOAWKA XapaKTEPU3yeTCs HU3KUMHU 3HAYCHUSIMU
poOacTHOCTH MO PpsAgy Xpomarorpaguueckux mapaMmeTpoB, TpPeOyeT TOYHOTO

CO6J'IIOI[€HI/I$I MCTOANKH HpO6OHOI[FOTOBKI/I U ITPUTOTOBJICHUA ITOABHIKHBIX (1)213.
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Tadauuna 5. Bnusaue maccol NaCl Ha u3BiIedeHrne aMro1apoHa

m (NaCl), r Scpen, MBxc %, OT UICXOAHOU S
0,33 59,80 100
0,28 57,88 96,79
0,38 61,59 102,99

4. Obcyxaenue

[TonpiTkH nepcoHanu3upoBarh Tepanuio AMU U BBISIBUTH KOPPEISLHUIO €ro
KOHIIEHTpaluu ¢ 3PQPEKTUBHOCTHI0O M O€30MaCHOCTh TEpanuu MNPeANPUHUMAIINCH
HEOAHOKparHo. MeTon MHBEPCHOHHON BOJIBTAMIEPOMETPUM SIBISETCS JOCTATOYHO
YyBCTBUTEIIBHBIM M TO3BOJISIET ONpenensaTh coaep:kanne AMUM Ha ypoBHE
0,01 mr/mn. Ilpu 5TOM CyIIECTBEHHBIM €€ HEIOCTATKOM SBISIETCA TOT (PakT, 4TO
yCJOBUsL pa3paboTaHbl JJIsl PAaCTBOPOB CYOCTAHIIMM U HE YYUTHIBAIOT MPUCYTCTBUE
KOMIIOHEHTOB KpPOBM B 00paslle, CJIEI0BATEbHO, METOAMKA HE MOXET OBITh
WCNOJIb30BaHa s onpeaeneHuss AMU B mazme kpoBu.

AJIBTEpHAaTUBHBIM ABIISIETCS METO/I, OCHOBaHHBIN Ha
CHEKTPOPOTOMETPUUECKOM aHAIN3€E XJIOPOHOPMHBIX HKCTPAKTOB MOHHOTO accolipara
AMMU u METUIIOBOTO OpaHXEBOTro M3 areraTHOro Oydepnoro pactBopa ¢ pH 3 npu
nHe BosiHbI 430 HM. HepocTaTkoM sIBASIETCS €10 HEMPUTOAHOCTD ISl UCCIEA0BaHUS
OMOJIOrMYeCcKUX 00pa3IoB, TaK KaK METOAMKAa HE YYUTHIBAET MATPUUYHOE BIUSHUE
KOMIIOHEHTOB TIa3Mbl KPOBH M BO3MOXKHOCTH 00Opa30BaHUS MOHHBIX aCCOIMATOB C
WHBIMU MaJIbIMH  MOJIEKyJIaMU, OOJaJaloIIMMH  TOJOKHUTEIIBHO — 3apsSKEHHBIMU
(dyHKIMOHANBHBIMU  TpynnaMu. [loMuMo 3Toro, mpeden  KOJIMYECTBEHHOIO
onpenenennss AMU uist onucanHol MeTonuku anainu3a paseH 0,34 mr/mi, uro 6onee
yem B 100 pa3 Bbilie TepaneBTHueckor koHIeHTpauuu AMU B mazme kposu (1,0—
2,5 mxr/mit). Crioco6 onpenenenrsi AMU B CBIBOPOTKE KPOBU METOAOM KHUIKOCTHOM
TaHJIEMHON XPOMAaTO-MAacC-CIIEKTPOMETPUHN  SIBISIETCS  OoJiee  CEJICKTUBHBIM U
YyBCTBUTEJIbHBIM B CpaBHEHUU C (HOTOMETPUUECKUM U amrepoMeTrpuueckuM. [Ipu
ATOM METOJ JOCTAaTOYHO JOPOTOW M3-3a BHICOKOW CTOMMOCTH PEAKTHUBOB, CTAHIaPTOB
u mnpubopa. Hemocratkom sBiIseTcss W BpeMs MPOOOMOATOTOBKU: BpeMs

MIPUTOTOBJICHUSI OTHOTO 00pa3iia cocTtaniseT 6osee 20 MuH.
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Cnoco6, ommcannwiii B cratbe T. Pérez-Ruiz m coamt. [11], ocHOBaH Ha
onpenenenurn AMU metonmom BOXKX ¢ ucnonb3oBaHHEM XEMUIIOMUHECIIEHTHOTO
nerekropa. JlanHbli cnoco® mo3BoisieT omnpenenitb AMU B OGuonmornueckux
oOpasnax, HO MPEANnoiaaracT UCIOIb30BAHUE XEMWIIOMUHECIIEHTHOTO JIETEKTOpa, HE
BXOJSIIET0 B 0a30Byl0 KOMILIEKTAlMIO Xpomarorpada, a Takke HCIOJIb30BaHUE
JIOPOTOCTOSAIINX PEAKTUBOB, YTO SIBJISIETCA CYIIECTBEHHBIM OTpaHUYEHHEM MJI €ro
PYTHHHOTO HCIOJIb30BaHMs. AJIBTEPHATUBHBIA pa3pabOTaHHOMY aBTOpAMH CIOCO0
onpenenenuss AMMUM omucan B cratbe M. Rodrigues wu coabr. [12]. s
KOJIMYECTBEHHOIO aHalin3a ucnoib3oBaH Meton BOXKX ¢ ucnonb3oBannem YO-
neTekropa. MeToauka MpOOOMOJATOTOBKM BKIIIOUAET J00aBICHUE BHYTPEHHETO
crannapta U (Qocdarnoro Oybepa pH S c¢ mocnemyromiei, MONMHBIM OCYIIEHUEM
00BEIMHEHHOIO HPKCTpakTa B Toke a3ora npu 60°C U mepepacTBOPEHUEM CYXOro
OCTaTka B MeTaHoJie. XpoMartorpaduyeckoe paslieJieHue MPOBOAUTCS Ha KOJOHKE
Purospher Star C18 reometpun 55%4 MM; 4 MKM B U30KPATUYECKOM PEKHUME CMECHIO
0,1% pacTtBOp MypaBBMHOHN KHUCIOTHI/MeTaHOJ/atieToHuTpuin (45:5:50, v/v/v) npu
notoke 1,2 mu/muH. JIJInHA BOJIHBI JNETEKTUPOBAHUA — 254 HM, 00bEM HHKCKIIMH —
20 Mk [Ipenen koIMYeCTBEHHOTO ONpeAeeH s] KOMITOHEHTOB — 0,1 MKT/MIL.

