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METHOD TO ASSESS THE EFFECTS OF BIOACTIVE COMPOUNDS
SOLUTIONS ON BLOOD CLOTTING

Manuvera VA'?& Brovina KA'?, Bobrovsky PA'?, Grafskaia EN', Kharlampieva DD', Lazarev VN'?

" Lopukhin Federal Research and Clinical Center of Physical-Chemical Medicine of the Federal Medical Biological Agency, Moscow, Russia
2 Moscow Institute of Physics and Technology (National Research University), Dolgoprudny, Moscow Region, Russia

The search for new anticoagulants requires simple and affordable methods for primary determination of their activity. Clotting tests are widely used for laboratory
evaluation of the hemostatic system. These are model studies that assess the state of the hemostatic system from a clinical point of view based on the fibrin clot
formation time. Reagents and instruments for such tests are produced in Russia, they have low manufacturing cost and are easy to use. However, it is necessary
to make a few modifications to the measurement methods to assess the anticoagulant activity. The study was aimed to demonstrate performance of the protocol
for testing the solution anticoagulant activity using the modified standard clinical tests involving measurement of the activated partial thromboplastin time (@PTT),
prothrombin time (PT), and thrombin time (TT). Reagents for measurement of aPTT, PT, and TT were used, along with the domestically produced heparin and two
recombinant anticoagulant proteins from the medicinal leech obtained in our laboratory. Clotting tests were performed with the addition of anticoagulants to the
reaction mixture were performed; performance and applicability limits of the methods used were determined. When studying hirudin, heparin, and cysteine-rich
anticoagulant of medical leech using measurement of aPTT, TT, and PT, a dose-dependent increase in clotting time was demonstrated. The methods’ compatibility
with the use of various common components of buffer solutions used in biochemical tests was determined. It was shown that the slightly modified standard blood
clotting tests for determination of hemostatic parameters could be used to test new potential anticoagulants.
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METOAUKA OLIEHKW BJIINAHUNA PACTBOPOB BNOJTIOMMHYECKU AKTUBHbIX
BELLIECTB HA KOArynauuto
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MonCK HOBbIX aHTVKOAryNAHTOB TPEOYET MPOCTbIX U HEAOPOrVIX METOAOB NEPBUYHOrO ONPEAENeHns X akTUBHOCTW. [ns nabopaTopHOM OLEHKN COCTOSHMS
CUCTEMbI reMocTasa LUMPOKO VICMOMb3YIOT KIOTTUHIOBbIE TECTbI, T. €. MOAEbHbIE UCCNEA0BaHNS, OLIEHNBAIOLLNE C KIIMHUYECKOW TOYKN 3PEHNSt COCTOSHIE
CMICTEMbI reMocTada Mo CKOPOCTV 0bpa3oBaHMsa (hMOPUHOBOIO CrycTKa. PeakTviBbl 1 Nproopbl A1 X BbINMOSHEHNS NPOM3BOAAT B POCCUM, OHW UMEIOT HU3KYLO
CcebeCTOVMOCTb U MPOCTbI B MPUMEHEHUN, OAHAKO [N1st UCCNEAOBaHYIS aKTVBHOCTU aHTVKOAryNIsSiHTOB B METOAVKN N3MEPEHVIst HEOOXOAMMO BHECTU HEKOTOPbIE
n3meHeHns. Lienbto paboTbl 6bI10 NokasaTb paboToCnOCOBHOCTL MPOTOKONA TECTUPOBAHUS aHTUKOAryNALMOHHON aKTUBHOCTY pacTBOPOB C MOMOLLbIO
MOANMULIMPOBaHHbIX CTAHAAPTHBIX KIMHNYECKIX TECTOB Ha M3MEPEHNE aKTUBUPOBAHHOIO HaCTUYHOIO TPOMBOMAACTUHOBOMO BpeMern (AHTB), npoTpom6rHoBOro
Bpemenu (MB) n TpombrHoBoro Bpemenn (TB). Vicnonb3oBanu peaktubl ans nameperuss A4TB, TB 1 MNB, a Takke renapuH 0Te4eCTBEHHOrO NPOM3BOACTBA U
[1Ba PEKOMOVHAHTHBIX Beka-aHTVKoarynaHTa MeavILMHCKOM NMUSIBKW, Nony4eHHble B Halleln nabopatopun. MpoBOAVAN KNOTTUHIOBbIE TeCTbl C fobaBNeHneM B
PeaKLMOHHYIO CMECh aHTUKOAryIHTOB, OnpeaensM paboToCMOCOBHOCTb W FPaHNLibl MPUMEHMOCTH MCMOb30BaHHbIX METOAOB. [1pK MCCNeaoBaHM rMpyavHa,
renapvHa 1 LUMCTENH-00raTtoro aHTukoarynaHta MeguumMHCKOM MUSBKM C MOMOLLBIO naMepeHua AYTB, TB 1 B npogeMoHCTprpoBaHO [030-3aBUCKMOE
yBeMyeHve BpeMeHn obpasoBaHnsa crycTkos. OnpefeneHa COBMECTUMOCTb METOL0B C UCMOMb30BaHNEM HEKOTOPbIX PACNPOCTPaHEHHbIX KOMMIOHEHTOB
ByepHbIX PaCcTBOPOB, MCMOSb3YeMbIX B BUOXVMUHECKIX MCCNefoBaHMSX. [Toka3aHo, YTo Nocne HeOOoMbLLIMX MOAMMMKALIMIA CTaHAAPTHBIX KNOTTUHIOBbLIX METOA0B
onpeaeneHns napameTpoB reMocTasa MOXXHO VCMoNb30BaTh UX ANt TECTUPOBAHYIS PACTBOPOB HOBbIX MOTEHLMATbHBIX aHTUKOAryNSIHTOB.
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Simple, cheap, and well mastered blood clotting tests (activated
partial thromboplastin time (@PTT), prothrombin time (PT), and
thrombin time (TT)) are used in clinical practice [1-3]. These tests
are developed to determine homeostasis effectiveness in blood
plasma of patients. aPTT allows one to estimate functioning of
the intrinsic coagulation activation pathway, PT measurement
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is used to determine coagulation in case of extrinsic pathway
activation, while TT demonstrates the effectiveness of thrombin-
induced fibrinogen activation and fibrin polymerization. When
conducting research focused on finding new anticoagulants,
there is a need for rapid and affordable in vitro testing of
the candidate substances. Furthermore, one has to deal
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with various complex protein mixtures, extracts, and similar
material. At the initial stage of research, simple and affordable
primary screening methods are necessary.

