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The most accurate laboratory methods for thrombophilia diagnostics are based on the quantitative
determination of the blood plasma specific markers that appear as a result of the coagulation cascade
activation. Soluble fibrin and D-dimer belong to the main of the last ones. An alteration in the
concentration of such markers can indicate thrombin concentration growth and the formation of soluble
oligomeric fibrin. It should be pointed out that simultaneous detection of these markers can establish the
correlation between the accumulation of soluble fibrin and fibrinolysis and nowadays is provided only by
enzyme-linked immunoassay. Thus, the usage of immunodiagnostic test systems for the detection of
thrombophilia markers is highly relevant today. The important components of immunodiagnostic test
system are protein calibrators, the isolation standardization of which plays a key role for accurate
construction of a calibration curve and obtaining objective results as a consequence.

The objective of this study was to develop the soluble fibrin and D-dimer isolation methodology and
its standardization for their further use as the protein calibrators for thrombophilia markers detecting
immunodiagnostic test systems.

Materials and Methods. Soluble fibrin and D-dimer were isolated from collected human blood by
fibrinogen salting out with further fibrin polymerization with thrombin and hydrolysis with plasmin.
Quality control of the obtained proteins was carried out using SDS-PAGE and turbidimetric measurements
with further checking of the proteins as calibrators for the thrombophilia markers detecting immunoassay.

Results. Obtained proteins meet the necessary specifications and can be used as calibrators for
immunodiagnostic test systems. Soluble fibrin and D-dimer were checked by SDS-PAGE for the absence
of impurities. Turbidimetric measurements showed the polymerization capability of the soluble fibrin
and the inhibition of the polymerization by D-dimer.

Conclusion. The standardized isolation methodology of soluble fibrin and D-dimer can be used to
obtain protein calibrators for appropriate immunodiagnostic test systems.

Key words: protein calibrators; thrombophilia; soluble fibrin; D-dimer; immunodiagnostic test
systems.

Highly accurate laboratory diagnostics
of the hemostasis system state, as well as the
possibility of timely prediction of potential
thrombotic complications, remain a critically
demanding problem in the modern medicine[1].
Intravascular thrombus formations of various
nature and localization frequently cause

death or disability, notably in cardiovascular,
autoimmune, oncological and number of other
pathologies. Simultaneously, an increase in the
number of cases of intravascular thrombosis of
various localization has been reported in recent
years, as evidenced by the data of clinical
practice [2—4]. Therefore, the development and
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improvement of the thrombophilia markers
detecting methods are the essential tools
for the opportune detection of the threat of
thrombosis. Modern laboratory diagnostics of
the hemostasis system state should ensure not
only the timely detection of the intravascular
blood clot formation threat, but also help in the
effectiveness monitoring of antithrombotic
therapy [5].

Nowadays a number of laboratory methods
for intravascular thrombus formation
diagnosing have been developed and
implemented in diagnostic practice. However,
most of these methods are characterized by
low sensitivity and informativeness for an
accurate and reliable understanding of the real
hemostasis system state. Modern screening
tests commonly do not allow predicting
the pathological intravascular thrombosis
development and subsequent complications,
since they do not satisfy all the necessary
requirements for laboratory diagnostics of
thrombophilia. Accordingly, the possibility
of early antithrombotic treatment planning
and its monitoring is complicated. The main
screening tests that are widely used today to
diagnose the hemostasis system state include
the activated partial thromboplastin time
test, prothrombin and thrombin time tests,
platelet aggregation test, as well as fibrinogen
concentration determination by the weight
of the formed fibrin clot or the time spent on
fibrin polymerization [6,7]. Such methods can
only reflect the state of particular hemostasis
links or functioning of the coagulation cascade
particular factors, fibrinolytic potential,
individual processes related to the functional
properties of platelets, etc. As opposed to that
methodologies, comprehensive thrombophilia
diagnostics should include a number of
indicators that, on the one hand, point to
specific markers of coagulation system
activation, and on the other hand, allow
to understand the development of specific
pathological mechanisms [1].

