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The aim of the research was to find out the clot formation by the action of chitin derivates. The
biochemical and immunologic investigation methods such as obtaining of fibrinogen, chitosan
derivates, electrophoresis in PAAG, Western blot analysis, ELISE, the activated partial
thromboplastin time (APTT) and prothrombin time (PT) coagulological tests were used in these
studies. The next results were obtained: chitin derivatives in equal measure cause the clot formation
in whole blood, blood plasma and fibrinogen solution; the fibrinogen precipitate formed as a result of
their action, practically does not contain fibrin; chitosan does not cause the activation of coagulation
factors and the absence of newly-formed fibrin confirms it; the addition of calcium chloride to
fibrinogen solution in concentration-dependent manner inhibits effect of chitosan.

Thus, under the action of chitosan, a fibrinogen precipitate forms due to the destabilization of its
molecule by the lack of calcium. Absence of fibrin degradation products excludes the possibility of
the fibrinolytic system activation and physiological degradation of the clot. It makes no sense to use

haemostatic drugs based on chitosan in clinical practice.
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The interest to the chitin and its derivates
was increased significantly when it was shown
its ability to cause the clot formation. It was
about the ability of water-soluble derivatives,
primarily chitosan, to stop bleeding quickly even
in the case of the arteries rupture [1-4].
Chitosan-based materials have recently been
actively promoted to clinical practice as
hemostatic agents, although the discussion
about the mechanism of chitosan action on the
blood coagulation system is continue [5-8].
There are a data, which show that a clot formed
by chitosan is unstable to the osmotic pressure of
the medium [9]. Such property of the clot gives
an opportunity to assume that there is no
activation of the coagulation system, but the
aggregates of fibrinogen appear because of
change of its conformation as a result of chitosan
action [10]. An indirect confirmation of this

assumption can be considered the rate of
chitosan-based applicators action, namely, the
practically lightning reaction of the blood to the
applicator, which does not allow time for the
activation of coagulation factors. In order to
verify this assumption, the aim of this study was
the investigation of the effect of chitosan and its
derivatives — carboxymethyl chitin and lactate
chitosan — on whole blood, blood plasma and
fibrinogen. Such an approach made it possible to
determine the degree of involvement of various
systems of regulation of blood coagulation to
form a clot by the chitosan action.

Materials and Methods

The following materials and reagents
were used in the work: acrylamide, bis-
acrylamide (“Sigma”, USA), DS-Na (“Bio-Rad
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Laboratories”, USA); mixture of proteins —
molecular weight markers for electrophoresis
Low Molecular Weight Calibration Kit
(“Fermentas UAB”, Lithuania); horseradish
peroxidase (“Sigma”, USA); chromogenic
substrate S2238 (thrombin chromogenic
substrate HD-Phe-Pip-Arg-pNA.2HCI, “GE-
Healthcare”, USA); BCN-Sepharose 4B
(“Amersham Bioscience, Sweden); tris (Dia-M,
Russia); other used reagents are national
production; Cumassi R-250 (Sigma-Aldrich,
USA); thromboplastin, reagent APTT (Renam,
Russia).

The fibrinogen purification. Fibrinogen
(98% of clotting) was obtained from bovine
blood plasma with 16% sodium sulfate salting
with subsequent separation of cryofibrinogen
according to Varetska method [11]. The
specific absorption coefficient of fibrinogen in
a neutral medium is 15,06.

Fibrinogen (~30 mg/ml) stored at
—20 °C. The purity of the preparate was by
electrophoresis method.

Methods of determination fibrin
contamination in fibrinogen preparations.
Contamination of fibrinogen by fibrin was
determine by immunoenzyme analysis with
the monoclonal antibodies 1-5A and 1-3 ¢ to
alpha-chain fibrinogen/fibrin and to fibrin
correspondently, and chromatographically.
Sepharose 4B with D-dimer immobilized was
used in chromatography for contaminates
determination. The fibrinogen was applied to
sorbent with 0,05 M Tris-HCI buffer, pH 7,4
with 0,2 M 6-aminohexane acid and 107° M
CaCl,. The elution was carried out by the same
buffer, the fibrinogen was eluated with a void
volume, and fibrin bound with sepharose.

