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Aim. Treatment by indirect anticoagulants (vitamin K antagonists) requires a personalized approach
for controlling the overall level of prothrombin and the accumulation of its decarboxylated forms. The
purpose of this work was to optimize the method for monitoring of the therapy with indirect
anticoagulants.

Methods. An analysis was performed of 41 blood plasma samples from patients with cardiovascular
pathologies. Activated partial thromboplastin time (APTT), prothrombin time, ecamulin time, statistical
data analysis (“Statistica 7”) have been used.

Results. APTT test allowed identifying theindividual sensitivity of patients toindirect anticoagulants.
In particular, 20% of patients showed a decrease in the total level of prothrombin, which, together with
the accumulation of decarboxylated forms, leads to a risk of bleeding. Individual insensitivity to the
action of vitamin K antagonists was determined in 11% of patients.

Conclusion. To control the efficacy of indirect anticoagulants therapy, we developed test with
ecamulin (protease from the venom of Echis multisquamatis) was used as a prothrombin activator, which
can activate not only functionally active prothrombin, but also its decarboxylated forms. Use of ecamulin
simultaneously with thromboplastin allows determining in the blood plasma the content of not only
functionally active prothrombin, but also the total level of prothrombin, which makes it possible to

control the accumulation of decarboxylated prothrombin.
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Currently, four classes of antithrombotic
preparations are used clinically for the
prevention and treatment of thrombosis: direct
anticoagulants (heparin, low molecular weight
heparins, inhibitors of thrombin and factor
Xa); indirect anticoagulants (inhibitors that
affect vitamin K-dependent clotting factors);
antiplatelet agents (including non-steroidal
anti-inflammatory drugs and clopidogrel that
affect platelet adhesion and aggregation);
thrombolytic drugs (agents that activate the
fibrinolytic system, through the conversion of
plasminogen to plasmin) [1-3].
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A special place in the prevention of
thrombosis belongs to oral anticoagulants,
or indirect anticoagulants (IA), which are
antagonists of vitamin K. The latter is
necessary for the synthesis of functionally
active coagulation factors, namely the vitamin
K-dependent proteins: prothrombin, factors
VII, IX, X, proteins C and S. These factors are
key components of the coagulation cascade,
and their functional activity determines the
hemostatic potential of the blood (Fig. 1).
As a result, of impaired post-translational
y-carboxylation of vitamin K-dependent
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Fig. 1. Actions of anticoagulants on the factors of the blood coagulation system [8]
Indirect anticoagulants disrupt the carboxylation of blood coagulation factors, thereby preventing the activa-
tion of proenzymes (prothrombin, factor X, factors VII and IX). In contrast, direct anticoagulants act on the
active enzymes of the coagulation cascade, predominantly thrombin or factor Xa.

proteins, a number of factors of the blood
coagulation system enter the blood in
the decarboxylated functionally inactive
forms [4, 5]. That leads to a decrease in
the procoagulant potential of the blood
coagulation system, thereby contributing to
the risk of bleeding. This requires constant
and systematic determination of the content/
activity of vitamin K-dependent factors of
the hemostasis system and determines the
need for regular monitoring of the degree of
hypocoagulation [1, 5-7].

Materials and Methods

APTT-reagent, thromboplastin (thromborel
S, Siemens, Germany), CaCl, solution were
purchased from Berichrom. Ecamulin
was purified from the venom of Echis
multisquamatis according to the method of
Solovjev et al [8].

Collection of blood plasma of patients.
Samples were taken from 41 patients with
cardiovascular pathologies (aged 34—
80, n=41), who were given warfarin as
anticoagulant therapy. Blood collection was
performed during anticoagulant therapy.
Platelet-poor blood plasma was prepared from
citrated blood by centrifugation at 1200 g
during 30 min. Sodium Citrate (3.8%) added
immediately after collection to the whole blood
at 1:9 ratio was used as an anticoagulant [9].
All work was done in accordance with the

Declaration of Helsinki. Studies were conducted
according to the Ethical Committee Approval
No. 8 form 11.05.2018 (Shupyk National
Medical Academy of Postgraduate Education
of Ministry of Health of Ukraine).