The most accurate and informative methods
of thrombophilia diagnostics are based on the
quantitative determination of the specific
markers of the blood coagulation system
activation, since the thrombosis diagnostics
based only on clinical manifestations does not
allow the determination of the intravascular
coagulation risk. These markers include
fibrinogen derivatives, namely D-dimer and
soluble fibrin [8, 9]. An alteration in the
concentration of the specific blood coagulation
markers can indicate an increase in the
thrombin concentrationintheblood plasmaand
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subsequent cascade processes of the formation
of monomeric fibrin from fibrinogen as well as
soluble oligomeric fibrin [5].

Soluble fibrin is characterized as a highly
specific marker of the hemocoagulation
system activation [10]. By chemical nature
it is a soluble oligomeric complex of fibrin
molecules with fibrinogen that freely
circulate in the blood plasma. An increase
in the soluble fibrin concentration in the
blood plasma indicates the thrombin activity,
which converts fibrinogen into monomeric
fibrin [11]. Accordingly, the concentration
of soluble fibrin, as an early marker of the
thrombus formation threat, determines the
degree of coagulation activation. Despite the
availability of immunoenzymatic test systems
for soluble fibrin quantitative determining
in blood plasma, semiquantitative methods
are usually used in modern clinical practice.
In particular, precipitation methods using
chemical agents and functional methods based
on the property of soluble fibrin to stimulate
the formation of plasmin from plasminogen
worth highlighting. The main drawback of
the listed approaches is the impossibility of
accurate determining the concentration of
soluble fibrin in blood plasma. Despite the
small number of monoclonal antibodies with
soluble fibrin specificity suitable for use in
test systems, immunodiagnostic methods have
a tendency to develop as quantitative data
provide an opportunity to objectively assess
the risks of intravascular thrombus formation
[12,13].

D-dimer is a specific product of plasmin
cleavage of stabilized by factor XIIIa fibrin,
that indirectly indicates the formation of
fibrin and its stabilization, in other words,
it can be characterized as a marker of both
the formation of stabilized fibrin and
fibrinolysis [4]. Laboratory methods for
D-dimer determining are one of the most
popular diagnostic practices in the study of
the coagulation system [14, 15]. The arsenal
of D-dimer determining methods includes both
qualitative and semi-quantitative methods,
in particular the agglutination reaction of
latex parts, as well as number of quantitative
methods: immunochromatography,
immunoturbidimetry, immunodiffusion
on porous membranes, along with the
enzyme linked immunosorbent method,
which allows quantitative determination
of the target protein with high sensitivity
[16—18]. Quantitative detection of D-dimer
is mandatory for the intravascular venous
thrombosis diagnostics, in particular for the
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deep vein thrombosis or pulmonary embolism
[6,19]. It should be pointed out that modern
D-dimer immunoenzymatic diagnostics is not
standardized, a large number of commercial
test systems differ in methods of conducting
and usage of different baselines [17].

Since the concentration of thrombophilia
markers in the blood plasma and their ratio
indicate the correlation between the formation
and destruction of fibrin clot, the simultaneous
quantitative determination of soluble fibrin
and D-dimer allows to detect an imbalance
between the systems of blood coagulation and
fibrinolysis [5]. In particular, simultaneous
slight increase in the soluble fibrin and
D-dimer concentration indicates a balance
between the coagulation and fibrinolysis
systems, while a significant increase in
the concentrations of D-dimer can serve as
an indicator of the presence of stabilized
fibrin clot in the bloodstream, as well as the
activation of its lysis. Simultaneously, the
change in the concentration of soluble fibrin
can be characterized as an important molecular
marker of the coagulation system activation
degree. In some cases, only simultaneous
detection of thrombophilia markers ensure
accurate study of the intravascular thrombus
formation threat. For example, it plays an
important role in postoperative conditions,
because in such cases the disorders of the
hemostasis system can increase. Consequently,
simultaneous quantitative determination of
the soluble fibrin and D-dimer concentration
is an important diagnostic indicator that must
be used in clinical practice. Furthermore, the
simultaneous determination of thrombophilia
markers nowadays is ensured only by enzyme-
linked immunoassay [6].