Preparation of chitin derivatives. Chitin
was obtained from Hermetia illucens puparia
as with the following demineralization: 1%
HCI treatment for 1 hour and 2% NaOH
deproteinization for 2 hours at temperatures
of the room [12]. Carboxymethyl chitin
and carboxymethyl chitosan were obtained
according to the [13]. Chitosan was obtained
according to the [14]. Lactate chitosan was
obtained according to the [15].

Blood collection. Donor blood plasma (10
people) was obtained at the Blood Center of
the National Military Medical Clinical Center
“Main Military Clinical Hospital”.

Blood plasma stored at —20 °C not more
than 2 months. Blood plasma was defrozen for a
water bath at 37 °C, then it was mixed carefully
by turning over of closed tube several times.
There is no activation of coagulation factors V
and VIII for this method of defrosen [16].
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The bovine blood (farm of Belotserkovsky
National Agrarian University, 2 animals)
collected from carotid artery and mixed with
an anticoagulant, which is a mixture of 0.12 M
potassium oxalate, 0.06 M oxalate, 0.006 M
CIT, 0.2 M 6-aminohexane acid on the basis of
65 ml of anticoagulant per 1 liter of blood in
polyethylene tube. The tube was close tightly
and mixed (not shaked). The blood sample
was used for the experiment as soon as it was
collected. During the experiment blood was
kept at a temperature of 4 °C.

Electrophoresis in PAAG. Electrophoresis
in polyacrylamide gel (PAAG) in the presence
of DS-Na was carried out by Lemmly method
[17] with tris-glycine system for vertical
electrophoresis (BioRad, USA) in plates
7-10% of gel with thickness of 0.75 mm.

A sample buffer containing 5% sucrose
or glycerol, 2% DS-Na and bromophenol for
coloring was added to prepare the samples to
a protein concentration of 1 mg/ml. Samples
were treated with 5% beta-mercaptoethanol
for 10 min at 60 °C to restore disulfide bonds.
The electric current for a concentrating gel
is 19 mA, and for distributive — 35 mA. The
gel was stained with 0.125% Kumasi G-250
solution containing 25% isopropanol and 10%
acetic acid. As markers used a Low Molecular
Weight Calibration Kit (Fermentas UAB,
Lithuania).

Immunoenzyme analysis (ELISA) was
carried out in microplates with sorption
capacity according to the standard method for
soluble proteins. The principle of the method
is the specific interaction of the antigen and
antibody, the formation of the Ag/At complex
and the conjugate and the determination of the
complex formed with the substrate mixture
by the degree of coloration. To confirm the
presence of fibrinogen in the incubation
medium, fibrinogen-specific monoclonal
antibodies with an epitope in the p12-25
fragment of fibrinogen molecule that did not
interact with fibrin desAB were used in the
sandwich ELISA according to the standard
procedure [18].

Western-blot analysis was carried out
according to the standard protocol with some
modifications [19]: as detecting antibodies
were used monoclonal antibodies 1-5A and
1-3C, which are specific for fibrin(ogen)
fragments in Aa505-610 and B118-134,
respectively. Anti-mouse antibodies
conjugated with horseradish peroxidase were
used as the conjugate.

Activated parcial thromboplastin time
(APTT) was determined according to the [16].
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Prothrombin time (PT) was determined
according to the [16].

The action of chitin derivatives was
determined in model systems:

a) whole bovine blood + chitin derivatives;

b) human blood plasma + chitin
derivatives;

¢) bovine and human fibrinogen + chitin
derivatives.

The coagulation time was determined
visually for the formation of a clot or flakes.

The statistical analysis of the experimental
results were performed with Excel 2003 and
Statistica 7 programmes. The article includes
results lieing within error not exceeding 7%
(P <0.07). The data presented are typical for
a series of repeated experiments (at least three
in each series).

