OCENA WPLYWU
MATERIALOW

Z DIBUTYRYLOCHITYNY
NA AKTYWACJE
UKLADU KRZEPNIECIA

Maria Szymonowicz*, DANUTA PALucH*, LEszEk SoLskI*,
StaNisLAW PiELkA*, ANNA BiasiNska**, 1zaBELLA KRUCINSKA**,
Lipia SzosLAND **

*ZAKEAD CHIRURGI EKSPERYMENTALNEJ | BADANIA BIOMATERIA-
tow Akabpemi Mepycznes we WRoctawiu,

**KATEDRA METROLOGI WEOKIENNICZES WYDZIAKU INZYNIERII

| MARKETINGU TEKSTYLIOW POLITECHNIKI £.ODZKIEJ

[Inzynieria Biomateriatow, 38-43, (2004), 123-126]

Wstep

W latach osiemdziesiagtych ubiegtego stulecia wiele o$rod-
kéw naukowych, zwtaszcza japonskich, rozpoczeto bada-
nia nad chityng i jej pochodnymi. Chityna posiada unikato-
we witasciwos$ci, polegajgce na zdolnosci przy$pieszania
gojenia sie ran oparzeniowych, ropnych, odlezynowych lub
ran pooperacyjnych. Chityna odznacza sie duzym stopniem
biozgodnosci i jest biodegradowalna. Takie wtasciwosci
chityny od wielu lat zachecajg placéwki naukowe do prac,
zmierzajgcych do wykorzystania jej w medycynie.

Chityna budowg przypomina celuloze, w ktérej grupa hy-
droksylowa w pozycji C-2 zastgpiona zostata przez grupe
acetamidowg. Chityne, podobnie jak celuloze charaktery-
zuje niska rozpuszczalnos¢ i staba chemiczna reaktywnosc.
Niska rozpuszczalnos¢ stanowi bariere trudng do pokona-
nia dla procesow przetworstwa polimeréw. Bariere te moz-
na pokonac¢ w wyniku modyfikacji chemicznej chityny. Gtow-
nym celem modyfikacji jest otrzymanie takiej pochodnej
chityny, ktéra bytaby tatwo rozpuszczalne w dostepnych
rozpuszczalnikach i jednoczesnie zachowatyby unikatowe
wiasciwosci chityny macierzyste;.

Pochodng takg o nazwie dibutyrylochityna (DBC) opracowa-
no w Katedrze Chemii Fizycznej Polimerow Politechniki £-6dz-
kiej. Jest ona fatwo rozpuszczalna w popularnych rozpusz-
czalnikach, takich jak aceton, etanol lub N-metylopirolidon.
Jest rowniez btono- i widknotworcza. tatwo daje sie z nigj
wytworzy¢ widkna, wiokniny, tkaniny i dzianiny. Réwnie ta-
two mozna z materiatéw tych po zastosowaniu tagodnej ob-
rébki alkalicznej otrzymaé materiaty chitynowe (chityna re-
generowana) bez uszkodzenia ich makrostruktury [1-3].

Na podstawie wtasnych badan biologicznych stwierdzono,
ze witdkna z regenerowanej chityny i dibutyrylochityny nie
wywotujg dziatania cytotoksycznego, hemolitycznego, draz-
nigcego i wywotujg minimalng reakcje miejscowg tkanek
po implantacji [4-6]. Nie jest natomiast znany ich wptyw na
uktad krzepniecia, uktad immunologiczny i na regeneracjg
tkanek, co moze mie¢ znaczenie w zaopatrywaniu narza-
doéw migzszowych, np. watroby.

Celem badan byta ocena wptywu pochodnych chityny na
uktad krzepniecia krwi w badaniach in vitro.

Materiatl i metody badan

Do badan uzyto materiaty z dibutyrylochityny (DBC), o
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Introduction

During the 1980’s many scientific centers, mainly those
in Japan, started the investigation of the chitin and its
derivates. Chitin is known to has some unique properties,
of which the most important is the influence to accelerate
the healing process of the infected, burned, decubitus or
surgery wounds. Additionally chitin is showing the high level
of biocompatibility and what more is bio-degradable. Such
properties make it the very attractive for many scientific
centers in which it is tested for possibly use in human and
veterinary medicine.