The main advantages of immunoenzymatic
methods for thrombophilia markers
determining are high specificity and
sensitivity, quantitative automated detection,
stability of the immunosorbent during storage
and the absence of the interference with
pathological inhibitors of the coagulation
cascade or heparin preparations in the blood
plasma of patients [16, 20]. Diagnostic test
systems for the determination of fibrinogen,
soluble fibrin and D-dimer were developed by
the O.V. Palladin Institute of Biochemistry
of the National Academy of Sciences of
Ukraine based on the principle of a bi-site
solid-phase immunoenzymatic technique.
This method allows quick determination
of the thrombophilia molecular markers
with a high degree of accuracy. FnI-3C and
III-8B monoclonal antibodies with high

specificity to soluble fibrin and D-dimer
accordingly are capable of selective target
binding and do not interact with other blood
proteins, therefore they are used as an
immunological sorbent. After binding the
last with target proteins, secondary detection
II-4d monoclonal antibodies with high
specificity are added. To amplify the signal,
secondary antibodies are biotinylated and
the biotin-streptavidin-peroxidase complex
is formed. The concentration of the proteins
is determined by the intensity of the color
relative to the calibration curve. The last is
built using the appropriate protein calibrators
[6]. Consequently, the standardization of
the soluble fibrin and D-dimer obtaining
methodology for their further use as protein
calibrators for an accurate construction of
the calibration curve was the objective of this
study.

The developed test systems for the
determination of thrombophilia molecular
markers have undergone successful clinical
trials for the study of pathologies associated
with intravascular thrombus formation, in
particular cardiovascular diseases, diabetes,
the consequences of surgical intervention, etc.
It is important to note that the simultaneous
determination of the main blood coagulation
markers allows obtaining both detail-oriented
and a big picture analysis of the hemostasis
system state and enables early diagnostics
of prethrombotic conditions, timely and
correct antithrombotic therapy selection and
treatment effectiveness monitoring [5,6].
Taking into account the high accuracy of
soluble fibrin and D-dimer determination using
immunoenzymatic methods, the development
of appropriate diagnostic test systems and
the standardization of their components, in
particular protein calibrators, as well as their
implementation into clinical practice are
important problems for the modern clinical
thrombophilia diagnostics.

Materials and Methods

Human blood plasma. Donor blood was
obtained at the Main Military Hospital of the
Ministry of Defense of Ukraine (Kyiv, Ukraine)
from healthy volunteers (25—35 years old) who
had not taken any medicines for 7 days. Prior
to blood taking informed consent was signed
by all volunteers. Immediately after taking
into sterile plastic tubes, blood was mixed with
an anticoagulant in a ratio of 9:1 and cooled on
ice. The aqueous solution of the anticoagulant
contained: 3.8% sodium citrate and 0.262%
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¢-aminocaproic acid. Plasma was separated by
centrifugation ( twice at 1200-1400 g, 60 min,
5 °C) of pooled citrate-anticoagulated blood
from donors. An aqueous suspension of BaSO,
was added to cooled plasma (with the ratio of
60 g of BaSO, per lliter), stirred for 45 min
at 4 °C and centrifuged at 1200-1400 g for
10 min to precipitate prothrombin.