Activated partial thromboplastin time.
Activated partial thromboplastin time (APTT)
was performed according to the following
procedure: 0.1 ml of studied blood plasma was
mixed with equal volume of APTT-reagent and
incubated during 3 minutes at 37 °C. Then the
coagulation was initiated by adding of 0.1 ml
of 0.025 M solution of CaCl, and clotting time
was monitored. Time of clotting was evaluated
using coagulometer CT2410 (Solar, Belarus).

When clotting time in APTT-test was
prolonged we performed the APTT mixing
study (inhibitory correction probe) as follows:
0.05 ml of studied blood plasma was mixed
with 0.05 ml of control blood plasma sample,
0.1 ml of APTT-reagent and incubated during
3 minutes at 37 °C. Blood clotting was detected
as described above. Normalization of blood
clotting time indicated the deficiency of the
clotting factors, otherwise the accumulation
of blood clotting inhibitors was assumed [10].

Mixing study determines if the patient has
a factor deficiency or the presence of a factor-
inhibiting antibody. Data are interpreted as Dr
Castellone indicated in her work: if the plasma
of the patient is suspected of being factor
deficient, adding the pooled normal plasma
will add back the deficient clotting factor,
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and the APTT will correct itself. If there is
no correction in the corresponding APTT, the
plasma of the patient contains an inhibitor,
which prevents the ability of the pooled normal
plasma to correct itself [11].

Prothrombin time. Thromboplastin reagent
(INR = 1.1) was measured as follows: clotting
was initiated by mixing 0.1 ml of blood plasma
with 0.1 ml of 0.025 M CaCl, and 0.1 ml of
thromboplastin reagent, time of clotting was
monitored. Thromboplastin acts through tissue
factor pathway of coagulation and activates
only carboxylated and uncleaved forms of
prothrombin. Time of clotting was evaluated
using coagulometer CT2410 (Solar, Belarus).
Results of prothrombin test were presented
as International normalized ratio (INR)
calculated by formula: INR = (Ap/An)*', Ap —
studied blood plasma clotting time; An — blood
plasma clotting time of healthy control; ISI —
international sensitivity index [9].

Ecamaulin time.Ecamulin testisbased on the
application of ecamulin, prothrombin activator
from the venom of Echis multisquamatis.
Ecamulin activates prothrombin, des-gamma-
carboxy-prothrombin and prethrombin
1 thus permitting the determination of total
prothrombin level [12].

Results of ecamulin test were presented
as ecamulin ratio (ER) calculated by formula:
ER = Ap/An; Ap — studied blood plasma
clotting time; An — blood plasma clotting time
of healthy control.

Statistical data analysis. Statistical data
analysis was performed using Microsoft
Excel. All assays were performed in series of
three replicates and the data were fitted with
standard errors using “Statistica 7”.

Results and Discussion

The state of the blood coagulation system
was analyzed in patients (n =41) with
cardiovascular pathologies who underwent
a course of anticoagulant therapy with IA
(warfarin). The state of the blood coagulation
system was monitored using the activated
partial thromboplastin time (APTT) test. The
clotting time of the blood plasma of these
patientsin the APTT test was increased by 1.5—
2.5 times compared with the norm (45s). APTT
mixing test led to the normalization of clotting
time, which indicated the accumulation of
decarboxylated forms (PIVKA-proteins)
of coagulation factors in the blood plasma
of patients. To determine the content of
functionally active prothrombin, which is a
key component of the coagulation cascade,
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we used the prothrombin time (PT) diagnostic
test with thromboplastin as a prothrombin
activator. To assess the decarboxylated forms
of prothrombin, we used the “ecamulin time”
test, a PT test optimized by us, in which
ecamulin (analogous to ecarin) was used
instead of thromboplastin as an activator of
prothrombin. The content of functionally
active prothrombin was expressed as a
prothrombin ratio (PR); the content of total
prothrombin (functionally active and inactive)
was expressed as an ecamulin ratio (EO).

Based on the data obtained, the patients
were divided into three groups: group 1 —
patients with an effectively selected dose of
IA (the potential of the coagulation system is
reduced by 35-55%), group 2 — patients who
are tolerant to IA (the procoagulant potential
is fully preserved), group 3 — patients
with hypersensitivity to IA (overdose of TA
preparations) (Fig. 2).

