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Intravascular thrombus formation is one of the main causes of such deadly diseases and patholo-
gies as ischemic heart disease, ischemic stroke, pulmonary embolism, atrial fibrillation, and venous
thromboembolism [1, 2].

That is why the development of new approaches for preventing intravascular blood coagulation
is an important task for biochemistry and biotechnology. Most of biomolecules that target clotting
factors. However, in our study we focused on another type of molecules, which are direct inhibitors
of fibrin polymerization.

As a scaffold, we have used a calix[4]arene molecule because of its tunable diversity at both
upper and lower rims, its pre-organized nonpolar cavities, pre-organized ion-bonding sites and
well-defined conformations [3]. Previously we have shown that calix[4]arenes are active inhibi-
tors of fibrin polymerization process. Binding to the ‘A’-knob of fibrin desAB molecule calix[4]
arenes prevents knob-hole interactions between different fibrin molecules thus suppressing
clotting. Recent studies proved the efficacy of sodium salt of 5, 11, 17, 23-bis(dihydroxyphos
phoryl)methylcalix[4]arene (C-145) as an effective anticoagulant agent [4, 5].

Molecular dynamic studies of C-145 demonstrated the importance of conformation of the mac-
rocycle for its fibrin-binding activity. In particular calyx[4]arene has two different conformations
of its cup (the macrocycle) that can be described as ‘1,3-alternate’ (opened) or ‘conus-conformation’
(fixed).

Aim. The purpose of the present study was to develop a method for the fixation of ‘fixed’ con-
formation for estimation of the impact of calix[4]arene structure on the efficacy of its anticoagu-
lant activity. This was achieved by substitution of the lower rim of C-145 analogue.

Metods. Calix[4]arene C-145 was obtained according to the method described in [6] with one ad-
ditional step that included Mitsunobu reaction in order to obtain disubstituted calixarene C-145F
(Fig. 1).

Modeling of 3D-structure of calix[4]arene C-145 and its analogue C-145F was performed in
Maestro, Schrodinger software.

Calix[4]arene C-145F (compound 6) was obtained in 4 steps starting with Duff reaction. Ca-
lix[4]arene methylene-bis-phosphonic ester 3 was prepared via addition of diisopropylphosphite
in presence of metallic sodium to the parent calix[4]arene aldehyde 2. Further steps included
Mitsunobu reaction, that afforded dipropoxycalix[4]arene 5 with rather good yields (80% ), follow-
ing the hydrolysis step that resulted in compound 6 in almost quantitative yield.
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Fig. 2. 2D-NOESY spectrum of calix[4]arene C-145F
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Fig. 3. Structure of calix[4]arene C-145 and it’s analogue
with fixed conformation of a calix[4]arene cup:
A — Cl145; B — C145F

Results. Using a 2D NMR-NOESY spectroscopy, we can observe a distinct cross-peak between an ar-
omatic singlet with a chemical shift on 7.72 ppm and protons of isopropyl group with a chemical shift
on 1.62 ppm, which are moved in the strong field (Fig. 2). This correlation proves us their steric
proximity, that can be observed only in conus-conformation (Fig. 3, A), not in the 1,3-alternate. So,
in this work we confirmed that disubstituted calix[4]arenes (low-rim modification) have fixed conus
conformation.

NMR spectroscopy proves us that calix[4]arene C145F exists in fixed conus-conformation.

Discussion. Presented experiment represents how easily we can modify calix[4]arene cup in order
to obtain molecule with new chemical and physical properties. The fine-tuning and incorporation of
different ligating sites in the calix[4]arene scaffold may be used to produce numerous molecules,
forming a library of compounds.

Comparison of the action of fibrin polymerization of calix[4]arene molecules with fixed and
opened conformations will allow to estimate the role of different conformation in fibrin recognition
and will support targeted design of even more effective calix[4]arene-based inhibitors of blood clot-
ting in future.

Conclusions. The easy method of the fixation of conus conformation of calix[4]arene cup will be
useful for synthesis of novel functionally active compounds. We believe that further development
and study of different calix[4]arenes will help scientists to obtain bioactive molecules that could be
prospective anti-thrombotic drugs.

Key words: calix[4]arene; fibrin polymerization; organic synthesis;, bioinformatics.
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Venoms of snakes of Viperidae family contain the mixtures of physiologically active proteins.
Evolutionary they were developed for the effective envenomation of the prey, however, their
high specificity towards components of mammal blood makes them a prospective pharmacological
agent [1]. Some of these enzymes are targeted preferentially to fibrinogen [1-3]. Fibrinogen-
specific proteases of snake venoms are assumed as a possible agent for defibrin(ogen)ation and
the achieving of antithrombotic effect. Also, their application is one of the possible approaches
for studying structure and functions of fibrinogen molecule. That is why the aim of the present
study was the search of fibrinogenolytic enzymes among protein components of Vipera renardi
snake venom.

Methods. Venom of V. renardi as the lyophilized powder was supplied by Trypillia
serpentarium. It was dissolved in 0.05 M Tris-HCI buffer pH 8.3 and fractionated on
Superdex G-75 using FPLC system Acta Prime. Peaks were tested for their ability
to directly cleave fibrinogen. For this, the fraction with the lowest light absorption
at 280 nm was diluted 5 times and fibrinogen was added to its final concentration of
2 mg/ml. Other peaks were diluted an appropriate number of times so that all fractions were
commensurate. Incubation continued for 2 hours at a temperature of 37 °C. Hydrolytic products
were analyzed by SDS-PAGE. Enzyme-electrophoresis with fibrinogen co-polymerized in 12%
polyacrylamide gel was used for the identification of protein that can cleave fibrinogen.

Results. Venom of V. renardi was fractionated on 4 fractions using size-exclusion
chromatography. SDS-PAGE of fibrinogen hydrolysis products showed the presence of
fibrinogen-specific protease in the 1°* and 2" fractions of venom. 2™ fraction was much more
active and according to the data of enzyme electrophoresis contained protease with molecular
mass 25 kDa.

Discussion. Fibrinogen is a large blood plasma glycoprotein. When blood vessels are damaged,
a cascade of reactions is triggered, the final result of which is the transformation of fibrinogen
into fibrin, which polymerizes to form the core of a blood clot that terminates bleeding [4].
However, certain pathological conditions increase the risk of intravascular blood clotting which
affect the normal blood supply of tissues and can be a deadly threat. Therefore, the search for
proteases targeted fibrinogen and fibrin can be assumed as agents for direct defibrination [5].
The protease found in the present study effectively cleaves fibrinogen and can be tested for its
ability to act on blood clots in the bloodstream.

Proteases that exhibit fibrinogenolytic activity can also be tools for studying of the structure
and function of fibrin(ogen) molecule. Under the action of fibrinogenolytic enzymes we can obtain
fragments of the molecule which study can indicate the role of different sites in the functioning of
fibrinogen [6]. Therefore, the next stage of the study of the obtained protease will be the detection
of the hydrolysis point within the fibrinogen molecule, which will allow obtaining unique proteolytic
fragments.
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Enzyme-electrophoresis with fibrinogen co-polymerized in 12% polyacrylamide gel
of fraction with fibrinogenolytic activity of Vipera renardi snake venom (B):
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Conclusions. Fractionation of V. renardi snake venom allowed to detect a protease with apparent

molecular mass 25 kDa that can cleave fibrinogen molecule.

Key-words: proteases; fibrinogen; snake venom; vipera.
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To acquire the ability to metastasize, cancer cells undergo molecular reprogramming in the
course of epithelial-mesenchymal transition resulting in an increased motility and invasiveness [1].
Cells with elongated spindle-like mesenchymal phenotype require ECM-degrading enzymes, mainly
MMP-2 and MMP-9, to generate the path for migration. In our previous works we demonstrated
that overexpression of adaptor protein Ruk/CIN85 in breast cancer cells was associated with
their aggressive metastatic behavior [2, 3]. In this study we aimed to investigate the changes in
MMPs expression and activity as well as invasiveness of human lung adenocarcinoma A549 cells
with up-/down-regulation of Ruk/CINS85.

Methods. We used A549 cells with stable overexpression (subline RukUp) and knockdown
of Ruk/CIN85 (subline RukDown), as well as corresponding vector control sublines Mock and Scr.
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Cells were cultured in the complete DMEM medium under standard conditions. mRNA expression
levels were estimated by RT?2-PCR, enzymatic activity was assessed using gelatin zymography.
Invasiveness of cancer cells was studied using Boyden chambers coated with Matrigel.

Results. Analysis of mRNA expression of MMPs in RukUp and RukDown cells revealed that
MMP-2 and MMP-9 were preferentially overexpressed in RukDown cells, while RukUp subline did
not exhibit significant difference compared with corresponding control (Fig. A). These findings
were confirmed and complemented by study of enzyme activities. As can be seen from Fig. B, the
gelatinolytic activities of both MMP-2 and MMP-9 were dramatically increased in RukDown subline,
compared to respective control (Fig. B). Surprisingly, we revealed that MMPs regulation was
inversely correlated with invasion potential of Ruk/CIN85 up/down A549 cells. In particular, it was
established that invasiveness of RukUp cells was 2 times higher in comparison with respective control
subline. Alternatively, invasion ratio was significantly decreased in RukDown cells (0.5 times) in
comparison with control (Fig. C).

Discussion. In this study we found that expression level of Ruk/CIN85 in A549 cells is strongly
associated with opposite changes between their invasiveness and MMPs expression/activities. It is
known that the role of MMPs in carcinogenesis remains ambiguous. MMPs are involved in tumor
progression. In particular, MMP's associated degradation of ECM components modulates cancer
cells motility as well as leads to activation of proangiogenic factors in various cancerous tissues.
On the other hand, MMP-2/MMP-9 take part in digestion of plasminogen resulting in generation
of angiostatins (kringle—containing fragments of plasminogen) that could function as inhibitors of
angiogenesis and tumor growth in vitro and in vivo [4].

