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Od materiatow opatrunkowych wymaga sie nie tylko bier-
nej ochrony rany przed wtornym zakazeniem i urazem me-
chanicznym, ale rowniez aktywnego dziatania w procesie
gojenia. Chityna i jej pochodne posiadajg unikatowe wia-
sciwosci przyspieszajace gojenie ran. Zapewniaja wilgot-
ne srodowisko, optymalne w gojeniu rany, maja wiasnosci
bakteriobojcze, przeciwbdlowe, a takze charakteryzuja sie
dobrymi wtasnosciami sorpeyjnymi. W organizmach zywych
pod wptywem enzymow ulegaja biodegradaciji, ktérej kor-
cowym produktem jest glukoza [1,2,3,4,5,6,7].

W Katedrze Chemii Fizycznej Polimerdw Politechniki £odz-
kiej przygotowano dwa rodzaje materiatéw opatrunkowych:
widkning polipropylenowa pokryta dibutyrylochityna i wiok-
ning polipropylenowa pokrytg regenerowang chityna,

3% roztwor dibutyrylochityny (DBCH) w etanolu (3g/100
mL), o lepkosci istotnej [h] = 1.57 dL/g, nanoszono obu-
stronnie na wtdkning polipropylenowa, a nastepnie suszo-
no i ponownie powlekano roztworem DBCH, zawieraja-
cym dodatkowo bezwodng gliceryne o czystosci czda.
Udziat wagowy DBCH w powleczonej widkninie wyniost
40% (8.9).

Wiokning powleczong DBCH poddano obrébce alkalicznej,
w celu przemiany blonki DBCH na widkninie polipropyle-
nowej w blonke chityny (proces regeneraciji chityny). Ob-
robke alkaliczng przeprowadzono w 5% wodnym roztwo-
rze NaOH w ciggu 15 min. w temp. 90°C. Udziat wagowy
powloki chitynowej wynidst 30% [9,10].

Celem pracy byta biologiczna ocena dibutyrylochityny i re-
generowanej chityny jako materiatdw opatrunkowych.
Opatrunki polipropylenowe z naniesiong warstwa dibutyry-
lochityny i regenerowanej chityny poddano ocenie biolo-
gicznej zgodnie z wymaganiami dla tego typu materiatow
medycznych. Badania obejmowaty:

- badania dziatania cytotoksycznego,

- badania poziomu cytokin: TNF i IFN,

- badania syntezy tlenkéw azotu NO./NO,,

- badania srédskornego dziatania draznigcego,

- badania wplywu na gojenie sie ubytkow skory petnej gru-
bosci.. :
Badanie dziatania cytotoksycznego przeprowadzono na fi-
broblastach mysich 3T3/Balb metoda bezposredniego kon-
taktu. Zmiany makroskopowe w hodowlach komérkowych
oceniono po 24, 48 1 72 h. Widknina polipropylenowa po-
wlekana dibutyrylochityng i regenerowana chityng nie wy-
kazywaly dziatania cytotoksycznego.

W celu okreslenia dziatania zapalnego i immunomodula-
cyjnego dibutyrylochityny i regenerowanej chityny prze-
prowadzono badania indukcji cytokin i synteze tlenkow
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It is generally expected that the dressing materials should
have not only properties of passive wound protection against
the secondary infection and physical trauma, but as well
their active role in the healing process itself. Chitin and its
derivatives demonstrate the unique properties of hastening
the wound healing process. They assure the most favour-
able wet environment during wound healing, show the
bacteriostatical and painkilling properties, and what more
are characterized by good sorption properties. In the living
organisms the chitin and its derivatives are decomposed
by the enzymes, and the final product of this biodegrada-
tion is glucose.
The two kinds of dressings materials were prepared in the
Department of Physical of Polymers Lodz Technical Uni-
versity: polypropylene nonwoven coated with dibutyrylchitin
and polypropylene nonwoven coated with regenerated chitin.
The polypropylene nonwoven material was coated of the
two sides with the dibutyrylchitin (DBCH) solution of 3% in
ethanol (3g/100 mL), of the working viscosity [h] = 1.57 dL/
g, and later was dried and for the next time coated with the
DBCH solution, containing additionally the analytically pure
dehydrated glycerin. The coated nonwoven material pre-
pared in this way had the 40% in weight of DBCH.
Such nonwoven coated with DBCH went through alkaline
treatment in order to change the DBCH film which covered
the polypropylene material into the chitin film - the process
which is called the chitin regeneration. The alkaline treat-
ment was done in 5% water solution of NaOH during 15
minutes in the temperature of 900C. In result the weighing
ratio of chitin coating was 30%.
The main target of the biological investigation was the as-
sessment of the dibutyrylchitin and regenerated chitin as
the dressing materials.
The polypropylene dressings coated with the dibutyrylchitin
and regenerated chitin undergone the biological evaluation
in accordance with the all the requirements stated for this
kind of medical devices. These evaluation included:
- the cytotoxicity test,
- assessment of the level of cytokines TNF and IFN;
- the assessment of the synthesis of nitric oxides: NO,
and NO.;

- infracutaneous reactivity test,
- assessment of the influence on healing of skin lesions.
The evaluation of cytotoxicity was carried out on the refer-
enced cell series of the mouse fibroblasts 3T3/Balb with
the method of the direct contact. The macroscopic changes
on the cells' cultures were assessed after 24, 48 and 72
hours. Neither the polypropylene coated with dibutyrylchitin
nor that coated with chitin showed no cytotoxicity.