Fibrinogen isolation. Human fibrinogen
was isolated from blood plasma by fractional
sodium sulfate (Nay,SO,) precipitation. 1 M
glycine buffer (pH 9.5) containing 0.1 M NaCl
was added to prothrombin-free plasma (in the
ratio 1:9) and stirred at 20—-22 °C using water
bath. During constant stirring 16% Na,SO,
solution was added dropwise to plasma (520—
680 ml of a 16% Na,SO, per 1 liter of plasma)
until the appearance of afine sediment. The last
was removed by centrifugation at 1400 g for
15 min with further fibrinogen precipitation
from the supernatant by adding 16% Na,SO,
dropwise to its final concentration of 8.5%
and centrifugation at 1200 g for 15 min. Then
the precipitate was dissolved in 0.2 M NaCI
(the sediment from 1 liter of initial plasma in
200 ml of 0.2 M NaCI) and an equal volume
of 16% Na,SO, was added again dropwise
and centrifuged at 1200 g for 20 min. The
precipitate was dissolved in 0.2 M NacCl (the
sediment from 1 1 of plasma in 200 ml of 0.2 M
NaCl). 1/5 of the volume of 0.5 M potassium
phosphate buffer (pH 6.5) was added to
resulting solution. Fibrinogen was salted
out again by adding an equal volume of 16%
Na,S0O, and centrifuged at 1200 g for 20 min.
The precipitate was dissolved in 0.15 M NacCl.
The concentration of fibrinogen was adjusted
to 1% with 0.15 M NaCl and left for 16 h at
+4 °C. Then solution was centrifuged at
1400 g for 15 minutes, while cryofibrinogen
remained in the precipitate. An equal volume
of 16% Na,SO, was added to the supernatant
and centrifuged at 1200 g for 15 min. The
precipitate was dissolved in 0.15 M NaCl
to a final fibrinogen concentration o/f
25-30 mg/ml. Fibrinogen solution was stored
at —20 °C.

desAB fibrin purification. desAB fibrin
was obtained by thrombin enzymatic action on
fibrinogen. Thrombin (0.15-0.3 NIH per 1 mg
of fibrinogen) was added to 0.25% solution
of fibrinogen in 0.15 M NaCl and incubated
for 1-1.5 h at 37 °C. After incubation, the
clot was removed and washed twice by 0.15 M
NaCl. The resulting fibrin clot was dissolved
in 0.125% acetic acid.14 volumes of 0.063
potassium phosphate buffer with 0.25M NaCl
(pH 6.0) was added to fibrin solution and left
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for 2 h for fibrin polimerization. Resulting
clot was washed two times by 0.15M NaCl, the
third time by 0.075M NaCl and dissolved in
0.0125% acetic acid at 4 °C. Fibrin solution
was centrifuged 10-15 min. at 900 g at 5 °C.
This cycle of polimerization and dissolving
was repeated twice. Obtained 1.2—-1.5% desAB
fibrin solution in 0.0125% M acetic acid was
stored at 4 °C.

D-dimer purification. D-dimer fragment
was obtained from cross-linked fibrin cleaved
by plasmin. Conversion of fibrinogen to
fibrin followed by its stabilization was
performed in 0.05 M Tris-HCI buffer
(pH 7.4) containing 0.13 M NaCl, 0.02 M
CaCl, 0.001 M NaNj; (1 NIH of thrombin per
1 mg of fibrinogen was added). Incubation
was carried out for 3 h at 37 °C. Stabilized
fibrin was lyzed by plasmin for 6 hours using
the concentration of 0.4 caseinolitic units
per 1ml of lyzate. Hydrolysis was stopped
by adding diisopropylfluorophosphate,
after which plasmin was excluded on Lys-
sepharose. Isolation of fragments was
carried out by affinity chromatography.
The mixture was applied to a column with
immobilized fibrin monomer in 0.05 M Tris-
H;PO, buffer containing 0.1 M NaCl, 0.025 M
g-aminocaproic acid, 10~* M CaCl, (pH 6.85). D
fragment impurities were eluted with 0.05 M
Tris-H;PO, buffer containing 0.25 M NacCl,
0.025 M g-aminocaproic acid and 10™* M CaCl,
(pH 5.9). D-dimer was eluted with 0.05 M Tris-
H;PO, buffer containing 1.0 M NaCl, 0.025 M
g-aminocaproic acid and 10™* M CaCl, (pH 5.3).

Protein  concentration identification.
Concentration of obtained proteins was
identified by measurement of optic density at
280 nm subtracting the absorbency at 320 nm
using the spectrophotometer POP (Optizen,
Daejeon, Korea).