Conclusions. According to the data received, it is possible to suggest that up-regulation of
adaptor protein Ruk/CIN85 in A549 cells can lead to the very aggressive MMP-independent mode of
migration that rely on cycles of expansion and contraction of the cell body mediated by the cortically
localized actin and myosin [5].

Key words: Lung Adenocarcinoma; Motility; Invasion; Epithelial-Mesenchymal Transition; MMPs;
Adaptor Protein Ruk/CIN85.
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Rhodiola rosea is a medicinal plant, whose extracts extend lifespan of many animals. Ferulic acid,
one of the active components of R. rosea, has recently been shown to prolong lifespan in the nematode
Caenorhabditis elegans model [1]. Several studies have shown that active components of R. rosea
activate transcription factor FoxO (forkhead box O) [2, 3]. In turn, FoxO regulates expression of
genes encoding heat shock proteins, proteins involved in genome repair, autophagy, and antioxidant
defence, etc. Also, many anti-aging preparations were shown to activate autophagy [4].

The aim of our study was testing whether R. rosea extract and ferulic acid activate expression of
targets of FoxO, regulators of energy metabolism and autophagy in livers of young and old mice, and
to what extent the effects of R. rosea extract and ferulic acid on the genes studied coincide.

Methods. C57BL/6dJ mice were reared at 22 = 2 °C, 50-60% humidity, and 12/12 hour light/
dark cycle. All groups were reared on a standard chow (4.8% fats, 21.8% protein, and 3.9% fibre).
Experimental groups consumed water, supplemented with either sodium ferulate or R. rosea during
12 weeks prior sacrificing. The amounts of ferulate and R. rosea were adjusted to provide 4 mg of
phenol-containing substances per 100 g weight, for a mouse, for 24 hours. We tested three-month-old
(“young”) and twelve-month-old males (“old”).

The levels of messenger ribonucleic acid (mRNA) were assessed using AriaMx real-time
polymerase chain reaction (RT-PCR) instrument (Agilent). Ribonucleic acid was purified using the
Monarch Miniprep kit (New England BioLabs (NEB), T2010), complementary deoxyribonucleic acid
synthesis was performed using the ProtoScript II kit (NEB, E6560), and quantitative RT-PCR (qRT-
PCR) was performed using the Luna Universal kit (NEB, E3003). The expression of genes ATG5 (an
autophagy marker), HSPB8 (a small heat shock protein, an FoxO target), UCP2 (uncoupling protein 2,
a senescence marker), CDKN2 (cell cycle regulator, a senescence marker), PDK2 and PDK4 (pyruvate
dehydrogenase kinases 2 and 4, regulators of oxidative metabolism), and TFEB (transcription factor
EB, a transcriptional regulator of autophagy) was evaluated.

Results. Livers of young mice that consumed food supplemented with either sodium ferulate or
R. rosea extract had 3.2-fold and 3.6-fold higher levels of mRNA of the small heat shock protein
HspB8 than control mice, respectively (Fig. 1).

In old mice, the levels of mRNA for this protein were 3.3-fold higher in mice reared on the diet
containing R. rosea extract as compared with the control (Fig. 2). However, there was no significant
difference between control mice and those that consumed ferulate-supplemented food (Fig. 2).

In young mice, ferulate and R. rosea extract induced synthesis of mRNA of PDK4 by 4.3 and 6.6
times from the control level, respectively (Fig. 1). The difference in the levels of mRNA for PDK4
between control and experimental groups did not extinguish with age since old mice fed with ferulate
and R. rosea supplemented food had 5.6- and 6.3-fold higher levels of mRNA for PDK4 as compared
with the control (Fig. 2). Ferulate and R. rosea extract also affected the levels of mRNA of ATG5
and PDK2 in the livers of old mice. In particular, the levels of mRNA of ATG5 were 2.6- and 2.8-
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horizontal bars denote statistically significant differences (Duncan’s test, P < 0.05, n = 3)
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Fig. 2. Relative levels of mRNA of the genes studied in the livers of twelve-month-old mice consuming food
with or without sodium ferulate or R. rosea extract:
horizontal bars denote statistically significant differences (Duncan’s test, P < 0.05, n = 3)

fold higher in old mice consumed ferulate- and
R. rosea supplemented food, respectively, as
compared with the control. The levels of PDK2
were 1.5-fold higher in the livers of mice that
consumed ferulate-supplemented food than in
control mice.

Discussion. R. rosea preparations were
shown to increase expression of small heat
shock proteins [3]. This is confirmed by our
current data. In addition, we have shown
that R. rosea and ferulic acid may suppress
generation of adenosine triphosphate (ATP)
in the oxidative phosphorylation by increasing
expression of PDK2 and PDK4. In turn, PDK2
and PDK4 inhibit pyruvate dehydrogenase
complex (PDC). The inhibition of PDC blocks
entry of pyruvate into the tricarboxylic acid
cycle (TCA). Consequently, it suppresses
production of reducing equivalents required
for the operation of oxidative phosphorylation.
Decrease in production of ATP leads to

16

concomitant increase in the levels of adenosine
monophosphate, a well-known inducer of
autophagy [4]. Activation of autophagy
markers, such as ATG5, we observed in the
livers of old mice reared on the food with
ferulate and R. rosea.

Our data identify a set of molecular targets
that may account for the adaptogenic and anti-
aging properties of ferulic acid and R. rosea.
In addition, we have shown that R. rosea and
ferulic acid treatments do not affect such well-
known markers of aging as CDKN2, and do not
influence autophagy via TFEB.

Conclusions. Both, R. rosea extract and
one of its active components — ferulic acid —
promote increasing in the levels of mRNA for
genes HSPB8 and PDK4, coding for small heat
shock protein and pyruvate dehydrogenase
kinase 4, respectively. In old mice, R. rosea
promote expression of HSPB8, ATG5, PDK2,
and PDK4. Thus, ferulic acid and R. rosea exert
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similar effects on gene expression by supposed activation of heat shock response and autophagy, and
concomitant inhibition of mitochondrial metabolism via boosting expression of PDK2 and PDK4.

Key words: Rhodiola rosea; ferulic acid; mice; PDK4; autophagy; mRNA.
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In recent years, growing interest has been shown in the health advantages of broccoli sprouts
[6]. These juvenile plants, which are taken just a few days after germination, contain bioactive
substances that have been proven to offer a variety of health benefits. Sulforaphane has attracted
the most interest among these substances because of its powerful anti-cancer properties [2]. Studies
indicate that in addition to possibly protection against cancer, cardiovascular disease, diabetes,
and neurological diseases, broccoli sprouts may also have other health advantages [1]. The anti-
inflammatory effects of broccoli sprouts are thought to be mediated by several mechanisms.
Sulforaphane has been shown to inhibit the activation of NF-kB, a key regulator of the inflammatory
response, while glucoraphanin has been shown to enhance the production of anti-inflammatory
compounds such as interleukin-10 [4]. Kaempferol, another bioactive compound found in broccoli
sprouts, has been shown to inhibit the production of inflammatory cytokines [3]. Anti-inflammatory
properties of broccoli sprouts may help to attend inflammation-related oxidative stress that may
be beneficial for preventing and treating a range of diseases associated with development of both
inflammation and oxidative stress, in particular diet-associated obesity [6]. Therefore, the aim of our
study was to determine the ability of broccoli sprouts to influence the intensity of lipid peroxidation
in mice fed a high-calorie cafeteria diet [7].

Materials and Methods. In this study, C57BL/6J mice were used. Mice were divided in 4 groups.
The first group was the control group and was fed with a standard food. The second group was fed
with a standard food with the addition of broccoli sprouts (broccoli group). Mice of the third group
fed with a cafeteria diet, which consisted of 70% cafeteria food and 30% standard food (cafeteria
diet group). The fourth group was fed with a cafeteria diet with the addition of broccoli sprouts (5%
by weight). At the beginning of the experiment, the mice were 9 months old. The experiment lasted
4 months. During experiment body mass of mice was monitored.

In the end of the experiment, the mice were euthanased and organs were harvested to determine
the intensity of lipid peroxidation. The frozen tissues were homogenised in 96% ethanol at a ratio of
1:10, centrifugired for 10 min at 10,000 rpm, and supernatants were collected. For determinatiom
of lipid peroxides (LOOH), we used a method based on the ability of lipid peroxides to convert Fe?"
to Fe®'. Then Fe®" forms a complex with xylenol orange that absorbs light at 580 nm at low pH.
The reaction mixture contained coumene hydroperoxide (1 mM), FeSO,*7TH,0(1 M), xylenol (4 mM),
water and supernatant. Differences between groups were analyzed by Duncan’s test for multiple
comparision.

Results and Discussion. During the experiment, we monitored the changes in body mass of mice
fed with different diets and results are presented in Fig. 1.

Next, we measured levels of LOOH in cortex, hypothalamus and muscles for understanding
whether inflammatory and oxidative processes have begun. As we can see in Fig. 2, A, there was no
differences in LOOH levels in cortexes of mice from all experimental groups, but there was a tendency
to the lower content of LOOH in the brain of mice fed with cafeteria diet and broccoli.

Then, we decided to measure LOOH in hypothalamus (B) as an organ vulnerable for inflammation.
No statistical differences in levels of LOOH were found between groups, but LOOH levels tended to
the highest in the groups fed with broccoli sprouts alone and cafeteria diet.