The method to determine the effects of potential anticoagulant
proteins derived from the medicinal leech (Hirudo medicinalis)
has been developed and is used in our laboratory. We provide
the measurement protocols used and demonstrate their
effectiveness using three substances inhibiting blood clotting.
The first substance, the cysteine-rich anticoagulant from the
medicinal leech (CRA), is the recently explored [4] anticoagulant
protein related to antistasin [5]. The second research object is the
recombinant hirudin protein, a well-known anticoagulant from
the medicinal leech [6]. The third anticoagulant tested is heparin,
an oligosaccharide very commonly used in clinical practice 2, 7].

The study was aimed to demonstrate the efficacy of the
testing protocol for assessing the anticoagulant activity of
solutions using modified standard clinical tests involving
measurement of aPTT, PT, and TT.

METHODS
Equipment

APG4-03-Ph hemostasis analyzer (EMCO; Russia). Disposable
coagulometer cuvettes with balls (EMCO; Russia). Measurement
was performed using the analyzer optical channel (Optics mode).

Reagents

PG-7/1 reagent kit for determination of aPTT in blood plasma
by the clotting method (@PTT test) (RENAM; Russia).

Thrombin-Reagent PG-9A kit for determination of TT
(RENAM; Russia).

MLT-Thromboplastin reagent for determination of PT
(EMCO; Russia).

KM-1 control plasma (Plasma-N) (RENAM; Russia).

Anticoagulants

The cysteine-rich anticoagulant (CRA) from the medicinal leech
[4] and recombinant hirudin (Hir) from the medicinal leech [4]
obtained in our laboratory, as well as the solution of medium
molecular weight unfractionated sodium heparin (Hep) in the
industrially produced ampoules (Synthesis; Russia) were used
as anticoagulants. Serial dilutions of anticoagulants were
prepared for the study. Anticoagulants were diluted with the
10 mM TrisCl solution, pH 7.5.