Electrophoresis in polyacrylamide gel.
The purity of obtained protein samples
was determined by SDS-PAGE using 7%
polyacrylamide gel according to Laemmli
with the wuse of Tris-glycine system.
Electrophoresis buffer was prepared using
22.7 g of tris(hydroxymethyl)aminomethane,
0.5 g of SDS, 1 ml of TEMED per 250 ml (pH
8.8). The concentrating buffer was prepared
with the ratio of 3.03 g of tris(hydroxymethyl)
aminomethane, 0.2 g of SDS, 0.4 ml of TEMED
per 100 ml (pH 6.8). The 7% polyacrylamide
gel was prepared with 6 ml of electrophoresis
buffer, 3.65 ml of distilled water, 2.1 ml of
40% acrylamide solution, 0.25 ml of 1.5%
ammonium persulfate. The concentrating
gel was prepared with 2 ml of concentrating
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buffer, 0.4 ml of 40% acrylamide solution,
1.4 ml of distilled water, 0.2 ml of 1.5%
ammonium persulfate. The running buffer
solution was prepared with the ratio of 6 g/1
tris(hydroxymethyl)aminomethane, 28.8 g/1
of glycine, 1 g/1 of SDS.

Samples for electrophoresis were prepared
by adding 1 mg/ml sample buffer containing
5% sucrose, 2% SDS and bromophenol to the
protein solution.

Electrophoretic separation of proteins
was performed in the device for vertical gel
electrophoresis Mini-PROTEAN Tetra Cell
(Bio-Rad, USA). To identify proteins, the gel
was stained in a solution of 0.125% Coomassie
G-250 for 30 minutes. 3-9% solution of acetic
acid was used to wash the gel in order to remove
staining residues.

Turbidimetric analysis. The ability of
fibrin to polymerize was tested by measuring
the change in turbidity at 350 nm using POP
spectrophotometer (Optizen, Daejeon, Korea).
The experiments were carried out at 37 °C in
0.05 M Tris-HCI buffer, containing 0.13 M
NaCl and 1 mM CaCl, at desAB fibrin final
concentration of 0.1 mg/ml. To test the effect
of inhibiting fibrin polymerization, the isolated
D-dimer was added to the tested solution.

Calibration curves. Purified desAB fibrin
and D-dimer were tested as calibrators for
constructing curves for the above-described
ELISA test systems developed by the
0.V. Palladin Institute of Biochemistry of
the National Academy of Sciences of Ukraine.
After adding 100 pl of the conjugate into the
wells with adsorbed monoclonal antibodies
with the specificity to soluble fibrin and
D-dimer in accordance, 10 pul of the obtained
proteins in different concentrations were
added. The content of the wells was mixed by
gently shaking for 15—-20 seconds. The wells
were sealed with adhesive film and incubated
at a temperature of 37 °C for 60 minutes. The
microplate was washed with a washing solution
6 times. 100 pl of TMB(tetramethylbenzidine)
substrate was added to the wells. The wells were
sealed with an adhesive film and incubated at
a temperature of 18-25 °C for 30 minutes in
a dark place. 100 ul of the stop reagent was
added to the wells in the same sequence as the
TMB substrate. The optical density in the wells
was measured in the two-wave mode (450 nm
versus 620 nm). Based on the obtained data,
calibration curves were constructed, on the
Y axis of which the values of the optical
density of the calibrators were marked, and
on the X axis the corresponding values of the
concentration of the calibrators in ng/ml.