Results and Discussion

The technological use of chitin, including
clinical practice, is very limited due to its
complete insolubility in all types of solvents
[1, 5, 13]. Because of this, the attention of the
researchers is confined, first of all, to various
kinds of chitin derivatives, which have full
or partial solubility. We used chitosan, that
is, a deacylated form of chitin, which has a
solubility in aqueous solutions at pH below 8.0
[2, 15] Chitosan derivatives were also used —
carboxymethylchitosan and lactate chitosan,
which have higher solubility compared to
chitosan by introduced functional groups [20].

Non-acylated chitin, which became soluble
due to carboxylation by the carboxyl group,
that is carboxymethylchitin, was used as proof
that the ability to precipitate fibrinogen is not
associated with the deacylated aminogroup
of chitin but to the crude structure of its
molecule.

It was shown that chitin and its derivatives
equally caused the clot formation in blood
plasma and fibrinogen solution of physiological
concentration (2 mg/ml) (Table 1). At the same
time, if in the blood plasma the precipitate
could be characterized as a weak clot, the
fibrinogen formed a typical protein precipitate
without any stabilization. Thus, the cellular
component of the regulation of blood
coagulation is not necessary to initiate the clot
formation process. The possibility of platelets
activation by chitosan has been debatable for
some time as well [21]. Moreover, the effective
doses of the chitosan derivatives were higher
for whole blood, and the duration of the its
action was longer. That is, the presence of
the cellular component of the regulation of
the haemostasis system did not accelerate or
enhance the effect of chitin derivatives on
fibrinogen; it, or some other factors of whole
blood, on the contrary, inhibited the chitosan
effect [6, 22, 23].

The note: whole blood, blood plasma,
fibrinogen solution do not form clot during
experiment in normal condition. That’s why
the control is absent because it is without clot
apriori.

Table 1. Dependence of the time clot formation in whole blood, blood plasma and fibrinogen solution
from chitin and its derivatives concentration

The time clot formation. s
Preparate name Preparat;ral lti(él;rclflntration, Fibrinogen
Whole blood Blood plasma -
solution
Chitosan 400 60+12.1 10=+1.5 10=1.5
Chitosan 160 120+9.5 20=1.0 20+0.9
Chitosan 80 no clot 60+11.4 60+10.3
Chitosan 40 absence no clot no clot
Lactate chitosan 500 55+1.8 immediately immediately
Lactate chitosan 100 1800+61.6 40+2.0 30=+1.7
Lactate chitosan 50 no clot 120=+10.1 50=+2.2
Lactate chitosan 25 no clot no clot no clot
Carboxymethyl chitin 120 no clot 30=+1.8 30=+1.8
Carboxymethyl chitin 60 no clot 40=+1.9 40=2.0

Note: whole blood, blood plasma, fibrinogen solution do not form clot during experiment in normal condition.
That’s why the control is absent because it is without clot apriori.
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Absence of necessity in the platelet
activation to initiate fibrinogen precipitate/
clot formation due to the effect of chitin
derivatives can be easily explaining the
results of the action of derivatives on the
blood coagulation system (Table 2). To assess
the degree of influence of blood coagulation
factors on the formation of a clot in the
presence of chitin derivatives, coagulological
tests of APTT and PT were performed. The
study showed that the clot formation was
no way accelerated at both the activation
of the internal (APTT) and the external
blood coagulation paths (PT). Moreover, in
the presence of some derivatives, namely
lactate chitosan and, in a less extent,
carboxymethyl chitin, there was a tendency
to prolongation of coagulation time. That is,
these derivatives acted more like inhibitors
of the process, rather than the triggers of the
clot formation.

The results obtained using both whole
blood and blood plasma and fibrinogen
solution are almost identical. This suggests
that there is no activation of the blood
coagulation system under the chitosan
action, and pseudoclot is formed as a result of
the fibrinogen sedimentation. The elongation
of the coagulation time in the APTT and
PT tests under the action of chitosan
derivatives can be explained precisely with
this. The fibrinogen sedimentation reduces
its concentration, and therefore the rate of
its involvement with thrombin in the clot
formation process.