Blood clotting tests

When working with anticoagulants, each sample was
measured in four replicates in parallel using four coagulometer
measurement cells. The mean and standard deviation were
calculated for the values obtained. Curves of clot formation
time versus anticoagulant concentration were plotted based
on the data acquired (see Figure). To determine the effects of
various solutions on the measurement results, each sample was
measured in two replicates in parallel using two coagulometer
measurement cells of one pair. The mean was calculated for
the values obtained and entered in the table (see Table).

Activated partial thromboplastin time

The 2X aPTT reagent was prepared for aPTT measurement.
For that 2 mL of water were added to the vial with the

lyophilized aPTT reagent, which constituted half of the
volume recommended for clinical aPTT test. One milliliter
of water was added to the vial with the lyophilized control blood
plasma, as recommended by the manufacturer. The vials were
kept for 30 min at room temperature with occasional stirring
until the precipitate was completely dissolved. The calcium
chloride solution was poured in the temperature-controlled
coagulometer cell to be heated to 37 °C. A total of 50 pL of
control plasma, 25 plL of the test solution, and 25 pL of the 2X
aPTT reagent were added to the coagulometer cuvette, then
the contents of the cuvette was mixed by triple pipetting. A
magnetic ball was put in the cuvette; the cuvette was placed in
the temperature-controlled timer coagulometer cell for 3 min.
After the incubation was over, cuvettes were transferred to the
measurement coagulometer cells; 50 pL of the heated calcium
chloride were added in the Autostart mode. Clot formation time
was recorded.

Thrombin time

The thrombin reagent with the concentration of 6 U/mL was
used to determine TT. To prepare the reagent, 2.7 mL of
water and 0.3 mL of the concentrated solvent (buffer solution
from the kit) were added to the vial containing the lyophilized
thrombin. One milliliter of water was added to the vial with
the lyophilized control blood plasma, as recommended by
the manufacturer. The vials were kept for 30 min at room
temperature with occasional stirring until the precipitate was
completely dissolved. The thrombin reagent solution was
poured in the temperature-controlled coagulometer cell to be
heated to 37 °C. A total of 100 pL of control plasma and 50 uL
of the test solution were added to the coagulometer cuvette;
the contents of the cuvette was mixed by triple pipetting. After
that a magnetic ball was put in the cuvette; the cuvette was
placed in the temperature-controlled timer coagulometer cell
for 3 min. After the incubation was over, cuvettes were
transferred to the measurement coagulometer cells; 50 pL
of the heated thrombin reagent were added in the Autostart
mode. Clot formation time was recorded.

Prothrombin time

The 2X thromboplastin solution was used to determine PT.
To prepare the solution, 3 mL of water were added to the vial
containing the lyophilized thromboplastin-calcium mixture, which
constituted half of the volume recommmended for clinical PT test.
One milliliter of water was added to the vial with the lyophilized
control blood plasma, as recommended by the manufacturer.
The vials were kept for 30 min at room temperature with
occasional stirring until the precipitate was completely dissolved.
The thromboplastin solution as poured in the temperature-
controlled coagulometer cell to be heated to 37 °C. A total of
50 plL of control plasma and 50 pL of the test solution were added
to the coagulometer cuvette; the contents of the cuvette was
mixed by triple pipetting. After that a magnetic ball was put in the
cuvette; the cuvette was placed in the temperature-controlled
timer coagulometer cell for 3 min. After the incubation was over,
cuvettes were transferred to the measurement coagulometer
cells; 50 pL of the heated thromboplastin solution were added in
the Autostart mode. Clot formation time was recorded.

Statistical analysis

The nonparametric Mann-Whitney U-test and Python (v. 3.12)
(Python Software Foundation; USA) were used for statistical
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Fig. 1. Results for aPTT, PT, and TT measurements for the solutions of three anticoagulants: cysteine-rich anticoagulant (CRA) derived from the medicinal leech, hirudin
(Hir), and heparin (Hep). Concentrations of CRA and Hir are measured in pM of protein in the test solution; the total amount of IU per reaction is provided for Hep. The
mean clot formation time for the control sample (10 mM TrisCl, pH = 7.5) is shown as the dashed line. The data are provided as the mean values of clot formation time
and standard deviations. Four independent measurements per point were performed

analysis when comparing the samples containing test proteins
and control plasma.

