Experimental articles

UDC 57.088.2 https://doi.org/10.15407 /biotech15.05.041

APPROBATION OF CALIX[4]JARENE
AS AN ANTITHROMBOTIC AGENT in vivo

V. A. Didkivskyi! 'Palladin Institute of biochemistry
of the National Academy of Sciences of Ukraine, Kyiv
2ESC “Institute of biology and medicine”of Taras

Shevchenko National University of Kyiv, Ukraine

A. O. Pavlenko®?

E-mail: didkivskyivalik@gmail.com
Received 20.07.2022
Revised 09.10.2022
Accepted 31.10.2022

Intravascular thrombosis is one of the main causes of mortality in the working-age population of the
world. There are no antithrombotic drugs that act directly on the final stage of thrombosis — fibrin
polymerization. However, a new compound of the calix[4]arene series, calix[4]arene C-145, which direct-
ly interacts with the fibrin polymerization site ‘A-knob’ thus blocking formation of polymeric fibrin and
preventing thrombosis.

So, the purpose of this work was to study the calix[4]arene C-145 series as antithrombotic agents in
vivo using different animals and types of administration.

Materials and methods. Laboratory animals (rats, mice and rabbits) were used for C-145 testing in
vivo. Activated partial thromboplastin time and platelet aggregation were measured to determine the
anticoagulant action after intravenous or per os administration.

Results. Per os way of administration was selected as the optimal one. We showed the substantial
prolongation of clotting time in APTT test that was observed starting from the 2nd hour after the per os
administration, reached the maximum on 6th hour and eliminated in 24 hours. The effect of C-145 on
platelets reached maximum on 4—6 hours and eliminated in 12 hours.

Conclusions. C-145 was proven to be prospective antithrombotic drug that can be administered per os.
Further investigations must be focused on the study of C-145 pharmacodynamics and metabolism. Such
data would allow fast implementation of the tested compound into practice.
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Intravascular thrombosis is one of the
main causes of mortality in the working-age
population of the world. It consists in the
formation of fibrin-platelet thrombus, which
blocks the lumen of the vessel, preventing
blood supply to tissues and organs and
causing severe pathologies such as myocardial
infarction, thrombotic brain stroke, pulmonary
embolism, etec.

Therefore, the search for ways to effectively
prevent thrombus formation in the vessel is
an important issue of modern medicine and
biochemistry. The antithrombotic drugs are
used for rapid and controlled inhibition of the
process of activation of the blood coagulation
system. According to the direction of action
there are anticoagulants, inhibiting blood

clotting at different stages, and fibrinolytics,
aimed at accelerating the destruction of the
fibrin clot (t-PA, streptokinase, urokinase).
The most common among anticoagulants are
acting directly on thrombin (dabigatran),
factor Xa (rivaraxaban), factors VIIIa
and V (drotrekogin), blocking the blood
coagulation cascade at the stages of activation
of factor X, prothrombin or conversion of
fibrinogen to fibrin. A separate class of
compounds that block the formation of fibrin-
platelet thrombus are platelet aggregation
inhibitors [1].

As of today, there are no antithrombotic
drugs that act on the final stage of thrombosis,
that is fibrin polymerization. As a direct
inhibitor of fibrin polymerization, silver
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nanoparticles or inhibitor peptides (in
particular, GPRP) conjugated with albumin
have been proposed. No such agents have
passed preclinical trials [2].

A new compound of the calix[4]arene
series [3] created at the Institute of Organic
Chemistry of the National Academy of Sciences
of Ukraine, calix[4]arene C-145, which directly
interacts with the fibrin polymerization site
‘A-knob’ due to its hydrophobic cup, was
characterized in the Palladin Institute of
Biochemistry of the National Academy of
Sciences of Ukraine [4]. Therefore, calix[4]
arene C-145 directly inhibits the formation
of fibrin protofibrils (IC5;, = 2.5x107%),
preventing the formation of polymeric fibrin
[56]. Its efficacy both in vitro and in vivo has
been shown [6].

This work was aimed to the study of the
calix[4]arene C-145 series as antithrombotic
agents in vivo using different animals and
types of administration.

Materials and Methods

Materials. Chemicals: APTT (activated
partial thromboplastin time) reagent and
CaCl, solution were purchased from Siemens
(Germany), ADP was purchased from Sigma-
Aldrich (USA).