18



Reviews

Body mass

Control

30

Broccoli
Cafeteria diet
Cafeteria diet+broccoli

RN,

1 1 1 1
0 5 10 15 20
Weeks
Fig. 1. Body mass of mice fed with different diets, n =7—8
A Cortex
B_
Em Control
'g 6 B Broccoli
= B Cafeteria diet
E 4 I Cafeteria diet+broccoli
T
8 2
-l
0_
B C
Hypothalamus Muscles
15+ 150
H z -
2 10+ 2 100 *
° °
E E
= =h
T 5. - o o
35 35 50
o (o]
- |
0- o

Fig. 2. Level of LOOH in cortex(A), hypothalamus (B), muscles (C)
n =7-8. Used Dunkan’s test.

A significant difference was observed in the muscles (C) between the broccoli sprout group and
the cafeteria diet + broccoli group. We also found a significant difference between the group fed with
the cafeteria diet and the cafeteria diet + broccoli, which may indicate protective effects of broccoli

on lipid peroxidation on cafeteria diet.

Conclusions
1. Mice fed with cafeteria diet and broccoli spouts had higher body mass than control mice fed

with standard group.
2. Hypothalamus of mice fed with standard diet with broccoli spouts or with cafeteria diet showed
a tendency to higher LOOH levels, whereas no effects of the diets were found on cortexes LOOH

levels.
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3. The cafeteria diet + broccoli group had the lowest muscle LOOH content compared to all other

groups. Also, LOOH levels tended to be lower in the cortexes in the hypothalamus of mice fed with
cafeteria diet + broccoli as compared with the cafeteria diet group. This suggests the potential
protective effects of broccoli spouts.

Keywords: broccoli; lipid peroxides; inflammation.
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Introduction. The fibrinogen molecule is a key protein in the haemostasis system, which is
converted by thrombin into fibrin that polymerizes and forms a highly complex supramolecular
structure [1]. This is done by stepwise cleavage of pairs of fibrinopeptides A (16 amino acid residues
at the N-termini of the Ao chains) and fibrinopeptides B (14 amino acid residues at the N-termini of
the Bp chains) by thrombin, as a result, polymerization sites “A” and “B” are exposed on the fibrin
molecule, while the complementary sites “a” and “b” that are located in the y- and B-nodules are
preexisted in the fibrinogen molecule [2].

The interaction of these sites, primarily “A:a”, leads to the formation of a protofibril, which
can be considered the first stage of fibrin polymerization. The second stage which is the lateral
association of protofibrils is driven by the interaction of “B:b” polymerization sites, aC-regions of
fibrin molecules and the interaction of D-regions of fibrin molecules that belongs to the neighbouring
protofibrils [1, 3, 4].

Model systems are one of the approaches to study the mechanism of fibrin self-assembly.
Experimental data obtained on such models can be used to elucidate the mechanisms of interaction
of individual functional domains of fibrin molecules and characterize the polymerization process in
general. Therefore, the aim of this work is to study the intermolecular interactions of fibrin with
D-domain-containing fragments of fibrin(ogen): D-dimer and D-fragment.

Methods. Human fibrinogen was obtained from the human blood plasma by salt extraction
using 16 % Na,SO,. The content of protein coagulated by thrombin — 96-98% . The precipitated
fibrinogen was diluted in 0.15 M NaCl, the solution was frozen and stored with —20 °C [5]. Fibrin
desAB was obtained by thrombin action on fibrinogen with following dissolving in 0.125 % acetic
acid. D-dimer and D-fragment of fibrin were obtained by plasmin hydrolysis of cross-linked fibrin
desAB or fibrinogen respectively with following purification using size-exclusion chromatography
on Sephacryl S-300 HR and characterized by SDS-PAGE.

Analytical size-exclusion chromatography for the detection of molecular complexes was
performed on the Sepharose 6B column (30x0.5 cm). Components of the analyzed mixture (0.8 ml)
were separated by standard chromatography protocol: speed of elution — 0.5 ml/min; collected
samples volume —0.5 ml. Optical density of collected samples was measured by spectrophotometer
POP (Optizen, Daejeon, Korea). Composition of each sample was analyzed by SDS-PAGE.
Relative amounts of studied compounds in samples were analyzed using densitometry of scanned
electropherograms with Totallab TL100 software [6].

Molecular modeling of complexes formed by fibrin desAB and its fragments were performed
using UCSF Chimera 1.16 on the basis on earlier developed protofibril structure [7]. This structure
was prepared for molecular docking by removing and truncating all chains except those belonging
to the sole molecule of fibrin and corresponding D-dimer, adding hydrogens with subsequent energy
minimization of the complex. The structure of the D-region (PDB ID:1LTJ) was prepared in the same
way. The protein-protein molecular docking was performed using HDOCK web server [8].

Results. To investigate the complex formation between fibrin desAB (fibrin with both cleaved
fibrinopeptides A and B) and its degradation products, we used size-exclusion chromatography,
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which allows separating different fractions of proteins depending on their molecular weight. It also
can be an option for evaluation if larger, high-affinity protein-protein complex is formed [9].

To verify and calibrate the retention volume of the mixture components: fibrin monomer and
fibrin(ogen) fragments, each component was applied to the column separately. The fibrin exit zone
corresponded to a volume of 7 ml, D-dimer to 8 ml, and D-fragment to 9.5 ml.

To obtain the fibrin-DD-D complex we have composed a mixture of fibrin desAB (1 mg/ml) with
D-dimer and D fragment in the molar ratio 0.8:1:1. Fragments were added to the 0.05 M Tris-HCl
buffer pH 7.4 with 0.4 M NaCl and 0.001 M CaCl,. Monomeric fibrin desAB dissolved in 0.125 %
acetic acid was added to the solution of fragments in a small volume. The mixture was applied to the
Sepharose 6B column after 30 min of incubation at ambient temperature. The elution profiles were
monitored and the composition of obtained fractions were analyzed by SDS-PAGE. The formation of
a stable ternary complex «desAB-DD-D» was observed using SDS-PAGE (Fig. 1).

1 2 3 4
FndesAB Sl s A

D-dimer — e

Fig. 1. SDS-PAGE of fractions eluted from the Sepharose
D-fragment il et BUESE U 6B column:

1 — mixture of purified fibrin desAB, D-dimer and
D-fragment that was applied to the column and was
used as a marker; 2 — fraction eluted at the volume

5.5 ml; 3 — fraction eluted at the volume 8 ml;

4 — fraction eluted at the volume 9.5 ml

In particular, the appearance of D- and DD-fragments in the elution zone of 5.5 ml, which does
not overlap with the elution zone of individual fragments (7.5—-9.5 ml), was detected, indicating
the formation of a ternary complex. Densitometry of electropherograms using TotalLab TL-100
demonstrated that the average densities of pixels in bands of fibrin desAB, D-dimer and D-fragment
were equal. It means that the ternary complex of fibrin desAB with D-dimer and D-fragment was
composed in the approximate ratio of fibrin desAB, D-dimer and D-fragment 1:1:1.

Molecular docking in the HDOCK software was used to establish the spatial arrangement of the
D-fragment in relation to the fibrin desAB molecule bound to the D-dimer. The theoretical binding
pose is shown in Fig. 2.

Discussion. For the first time, we have obtained the molecular complex of fibrin desAB, D-dimer
and D-fragment using size-exclusion chromatography.

Since protofibrils are formed due to intermolecular interactions of fibrin molecules: the central
E-region of one molecule interacts with the peripheral D-regions of the other two (DD-E triad), the
formation of the DD-E triad occurs primarily due to the interaction of the “A:a” polymerization
sites. Therefore, the complex formation of fibrin desAB with D-dimer is understandable and
occurs via the mentioned sites. However, the involvement of another D-region in the complex is
not obvious.

The main question raised is what sites of interaction are obedient for the involvement of the
D-dimer and D-fragment in fibrin desAB. There are several scenarios for how this interaction
occurs. The first possibility is that fibrin desAB binds to the D-dimer through the interaction of one

Fig. 2. Molecular complex of fibrin desAB
with D-dimer and D-fragment:
Green color refers to fibrin molecule,
red color — D-dimer
and yellow color -— D-fragment
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pair of “A:a” sites, while the second pair isinvolved in the binding of the D-region. Another variant
involves the interaction of two pairs of “A:a” sites belonging to fibrin desAB and D-dimer, and the
D-fragment is involved through the interaction of the “B:b” site. However, the fact that only one
D-fragment is involved remains unclear in this case, since there are two pairs of “B:b” sites. It is
possible that the attachment of the second D-fragment is impossible due to conformational clashes
caused by conformational changes in the ternary complex.

Conclusions. We obtained and characterized the ternary complex of fibrin desAB, D-dimer
and D-fragment by size-exclusion chromatography followed by SDS-PAGE. Further study of the
structure and properties of this complex may clarify certain issues related to fibrin polymerization,
namely the process of protofibril formation and their spatial branching.

Keywords: fibrin; D-dimer; D-region; fibrin polymerization; docking.
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Hemorrhagic action caused by phospholipases is the main toxic action of Vipera snakes’ venom
[1]. However, action on the proteins of blood coagulation system is also spread widely among these
toxins. Proteases with unique specificity are known tools for the studying structure and functions of
blood coagulation system proteins. Even venoms with prevalence of hemolytic or neurotoxic action
can contain a wide range of proteases that are of interest for biotechnology and drug development.

Aim. In this study we focused on the search of fibrinogen-targeted proteases in the venom of
Vipera lebetina.