It is interesting to note that the
elongation of the clot formation time
and the increasing of an effective dose of
chitosan or its derivatives when used as a
model system of whole blood is interesting.
The only difference between whole blood
and blood plasma is the presence of cellular

Table 2. The chitosan and its derivatives effect on
coagulation time in PT and APTT diagnostic tests

Preparate, mkg PT, s APTT, s

Control 45.0+0.42 50.0+0.4
Chitosan, 100 46+0.28* 48.0+0.36%*
Lactate chitosan, 53+0.34% 66.0-0. 8%

100
Carboxymethyl
chitin, 120 50+0.38% 56.0+1.9%%*
* — P<0.001;

*% _ P <0.01 compared to control.
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components in it, primarily platelets,
red blood cells and leukocytes [22, 24].
Excluding the possibility of activating the
blood coagulation system, the cell component
can modulate the effect of chitosan due to
two factors: sorption on the membranes due
to hydrophobic interaction and because of
changes in the ionic medium. Unlike chitin,
chitosan is not hydrophobic, so its ability to
interact with membranes is unlikely. At the
same time, chitin, possibly chitosan, has a
very high affinity for calcium, so high that
demineralization is a necessary stage of chitin
purification [25—-27]. Calcium is necessary to
maintain the tertiary structure of fibrinogen,
so, in the case of the calcium extraction by
chitosan, there is a high probability of loss
of fibrinogen solubility due to of the tertiary
structure disorder.

To test this assumption, experiments
were conducted to investigate the effect
of chitosan on the formation of clusters
in blood plasma and fibrinogen solution,
provided that different amounts of CaCl,
were introduced into the incubation solution
(Table 3). It should be noted that in the case
of activation of the factors of the system of
blood clotting, the increase of concentration
of calcium ions is a factor that accelerates
the formation of a clot [28, 29]. Instead,
in our case, the increase of calcium dose-
dependent delayed the effect of chitosan
and its derivatives. Consequently, it can be
concluded that as a result of the action of
chitin derivatives there is no activation of
the factors of the blood coagulation system
and the complete fibrin clot formation, and
a fibrinogen precipitate is formed due to a
disorder of its tertiary conformation due to
lack of calcium.

The absense of fibrinogen to fibrin
transformation was tested electrophoretic
with the confirmation of native
fibrinogen by Western blot method and by
immunoassay with differential detection by
antibodies to fibrinogen and fibrin. On an
electrophoresis, in a native environment, a
zone with a molecular weight corresponding
to the native fibrinogen (Fig. 1) is clearly
visible.

Western blot using monoclonal antibodies
1-5A to the fibrinogen/fibrin alpha-chain
it is confirmed that a clear electrophoresis
zone is formed precisely by a protein that
contains the fibrin(ogen) alpha-chain. Using
monoclonal antibodies 1-3c¢ to fibrin it has
been shown that in precipitates induced by
chitin derivatives no more than 5.65 = 0.03%
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Table 3. The dependence of coagulation time from Ca?' concentration

Preparate, mkg In Ca:::tbr soelnce, s 20 mM Ca2+, s 30 mM Ca2+, s | 40 mM Caz+, s
Chitosan, 600 34.0+0.36 75.2+12.1% 133+3.5%* 240+11.7%%*
Lactate chitosan, 1000 25.0+0.28 85+10.8% 162+2.1%% >300
Carboxymethyl chitin, 1000 21.0+0.2 58+9.5% 1574, 1 %%% no clot