In order to evaluate the inflammatory and
immunomodulatory effects of dibutyrylchitin and regenerated
chitin, the evaluations of cytokines induction and synthesis of
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azotu NO,/NO,. Badania poziomu cytokin przeprowadzo-
no na leukocytach ludzkiej krwi obwodowej metodag biolo-
giczng, a synteze tlenkdw azotu metodag Griess'a. Oby-
dwa materiaty nie stymulowaty leukocytow ludzkich do
wzrostu aktywnosci TNF i IFN oraz wzrostu poziomu tlen-
kow azotu, a otrzymane wyniki byty porownywalne z wyni-
kami grupy kontrolnej bez kontaktu z materiatami.
Badania sradskornego dziatania draznigcego przeprowa-
dzono na krolikach, u ktorych wykonano srédskarng iniek-
cje wyciggow z badanych materialow i wyciagow kontrol-
nych. Ocene zmian skornych przeprowadzano po 24, 48 i
72 h po iniekgji. W zadnym terminie badania nie stwier-
dzono zmian skornych w postaci zaczerwienienia lub obrze-
ku w miejscu iniekcji. Wskaznik Pierwotnego Podraznienia
dla opatrunkow polipropylenowych powlekanych dibutyry-
lochityna i chityng wynidst 0,00.

Ocene wplywu opatrunkow polipropylenowych powleka-
nych dibutyrylochityna i regenerowana chityng na proces
gojenia sie ubytkow skory petnej grubosci w poréwnaniu z
opatrunkami z gazy przeprowadzono u krolikow na pod-
stawie badan pooperacyjnych, makroskopowych i mikro-
skopowych.

W badaniach makroskopowych gojenia sie ubytkow skéry
peinej grubosci, zaopatrywanych zarowno opatrunkami
pokrytymi dibutyrylochityng jak i chityng stwierdzono, ze
rany wczesniej pokrywaty sie zottawg blona, byly bardziej
obkurczone, wilgotne i elastyczne, w poréwnaniu do ran
kontrolnych zaopatrywanych gaza.

W badaniach mikroskopowych stwierdzono, ze rany pod
opatrunkiem polipropylenowym pokrytym dibutyrylochity-
na goily sie najszybciej. 10 dnia w miejscu ubytku widocz-
na byta tkanka ziarminowa, ktora na znacznej powierzchni
pokrywat nowo powstaty nablonek wielowarstwowy ptaski.
14 dnia wiekszos¢ ran wypetniata mioda tkanka taczna z
licznymi naczyniami i wicknami klejorodnymi, a powstatg
blizne tacznotkankowa w catosci pokrywat naskorek. Po-
dobnie przebiegat proces gojenia sie ubytkow pod opatrun-
kiem z chityny. Jednakze tkanka taczna wypetniajaca bli-
zne miata nieco diuzej, przecietnie o 3 dni, charakter tkan-
ki ziarninowej. W preparatach mikroskopowych z ran, za-
opatrywanych standardowao opatrunkiem z gazy (kontrola)
stwierdzono dos¢ diugo utrzymujacy sie proces wysieko-
wy. Tworzenie sie tkanki ziarninowej nastepowato okoto
14 dnia. Tkanka ta tylko w niewielkim stopniu pokryta byta
naskaérkiem, kiory narastat od brzegow rany. Wytworzenie
sie blizny tacznotkankowej o charakterze wiéknistym i po-
krycie jej nablonkiem wielowarstwowym ptaskim obserwo-
wano dopiero 21 dnia po operacji.

WhiosKki

Opatrunki polipropylenowe pokryte dibutyrylochityna i
chityna:
1) nie wykazujg dziatania cytotoksycznego,
2) nie powoduja wzrostu aktywnosci TNF i INF oraz wzro-
stu poziomu tlenkow azotu w leukocytach ludzkich,
3) nie wykazujg pierwotnego dziatania draznigcego,
4) przyspieszaja proces gojenia sie ran; faza zapalna jest
krotsza i mniej nasilona, a proliferacja nabtonka szybsza
niz w ranach kontrolnych.

Podzigkowania
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nitric oxides NO, and NO, were carried out. The assess-
ment of the cytokine levels were done on the human whiis
blood cells (leukocytes) with the biological method, while
the synthesis of nitric oxides according to the Griess' method.
Both of these tested materials did not stimulate the human
leukocytes to increased activity of TNF and IFN nor the in-
creased level of nitric oxides were observed. These result
were comparable to these received for control group with no
contact with tested materials.