Methods. Fractionation of the venom was performed using FPLC chromatographic system Acta
Prime on Q Sepharose. Analysis of protein mixtures was performed using SDS-PAGE. Action on
blood coagulation system was analyzed using APTT assay [2]. Proteolytic action on fibrinogen and
identification of protein components with fibrinolytic activity was performed using electrophoresis
of mixture of fibrinogen solution (2 mg/ml) with venom's fractions. For a comprehensive
evaluation of the effect of the obtained fractions on hemostasis, an original approach with modified
aggregatometry was used [3]. This approach made it possible to take into account the ability of
fractions to activate platelets, initiate blood coagulation, or inhibit platelet aggregation. Hemolytic
action of fractions was estimated using fresh human red cells. Amount of released hemoglobin was
estimated by spectrophotometry on Optizen POP.

Results. Crude venom of V. lebetina was fractionated using ion-exchange chromatography
on Q Sepharose. Elution was performed using a stepwise gradient of NaCl (0.1, 0.2, 0.3, 0.5, and
0.7 M NaCl)in 0.05 M Tris-HCI buffer at pH 8.3. Fractions eluted at 0.1 and 0.2 M of NaCl contained
several proteins with different molecular weights ranging from 75 kDa to low molecular weight
fractions according to the SDS-PAGE. In particular, it was necessary to isolate the major fraction
with a molecular weight of approximately 20 kDa in fraction 0.1. In fractions 0.3, 0.5, and 0.7,
proteins were present in small concentrations. Proteins that cleave a- and -chains of fibrinogen were
found in fractions 0.1 and 0.2, indicating the presence of an enzyme with fibrinogenolytic activity in
the venom of V. lebetina. The fractions 0.3, 0.5, and 0.7 did not show any significant fibrinogenolytic
activity. After platelet aggregation study we concluded that fraction 0.1 contained a protein with
fibrinogenolytic activity. An increase in platelet aggregation was observed for the fraction 0.2 after
the addition of ADP. This may indicate the presence of an active compound that promotes platelet
aggregation. Further research is necessary to determine its nature. Fractions 0.3, 0.5, and 0.7 had
no effect on platelet aggregation. A decrease in blood plasma clotting time in APTT to 5 s and 7 s,
compared to a control value of 70 s, was shown for fractions eluted at NaCl concentrations of 0.1 M
and 0.2 M, respectively. The fractions 0.3, 0.5 had only a slight effect on reducing blood plasma
clotting. A slightly increased level of hemolysis was shown in the presence of the unbound fraction
and the whole venom. It can be suggested that proteins with phospholipase activity are present in the
non-binded fraction.
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Results of the complex analysis of Vipera lebetina snake venom fractions fable
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* — NB is the fraction that did not bind to the Q sepharose under present conditions. 0.1, 0.2, 0.3, 0.5, 0.7 —
fractions eluted at a NaCl concentration of 0.1, 0.2, 0.3, 0.5, and 0.7 M NaCl M respectively).

Discussion. Thus, during the study we demonstrated the presence of proteins in V. lebetina venom
with fibrinogenolytic activity and proteins that initiate the plasma coagulation time in the APTT test
and may have properties of a thrombin-like enzyme or prothrombin activator. Based on our findings,
V. lebetina venom can be used as a source for obtaining proteins with thrombin-like or prothrombin
activating effects (Table 1). Also, we have to keep in mind that several purified snake venom
proteins have become significant devices in fundamental exploration and in diagnostic procedures
in hemostasis study. That is why further studies of fibrinogen-specific proteases of these species’
venoms are promising.

Conclusions. Thus, fibrinogen-specific proteases, hemolytic agents, activators of blood clotting were
found in the venom of Vipera lebetina. Most of these compounds must to be purified and can be used for
basic biochemical research.

Keywords: snake venom; Vipera lebetina; fibrinogenolytic action; protease, APTT; aggregatometry;
hemostasis.
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Consumption of hypercaloric food leads to increased production of reactive oxygen species (ROS)
with the development of oxidative stress resulted in obesity and various metabolic disorders.

Broccoli sprouts may have a potential protective effect against obesity and its comorbidities
because of high content of bioactive compounds, such as phenolic compounds and isotiocyanate
sulforaphane. Sulforaphane is intensively produced in 3-5 day-old broccoli sprouts. This
compound was found to be an activator of the Nuclear factor, erythroid 2 like 2 (Nrf2). Nrf2 is
transcription factor that inhibits proinflammatory processes and stimulates antioxidant defense
mechanisms. Nrf2 targets are glutathione-dependent genes of glutathione-S-transferase (GST)
and glutathione peroxidase (GPx). These enzymes use glutathione to neutralize ROS. They form
second line of antioxidant defense against oxidative stress while superoxide dismutase (SOD)
and catalase are primaly antioxidant enzymes.

The purpose of this work was to investigate effects of the consumption of broccoli sprouts on the
activity of antioxidant defense enzymes in the liver of mice fed with a cafeteria diet.

Methods. Eight-month-old C57BL/6J males were divided into 4 groups. First group (Control)
consumed basal feed. Second group (Broccoli) consumed basal feed with 5% (w/w) 3-day-old broccoli
sprouts (Brassica oleracea var. Italica, sort Calabrese). Third group (Cafeteria Diet) consumed a
cafeteria diet which consisted of 70% (by mass) products of human ration (peanuts in chocolate,
milk chocolate, chocolate cracker) and 30% of basal feed. Fourth group (Cafeteria Diet + Broccoli)
consumed combination of a cafeteria diet and broccoli (5% of total food). After 16 weeks mice
were euthanized according to bioethics norms with CO, anesthesia, murine liver was dissected and
frozen in liquid nitrogen.

Frozen tissue was homozeniged in lysis buffer, centrifuged and resulted supernatants
were used for analysis. Activities of enzymes were determined by using electrophoresis in
polyacrylamide gel by the method of Ramesh et al. [1]. After electrophoresis we conducted dyeing
of separate gels for detection of superoxide dismutase (SOD), glutathione-S-transferase (GST) or
glutathione peroxidase (GPx) isoforms. Identification of SOD isoforms was carried out by the
method of Beauchamp and Fridovich [2]. GST isoforms were detected by the method of Ricci
et al. [3]. GPx isoforms were identified by the method of Lin et al. [4]. After photo fixation of
gels, we determined activity of each isoform densitometrically using ImagedJ software. Results
were statistically analyzed by ANOVA followed by post-hoc Tukey’s test. Data are presented as
mean+=SEM.

Results. In the hepatic tissue of all four groups of mice, two isoforms of SOD (SOD1 and SOD2)
were detected in gels. The intensity of the bands of both isoforms was not significantly different
between groups (Fig. 1). Three isoforms of GST (GST1, GST2, GST3) were detected in the liver
samples. The activity of GST1 did not significantly differ between the experimental groups (Fig. 2).

26



Conference abstracts

A Control Broccoli Cafeteria Cafeteria
Diet Diet+Broccoli

SOD1
SOD2

O Control
B Broccoli
B Cafeteria Diet

B Cafeteria Diet +
Broccoli

SOD1 SOD2

Fig. 1. Electrophoretic dyed gel pattern (A) and the in-gel activity (B) of SOD isoforms in the murine liver
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Fig. 2. Electrophoretic dyed gel pattern (A) and the in-gel activity (B) of isoforms of glutathione-S-transfer-
ase (GST) in murine liver, n = 3:
* — significantly different from the control group, # — significantly different from the Broccoli group

Activities of GST2 and GST3 forms were significantly higher in the group “Broccoli” compared to
Control and Cafeteria Diet groups (Fig. 2).

Weidentified three isoforms of glutathione peroxidase (GPx1, GPx2, GPx3) in liver samples.
The activity of GPx isoform 1 was not significantly different between the experimental groups
(Fig. 3). The activity of GPx2 was significantly higher in the group of mice that consumed Broccoli
and Cafeteria Diet + Broccoli compared to Control. GPx2 activity was significantly higher in the
Broccoli group compared to the Cafeteria Diet group. Activity of GPx3 was significantly higher
in the Broccoli group compared to the Control and Cafeteria Diet group (Fig. 3).

Discussion. We expected that both cafeteria diet and brocolli spouts would modulate
antioxidant enzyme activities in mouse liver, as it was observed in rats fed high-calorie diet with
antioxidant plants [1].
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Fig. 3. Electrophoretic dyed gel pattern (4) and the in-gel activity (B) of isoforms of glutathione peroxidase
(GPx) in murine liver, n = 4:
* — significantly different from the control group according, # — significantly different from the Broccoli
group

In our study, enzymes activities were not significant different between control mice and mice
fed with cafeteria diet. However, we found an improvement in the functioning of GST2 and GST3
in Broccoli group compared to Control and Cafeteria Diet groups. We may explaine this fact as
a result of Nrf2 activation by sulforaphane from broccoli and stimulation of GST2 and GST3
synthesis to neutralize ROS. GPx2 and GPx3 activities were significantly higher in Broccoli
group, similarly to GST2 and GST3. The activity of GPx2 in Cafeteria diet + Broccoli group was
significantly higher in compare to Control group.

We proposed that during healthy condition and obesity bioactive compound of broccoli
sulforaphane had activated Nrf2. Nrf2 in priority increased expression of GST and GPx genes as his
targets for antioxidant defense and left SOD without expression. This hypothesis would be tested
and supplemented by determination of other antioxidant enzymes and Nrf2 targets.

Conclusions. Cafeteria diet did not significantly affect the activity of SOD isoforms, but led to
redistribution of in the activity of GST and GPx isoformsin murine liver. Feeding with broccolispouts
significantly increased the activity of 2 and 3 isoforms of GST and GPx in murine liver compared to
values in control mice and mice fed with cafeteria diet. Combination of Broccoli + Cafereria diet had
small activating effects on antioxidant enzyme acivity, compared with cafeteria diet.