Results and Discussion

Thrombophilia molecular markers, namely
soluble fibrin (desAB fibrin) and D-dimer,
were obtained from fibrinogen, which was
isolated by salting out with Na,SO, according
to the above-described methodology. desAB
fibrin was obtained by the enzymatic action
of thrombin on the fibrinogen, while D-dimer
was obtained due to fibrin stabilization and
hydrolysis with the use of plasmin under the
conditions described above. Purified proteins
were tested for molecular weight and for
the absence of impurities using the SDS-
PAGE technique. As can be seen from the
electrophoregram (Fig. 1), the obtained and
purified proteins correspond to the appropriate
molecular weight (190 kDa for D-dimer and
340 kDa for desAB fibrin) of the protein
marker. The visualized protein bands indicate
the high purity of the obtained proteins, since
no additional bands are observed except for the
target proteins.

kDa 1 2 3

245 - e— v
180 - b
136 -
100 -
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Fig. 1. SDS-PAGE results using 7% polyacryl-
amide gel according to Laemmli:
1 —Protein molecular weight markers;
2 — obtained desAB fibrin; 3 — obtained D-dimer

65



BIOTECHNOLOGIA ACTA, V. 15, No 6, 2022

Turbidimetric measurements were
performed to determine the ability of desAB
fibrin to polymerize, as well as the ability of
D-dimer to inhibit fibrin polymerization. This
method of fibrin polymerization studying is
based on the change in the turbidity during the
formation of fibrin polymer. Turbidimetric
studies were performed according to the
methods described above, comparing the
change in turbidity during the polymerization
of native fibrin and under the conditions of the
inhibitory action of the D-dimer. According
to the obtained curves of turbidimetric
measurements of fibrin polymerization
(Fig. 2), the presence of D-dimer significantly
reduced the rate and degree of polymerization,
althoughitdidnotaffectthelag-periodof fibrin
polymerization. Such results of turbidimetric
studies are consistent with theoretical data
on fibrin polymerization and its inhibition by
D-dimer and confirm the functional activity of
the obtained proteins [21].

Theoretically, the lag-period of
polymerization reflects the stage of protofibril
assembly from monomeric fibrin molecules.
The rate of polymerization indicates the
process of lateral association of protofibrils.
Thus, the D-dimer is an ineffective inhibitor
of protofibril assembly, while the D-fragment
acts as an inhibitor precisely at this stage.
According to the data of inhibitory properties
studying of the D-dimer on the polymerization
process of desAB fibrin, it is known that the
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mechanisms of interaction of D-dimer with
fibrin monomer are different from the action
of other specific inhibitors that contain
D-domains. The reason is the conformational
rearrangement of the D-domains, which occurs
during the construction of the protofibril
as a result of the interaction of the E,—Da
centers. Covalent cross-linking with the action
of factor XlIIla fixes D-domains and their
polymerization centers in the conformation
that reproduces the conformation in the main
assembly of the protofibril [22].

Obtained proteins were tested as calibrators
to construct curves for the further use with
immunoenzymatic test systems developed by
the 0.V. Palladin Institute of Biochemistry of
the National Academy of Sciences of Ukraine.
Such test systems are designed with the use
of monoclonal antibodies and provide an
opportunity to determine the concentration of
soluble fibrin and D-dimer in blood plasma with
high accuracy. Calibration curves for D-dimer
(Fig. 3) and soluble fibrin (Fig. 4) were obtained
by using the corresponding proteins. The
principle of analysis of test systems is based on
the method of solid-phase immunoenzymatic
analysis in the sandwich modification
using fibrin-specific and D-dimer-specific
monoclonal antibodies and biotin-streptavidin
amplification of a specific signal. The obtained
curves indicate the possibility of using isolated
proteins as calibrators for the corresponding
immunoenzymatic test systems.

= desAB Fn
e==desAB Fn + D-dimer

400 SO0 B00

Fig. 2. Turbidimetric measurement results of fibrin polymerization
desAB fibrin polymerization (black graph) was performed by adding 0.25 U/ml of thrombin solution to the
desAB fibrin solution at a final concentration of 0.1 mg/ml.
Inhibition of polymerization (red graph) was performed by adding an equimolar concentration of the
obtained D-dimer and 0.25 units/ml of thrombin to the solution of desAB fibrin. The change in turbidity was

measured spectrophotometrically at 350 nm.
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Fig. 3. Calibration curve obtained by ELISA measurement of isolated D-dimer

In the wells of the D-dimer determining ELISA microplate with adsorbed monoclonal antibodies 100 ul of
the conjugate was added, as well as 10 ul of the obtained D-dimer in increasing concentrations.