The assessment of intracutaneous irritation was evaluated
on albino rabbits on which the intracutaneous injections of
the extracts from tested materials and control extracts were
made. The assessment of the skin changes (colour and
oedema) was made according to the point method and was
evaluated at the site of injection right after the injection and
after 24, 48 and 72h. In none of these observation periods
any changes were noted. The index of primary irritation
(WPP) for both tested materials was at the level of 0,00 and
so it has no importance at all.

The assessment of the influence of polypropylene dress-
ings coated with dibutyrylchitin and regenerated chitin for
the healing process of full-skin lesions were done on rab-
bits and compared to similar skin lesions covered only by
gauze. This assessment was done during the post-surgery
observations as well as on the basis of macroscopic and
microscopic examination.

In macroscopic observation it was noted for both tested
materials that the wounds were healed earlier, at the earli-
est stage were covered by yellowish membrane, were elas-
tic and more wet as compared to the control wounds cov-
ered only with gauze.

During the microscopic examination it was noted that the
wounds covered with the polypropylene dressing coated
with dibutyrylchitin have been healing earlier. After 10 days
in the site of skin lesion the granulated tissue was present
covered almost entirely be the new epithelium. After 14 days
almost all wounds were filled with the young connective tis-
sue with numerous small vessels and with glue fibers. The
scar was fully covered by the new epidermis. The healing
process of the wounds covered with the chitin dressing was
very similar. The granulated phase prolonged a little bit
longer. The samples examinated from the wounds covered
only by gauze showed the prolonged exudative phase with
the granulated tissue observed since 14-th day. The epi-
dermis was not present on the entire scar. The process of
the healing was ended after 21-st day.

Cocnclusions

Polypropylene dressings coated with dibutyrylchitin and
chitin are characterized by following properties:
1) do not show any cytotoxicity;
2) do not cause the increase in the activity of TNF and INF,
neither the increase of the level of nitric oxide in human
white cells;
3) do not demonstrate the primary irritations effect;
4) hasten the wound healing process, with the shorten and
less pronounced inflammatory phase, and earliest epithe-
lium proliferation in the control wounds..
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Olbrzymi postep w badaniach medycznych i w klinicysty-
ce, jaki notujemy w okresie ostatnich dwudziestu lat wy-
musza wrecz coraz wieksze i co raz szersze zastosowania
nowych materiatow, w tym réwniez polimeréw biodegrado-
walnych. Do najwazniejszych i najczesciej stosowanych
grup reprezentujgcych ten rodzaj materiatow naleza z pew-
noscig alifatyczne «-poliestry, a w szczegolnosci polilakty-
dy, poliglikolid i kopolimery glikolidu i laktydu.

Poliglikolid jest pierwszym syntetycznym biodegradowal-
nym materiatem ktory znalazt powszechne zastosowanie
w medycynie. W 1962 roku, pod nazwag Dexon, American
Cyanamide Co. rozpoczaf jego produkcje z przeznacze-
niem gtownie na degradowalne nici chirurgiczne. W 1975

roku rozpoczeto produkcije Vicrylu bedacego kopolimerem-

glikolidu i L-laktydu. Wyroby wykonane z Dexonu i Vicrylu
zaczely by¢ uzywane dosy¢ powszechnie w koncu lat sie-
demdziesigtych, poczatkowo w stomatologii i chirurgii
szczekowej [1,2], pozniej rowniez w ortopedii [3,4] Wpro-
wadzono do uzycia biodegradowalne nici chirurgiczne i
drobne implanty stosowane w leczeniu ztaman. Stwierdzo-
na klinicznie doskonata bickompatybilnos¢ poliglikolidu i
jego kopolimeréw z laktydem przyczynita sie do poszerze-
nia zastosowan tego typu polimeréw w coraz wigkszej ilo-
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Great progress in medical and clinical investigations, which
was observed during the last twenty years, demands big-
ger and broader application of new materials as well as the
biodegradable polymers. Surely, the aliphatic a-polyesters,
especially polylactide, polyglycolide and lactide/glycolide
copolymers belong to the most important biodegradable
materials and the most often ones used in medicine.

Polyglycolide is the first synthetic biodegradable material
which is commonly applied in medicine. In 1962, American
Cyanamide Co. started their production for forming biode-
gradable surgery threads generally, as name Dexon?. The
production of Vieryl?, which is a glycolide/lactide copoly-
mer was started in 1975. The products made from Dexon?
or Vieryl? were used commonly since the end of the 70's,
firstly in dentistry and jawbone surgery [1, 2], later also in
-orthopedics [3, 4]. Biodegradable surgery threads and small
implants used in bone fracture treatment was introduced to
application. Polyglycolide and glycolide/lactide copolymers
very good biocompatibility, affirmed clinically, contributed
to broadening applications of this polymers in more surgi-
cal operations. .

Controlled release of drugs is a second, not less important
field of biodegradable polymers application. Suitable selec-
tion of polymer carrier composition, its crystallinity level,
morphological structure and molecular weight can be con-
trolled, and, to some extent, speed of drug release and a pe-
riod of release process. Materials from which carriers filled
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