Key words: obesity; cafeteria diet; Nrf2; broccoli; antioxidant enzymes.
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Fibrin polymerization is a crucial process of blood clotting that provides the three-dimension core
for the blood thrombus. The main approach of studying fibrin polymerization is still turbidimetry
based on light absorption of fibrin solution. It allows to estimate both stages of fibrinogen-fibrin
conversion. The initial one, which proceeds without any change of turbidity, reflects the process
of protofibril formation, and the second stage of lateral aggregation, is characterized by the rise of
turbidity [1]. This method is simple and useful. It allows to estimate the effects of exogenous factors
of fibrin polymerization as well as the changes and blood plasma ability to coagulate in pathological
conditions.

However, this method has several limitations. First of all, the lag-period of turbidity curve can
indicate both inhibition of protofibrils formation and their self-assembly. Also, the final turbidity of
the clot is strongly dependent not only on the effectiveness of clotting, but also on the structure of the
clot that was obtained. Thick fibrils can be more transparent than the network of thin pathological
fibrils. Only confident way to analyze the structure and the mechanisms of formation of fibrin clot is
the transmission electron microscopy (TEM) [2].

Aim. The purpose of our study was to compare the structure of clots formed as a result of
thrombin-induced fibrin polymerization in the presence or absence of monoclonal fibrin-specific
antibodies fragments as factors that change the clot structure. We concentrated on the final stage of
fibrin clot formation at maximal turbidity point for every sample.

Methods. Fibrin polymerization was studied by transmission electron microscopy (TEM) of
negatively contrasted samples on H-600 Transmission Electron Microscope (“Hitachi”,Japan); 1%
water solution of uranyl acetate (“Merck”, Germany) was used as a negative contrast. For sample
preparation, in sterile glass tubes were sequentially added 0.32 mg/mL human fibrinogen, 0.025 M
CaCl, in 0.05 M ammonium formiate buffer (pH 7.9), and a total sample volume was 0.22 mL. The
polymerization of fibrin was initiated by the introduction of thrombin at a final concentration of
0.25 NIH/mL. After 180 s, aliquots were taken from the polymerization medium. Each aliquot was
diluted to a final fibrinogen concentration of 0.07 mg/mL; 0.01 mL probes of fibrinogen solution
were transferred to a carbon lattice, which was treated with a 1% uranyl acetate solution after 2 min.
Investigations were per-formed using an H-600 electron microscope at 75 kV. Electron microscopic
images were obtained at magnification of 20,000-50,000 [3].

Results. Two monoclonal antibodies fragments were obtained towards the mixture of separated
Aa-, BB- and y-chains of fibrinogen. Antibodies fragments that were marked as III-1D and I-4A, had
different epitopes within fragment Aa 105—206 of D-region of fibrinogen.

It was shown that addition of antibody fragment I-4A lead to formation of abnormal fibrils that
were thinner than in the control sample and were organized in the dense network (Figure). Control
sample exhibited the thick fibrils with well-structured classically organized network. The difference
between control and I-4A samples demonstrated that antibody I-4A disrupted the structure of
polymerized fibrin. In the same time the fibrils obtained in the presence of antibody fragment III-1D
were closer to the control ones (Figure).

Discussion. TEM allowed to demonstrate the difference in the action of antibody fragments III-
1D and I-4A on thrombin-induced fibrin polymerization. Despite that fact that these antibodies
fragments were targeted to the same zone Ao 105-206, they acted on the process in a different
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Figure. Electron microscopy of polymerized fibrin
at a point of maximal turbidity:
III-1D — in the presence of monoclonal anti-A®105-206 anti-
body fragment III-1D;
I-4A — in the presence of monoclonal anti-Aco105-206 anti- Control
body fragment I-4A;
control — without addition of monoclonal antibodies frag-
ments

manner. This fact allowed us to assume the different functional properties of sites that correspond
to the epitope of the studied antibodies fragments.

Conclusions. TEM is an informative method for the study of the fibrin network formation. Its
application allows to estimate the disruption in fi brin formation directly. In a combination with
turbidity study and other functional tests TEM can provide important information about molecular
mechanisms of clot formation.

Key words: fibrin; TEM; fab; polymerization; fibrils; antibody fragment.
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The drug repurposing, which is the search of new applications for known bioactive compounds,
has apparent benefits (e.g., cost efficiency, development risks, and time reduction) as compared to
the traditional de novo drug design making it common for different research fields including the
biological drug discovery [1]. The nematocide and insecticide ivermectin (IVM) is considered a wide
spectrum agent, which makes it a perspective candidade for repurposing [2]. Although the structure-
activity relationships of IVM interactions with its traditional targets of Cys-loop receptors family
are studied [3], their structural patterns have not been described yet. The knowledge of structural
patterns, which are groups of residues related spatially and by physico-chemical properties, with
high affinity for IVM functional groups can be used to find local similarities in active sites of IVM
potential targets when the direct alignment of sites cannot be implemented due to the evolutionary
distinction between known and potential targets [4].

Aim. To determine the structural patterns of IVM allosteric interaction with residues of its
binding site located in the transmembrane domain of a-homopentameric glutamate-gated chloride
channel (GluCla) of Caenorhabditis elegans.

Methods. To consider different conformational states of IVM binding site two complexes of IVM
bound to C. elegans GluCla (each with five site conformations) with identifiers SRHW (https://doi.
org/10.2210/pdb3RHW /pdb) and 3RIF (https://doi.org/10.2210/pdb3RIF/pdb) were obtained from
PDB[5]. The structures were examined in Analyzer Mode of SeeSAR v.12.1.0, in which contributions
of IVM atoms into the complex affinity and their interactions with site structural patterns were
determined for each site conformation using the HYDE scoring function [6]. The residues belonging
to identified structural patterns were classified by their properties using the Taylor’s classification
of amino acids [7].

Results and Discussions. The binding site of IVM on cys-loop receptors including GluCla is
located in the interface between transmembrane domains of (+) and (—) subunits and is formed by
M2, M3, and M2-M3 of (+) subunit and M1 of (-) subunit (Fig. 1, A). As it is demonstrated on the
Fig. 1, B, IVM is composed of the 16-membered heteromacrocyclic ring fused with the spiroketal and
benzofuran groups, and linked with the disaccharide group.

According to the results, the benzofuran group is critical for IVM recognition and binding: it
interacts with the T-A-S-N-D-I-L-Q-I-P pattern, which is formed by T257, A258, S260, and N264
of M2, D277 and 1280 of M3 of (+) subunit and L218, Q219, 1222, P223 of M1 of (-) subunit
(Fig. 2, A). Due to the size and hydrophobicity of macrocycle, its different parts interact with
residues of all site-forming structural elements mentioned above resulting in the V-I-G-A-M and I-V-
D-L patterns demonstrated on the Fig. 2, B, C. While the V-I-G-A-M pattern is formed by the residues
of (+) subunit (V278, 1280, G281, A282, and M284 of M3), the I-V-D-L pattern contains residues of
both subunits: 1273 of M2-M3, D277 and V278 of M3 of (+) subunit and L.218 of M1 of (-) subunit.
Finally, the spiroketal group interacts with M-T-F-C-M-I of (+) subunit (M284, T285, and F288 of
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Fig. 1. The binding site of IVM on GluCla (A) and the bioactive conformation of IVM (B) visualized
using the UCSF ChimeraX v. 1.5 [8]

M3) and (-) subunit (C225, M226, and 1229 of M1) (Fig. 2, C). As opposed to other functional groups,
the disaccharide is located outside of the binding site pocket. It interacts with 1273 of M2-M3 of (+)
subunit and L217, L218, and 1222 of M1 of () subunit; however, considering that these residues
are not united spatially, no pattern for the disaccharide can be determined based on the structural
information which was analyzed. The determined structural patterns of IVM allosteric interaction
with GluCla can be used in search of IVM binding site on its potential targets, in the development

of hypotheses of IVM binding to identified sites, and to rationalize the drug design of new GluCl
ligands.
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Fig. 2. The identified structural patterns with high affinity for IVM functional groups:
A — T-A-S-N-D-I-L-Q-I-P; B — V-I-G-A-M; C — I-V-D-L; D — M-T-F-C-M-I:
the physico-chemical properties of their residues, which were determined based on the Taylor’s classification
of amino acids, are represented on the respective graphs
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Conclusions. The structural patterns with high affinity for IVM functional groups have been
determined based on the results of HYDE assessment and visual analysis of IVM-GluCla complexes
and the possible implementations of patterns knowledge have been described. The identified patterns
can be further corrected and extended using the structural information of other IVM targets
deposited in PDB.

Key words: ivermectin; drug repurposing; Caenorhabditis elegans; glutamate-gated chloride
channels; in silico molecular modeling.
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Anemia is one of the most widespread animal diseases. It is not an exception for dogs in which
the development of hemolytic anemia occurs against the background of babesiosis [1]. Studying
the features of the development and treatment of hemolytic anemia in dogs is an urgent problem
in veterinary laboratory practice [2]. At this stage, it is important to understand the specifics of
treatment and their impact on improving the animal’s condition and recovery.

Aim. To investigate the development and treatment with imidopyran and prednisolone of
hemolytic anemia in dogs caused by the protozoan parasite Babesia canis.

Methods. 17 domestic dogs weighing 5-10 kg aged 2—-5 years were used for the study. The
parameters of the general blood analysis were determined using the MicroCC-20 Plus automated
hematology analyzer (HTI, USA). Microscopy with a Leica DM4 electric microscope (Germany) was
carried out to study the condition of erythrocytes, counting the number of leukocytes and platelets.