After mixing and incubation at a temperature of +37 °C for 60 min, the microplate was washed
for 6 times. 100 pl of TMB substrate was added to the microplate wells with further incubation at a temperature
of +18-25 °C for 30 min. After adding 100 ul of the stop reagent, the optical density in the wells was measured
in the two-wavelength mode at 450 nm versus 620 nm.
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Fig. 4. Calibration curve obtained by ELISA measurement of isolated desAB fibrin

In the wells of the soluble fibrin determining ELISA microplate with adsorbed monoclonal antibodies 100 ul
of the conjugate was added, as well as 10 ul of the obtained desAB fibrin in increasing concentrations.

After mixing and incubation at a temperature of +37 °C for 60 min, the microplate was washed
for 6 times. 100 ul of TMB substrate was added to the microplate wells with further incubation at a temperature
of +18-25 °C for 30 min. After adding 100 pl of the stop reagent, the optical density in the wells was measured
in the two-wavelength mode at 450 nm versus 620 nm.

The developed by the O.V. Palladin Institute
of Biochemistry of the National Academy
of Sciences of Ukraine test systems for the
determination of soluble fibrin and D-dimer
have wundergone successful clinical trials
for the study of pathologies associated with
thrombophilia. The developed and standardized
methodology for obtaining protein calibrators
for the above-described test systems can be used
for the further production of test systems and
their implementation in diagnostic practice.

Conclusion

The developed methodology of desAB fibrin
and D-dimer isolation from human blood plasma
by fibrinogen salting out with further fibrin
polymerization by thrombin and hydrolysis
with plasmin can be implemented for protein
calibrators obtaining for their further use
in immunodiagnostic test systems. Obtained
proteins were tested for the quality control
using electrophoresis in polyacrylamide gel for
the absence of impurities and turbidimetric
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measurements to detect polymerization ability
of desAB fibrin and its inhibition by D-dimer,
followed by the verification of proteins as
calibratorsby constructing the calibration curves
for the quantitative concentration detection of
thrombophilia markers by immunoassay.
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CTAHJTAPTHU3AIIA METO0JIOTTI OTPUMAHHS BIJIKIB KAJIIBPATOPIB -
AJII IMYHOAIATHOCTHYHUX TECT-CUCTEM BUSHAYEHHS MAPKEPIB TPOMBO®IJIII

Hap’a Kopoavosa', Mupocaas Cupro' 2, €Eszeniii Cmozniii',

Haodis ,Z[pymunal, Tamapa Yepruwenko', 'enpiemma T'ozonuncvra

1IHCTI/ITyT 6ioximii im. O.B.Ilannagina HAHY, Kuis, Yxkpaina
?KuiBcbuil HanioHATBHUHA yHIBepcuTeT imeni Tapaca IlleBuenka, Ykpaina