The chemical structure of chitin is similar to those of cellu-
lose, in which the hydroxyl group in position C-2 was re-
placed by the acetamide group. Chitin, like the cellulose, is
characterized by lower solubility and very low chemical re-
activity. Such a low solubility is very difficult to overcome
during the possessing of polymers. Such barrier could be
overcome by the chemical modification of the chitin. The
main target of this modification is in receiving of such a de-
rivative of the chitin, which should be easy soluble in most
of available solvents but at the same time they should re-
tain the specific properties of the pure chitin.

Such derivative named dibutyrylchitin (DBC) was worked
out at Department of Physical Chemistry of Polymers in
Lodz. It is easy soluble in most of the common solvents,
such as acetone, ethanol or N-metylopirolidon. It also has
the properties of being film and fiber makers. It could be
easy transform into fibers, knitting, woven and non-woven
materials. What more by the mild chemical process it could
be easy received other materials such as regenerated chitin,
without destroying of the main chitin macro-structure. [1-3].
On the basis of our own biological assessments it was shown
that the fibers from regenerated chitin and dibutyrylchitin
do not have cytotoxicity, irritation and heamolytic effects,
and produce the minimal local reaction of the tissues after
implantation. [4-6]. But we do not know too much about their
influences on the blood coagulation system, immunological
system and tissues regeneration, what could be very im-
portant in the treatment of the injuries of such organs as
liver. The main scope of this study was the in vitro evalua-
tion of the influence of the chitin derivates on the blood co-
agulation system.
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stopniu estryfikacji bliskim 2, przygotowane z chityny krylo-
wej, dostarczonej przez Morski Instytut Rybacki w Gdyni.
Lepkosc¢ istotna roztworu dibutyrylochityny w DMAc (dime-
tyloacetamidzie), mierzona w temperaturze 25°C wynosita
1,5 dL/g [1-2]. Préby roznity sie miedzy sobg sposobem
formowania oraz postaciag: widkna E1- formowane na mo-
kro z roztworu DBC w etanolu; wtdkna B1- formowane na
mokro z roztworu DBC w N-metylopirolidonie, btonki wyle-
wane z roztworu DBC w etanolu, mikrosfery z DBC otrzy-
mane metodg "suszenia emuls;ji"[6], nanowtoknina z DBC
wytwarzana technikg electrospinningu [7].
Ocenie poddano prébki o jednakowej wadze. Doswiadcze-
nie wykonano na petnej krwi cytrynianowej oraz na osoczu
ubogoptytkowym. Krew ludzkg grupy O Rh+ pobrano od
dawcéw na cytrynian sodu w proporcji 1:10.0socze otrzy-
mano po odwirowaniu krwi (1500g x 10min) [8, 9].
Oznaczanie czasu krzepniecia (rekalcynacji) petnej krwi

Ludzka krew cytrynianowg inkubowano z probkg mate-
riatu (0,5mI/0,0037g) w probéwce PS przez 15, 30 i 60 min.
w temp. 37°C. Nastepnie dodano 0,5 ml 0,25 mm/I roztwo-
ru chlorku wapniowego i mierzono czas krzepniecia. Po-
miar zakonczono w momencie pojawienia sie pierwszych
nitek fibryny. Roéwnolegle wykonano pomiary dla krwi kon-
trolnej - bez kontaktu z materiatem.
Oznaczanie czasu krzepniecia osocza ubogoptytkowe-
go

Osocze cytrynianowe wraz z probkg materiatu (0,8ml/
0,0062g) delikatnie wytrzgsano przez 120 min. w temp.
pokojowej. Réwnolegle nastawiono probe kontrolng - oso-
cze bez kontaktu z materiatem. Oznaczono: czas czescio-
wej tromboplastyny po aktywacji (aPTT), czas protrombi-
nowy (PT), aktywnos$¢ czynnika XlI (F XII), stezenie fibry-
nogenu (Fb).
Badania wykonano na aparacie BCT (Behring Coagulation
Timer), firmy Dada Behring. Wyniki poddano analizie staty-
stycznej. Obliczono $rednig arytmetyczng i odchylenie stan-
dardowe. Istotne roznice w $rednich wartosciach okreslo-
no testem T studenta. Przyjeto, ze wspodtczynniki korelacii
sg istotne przy *p <0.05, **p<0.01, ***p<0.001.