Results. The main indicator of the development of anemia in animals is the number of
erythrocytes, hemoglobin, and hematocrit. Development of babesiosis lead to the hemolytic anemia
investigated in dogs before treatment: the number of erythrocytes lower than normal by 20-30%,
the level of hemoglobin 40—-55% , the average concentration of hemoglobin in erythrocytes 10-18%,
hematocrit 20-30% and the number of platelets 40—-50% .

he main period of the treatment of babesiosis in dogs is the first 24 hours with imidopyran
(Arterium, Ukraine, dose 7 mg/kg) and prednisone (Darnytsia, Ukraine, dose 2.2 mg/kg) with
simultaneous use in the form of injections that improved all parameters of the general blood test.
The number of erythrocytes increased from the previous results by 15-20% (Fig. A), the level of
hemoglobin by 10-15%, the average concentration of hemoglobin in erythrocytes by 5-10%,
hematocrit by 22% (Fig. B) and the number of platelets by 10-15%.
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Figure. Values of erythrocytes (4) and hematocrit (B) in the dog's blood before
and after treatment with imidopyran and prednisolone
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Conclusions. The results of the study showed that treatment with imidopyran and prednisolone
is effective in cases of babesiosis for dogs caused by the protozoan parasite Babesia canis. Moreover,
such treatment decreases the risks of the anemic state development for these animals.

Keywords: canine anemia; hemorrhagic anemia; imidopyran; prednisone; babesiosis.
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Disorders of hemostasis system during gestation period is worldwide problem that influence,
more or less, life of approximately 1/8 pregnant women [1]. The application of different methods
to study problems that occur during pregnancy will allow defining and solving the risks during
this period and give solutions for the preventing of complications. Elevated platelet function is
an important part of pathogenesis of placenta dysfunctions and also a risk-factor for thrombotic
events during pregnancy.

The issue of resistance to the most important antiplatelet drugs remains quite relevant. Aspirin is
the most important antiplatelet agent in obstetrics, which has been proven as a means of preventing
vascular-placental complications. At the same time, aspirin, as the gold standard of antiplatelet
strategy, does not show the expected antiplatelet effect in 5-40% of patients [2]. Therefore, the
search for new effective antiplatelet drugs and controlled antithrombotic prophylaxis to prevent
placenta-associated pregnancy complications is an important task.

Aim. In our work, we studied platelet aggregation in blood plasma of pregnant women and
estimated the possibility of ex vivo normalization of aggregation rate using a polypeptide from
the Echis multisquamatus snake venom. Previous reports demonstrated that it directly interacts
with glycoprotein IIb/IIIa receptors on the surface of platelets, preventing their adhesion, thereby
affecting the degree of aggregation [3].

Methods. Crude venom of Echis multisquamatus was fractionated using ion-exchange
chromatography followed by size-exclusion chromatography on Superdex 75 using the FPLC
system (AKTA, GE Healthcare, USA). Analysis of molecular weight of protein components was
performed using SDS-PAGE. The concentration of protein was measured using spectrophotometer
Optizen POP (Korea) at 280 nm. The ability of obtained protein to inhibit platelet aggregation was
measured directly by aggregometry. Blood samples of women with placental disfunction during
pregnancy (n = 28) were kindly provided by “Perinatal Center of Kyiv”. This study was approved
by the Ethics Commission of the Shupyk National Medical Academy of Postgraduate Education
and the Ethics Commission of the Kyiv Perinatal Center (# 3 from 05/05/2020). Aggregation of
platelet-rich plasma (PRP) induced by ADP was investigated using aggregometry on the AP 2110
(Solar, Belarus). We compared the rate of platelet aggregation in the presence vs absence of platelet
aggregation inhibitor.

Results. Two-step chromatography protocol allowed us to obtain the polypeptide from the
venom of Echis multisquamatus that possessed the anti-aggregatory action. SDS-PAGE analysis
confirmed the homogeneity of obtained polypeptide with apparent molecular weight 14 kDa that
corresponds to the platelet aggregation inhibitor reported earlier [3]. Initial studies of ADP-
induced platelet aggregation allowed selecting active concentration for the effective inhibitory
action as 0.02 mg/ml.
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Figure. ADP-induced aggregation of platelets in the platelet rich blood plasma of pregnant women
with complicated pregnancy:
1 — with adding of integrin receptors antagonist, 2 — control sample

Platelet aggregation in platelet rich plasma of pregnant women was measured immediately after
blood collection. Polypeptide was added to the PRP at the final concentration 0.02 mg/ml. Platelets
were activated by ADP immediately after that without pre-incubation. Inhibitory effect of studied
polypeptide was shown for all analyzed samples of platelet rich blood plasma without the exceptions
(Figure). In particular, it inhibited ADP-induced platelet aggregation in the range of 30-60%.

Discussion. Integrin receptors antagonists bind to receptors mainly through tripeptide motifs
RGD [4]. Drugs based on RGD-containing snake venom disintegrins effectively inhibit platelet
aggregation by blocking binding between neighboring platelets through its main ligand fibrinogen
[5]. Effective inhibitory effect on platelets aggregation provides new opportunities for the use of
disintegrins to develop the universal anti-aggregatory approaches that can be effective independently
of individual peculiarities of patients. Taking into account the fact that integrins function not only
as intercellular adhesive receptors, but also as cell-substrate receptors and are of great importance
in the migration of leukocytes to the center of inflammation, further studies of anti-integrin agents
in patients with vascular-placental complications, when the processes of sterile inflammation in the
placenta are activated [6], look quite attractive.

Conclusions. Platelet aggregation inhibitor from Echis multisquamatis snake venom of can be
assumed as the effective agent that reduce the rate of platelet aggregation. We demonstrated it
efficacy in platelet rich plasma of pregnant women that had placenta dysfunction. The use of direct
antagonist of platelet integrin receptors was assumed as the prospective approach for suppressing of
platelet reactivity in particular during complicated pregnancy.

Key words: snake venom; disintegrin; aggregation of platelets; pregnancy; glycoprotein IIb/IIIa.
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Bacterial lipopolysaccharide (LPS) induces the formation of nitric oxide (NO) and
proinflammatory cytokines by activating nuclear factor kB (NF-xB) signaling pathways through toll-
like receptor 4 (TLR4), which leads to destruction of periodontal soft tissues, including resorption
of alveolar bones [1]. The Scientific School of Professor Tarasenko L.M. substantiated biochemical
mechanisms of stress-induced periodontal tissue damage [2]. Chronic stress leads to an imbalance
in the immune homeostasis of periodontal tissues, which can lead to the development of chronic
periodontitis and/or increase the destruction of biopolymers of periodontal tissues [3].

Glucocorticoids, which are released during chronic stress, can bind to activated NF-xkB —
inactivating its action, increase the transcription of the IkBo gene, which binds to activated NF-«xB,
blocking its effect on DNA sites [4].

Aim. To evaluate the activity of NO-synthase isoforms, the concentration of peroxynitrites and
nitrosothiols in the soft tissues of the periodontium of rats under the conditions of modeling chronic
stress against the background of lipopolysaccharide-induced inflammation.

Methods. Experimental studies were performed on 24 male Wistar rats weighing 190—-240 g. The
animals were divided into 4 groups: 1 — control, 2 — chronic stress (ChrStr group), animals were
kept above water for 1 hour every day for 30 days, 3 — animals that were intraperitoneally injected
with 0.4 ng/kg of bacterial LPS of S. typhi (pyrogenal) (LPS group) according to scheme described by
Mykytenko A.O. et al. [5]; 4 — animals that were simultaneously simulated chronic stress as in group
2 and administered LPS as in group 3 (ChrStr+LPS). The activity of inducible NO-synthase (iNOS),
constitutive NO-synthase (cNOS) (Yelinska A.M., 2019), the concentration of nitrosothiols (S-NO)
(Gaston B., 1993), and concentration of peroxynitrites of alkali and alkaline earth metals (ONOO")
(Akimov 0.Y., 2016) were studied in the homogenate of the periodontal soft tissues of rats. The
obtained results were subjected to statistical processing using the Mann-Whitney test.

Results. The activity of iNOS in the soft periodontal tissues of rats under chronic stress simulation
conditions was increased 1.44 times compared to control group. The activity of iNOS under the
conditions of LPS administration was increased 3.88 times compared to the control group. The
activity of iNOS under the conditions of combined exposure to chronic stress and LPS was increased
1.95 times compared to the control group (Fig. 1, A).

The activity of ¢cNOS in the soft periodontal tissues of rats under chronic stress simulation
conditions was decreased by 1.04 times compared to the control group. Activity of ¢cNOS in the
periodontal soft tissues of rats under the conditions of LPS administration was increased 3.03 times
compared to the control group. Activity of eNOS under conditions of combined exposure to chronic
stress and LPS was increased 1.53 times compared to the control group (Fig. 1, B).

The concentration of ONOO™ in the soft periodontal tissues of rats under chronic stress simulation
conditions was increased 1.46 times compared to the control group (Fig. 2, A). The concentration
of ONOO™ under the conditions of LPS administration was increased by 1.12 times compared to the
control group. The concentration of ONOO™ under conditions of combined exposure to chronic stress
and LPS was increased by 1.39 times compared to the control group.

The concentration of nitrosothiols in the soft periodontal tissues of rats under the conditions
of chronic stress simulation was decreased by 6.03 times compared to the control group (Fig. 2, B).
The concentration of nitrosothiols in the periodontal soft tissues of rats under the conditions of LPS
administration was decreased by 2.73 times compared to the control group. The concentration of
nitrosothiols under conditions of combined exposure to chronic stress and LPS was decreased by
3.15 times compared to the control group.
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Discussion. The combined effect of chronic stress and bacterial LPS increases iNOS activity
relative to the control group due to the interaction of LPS with TLR 4 and the induction of iNOS
expression [6]. The combination of chronic stress and bacterial LPS introduction leads to limitation
of LPS-induced increase in ¢cNOS and iNOS activities. Simultaneous decrease in cNOS and iNOS
activities, observed in this group can lead to lowered concurrence of these enzymes for the substrate
of reaction, which in turn decreases chances for ¢cNOS uncoupling. However, the state of ¢cNOS
coupling with substrate in our study was not investigated and requires further research. Increase
in ONOO™ concentration creates a threat of nitrosative stress development, while decrease in S-NO
concentration may lead to microcirculatory disfunction in soft periodontal tissues.