JanHplii crioco0 Hambojee OMM3KWMKM K pa3pab0TaHHOMY aBTOpPaMH IO
TEXHUYECKOW CYIIHOCTH U JOCTHraeMomy pesyiabTaTy. Hemoctatkom crocoba
SBJISIETCA JJIMTENIbHAsT MPOOOMOJATOTOBKA U MCHOJb30BaHUE JIOMOIHUTEIHLHOTO
o0oOpyIoBaHUs: KOHIIEHTpAaTOpa a3oTa W KUJAKOCTHOTO Xpomarorpada, Hacoc
KOTOPOIO paccurTaH Ha paboTy npu aasieHuu B nuamnazone 700—1000 Gap.

HoBbIM B mpeyiaraeMoM crocooe siBIsIOTCS:

1)  ocobeHHOCTH MPOOOMOATOTOBKH, OCHOBAHHOW Ha  METOJC
QUECHhERS, ob6ecnieunBaroieii yCTpaHeHHE 3HAYUTEILHOTO BIIMSIHHS OCIIKOB
TJ1a3Mbl Ha XpoMaTorpapuIecKuil aHaIu3;

2) cnenuduka Xpomarorpa@UyecKMX  YCIOBHH  TPaTUCHTHOTO
DJIIOUPOBAHUSI C UCIOJIB30BAHUEM MPONpUETapHOi KoJioHKH Tsunami C18
Pharm mpu ckopoctu motoka 1,2 mur/mMuH, 00beMe HHKEKInUU 80 MKII, IJIMHE

BOJIHBI JeTeKTUpOoBaHus 241 HM npu 0011IeM BpeMEeHH aHanu3a 18 MuH.
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[IpumeHeHre HOBBIX YCIOBUH 00€CHEYMBAET YCTPAHEHHE MEUIAIOIIEero
BIIMSIHUS OCJIKOB IJ1a3Mbl KPOBH, YTO TOATBEPKAAET BO3MOKHOCTD KOJTMUECTBEHHOTO
onpenenenust AMU meronom BOXX-ynerpadunsrpanmu, 0e3 UCHOIb30BAHUS Macc-
CHEKTPOMETPUUYECKOTO AeTekTopa. OTCYTCTBHE aHAlOra IpenjgaraéMoro crnocoba B
PYTMHHOM KJIWHHUYECKOM MPAaKTUKE TPU CPAaBHUTEIBHO BBICOKOM CKOPOCTH
peanu3alnuy aHAJIA3a IO03BOJIUT PacCMaTpUBaTh BOIPOC O NMPOBENCHUH KIMHUYECKOTO
MCCIICIOBAHUS OIIEHKU KOHILIeHTpanuu AMU B Tepanuu HapylieHUN putMma cepjua C
NOCJIEAYIOIIMM BHEAPEHUEM €T0 B JESATEIBHOCTh YUYPEKICHUN 3IPaBOOXPAHCHHS.
DTO CO3/1aCT MEPCIEeKTUBBI U3YYEHUS 3aKOHOMEpPHOCTEH pa3BuTus 3¢pdexkroB AMU y
MalMEeHTOB € HApyLNIEHUSIMH pUTMA cepaua, a Takke (HOpPMHUPOBaHUSA
KOHTPOJIUPYEMOIO U IIEPCOHAIU3UPOBAHHOIO IIOAXOJAa K TEpanuy IalHUEeHTOB

apUTMOJIOTHYECKOTO TTPOQUIIS.

3akioueHue

Pazpaborana BOXKX-Meronuka mis KojlnuecTBeHHOTO omnpenenenuss AMU u
JIDA B mua3me KpoBH 4esioBeKa. MeToauka nokasajia NpUroJHOCTh MO MapaMeTpam
crenu(pUYHOCTH, JTUMHEHHOCTH, TOUHOCTH U MPEUU3MOHHOCTU U MPOIIIa BaJIUAAIUIO
B cootrBerctBUM ¢ O®DC.1.1.0012.15 «Bamupanusa aHaIATHYECKUX METOILOBY.
Hecmotpss Ha TO, 4TO pa3paboTaHHas METOAMKA XapaKTePU3YETCS BBICOKOM
YyBCTBUTEJIIBHOCTBIO K H3MEHEHUsM pPH moaBrwxHOM das3pl, OHa MOXKET OBITh
WCIIOJIb30BaHa JJIsl pyTUHHOTO onpeaeneHus: konueHntpauu AMU u J19A B miazme

KpPOBH ITOJYYAarOIICTO JICHCHUC ITAlIMCHTA.
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