* — P<0.001; ** — P<0.01; *** — P <0.05 compared to control, s — seconds

Fig. 1. Electrophoregramme of fibrinogen samples incubated with chitin derivatives:
at left — in absence of B-merkaptoethanol: 1 — fibrinogen; 2 — carboxymethyl chitin; 3 — chitosan; 4 — lactate
chitosan; at right — in presence of f-merkaptoethanol; 6 — carboxymethyl chitin; 7 — chitosan; 8 — fibrino-
gen (Ao-, Bp- and y- chains are presented); 9 — lactate chitosan; 5§ — molecular weight kit: 120, 85, 55 kDa

fibrin is present (Fig. 2). The obtained data
are the same as the ones we received earlier
that, in the case of non-enzyme sedimantation
of fibrinogen, its precipitate may contain
up to 5.0 = 1.2% fibrin due to the action
of thrombin. Trace amounts of thrombin
under physiological conditions are present
in blood plasma always [30]. An immuno-
enzymatic assay with differential detection by
antibodies to fibrinogen and fibrin confirmed
that the precipitate was formed primarily
by fibrinogen (93%) with a small fibrin
admixture (7%).

In order to finally clear the possibility
of activating the coagulation factors, an
experiment was conducted on the direct
determination of thrombin activity in relation

to the chromogenic substrate S2238 in the
case of blood plasma incubation with chitin
derivatives. After more than 40 min of
incubation, chitin derivatives have no effect
on the activation of thrombin, that is, these
compounds not promote the activation of the
coagulation system, nor yet act as non-specific
suppressors.

Thus, it can be confirm that chitin
derivatives do not activate either the
coagulation system, or the cellular component
of the haemostasis system. It consists with the
literature data [6, 23]. Consequently, their
contact with blood plasma does not result in
the transformation of fibrinogen into fibrin,
and leads to the deposition of fibrinogen due
to disturbance of its conformation [30, 31].
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Fig. 2. Western-blot of the fibrinogen samples
incubated with carboxymethyl chitin use of mono-
clonal antibodies: 1-5A (at left) and monoclonal
antibodies 1-3c (at right); M — molecular weight
kit, kDa: 250, 130, 100, 70, 55; Fg — fibrinogen,
Fn — fibrin
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the effect of chitin derivatives on fibrinogen
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be assumed that the disorder of fibrinogen
molecule conformation is caused by the specific
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plasmin system [32, 33]. As a result, such a
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MeToio poboTu 0yJio 3’sicyBaHHSA MeXaHi3My
YTBOPEHHS 3TYCTKY IIiJ Ji€i0 MOXiZHMX XiTHHY.
ITixg yvac BUKOHAHHA OCJiIKeHb BUKOPHUCTAHO
bioximiumi Ta iMmyHOJMOTiUHI MeTOAM: OoePIKAHMHA
¢ibpuHOTEHY, TOXIAHUX XiTO3aHy, eTeKTpodopes
y ITAAT, Becrepr-6s0T, ELISA, Koarysosoriuni
TeCTU, aKTUBOBAHUI YaCTKOBO TPOMOOILJIACTHUHO-
Buii yac Ta mporpombiHOBUI yac. OTpuMaHo Taki
pesyabTaTH: MOXigHI XiTMHY OJHAKOBOIO MipoIo
CIPUYMHIOIOTH YTBOPEHHA 3TyCTKY B IiJbHIil
KpoBi, miaa3mi KpoBi Ta po3umHi hibpuHOTEHY;
ocan (piOpUHOTEHY, YTBOPEHUM BHACTIZOK IXHBOI
nIii, mpakTUYHO He MicTuUTh Gi6puHY; XiTO3aH He
CIPUUMNHIOE aKTuBaIlii ¢paKToOpiB cucTeMu 3Ci-
ITaHHsS KPOBi, IO MiATBEePAKYETHCSI BiICYTHiCTIO
HOBOYTBOpeHoTo iOpuHY; V pasi JogaBaHHA A0
posumHy (hiOpUHOTeHY XJIOPUAY KaJbI[il0 OCTaH-
Hill KOHIleHTpAIifHO3aJeKHO IIPUTHIUYE eeKT
xXiTos3any.