Calix[4]arene C-145 was syntesized by
the reaction of tetraformylcalixarene with
sodium salt of diisopropylphosphite with
formation of tetrakisbisphosphonate, which
after subsequent dealkylation due to treatment
with trimetylbromosilane and methanol gives
C-192 and its sodium salt C-145 [7]. Sample
of calix[4]arene C-145 was kindly provided
by Institute of Organic Chemistry of National
Academy of Sciences of Ukraine. It was
dissolved in 0.9% NaCl solution.

Animal keeping. Male Wistar rats (170 =4 g,
n = 60) and Balb mice (30 =1 g, n = 30) were
kept in the animal house of Palladin Institute
of biochemistry of NAS of Ukraine. The
animals were kept in standard cages (5 animals
in each cage) under controlled conditions
(22 °C = 2, 12-h/12-h light/dark cycle) with
unlimited access to drinking water and food.
Outbreed male rabbits (3.5 = 0.5 g, n = 9)
were kept in the animal house of Bila Tserkva
National Agrarian University on a standard
diet. This study was carried out with the
approval of animal care and use committee of
the Palladin Institute of Biochemistry of NAS
of Ukraine (Protocol #10/11-2019).

Administration of calix[4]arene C-145.
Solution of C-145 was administered per os to
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mice (in a volume of 0.1 ml) and to rats (in a
volume of 0.5 ml). Solution of C-145 was also
injected into the rat’s lateral tail vein and into
rabbit’s marginal vein of the ear. The dosage
was standard in all experiments (12 mg/kg).

Blood sampling. Samples of rat or mice
blood were collected by heart puncture.
Pentobarbital (Nembutal) anesthesia
(dosage was 50 mg/kg of body weight)
was used intraperitoneally according to
ethical standards and principles. A 3.8 %
sodium citrate solution was added to the
blood samples immediately after collection.
Animals were decapitated immediately after
blood collection still being under anesthesia.
Rabbit blood samples were collected using
Wenflon catheter (Becton Dickinson, USA),
G22 (0.8 mm). 3.8 % Sodium Citrate added
immediately after collection to whole blood in
1:9 ratio was used as an anticoagulant.

Blood plasma preparation. Platelet rich
plasma (PRP) was prepared by centrifuging
blood at 160 g for 20 min at 25 °C. Platelets
were spun-down at 300 g for 15 min at 25 °C
for obtaining of platelet poor plasma (PPP).
PRP was analyzed immediately after
collection. PPP was fresh frozen at —20 °C and
stored no longer than 2 months.

Activated partial thromboplastin time.
Activated partial thromboplastin time (APTT)
was performed according to the following
procedure. 0.1 ml of blood plasma was mixed
with an equal volume of APTT-reagent
and incubated for 3 min at 37 °C. Then the
coagulation was initiated by adding 0.1 ml of
0.025 M solution of CaCl,. Clotting time was
monitored by the Coagulometer Solar CGL-
2410 (Solar, Minsk, Belarus).

Platelet aggregation. Platelet aggregation
measurements were based on changes in the
turbidity of human PRP. Aggregation was
registered for 10 min using the Aggregometer
Solar AP2110 (Solar, Minsk, Belarus). Platelet
count was estimated using the same device.
We measured the initial rate and final level of
aggregation at 37 °C. In a typical experiment,
0.25 ml of PRP was incubated with CaCl,
(0.010 mM) activated by platelet agonist ADP
(0.012 mM) at 37 °C.

Statistical data analysis. Statistical data
analysis was performed using Microsoft
Excel. All assays were performed in series
of three replicates and the data were fitted
with standard errors using “Statistica 7”.
Results are presented as means = standard
deviation. The difference between the groups
was analyzed by one way ANOVA. Data were
considered significant when p < 0.05.
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Results and Discussion

Intravenous administration. Intravenous
administration is a useful method for drugs
that must be administered fast and are
used urgently [8]. It is also useful for initial
testing as far as this way does not depend
on metabolization and delivers drug to the
bloodstream directly [9].

In our study we applied C-145
intravenously to rabbits and rats and
determined the anticoagulant effect of the
compound using APTT test. Prolongation of
clotting time in APTT test was an evidence of
the presence of C-145 into the bloodstream.