Conclusions. The combined effect of bacterial lipopolysaccharide and chronic stress leads to
increased production of nitrogen monoxide from inducible NO-synthase and elevates concentration
of reactive forms of nitrogen, which creates possibility for development of nitrosative stress in the
soft periodontal tissues.

Keywords: chronic stress; lipopolysaccharide; nitrogen monoxide; periodontal soft tissues.
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One of the most lethal types of cancer in the world is non-small-cell lung carcinoma (NSCLC). This
is due to diagnosing of lung cancer mainly at advanced stages associated with increased resistance
of cancer cells to traditional anticancer chemotherapeutic drugs as well as their high metastatic
potential [1]. We previously showed that overexpression of the adaptor protein Ruk/CIN85 in
breast cancer cells is associated with their malignancy and increased chemoresistance [2, 3]. To
promote survival under the treatment with anti-cancer drugs, cancer cells dynamically change their
metabolism.

Aim. The purpose of the present study was to find out the role of Ruk/CIN85 in modulation of
activities/content of key enzymes/components of glycolysis and hydrogen peroxide using as a model
human NSCLC MOR wild type and resistant to drugs MOR/0.2R cells.

Materials and Methods. MOR (ECACC 84112312) and MOR/0.2R (ECACC 96042335), drug-
resistant cell line, were cultured in the complete RPMI medium under standard conditions. Enzymes
activity, content of metabolites and protein in cell extracts and the conditioned cell culture medium
were estimated by spectrophotometric and fluorometric assays.

Results and Discussion. First of all, by using RT2-PCR it was revealed that the level of Ruk/
CIN85 mRNA in drug-resistant MOR cells was 10 times higher than in parental MOR cells. As can
be seen from Fig. A, B, the high expression level of Ruk/CIN85 in MOR/0.2R cells was related to the
increased activity/content of markers of aerobic glycolysis (known as the Warburg effect), lactate
dehydrogenase A (LDHA) and lactate as well as marker of chemoresistance of cancer stem cells,
aldehyde dehydrogenase (ALDH), as compared to control. The activities of lysyl oxidase (LOX) and
diamine oxidase (DAQO) were also significantly higher in resistant cells (Fig. C). It has been shown
that these enzymes are associated with aggressiveness of tumor cells. In particular, the activity of
LOX is related to the increased degree of stiffness of the extracellular matrix, while the activity of
DAO isinvolved in the control of cell proliferation [4, 5]. Significant increase in the level of hydrogen
peroxide in the MOR/0.2R cells (Fig. D) may be, at least partially, associated with increased activities
of amine oxidases studied as one of the products of the enzymatic reaction. Based on the obtained
results, we draw a conclusion that observed changes in the intensity of glycolysis, amine oxidases
activities and content of hydrogen peroxide in doxorubicin-resistant MOR/0.2R cells positively
correlate with the expression level of the adaptor protein studied.

Conclusions. In conclusion, it can be assumed that the adaptor protein Ruk/CIN85 is involved in
metabolome reprogramming and may function as an important component of regulatory networks
required for the acquisition of drug resistant phenotype by NSCLC cells.

42



Conference abstracts

X aWT oOR 37 ALDH activity .
@ A - I
B £
= : E. 1l
g Tc
3 22
T 1 - =g 4
o n O
[
°© 1
=
=
0 =] 0 =1 T
LDHA activity Lactic acid content R
B 3 - D
BWT OR 5 - H.O.content
I.6 *®
2 * = 4 -
22 § *
§ # DE 5.
2 = E
E E o 2 -
o 1 - °
x E
X 1 4
-,
0 - : ‘ 0- .
LOX DAO WT R

Figure. Increased level of adaptor protein Ruk/CIN85 in MOR /0.2R cells positively correlates with metabol-
ic parameters that potentially ensure their chemoresistance:
M=m,n=38,*% — P <0.05 compared to the corresponding control

Key words: non-small-cell lung carcinoma (NSCLC); adaptor protein Ruk/CIN85; chemoresistance;
metabolome reprogramming; metabolic enzymes; hydrogen peroxide.
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Nutrition during early stages of development has a strong long-term impact on the adult organism
in Drosophila and rodents [1-3]. Numerous studies showed, that the effects caused by parental diet
could be transmited through generations and modulate lifespan and metabolism in their offspring
[1, 4]. Epigenetic control is the most plausible mechanism to explain the effects of parental or
developmental nutrition on offspring life-history traits [2, 5].

Aim. In the present work, we aimed to investigate how starvation during early stage of fly
development affects carbohydrate metabolism in imago flies and their progeny of F1 generation.

Methods. Wild-type Canton-S strain Drosophila melanogaster flies were used in all experiments.
Flies aged 5—6 days were subjected to two-hours eggs-laying on the standard medium composed
of sucrose — 5%, yeast — 5%, agar-agar — 1%, nipagin — 0.18% and reared at 25 °C, relative
humidity of 60—70% on a 12 h day/night cycle [6]. After 72 hours of development, we selected third
instar larvae and placed them on Petri dishes filled with agar-agar (1% ). Experimental larvae were
subjected to six-hours starvation, control larvae were not subjected to starvation. Next, larvae
were transferred into plastic tubes with standard medium. The four-day-old flies of the parental
generation were divided into two subgroup cohorts. One cohort was frozen in liquid nitrogen for
biochemical assays. The rest of the parental flies were combined for mating and egg laying. Offspring
F1 larvae were allowed to develop on regular food. The 5-day-old offspring were frozen in liquid
nitrogen for biochemical measurements. Flies of parental and offspring generations were used for
the determination of glycogen and glucose content using the diagnostic kit Glucose-Mono-400-P
according to the manufacturer’s instructions.

Results represent as the mean = SEM of 3—4 replicates per group. Asterisk indicates a significant
difference between groups with p < 0.05 according Student’s ¢-test. Graphing and statistical analysis
were performed by using GraphPad Prism.

Results. Starvation during development significantly influenced the level of hemolymph and body
glucose in imago flies of parental generation. Hemolymph glucose concentration was lower by 34%
(p =0.008) and 32% (p =0.033) in experimental females and males, respectively, as compared to
control groups (Fig. A). Starvation during development led to lower level of body glucose in adult
parental flies of both sexes (Fig. B; p = 0.015; P = 0.004). Adult males F1, generated by parents that
were starved during development, showed 3-fold lower glycogen content, as compared to control
(Fig. F; P =0.001).

Discussion. Here we showed that, starvation during early development modulate the metabolic
profile of adult flies. Previous study showed that high-carbohydrate developmental diet led to
increase in hemolymph glucose concentration in imago flies [3]. Moreover, larval starvation can
determine the feeding behavior of both larvae and adult Drosophila [7]. Another study showed
decreased level of glycogen, trehalose and free glucose under starvation of third instar larvae [8].
Our data is in a good agreement with previous studies and detect low amount of body glucose in
imago males and females caused by larval starvation. Glycogen of the fly fat body is used to maintain
homeostasis of glucose under starvation [8]. We found low glycogen pool in adult F1 males. This
effect is caused by starvation of the parents during larval stage. Changes in offspring metabolism
caused by parental nutrition may be associated with an altered chromatin state [9].
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Figure. The levels of hemolymph glucose (A), body glucose (B), glycogen (C) in imago flies of parental
generation Drosophila which were starved for 6 hour in the third larval instar and levels
of hemolymph glucose (D), body glucose (E), glycogen (F) in progeny of F1 generation:
Results are represented as the mean = SEM of 3—4 replicates per group

Conclusions. Starvation at early stage of development led to lower hemolymph glucose and body
glucose level in imago flies. Moreover, parental starvation decreased glycogen pool in F1 males.

Key words: Drosophila; development; diet; starvation; nutrition.
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Hemostasis is an integrative system that supports the blood flow in the vessels and the effective
termination of bleeding during trauma. Primary hemostasis, secondary hemostasis and the fibrinolytic
system are the three main components of blood coagulation. Pathological activation of blood
coagulation can lead to the intravascular thrombus formation. On the other hand, the suppression of
blood coagulation can lead to the bleeding disorders. Both thrombosis and hemorrhages are dangerous
conditions that can cause severe illness or even death. The dynamic balance in hemostatic system is
extremely important during such physiological condition as pregnancy. Any disruption of this balance
can be dangerous for mother and for fetus. However, in obstetric clinical practice today especially hypo-
and hyper-fibrinolytic disorders are probably underdiagnosed because of lack of knowledge and lack of
accurate diagnostic tests [4]. So, the study of molecular mechanisms of hemostasis balance is one of the
most vivid tasks for clinical biochemistry.

Aim. In present work we aimed to underline the constant connection between blood coagulation and
fibrinolysis.

Methods. Blood samples of women with placental disfunction during pregnancy (n = 28) were kindly
provided by “Perinatal Center of Kyiv”. This study was approved by the Ethics Commission of the
Shupyk National Medical Academy of Postgraduate Education and the Ethics Commission of the Kyiv
Perinatal Center (# 3 from 05/05/2020).