RESULTS

The aPTT determination results are provided in Fig. 1 A-C.
A clear increase in the clot formation time with increasing active
substance concentration is reported for all three anticoagulants.

The PT measurement results are provided in Fig. 1D-F.
As in case of aPTT measurement, the increase in the reaction
mixture coagulation time with increasing concentration is
reported for CRA (Fig. 1D) and Hep (Fig. 1E). Heparin that has
shown high activity in the aPTT test exerts no activity during TT
measurement (Fig. 1F).

The TT measurement results are provided in Fig. 1G-I. All
three anticoagulants show a dose-dependent increase in the
clot formation time.

To determine compatibility of the reported methods with
the common buffer solutions used in biochemical analysis, we
examined their effects on the clot formation time for all three
tests reported. The results are summarized in the Table. In the
majority of cases no effect or negligible effect was observed.
However, 1% B-mercaptoethanol prevented coagulation during
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aPTT and PT measurement, while the 1M NaCl solution caused
a significant increase in the values in all three tests.

DISCUSSION

Boundary applicability conditions are the key parameters for
any method. When conducting the experiments, in addition
to automatic recording of clot formation time by the device,
we performed visual monitoring of the reaction mixture state.
When the anticoagulant concentrations in the measurement
cuvettes were high, apparent coagulation irregularity, individual
clumps and harmnesses were observed around the magnetic
balls, along with the mobility of balls after the coagulometer
sensor activation. In this context the results cannot be
considered reliable, so the upper measurement threshold
should be limited to a hundred of seconds. Thus, in all three
tests the anticoagulant concentrations should be selected so
that the clot formation time is about 100 s at the maximum test
concentration. If clot formation does not occur within this time
during measurement, the sample measured should be further
diluted. It should also be noted that reagents and control
plasma from different production batches yield slightly different
results during measurement of aPTT, TT, and PT. Therefore, it is



OPUTMHAJIbHOE UCCJIEQOBAHWNE | TEMATOJIOI NA

Table. Effects of various solutions on the aPTT, TT, and PT determination

Sample/Test aPTT T PT
Water (K) 28.7+1.0 12.8 + 0.6 159+ 0.5
PBS! 29.7+0.6 18.0+0.4 18.6 + 0.1
Tris-HCI 100 mM 28.0+1.0 174+ 04 17.3+0.3
NaCl 9 g/L 29.1+0.4 17.3+0.3 19.0+ 1.0
NaCl1 M 62.0 +2.0 114.0+18.0 136.8 + 0.5
SDS 0.1% 31.0+2.0 13.1+0.7 16.1 + 0.1
SDS 0.01% 28.5+0.2 12.1+0.8 15.2 + 0.1
1 Murea 29.0+1.0 33.7 +0.1 21.3+0.4
0.1 Murea 28.1+0.7 13.9+04 15.7 + 0.1
B-mercaptoethanol 1% n.d.2 16.0 +2.0 n. d.2
B-mercaptoethanol 0.1% 33.0+2.0 13.0+2.0 21.8+0.6
Triton X-100 1% 26.0+1.0 13.0 £ 0.1 n.d.?
DTT 1 mM 31.0+2.0 14.0+04 19.4+05
Note: mean clot formation time in seconds + standard deviation is provided; ' — phosphate buffer solution (20 mM sodium phosphate, 8 g/L sodium chloride,

pH = 7.4); 2 — no clot was formed, no value is available.

strictly necessary to perform all the series of measurements of
each sample (or several samples to be compared) and control
samples using reagents from the same batch.

Various normalization methods can be used to compare the
results obtained at different times using different reagents. For
example, the international normalized ratio (INR) is widely used
in clinical diagnosis for PT [1-3]. It seems possible to use the
relative value (C,), calculated as a quotient of the clot formation
time of the test sample (t;) to the clot formation time of the
control sample (tC), for screening tests: CS = t/t ..

When they suggest to perform three different tests per test
sample, the authors assume that the search for substances
with unknown characteristics and mechanism of action,
the only essential feature of which is the ability to inhibit
coagulation, will be conducted. In this regard we believe that it
is necessary to use all three tests at once. In such situation the
researchers may prefer this or that test, for their own reasons.
The differences in the effects of three anticoagulants used in
this study are pretty obvious.