For patients of the first group, a decrease
in PR by 35-55% (0.6) compared with the
norm (1.0 = 0.1) is seen, which indicates the
accumulation of decarboxylated prothrombin
and a decrease in blood coagulation potential.

In the blood plasma of the second group of
patients (Fig. 2), decarboxylated prothrombin,
the presence of which is due to vitamin K
deficiency, was not detected (ER = PR), which
indicates the tolerance to IA.

In patients of the third group, a decrease
in functionally active prothrombin to 20—-30%
was revealed against the background of a low
content of total prothrombin (less than 70%).
Such a significant decrease in coagulation
potential may be accompanied by bleeding, and
in such patients the use of IA is contraindicated.

Recent studies show high efficiency of IAs
in the prevention and treatment of thrombotic
complications and in reducing the risk of
thrombosis [13, 14]. However, the individual
sensitivity of the patient necessitates selecting
the dose of IA preparations and monitoring
their performance, which is due both to the
characteristics of the patient’s condition
(age, platelet function, concomitant diseases,
nutrition, hypertension, stroke consequences,
alcohol dependence), and the problem of
compatibility of the drugs used [2, 3, 5].

It should be noted that the total level of
prothrombin in the blood plasma of patients
can vary between 90-110%. The decrease
in the potential of the coagulation system
(accumulation of decarboxylated prothrombin
forms) must be determined taking into
account the total level of prothrombin in the
patient in question, and not the average level
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Fig. 2. Prothrombin (PR) and ecamulin (ER) ratios, obtained from the analysis of blood plasma of patients
who underwent IA therapy (peak of the treatment)
Control (n = 12): INR and ER values are 1.0 = 0.1

of prothrombin in the blood plasma of donors.
The therapeutic interval for the content
of functionally active prothrombin in the
treatment of IA should be within 30-50%,
which corresponds to an INR value of 2—3 [9].

The main control method throughout the
clinical use of the IA has been and remains the
determination of the prothrombin clotting
time of blood plasma (in some cases, of the
whole blood). The principle of the method is
to determine the clotting time of blood plasma
after the addition of thromboplastin in the
presence of calcium ions. The test implements
a number of successive and interrelated
reactions, and the clotting time of blood
plasma depends not only on the total rate of
the process of activation of coagulation factors,
but also on the presence of inhibitors of fibrin
polymerization and thrombin inhibitors. Hence,
with the obvious simplicity of the test itself,
the evaluation of its results is a serious problem
that has not been finally resolved to date. In
addition, the determination of prothrombin
time does not provide information on the
presence and content of functionally inactive
(decarboxylated) forms of prothrombin,
since thromboplastin does not activate them.
Therefore, to control the effectiveness of IA
preparations, we developed test conditions
in which ecamulin (a prothrombin activator
from the venom of Echis multisquamatis) was
used as a prothrombin activator. Ecamulin,
unlike thromboplastin, is able to activate not
only functionally active prothrombin, but
also its decarboxylated forms [15-17], so the
use of this method, which we have optimized,
makes it possible to control the total level of

prothrombin in blood plasma. Thus, with the
parallel use of these two activators, it is possible
to determine the content in the blood plasma of
not only functionally active prothrombin, but
also its decarboxylated forms.

The information content of our optimized
method for monitoring the performance of
IA therapy is evidenced by the results, on the
basis of which the first group of patients was
identified. According to the “ecamulin time”
test, the content of functionally inactive forms
of prothrombin is 40% of the total prothrombin
level (Fig. 2). The content of functionally active
prothrombin with effective therapy is reduced
by 40—-50% [15]. In addition, thereis a decrease
in the procoagulant potential, which indicates
a correctly selected dose of the IA and high
efficiency of treatment. The accumulation of
functionally inactive forms of prothrombin
in the blood plasma of patients of the first
group also confirms a significant increase in
the clotting time of blood plasma in the APTT
screening test.