Wyniki badan

Wptyw materiatow z DBC na krzepniecie krwi cytrynia-
nowej, okreslono poprzez pomiar czasu rekalcynacji po 15,
30 i 60 minutach (RYS. 1). Czas krzepnigcia stwierdzony
dla ocenianych materiatéw z DBC, we wszystkich czasach
badania, byt istotnie skrécony (p < 0,01, p <0,001) w po-
rownaniu do kontroli. Najnizsze wartosci czasu rekalcyna-
cji stwierdzono dla prébek o rozbudowanej powierzchni: wié-
kien E1, B1 oraz nanowtékniny.

Wptyw materiatéw z DBC na zewngtrzpochodny osoczowy
uktad krzepniecia okreslono testem aPTT, a wewnagtrzpo-
chodny testem PT. Oznaczono réwniez stezenie fibryno-
genu oraz aktywnos$c¢ czynnika XII.

Wartos¢ aPTT, PT, aktywno$¢ czynnika Xll i stezenie fibry-
nogenu, otrzymana dla osocza po 120 minutach kontaktu z
réznymi probkami DBC byta poréwnywalna z wartos$cig dla
osocza kontrolnego. Oceniane materiaty z DBC nie wywo-
faty zmian w osoczowym uktadzie krzepniecia, a otrzyma-
ne wartosci pomiarowe dla kazdego materiatu sg poréwny-
walne miedzy sobg oraz z grupg kontrolng (RYS. 2-4).

WhioskKi

1. Oceniane materiaty z DBC wykazujg aktywno$¢ proko-
agulacyjng krwi.
2. Oceniane materiaty z DBC nie wptywajg na zmiane ak-

Materials and methods

For the study we used the materials made of dibutyrylchitn
(DBC) of the esterification level 2, prepared from the krill
chitin supplied by Sea Fisheries Institute in Gdynia. The
intrinsic viscosity of the dibutyrylchitin solution in DMAc
(dimethyl-acetamide), measured at +25°C was at the level
of 1,5 dL/g [1, 2]. The particular samples was different in
regard to their moulding and form: fibers E1- were wet
shaped from DBC ethanol solution; fibres B1- were wet
sahed from DBC solution in N-methylopirolidone. The mem-
branes were outpoured from DBC ethanol solution,
microspheres from DBC by the method z DBC of "emulsion
drying""[6], while nonwoven nano-fibres of DBC were re-
ceived by technique of electrospinning [7].

All evaluated samples were of the same weight. Tests were
carried on the full human citrated blood and on the low-
platelet plasma. Human blood of the group O and Rh+ was
collected from the donors on natrium citrate in proportion
1:10. The plasma has been received by centrifugation of
the blood (1500g x 10min) [8, 9].

Coagulation time (recalcination) in full blood

Human citrated blood with the tested sample (0,5 ml/
0,0037 g) was incubated in PS tubes for 15, 30 and 60
minutes at +37°C. Afterwards the amount of 0,5 ml (0,25
mm/I) of calcium chloride solution was added and coagula-
tion time was measured. The measurement was cut off at
the point when the first fibers of fibrin was observed. At the
same time the measurements for the control blood - with-
out contact with any materials - were done.

Coagulation time in plasma

Citrate plasma together with the tested sample of mate-
rials (0,8ml/0,0062g) was gentle shaked during 120 min-
utes at the room temperature. At the same time the control
sample was set up, i.e. the plasma without contact with any
material. The following parameters were determined: acti-
vated partial tromboplastine time (aPTT), protrombine time
(PT), factor Xll activity (F XII), fibrinogene concentration (Fb).
All aforementioned test were carried out on BCT (Behring
Coagulation Timer) apparatus made by Dada Behring Co.
Results were subject of statistical anaysis. The averages
and sdandard devaitons were calculated. The real differ-
ences in the mean values were calculated with studsent
test T. It was accepted that corelation indexes are of impor-
tance at *p < 0.05, **p < 0.01, ***p < 0.001.

Results

The influence of DBC materials on coagulation of citrated
blood was evaluated by the measurement of recalcination
time after 15, 30, 60 minutes (Fig. 1). Coagulation time noted
for these tested materials of DBC, at all investigated times,
were significantly shorter (p < 0,01, p < 0,001) as com-
pared to control group. The lowest values for recalcination
time were noted for the samples of enlarged surface: fibers
E1 and B1 and for the nonwoven nano-material..

The influence of DBC materials on exogenic plasma co-
agulation system was evaluated by aPTT test, while en-
dogenic - by PT test. At the same time the concentration of
fibrinogene and factor XII activity were evaluated.