An obvious dose-dependent effect is reported for all three
test substances in the aPTT test. However, CRA shows the
time (Fig. 1A) comparable with that of Hir (Fig. 1B) at the
molar concentrations smaller by an order of magnitude. For
example, the clot formation time of about 50 s is achieved at
the CRA concentration of 2.5 pM in the sample, as for hirudin —
only at the concentration of 50 uM. It can be concluded that
CRA significantly more effectively inhibits activation of intrinsic
blood clotting pathway compared to Hir. Predictably, Hep
also effectively inhibits coagulation (Fig. 1C). However, it
is impossible to directly compare its specific activity with the
activity of the studied proteins, since the concentration of the
Hep dosage form is specified in international units (IU) of
activity only.

A slightly different pattern is observed for PT measurement
(Fig. 1D-F). As for CRA (Fig. 1D) and Hep (Fig. 1E), the increase
in the reaction mixture coagulation time with increasing
concentration is observed, the same as in the aPTT test.
At the same time, heparin that has shown high activity in the
aPTT test causes no increase in the clot formation time during
TT measurement (Fig. 1F). This is due to the fact that it inhibits

factors Xa and lla, as well as factors of the intrinsic activation
pathway, not directly, but with mediation from antithrombin [7].

When determining TT (Fig. 1G-l), remarkable is that in this
case there is a situation opposite to measuring aPTT: Hir (Fig. 1H)
shows higher activity, than CRA (Fig. 1G). This may be due to
the fact that Hir is a specific inhibitor of thrombin (factor lla) [6],
while CRA inhibits not only thrombin, but also other proteinases
of blood clotting cascade [4]. As a result, the CRA activity is
more obvious during measurement of aPTT due to cumulative
effect. In this case the measurement range of Hep (Fig. 1) is
severely narrowed. When 0.07 IU of Hep are added to the
reaction, the coagulation time is 29.3 + 2.5 s; no full-fledged
clot is formed, when 0.1 IU are added to the reaction.

When performing primary search for the substances
preventing blood clotting, the researchers often have limited
knowledge about their nature and mechanism of action. It
is necessary to first detect the active substance and obtain
its relatively pure form to thoroughly investigate these aspects.
This problem is particularly evident during the study of the
complex mixtures of natural origin, such as saliva of blood-
sucking animals, secretions, extracts, etc. The researchers can
observe manifestations of biological activity, but at this stage
do not understand the underlying mechanisms. That is why
we think it is reasonable to use three different tests targeting
three different parts of blood clotting cascade (intrinsic pathway
(@PTT), extrinsic pathway (PT), and terminal phase (TT)) at once.
Using three anticoagulants of different nature and properties
we have shown that these behave differently in these tests.

During testing the new potential anticoagulants can exist
in the form of solutions containing various low molecular
weight substances. For example, when studying recombinant
anticoagulant proteins, these turn out to be dissolved in buffer
solutions, the composition of which depends on the specific
extraction method, after the chromatographic purification
or refolding. In each specific case, it is strictly necessary
to perform control measurements with the buffer solution
that is identical to the solution, in which the test substance is
dissolved. However, some solutions can be incompatible with
the measurement methods used. We tested the effects of
some commonly used components of buffer solution used in
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biochemical studies on the aPTT, TT, and PT measurement. The
results are provided in the Table. In the majority of cases, the
impact of the studied solution on the test results was negligible.
However, it is impossible to use the solutions with high ionic
strength (1M NaCl) in all tests, while strong reducing agents
(B-mercaptoethanol) cannot be used when determining aPTT
and PT. At the same time, the solutions containing weaker
reducing agents (DTT), moderate amounts of detergents (Triton
X-100, sodium dodecyl sulfate (SDS)) or 0.1 M urea can be
used for measurement.
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CONCLUSIONS

The paper provides modifications of methods to determine
aPTT, PT, and TT using the common reagents and the
domestically produced coagulometer. Modifications include
changes in the reagent volume and incubation time and require
no additional reagents or equipment for measurement. The
methods described can be useful when performing the search
for new anticoagulants and studying the effects of various
substances on blood clotting.
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