Blood coagulation activation was estimated by the accumulation of Soluble Fibrin (SF). Highly
sensitive and effective immunochemical method for the determination of soluble fibrin by sandwich
ELISA was used. As the catch-antibody we used fibrin-specific mAb FnI-3C. As the tag-antibody we
used another mAb (II-4d) that has an epitope in the NH 2 -terminal fragment of the y-chain of the
D-region of the fibrin(ogen) molecule. This approach allowed performing quantitative determination
in human blood plasma of soluble fibrin that is composed of monomers, dimers and oligomers of
fibrin, possibly with fibrinogen molecules at the sticky ends and also initial products of plasmin
hydrolysis of fibrin[1, 2].

The rate of activation of fibrinolysis was estimated by measuring of Fibrinolytic Potential (FP).
It was measured by turbidimetric method with recording the scattering of light by a fibrin clot at
405 nm on a microplate reader Multiscan (Finland). The clot was formed in the microplate wells in
blood plasma activated by APTT reagent in the presence or without t-PA.

The area under the turbidity curve of the clot from the moment of initiation of plasma coagulation
to the moment of complete destruction of the clot in the presence of t-PA indicated the Overall
hemostasis potential (OHP). Coagulation potential (CP) was the area under the curve of clot formation
from the moment of initiation of plasma coagulation to the moment of complete dissolution of the clot
in the absence of t-PA. Fibrinolytic potential (FP) was the difference between the values of CP and
OHP. As the area under the curves these parameters are being measured in optical units per second

(ou/s) [3].
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Figure. Fibrinolytic Potential of blood plasma of pregnant women with placenta dysfunction
that had increased vs normal concentration of Soluble Fibrin

Statistical analysis was performed according to Mann-Whitney U test.

Results. SF was found in blood plasma of 12 pregnant women with placenta dysfunction. Six of
studied patients had SF less than 4 ng/ml that were assumed as the control meanings [5]. We divided
patients on two groups according to this parameter. It was shown that patients of the 15 group
(SF < 4) exhibited FP as 24 ou/s. In the same time patients of the 2" group (SF > 4) had much higher
FP — 62 ou/s. The level of statistical significance was P = 0.05.

Discussion. In normal pregnancy, there is a marked increase in the procoagulant activity in
maternal blood characterized by elevation of factors VII, X, VIII, fibrinogen and von Willebrand
factor, which is maximal around term. This is associated with an increase in prothrombin fragments
(PF1+2) and thrombin—antithrombin complexes [6]. Changes in the hemostasis system under the
conditions of pregnancy with pathologies remains an actual topic and requires research. Some
studies demonstrate that disorders during pregnancy (for example, preeclampsia) are characterized
by changes in the t-PA/PAI-1 system indicating an endothelial dysfunction [7]. Our study
revealed an interesting interrelation between FP and SF (more SF — higher FP) in the blood system
of pregnant women with placental dysfunction. We assume that this is the sign of mutual regulation
between coagulation and fibrinolysis in hemostasis. In our opinion, the activation of blood coagulation
system (which can be estimated by the accumulation of SF) leads to the activation of fibrinolysis.
Such compensatory activation is needed for effective dissolution of any clot that can appear in the
bloodstream. It is unclear if the SF as the oligomers of fibrin can stimulate fibrinolysis directly, or
some other mechanisms of interconnection are involved. The introduction of a complex indicator
into laboratory practice, taking into account CP and FP, will allow more adequately assessing the
presence of a thrombophilic state in patients with vascular-placental disorders and preventing the
development of such complications.

Conclusions. Blood coagulation activation (estimated by SF measurement) was shown to be
accompanied by fibrinolysis activity increasing (measured by FP evaluation) in pregnant women with
placental dysfunctions. These findings can be evidence of constant balance between blood coagulation and
fibrinolysis that stabilize hemostasis in pathological conditions for avoiding thrombosis or hemorrhages.

Keywords: soluble fibrin; pregnancy; fibrinolysis; fibrinolytic potential; blood coagulation.
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Thrombin and plasmin are the terminal enzymes of the activation pathway of the coagulation
and fibrinolysis systems of human blood plasma, respectively. Their concentrations indicate the
degree of functional readiness of each of the systems to respond to disturbances in the hemostasis
system, and the ratio of the rates of formation and dissolution of a plasma clot in vitro indicates the
degree of balance between the coagulation and fibrinolysis systems (1). Thrombin is a multifunctional
enzyme, which prompted the development of numerical methods for determination its concentration
in blood plasma, using predominantly the enzyme amidase activity to peptide substrates labeled by
p-nitroaniline (pNA) or fluorescent mark (1, 2). However, it was shown that the curve of amidase
activity for thrombin does not coincides with such of clot turbidity. Therefore, the method of
determining the rate of activation and concentration of thrombin based on its amidase activity does
not reflect the rate of activation of thrombin in the initial period of blood plasma coagulation, in
which protofibrils are formed and thrombin activity is directed only to the formation of fibrin.
The thrombin, formed by the coagulation system in the lag period, exhibits maximum activity in
relation to the fibrinogen substrate, while the rate of protofibril formation depends on the thrombin
concentration.

Aim. The purpose of the work was to develop a method for determination the activity of thrombin,
which is based on the turbidimetry curve (TDC) of the formation and dissolution of a blood plasma
clot. At the same time, the theoretical analysis of the dissolution phase of the blood plasma clot by the
fibrinolytic system allowed to propose a method for determination the concentration of the formed
plasmin using its amidase activity.

Methods. Donor blood samples were collected in 3.8% sodium citrate (1 part of sodium citrate and
9 parts of blood, pH 7.4). Plasma was separated from blood cells within 1 hour after blood collection
by centrifugation the latter at 1200 g for 20 min. Aliquots of plasma were stored at —20 °C.

Blood plasma coagulation was studied by the turbidimetric method by recording the turbidity of
the fibrin clot at 405 nm on a SF 2000 spectrophotometer.

The clots were formed in plastic cuvettes, into which 0.05 M HEPES buffer containing
0.15 M NaCl, 0.005% Tween-20, pH 7.4, 40 ul of blood plasma, t-PA to a final concentration of
75 IU/ml and 50 pl of APTT reagent were added. The plasma coagulation process was initiated by
adding 25 mM CaCl,. The final volume of the reaction mixture was 400 ul. Processing of the results
was performed a standard statistical program in Excel. The mean values of the parameters and their
standard deviation were determined.

Results. To determine the concentrations of thrombin and plasmin, TDCs of the formation and
dissolution of blood plasma clots, initiated by the APTT reagent, were used. A typical experiment in
which TDC was used to determine t values at thrombin concentrations from 0.1 to 0.5 NIH per mlb
is shown in the Fig. Based on t values obtained in 3 experiments, a calibration curve was constructed
in the coordinates 1/t — [Thr] (the rate of protofibrils formation in s ! vs thrombin concentration in
NIH units in 1 ml). The activity of thrombin — 1 NIH in 1 m]l — corresponded to a concentration of
27,7 nM.
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Figure. Determination of thrombin and plasmin activity, which are formed during the formation
and dissolution of a fibrin clot in blood plasma in the presence of t-PA and the peptide substrate S 2251

(H-D-Val--Lys-pNA), added at the moment of complete dissolution of the clot, using parameter t
and amidase activity of plasmin (V), respectively:

T, — lag period of clot formation; T — time of clot existence; H,,, — maximum clot turbidity, point of
transition from clot formation stage to clot dissolution stage; S-2251 — moment of introduction of plasmin
substrate into the dissolved clot; o — angle of inclination of S-2251 cleavage curve to the abscissa axis; tga is
equal to the amidase activity of the formed plasmin (V)

In 6 independent experiments based on TDC, the following values of T and V for thrombin and
plasmin were found, respectively, 0.095+8.83 s ! and 0.062=+0.12 optical units (o.u.)/min, which
corresponded to their concentrations of 2.77 nM for thrombin and 22.3 nM for plasmin. Considering
that the concentration of prothrombin and Glu-Pg in the reaction medium was 100 and 140 nM,
respectively, the% concentrations of activated thrombin and plasmin to such of proenzymes were
2.9% and 15.9%, respectively. The thrombin concentration ratio to such of plasmin was ~ 1:8.
It turned out to be sufficient activation 2.9% concentration of prothrombin for the protofibrils
formation, and 15.9% concentration of Glu-Pg for complete dissolution of the clot.

Discussion. Activity and concentration of thrombin were determined by its ability to transform
the natural substrate fibrinogen into fibrin and form the basic structure of the clot — protofibrils.
Determination of plasmin activity was based on direct measurement of plasmin amidase activity at
the moment when the three-dimensional structure of the plasma clot was completely destroyed and
the optical density in the cuvette reached zero. Calculation of plasmin activity was carried out based
on data of the plasmin standard specific amidase activity. Amidase activity (substrate S-2251) of the
plasmin standard was 0.033 o.u. of pNA released by 1 ng/ml of enzyme per 1 minute at 405 nm. Then
the concentration of plasmin was

C = AE405 01 _ AEups

Nynin*0.033 o.u.f(‘%’;*min) T N+0.033

pug/ml, where

N ,,in — duration of measurement of plasmin activity in minutes;
AE405 o.u. — growth of the optical density in the cuvette during the measurement;
0.033 o.u./(ng/ml*min) — rate of p-NA release by 1 ng/ml of plasmin per 1 min.

Conclusion. The proposed methods to determine the activity of thrombin and plasmin made
it possible to quantitatively calculate the rate of prothrombin activation in the lag period, the
concentration and activity of thrombin based on the rate of fibrin and protofibrils formation as
well as the activity and concentration of plasmin at the point of the complete clot dissolution,
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the average rate of activation of plasminogen during the destruction of the clot structure and the
time of formation and dissolution of the three-dimensional structure of the clot.

Key words: thrombin; plasmin; blood plasma coagulation; hemostasis; coagulation; fibrinolysis.
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