Takum uMHOM, HOKas3aHO, IO MHiJg Ai€io Xi-
TO3aHy YTBOPIOEThCA ocal GibpuHOTEHY BHACJI-
IOK mectabinisalrii fioro MoJsieKyJiu uepes BTpaTy
KaJubIlifo. BigcyTHicTs mponykTiB merpazgaiii ¢i-
OpUHY BUKJIOUAE MOYKJIMBiCTL akTuBaIlii ¢idbpu-
HOJITHYHOI cucTeMu Ta (Pidioyioriuny merpamaiiio
3rycTKYy. Ile poOuTh HeZOIiAIbHUM BUKOPUCTAHHA
KPOBOCHMHHUX 3ac00iB HA OCHOBI XiTO3aHy B KJIi-
HiUHiT mpakTHUIli.

Kntwouwosi cnoea: xitTuH Ta ioro moxinui, pi6pu-
HOT€H, CUCTeMa I'eMOCTasy.
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lHaI_II/IOHaJIBHLIfI YHUBEPCUTET OMOPECYPCOB
¥ TIPUPOJOII0Ib30BaHUA, Kues
IucTuryTr Guoxmmun um. A. B. [lamraguaa
HAH Vkpaunsi, Kues

E-mail: olgagorn6 7@gmail.com

ITennio paboThI OBLIO BHIICHEHNE MEeXaHU3MAa
o0pasoBaHUA CTyCTKAa IIOJ AefCcTBHEM IPOU3BO-
IHBIX XUTHHA. B paboTe 1CIoJIb30BaHbI OMOX M-
YyecKue U UMMYHOJOTHUYECKHe MeTOIbl MCCJIeo-
BaHUMA: TToJyueHre (huOpUHOTeHAa, ITPOU3BOTHBIX
XUTO3aHa, dyeKTpodopes B ITAAT, BecTepH-6I0T,
ELISA, KoaryjgojoruuecKune TeCThI, aKTHBUPO-
BAHHOE YACTUUYHOE TPOMOOIIJIACTUHOBOE BpeMs U
npoTpoMOuHOBOe BpeMs. IloyueHsl ciaenyoimue
IaHHBbIe: IPOU3BOAHBIE XUTHHA B OAUHAKOBOI
CTeIeHU BHI3LIBAIOT 00Pa30BaHMe CTYCTKA B IeJIb-
HOII KPOBH, IJIa3Me KPOBU U B pacTBope Qubpu-
HOTeHa; 0CaioK, 00pa3oBaHHBIN B Pe3yJbTaTe UX
IelcTBUSA, IPAKTUYECKH He comep:KuT GubpuH, a
SIBJISI€TCS, II0 CYTU, OCAAKOM (pOpPUHOTEeHAa; XUTO-
3aH He BBI3BIBAET aKTUBAIUIO0 ()aKTOPOB CUCTEMBI
CBEPTHIBAHUS KPOBU, UTO IIOATBEPIKIAETCA OT-
CYTCTBHEM BHOBH 00pasoBaHHOTO (GUOPUHA; TPU
no0aBJIeHNM K pPacTBOPY (pubpHHOTeHa XJOpHUIA
KaJIbIIMS ITOCIeTHNN KOHIIEHTPAI[OHHO3aBUCHUMO
nogasiisaeT s(peKT XUTo3aHa.

Takum obpasoM, IOJ OeficTBUEM XHTO3aHa
obpasyercs ocafoK (puOpUHOTEHA B pe3yJjabTaTe
IecTabuaIn3amuy ero MOJIEKYJBI M3-3a IIOTEpHU
Kaaprnusa. OTcyTcTBUe MPOAYKTOB Aerpamgaiiuu
(ubpuHa MCKJIIOYAET BO3MOYKHOCTh aKTUBAIIUU
GuOPUHOIUTUUYECKON CUCTEeMbl U (hUBUOJOTUUE-
CKOIi Ierpafaiuu CrycTKa. JTO JejiaeT Hellesieco-
00pas3HbIM MCIIOJb30BaHUE KPOBOOCTAHABINBATO-
IITUX CPEJICTB Ha OCHOBE XMTO3aHa B KIMHUYECKOM
mpaKTUKe.

Kniouesvie cnoeéa: XUTUH W ero IPOUBBOJHEIE,
(ubpunoTeH, cucTEMAa reMocTasa.
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