E-mail: myroslaav@gmail.com

Hait6inpin Touni JgabopaTopHi MeToau mgiarHOCTUKK TpomOo(inii OasyroThed Ha KidbKicHoMy
BU3HAUYEHHI crieuivHIX MapKepiB IIJ1a3Mu KPOBi, AKi BUHUKAIOTh YHACIIAOK aKTUBAIil Koaryadaniiinoro
Kackajgy. [[o OCHOBHUX TaKMX MapKepiB HAJIEXKUTH po3umHHUHN GiopuH Ta D-gumep. 3MiHa KoHIIEHTpaIlil
IIUX MapKepiB MOJKe CBiZUUTH PO 3POCTAHHA BMiCTy TPOMOiHY Ta YTBOPEHHA POSUMHHOTO OJirOMEPHOTO
$iopuny. Bapro 3aszHaumTH, 110 OJHOUYACHE BUBHAUYEHHS MapKepiB TpomO6o(ijiii m03BOJIAE€ BCTAHOBUTHU
KOPEeJIAIilo MijK HaKOINYEeHHAM PO3UMHHOTO0 (iopuny i hiOpuHOIIZ0M Ta Ha CHOTOAHIIIHI 3a0e3meuyeThbea
aum iMyHOEepMEHTHUM MeToAoM. TaKuM UYMHOM, BUKOPHCTAHHA iIMYHOAIarHOCTUYHUX TECT-CHUCTEM
IJIs BU3HAUEHHA MapKepiB TpoMOodisii Ha chOrofHi XapaKTPU3YeThCs BUCOKUM DPiBHEM aKTyaJbHOCTI.
Ba)xIuBUMM KOMIIOHEHTAMY iMyHOAiaTHOCTUYHUX TECT-CUCTEM € IPOTeiHM KaIiopaTopu, CTaHAapTU3aIlia
OTPUMAHHSA AKUX Bilirpae KJIIOYOBY POJIb AJIA TOUHOI MOOYJOBY KaIiOpyBaJIbHUX KPUBUX Ta, IK HACTiIOK,
OTpUMAaHHA 00’ €KTUBHUX PE3yJIbTATIiB.

Memorw pociaimg:xeHHa Oyje po3po0JeHHS Ta CTAHAAPTH3AIlis METOHO0JIOTil OTpMMAaHHSA PO3UMHHOTO
¢Giopuny Ta D-mumepy s IXHBOrO IIOZAJIBLIIION0 BUKOPHUCTAHHS AK MOpoTeiHiB KajaiopaTopiB B
iMyHOIiarHOCTUYHUX TECT-CUCTEMAaX AJIA BUSHAUEHHS MapKepiB TpomOodiii.

Mamepiaau ma memodu. Pozunnnuii ¢i6bpua ta D-gumep BUAINAMYN 3 IJIa3MU KPOBi JIIOAWHY IILJIA-
XOM BHUCOJIOBAHHA (HiOpUHOTEHY 3 HMOMAJBINOI0 MMoJiMepusaliiero GibpuHy TpomMO6GiHOM Ta TimpoJizom i3
BUKOPUCTAHHAM IIasdMiny. KOHTPOJIb SKOCTi OTpMMAaHUX TPOTEiHiB mpoBoaman 3a fomomoroio SDS-PAGE
Ta TypOiAMMeTPUUYHNX BUMipPIOBAaHb i3 IIOJAJBIIION0 IIEPEBiPKOIO MPOTeiHiB AK KaaiOpaTopis AJ1d BUSHAUCHHSA
MapKepiB TpoMO0odiail iMyHODEpMEHTHIM METOLOM.

Pesyavmamu. OrpuMaHi IpOTeIHU BiIOBiZAIOTH HEOOXiAHUM BUMOTAaM Ta MOKYTh BUKOPUCTOBYBAaTUCh
AK KaJiopaTopu A iMyHONIarHOCTUYHUX TecT-cucTeM. PosumuHUME (GibpmH Ta D-mumep mepeBipeHi Ha
BificyTHicTB moMitok 3a mzomomoro SDS-PAGE. Typb6inuMerpuuHi BUMipioBaHHA MOKa3aau 3JaTHICTh 10
mosiMepuaariii posunHHOro Qi6bpuHy Ta iHri6yBaHH moaiMepusalii D-gumepom.

BucHosok. CtanmapTr30BaHy METO0JIOTiI0 BUAIIeHHS PO3UNHHOTO (pibpuHy Ta D-guMepy MoKHA BUKOPH-
CTOBYBATH [IJII OTPUMAHHS IIPOTETHOBUX KaIiOpaTopiB AJs BiAMOBI AHMX iMyHOIIarHOCTUYHUX TECT-CUCTEM.

Knarwuosi cnosa: nporeinu xamiopaTopu; TpomOopdimisa; posuumnnuit ¢pibpunr; D-gumep, imyHozmiar-
HOCTHUYHI TECT-CUCTEMMU.
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