The values of aPTT, PT, factor Xl activity and fibrinogene
concentration received for the plasma after 120 minutes of
contacts with different samples of DBC were all compara-
ble with the values received for control plasma.

DBC materials, which have been evaluated, did not cause
any changes in plasma coagulation system, and the values
received for each material are comparable to each other
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RYS. 3. Aktywnos¢ czynnika XII (F XIl) w osoczu.
FIG. 3. Factor Xl activity (F XII) in plasma.

tywnosci biatek osoczowego uktadu krzepniecia.
3. Wiékna z DBC E1, B1 i nanowtéknina mogg znalez¢ za-
stosowanie jako materiaty hemostatyczne.

Podziekowania

Badania wykonane zostaty w ramach projektu badaw-
czego nr 1063, w ramach prac wtasnych Uczelni.

Materiaty do badan wykonano w ramach projektu ba-
dawczego Nr 4 TO8E 001 24, wykonywanego w Katedrze
Metrologii Wtdkienniczej Politechniki t 6dzkiej i finansowa-
nego przez Komitet Badar Naukowych.

O mikrosfery

D nanowidknina

[ TTTTT]

czas 120 min.

RYS. 4. Stezenie fibrynogenu (Fb) w osoczu.
FIG. 4. Fibrinogen (Fb) concentration in plasma.

Results

The influence of DBC materials on coagulation of citrated
blood was evaluated by the measurement of recalcination
time after 15, 30, 60 minutes (FIG. 1). Coagulation time
noted for these tested materials of DBC, at all investigated
times, were significantly shorter (p<0,01, p<0,001) as com-
pared to control group. The lowest values for recalcination
time were noted for the samples of enlarged surface: fibers
E1 and B1 and for the nonwoven nano-material..

The influence of DBC materials on exogenic plasma co-
agulation system was evaluated by aPTT test, while en-
dogenic - by PT test. At the same time the concentration of
fibrinogene and factor XII activity were evaluated.

The values of aPTT, PT, factor Xl activity and fibrinogene
concentration received for the plasma after 120 minutes of
contacts with different samples of DBC were all compara-
ble with the values received for control plasma.

DBC materials, which have been evaluated, did not cause
any changes in plasma coagulation system, and the values
received for each material are comparable to each other
and to those of control group. (FIG. 2-4).

Conclusions

1. Evaluated materials of DBC showed activity
procoagulation blood.

2. Evaluated materials of DBC do not have any influence
on the activity of plasma protein coagulation system..

3. DBC fibers of both types i.e. E1, B1 as well as the
nonwoven nano-material could find their proper application
as haemostatic dressing materials.
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Wstep

Rusztowania hydrozelowe sg obecnie szeroko badane
jako potencjalne noéniki do transplantacji komérek i rege-
neracji uszkodzonych tkanek m. in. chrzestnej, kostnej,
mies$niowej i nerwowej [1].

Szczegdlnie wiele prac dotyczy wykorzystania hydrozeli w
rekonstrukcji chrzastki [1-3]. Jednymi z najczesciej stoso-
wanych materiatéw do konstrukcji hydrozelowych no$nikéw
dla chondrocytéw sg Zele alginianowe [4-6].

W ocenie wptywu podtoza na hodowane komérki jedng z
podstawowych informacji jakie chcemy uzyskac jest zywot-
nosc¢/przezywalno$é komorek w kontakcie z testowanym
materiatem. Do najczesciej wykorzystywanych testow ilo-
sciowych stuzgcych do okreslenia zywotnosci komorek na-
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Introduction

Hydrogel scaffolds are being investigated as a potential
carriers for cell transplantation and reconstruction of wide
range of tissues, including cartilage, bone, muscle and neu-
rons [1]. Among them, hydrogel materials are being used
for cartilage tissue engineering [1-3]. Particularly alginate
has been used to construct 3-D scaffolds for chondrocytes
delivery [4-6].

Cell viability is one of the most important and desirable in-
formation for evaluation of the influence of the material on
cells. For this purpose, colorimetric assays (MTT, XTT and
Neutral Red stain (NR)) and hemocytometer cell count
(Trypan Blue stain -TB) are the most popular quantitative
tests [7, 8].

In the present study, human chondrocytes encapsulated in
alginate hydrogel were investigated by means of MTT, NR
and TB tests.