Comparative analysis of the results obtained
during the activation of prothrombin in the
blood plasma of patients with thromboplastin
and ecamulin allowed us to identify a group
of patients with low sensitivity to IA drugs
(group 2). This conclusion was made on the basis
that the level of prothrombin determined using
thromboplastin and ecamulin was the same,
which indicates the absence of decarboxylated
forms of prothrombin. In such patients, either
the dose of IAs should be increased to control
the occurrence of decarboxylated prothrombin,
or the IAs should be discontinued in favor of
other anticoagulants.
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For patients of the third group, thereisarisk
of bleeding: the content of total prothrombin
is <70%, and the level of functionally active
prothrombin is reduced to 20-30% . The reason
for the decrease in the level of the latter may be
the high sensitivity to the IAs. In these patients,
IAs are contraindicated [18]. Perhaps, in such
cases, the dose of IAs should be reduced and
additional monitoring is needed to determine
the reasons for the decrease in the total level
of prothrombin.

It should also be noted that different
sensitivity of patients to IAs, in particular
to warfarin, can be genetically determined.
Therefore, an individual approach to the dosage
of IA based on the results of genetic testing can
contribute to reducing the risk of hemorrhagic
complications [13, 19].

Although the determination of prothrombin
time is a generally accepted method for
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approach to IA dosage may help reduce the risk
of hemorrhagic complications.
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JIikyBaHHS HeNIPAMUMU aHTUKoaryJsHTamu (aHTaroHicramu Bitaminy K) morpebye imguBigyaabrHOTO
MiAXOoAy IJiA KOHTPOJIIO 3araJbHOT0 PiBHA MPOTPOMOiHY Ta HAKOIUYEHHA HOT0 IeKapOoKCUIboBaHUX (hopM.

Mema. OuTumisyBaTu METO MOHITOPUHTY Tepallii HeIPpAMUMU aHTUKOATYJIAHTaAMU.

Memodu. IIpoBeneno aHamis 41 3paska ImaasMu KPOBIi IMaIlieHTiB i3 cepIrieBoO-CyAUHHOIO MATOJOTiE0.
Bukopucrano meronm aabopaTOpPHOI AiarHOCTUKM JJd BU3HAUEHHA AaKTHBOBAHOTO YaCTKOBOTO
TpoMbomiacTuroBoro uacy (AUTY), mporpombinoBoro uacy (II4), ekamyainosoro uacy (EY), craTuctuuanmit
aHaJis ganux («Statistica 7»).

Pesyavmamu. Tect AUTY gaB sMory BUABUTHU iHAUBiIAyaJbHY UYTJAUBICTh IAIi€HTIB 1O HEIPAMUX
QHTUKOAryJAHTiB. 30KpeMa, v 20% mnamieHTiB BUABJIEHO 3HUKEHHSA 3araJbHOTO PiBHA mpoTpoMbOinHy,
110 Pa3oM 3 HAKONMWYEHHAM HOTo NeKapboKCHJIbOBAaHUX (POPM IPUBBOAUTH OO PO3BUTKY KPOBOTEUi.
IaguBigyanbay HeuyTIuBicTh K0 mii anrarouicris Biraminy K 0ys10o Busuauerno B 11% marienris.

Bucnogok. J1y1a KOHTPOJIO e(DeKTUBHOCTI Teparrii HempAMUMEU aHTUKOATYyJIAHTaAMU HAMU PO3POOJIEHO
TECT, B AKOMY AK aKTUBATOD IPOTPOMOiHY BUKOPUCTAHO eKaMyJIiH (IpoTeasa 3 oTpyTu Echis multisquamatis),
AKUH MOJKe aKTUBYBATH He TiIbKY QYHKIIOHAJIBHO aKTUBHUHA MPOTPOoMGiH, aje i ioro reKkap6oKCcuIbOBaHi
dopmu. 3acTocyBaHHA eKaAMYJIiHY OTHOYACHO 3 TPOMOOIIJIACTUHOM Ja€ 3MOTY BU3HAYATHU B IJIa3Mi KPOBi
BMicT He TiTbKU (GYHKI[IOHAJBHO aKTUBHOTO NPOTPOMOiHY, aje if 3araJbHOTO PiBHA IIPOTPOMOIHY, IITO
YMOKJIUBIIIOE KOHTPOJIb HAKONMUUYEHHS TeKapOOKCUILOBAHOTO MPOTPOMOiHY.

Kanamwouwosi cnosa: nporpoM06iH, BiTamin K, HenmpAMi aHTUKOATyJIAHTH, TPOMOOJiTUUHA Tepamis.
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