For both rats and rabbits the anticoagulant
effect was observed 2—12 h after injection and
completely eliminated after 24 h (Fig. 1, 2).
However it was more pronounced in the case of
rats (Fig. 2).

Analyzing the rat model, we also detected
the dramatic decrease of platelet aggregation
rate after the C-145 administration (Fig. 3).
Platelet aggregation was insulted in 2 h
after C-145 injection, aggregation rate
was constantly low in 2—-12 h and remained
decreased after 24 h.

Results of APTT and platelet aggregation
testing in rats allowed us to conclude that the
used dosage was higher than it was needed for
this kind of animals. Also, the anti-platelet
effect of C-145 was undesirable. We presume
that the per os administration of C-145 would
allow to avoid this effect.

Per os administration. Administration per
os is the best way for the use of deugs of regular
administration. As non-invasive method, it
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Fig. 1. Activated partial thromboplastin time
of blood plasma clotting after intravenous (IV)
administration of C-145 to rabbits (12 mg/kg)

0 — clotting time before the C-145 administration.
2—-24 — time of clotting of blood plasma after the
C-145 administration. n=5. * P <0.05

could be recommended the preferential method
of drug delivery [10].

Testing of per os administration of C-145
was performed on mice and rats models. We
showed the substantial prolongation of clotting
time in APTT test in the case of both species
(Fig. 4, Fig. 5).

Anticoagulant effect was observed starting
from the 2™ hour after the administration,
reached the maximum on 6" hour and
eliminated in 24 hours.

Even more important finding was the
moderate effect of C-145 on platelets. In both
animal models the effect of C-145 on platelets
reached maximum on 4-6 hours and eliminated
in 12 hours (Fig. 6, 7).

Also, it should be noted that anticoagulant
effect of C-145 was too high. Actually
1.5-times prolongation of clotting time would
be enough [11]. So, we expect that C-145
dosage can be decreased substantially in the
future studies that also is an important issue
in the light of future implementation of this
antithrombotic drug.

Antithrombotic action of C-145 through
its action of fibrin was reported earlier [12].
This inhibition of fibrin polymerization occurs
as a result of direct non-covalent complex
formation of C-145 and GPRP motive of fibrin
Aoa-chain (polymerization site ‘A’-knob) [4, 5].

Important outcome of the study is the direct
demonstration of C-145 anticlotting activity
in blood plasma of animals. While its efficacy
after intravenous injection was predictable,
high effect during oral administration was a
remarkable finding. Prolongation of clotting
time of blood plasma of rats after C-145 oral
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Fig. 2. Activated partial thromboplastin time
of blood plasma clotting after intravenous (I'V)
administration of C-145 to rats (12 mg/kg)
0 — clotting time before the C-145 administration.
2—24 — time of clotting of blood plasma after the

C-145 administration. n=>5. * P <0.05
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Fig. 3. The rate of platelet aggregation after
intravenous (I'V) administration of C-145 to rats
(12 mg/kg)

0 — clotting time before the C-145 administration.
2—24 — time of clotting of blood plasma after the
C-145 administration. n=5. * P <0.05
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Fig. 5. Activated partial thromboplastin time
of blood plasma clotting after per os (PO)
administration of C-145 to rats (12 mg/kg)

0 — clotting time before the C-145 administration.
2—-24 — time of clotting of blood plasma after the
C-145 administration. n=5. * P <0.05

administration indicates the appearance of
active compound into the bloodstream in
unchanged active form. Observing the stable
anti-clotting effect up to 12 hours after the
administration is evidence of the continuing
presence of C-145. The normalization of
clotting time after 24 hours indicates its
clearance from the bloodstream.

In conclusion, C-145 was proven to be a
prospective antithrombotic drug that can be
administered per oral. Its anticoagulant effect
slightly differed for different animal species.
We presume that the selected concentration
(12 mg/kg) can be decreased substantially.
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Fig. 4. Activated partial thromboplastin time
of blood plasma clotting after per os (PO)
administration of C-145 to mice (12 mg/kg)

0 — clotting time before the C-145 administration.
2—24 — time of clotting of blood plasma after the
C-145 administration. n=5. * P <0.05
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Fig. 6. The rate of platelet aggregation after oral
administration of C-145 to mice (12 mg/kg)
0 — clotting time before the C-145 administration.
2—24 — time of clotting of blood plasma after the
C-145 administration. n=5. * P <0.05

Also, antiplatelet effect that was observed
after C-145 administration can be minimized
by the dosage selection. Further investigations
must be concentrated on the study of C-145
pharmacodynamics and metabolization. Such
data would allow fast implementation of the
development compound into practice.
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Fig. 7. The rate of platelet aggregation after per
oral (PO) administration of C-145 to rats

(12 mg/kg)

0 — clotting time before the C-145 administration.

2—24 — time of clotting of blood plasma after the
C-145 administration. n =5. * P <0.05
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AITPOBAIIIA KAJIKC[4]JAPEHY AK AHTUTPOMBOTHUYHOI'O 3ACOBY in vivo
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BryTpinmabocyquaHI TPOMO03U € OHI€I0 3 OCHOBHUX IPUYNH CMEPTHOCTI ITpaIre3faTHOTO HaceJIeHH S
cBiTy. AHTUTPOMOOTHUYHHNX IIPelapaTiB, M0 BILINBAIOTh 0e3II0cepeIHbO Ha KiHIeBY cTaiiio TpomMbo3y —
noJsrimepusaniio Gpi6bpuHy, Hapasi He cTBopeHOo. OgHAKO paHilie 6yJi0o ONMCAaHO HOBY CIOJYKY Kajadikc[4]
apeHOBOro pAnxy — kKaJjikc[4]apen C-145, axa GesmocepeqHbO B3a€MOMi€ 3 IIEHTPOM HOJiMepu3aIrii
Gidbpuny «A».

Orxe, memoro 11ieil podboTu 0yJio BuBueHHA Kamikc[4]apery C-145 K aHTUTPOMOOTHUUHOTO areHTy in LivO
3 BUKOPUCTAHHAM Pi3HUX BUAIB TBapUH i cIIoco0iB BBEeIEHHA.

Mamepiaau ma memodu. Hduas gociaimsxenns Kauaikc[4]aperny C-145 in vivo BUKOPHUCTOBYBAaJIHU
gJabopaTopHUX TBapuH (HIypiB, Mwuirei i Kpoaukis). ad BuU3HAUEHHA aHTUKOATYJIAHTHOI mii
micasa BHYTPIiIHLOBEHHOTO ab0 ImepopaJbHOTO0 BBeJeHHS BUMIipIOBAaJM aKTUBOBAHUI YaCTKOBUI
TPOMOOILIACTUHOBUI Yac i arperaiito TpOMOOIIUTIB.

Pesyavmamu. OntTumanbHEUM OYB BU3HAUEHUI HepopaibHUil crmoci6 3acrocyBamuA. IlokasaHo
3HAUYHEe MOJOBIKEHHs uacy 3ropraHHa B Tecti AUTY, ake cmocTepiramocsa, mounHamouu 3 2-1 TOAMHNI
micjsa mepopajabHOTO IPUNOMY, JOCATANIO MAKCUMYMYy Ha 6-if roOAuWHI Ta IpuInHSIaca yepes 24 TroquHNT.
Hia ramirc[4]apeny C-145 Ha TpoMOOIIUTHU NocArasa MaKCUMymy depes 4—6 ronus i npunuuAiaca yepes
12 roguH.

Bucnosku. Bynao moBemeno, mo kKajdikc[4]apen C-145 € mepcrmeKTUBHUM aAHTUTPOMOOTHUHUM
mpemnapaToM, AKUH MOKHA BBOAUTH IepopanbHo. [loganbIini focaimkeHHa MaloTh OyTH 30cepesKeHi Ha
BUBUEHHI (papmMakommHaMiku Ta Meradoaismy xKajaikc[4]apeny C-145. Taki gani moTpibHi gasa axomora
IIBUAKOrO BIIPOBAIYKEHHSI CTBOPEHO KOMILIEKCY Ha IPaKTHIIL.

Knwouosi crosa: xanikc[4]apen; mia3ma KpoBi; TPOMOOIIUTH; TPOMO03; 3TOPTAHHA KPOBi; HEKOBAJIEHT-
HUHN KOMILJIEKC.
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