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Objective: to study the structural and biological evaluation of chitin-chitosan
based membrane for dura mater replacement.

Materials and methods. Chitosan-based films were made out of 3%
solution of chitosan for the research. We used 200, 500 and 700 kDa chitosan
(deacetylation rate 80-90 %) to produce chitin-chitosan membrane by using
solvent evaporation method. For enhancing mechanical properties and
reducing the degradation, chitin particles were added to the chitosan solution.
Chitosan and chitin ratio was 80/20. The chitin/chitosan solution in Petri dishes
was dried out during 3 days at room temperature.

To obtain information about the structure of membrane surface and cross-
section scanning, electron microscopy was performed.

Hydrolytic degradation was studied by pouring into SBF solution. To determine
the rate of enzymatic degradation, trypsin solution was used. To determine
the mass loss percentage, we measured the sample weight after 7, 14, 21,
30 and 60 days after being in the appropriate solutions.

Relative elongation and strength were measured by digital dynamometer to
study membranes mechanical properties such as the strength and elasticity.
MLO-A5 cells were used to assess biocompatibility of new materials.

Results. Macroscopic view of obtained samples has shown their relative
transparency with impregnation of chitin particle that elevated over the
membrane surface without any diversity between different chitosan molecular
weight samples.

Due to scanning electron microscopy, principal diversity between the samples
of different molecular weight has being seen: rough pore surface at 200 and
500 kDa and flat with minimal roughness surface of 700 kDa membranes.
Cross-section of 500 and 700 kDa membranes are dense with no pores, but
200 kDa membrane are sponge like and it can be prediction for fluid sorption
and cell migration during healing process.

Chitin-chitosan membranes are biocompatible and degrade in aqueous and
enzymatic solutions. Due to polysaccharide nature of chitosan and chitin,
enzymatic degradation has shown higher trend compare to the hydrolytic
ones. 200 kDa membrane degrades faster with final mass loss 83.2 % and
completely due to porous structure that allows fluid sorption.

Membrane mechanical parameters strongly depend on their structure. 200
kDa membrane has shown 2-fold higher elongation compared to 500 kDa and
3-fold — compared to 700 kDa ones. The compensation of mechanical forces
ensured by porous structure is better than in dense ones. Tensile strength
was in 2-fold better in 200 kDa membranes than in 500 and 700 kDa ones.

Cell culture experiment has shown the better adhesion at the 3 day for 200
kDa membrane and minimal cell adhesion for 700 kDa membrane, probably
due to smooth surface. The reduction rate between all samples and PCT control
differ a lot, except for 200 kDa membrane that has the same proliferation
rate as TCP.

Conclusion. Chitin-chitosan membranes, made from different molecular
weight chitosan, are transparent and has appropriate structure for being used
as a dura mater substitute. They are biocompatible and degrade in aqueous
and enzymatic solutions. Due to porous structure, excellent mechanical
properties as well as better cell adhesion and proliferation, 200 kDa chitosan
membrane is more applicable for neurosurgical issues.

Key words: dura mater substitute; chitin; chitosan; degradation;, mechanical
properties; cell culture
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MerTa: BMBUYNTU CTPYKTYPHI Ta 6ionoriyHi BNacTMBOCTI NAiBKN HA OCHOBI XiTUHY
i XiTo3aHy ANsA 3aMileHHs TBepAoi MO3KOBOiI 060/10HKMU.

Martepianu i meTtoamn. [ina pgocnigxeHHs 6ynuM BUroTOBNEHi MeTOAOM
PO3YMHEHHSA Ta BMMNApOBYBAHHS XiTO3aHOBI NiBKM 3 3% pPO34YMHY XiTO3aHy.
BukopucTtaHo XiTo3aH 3 MonekynsapHoto macoto 200, 500 ta 700 k[a (piBeHb
peauetuntoBaHHs — 80-90%). Ans NOCMNEHHS MEXaHIYHMX BIacTUBOCTEN Ta
3MEeHLWeHHs aerpajauii B XiToO3aHOBWI PO34YMH A0AABaNN YaCTUHKWN XiTUHY.
CniBBiAHOLWEHHSA XiTO3aHy Ta XiTUHY — 80:20. BUCMXaHHS XiTUH-XiTO3@HOBOIO
po34nHy B 4Yawui MeTpi BigbyBanocsa 3a KiMHaTHOI TeMnepaTypu BNPOAOBX
3 pi6. na oTpMMaHHA AaHMX WOAO CTPYKTYpWU MOBepxHi MeMbpaHu Ta
rnonepeyvyHoro nepepizy BUKOPUCTOBYBaIM PaCTPOBY €/1€KTPOHHY MiKPOCKOTito.
FiaponiTuyHy Aerpajauito BMBYanNuM gojaBaHHSAM po34vnHy SBF. Onga
LOCNIAXEHHS piBHS €H3MMATU4YHOI Aerpajauii BUKOPUCTOBYBaIN PO3YUH
TPUNCUHY. [na BU3HAUEHHS BiACOTKa BTpaTW Macu BUMiptoBasan Bary 3paskis
Ha 7, 14, 21, 30 Ta 60-Ty Aoby nicna nepebyBaHHS B BiANOBIAHOMY PO3YMHI.
BigHOCHE NMoAO0BXEHHS i MiLHICTb BUMiptOBanun UuMdpoBmMM AMHAMOMETPOM AN1S
BMBYEHHS MEeXaHi4YHMX BIaCTUBOCTEN, TaKMX K MILHICTb i enacTu4HicTb. ns
OuiHOBaHHSA 6i0CYMICHOCTI HOBMX MaTepianiB BUKOPUCTOBYBanM KAITUHHY
ninito MLO-AS.

Pe3ynbtatn. MakpockoniyHuin BUrnsa oTpuMMaHuMxX 3paskiB CBiAYMB Mpo iX
BiAHOCHY NPO30PiCTb 3 MPOCOYEHHSAM YaCTUHKAMU XiTUHY, SKi 3aiMManncs Haj
nosepxHeto MmembpaHn 6e3 6yab-IKUX BiAMIHHOCTEN MiX 3pa3kaMu 3 pi3HOIO
MONEKY/IIPHOK MAcolo XiTO3aHy.

3aBAsiKM pacTpPOBIN eNeKTPOHHIN Mikpockonii BCTAHOBJIEHO MPUHLUMOBY
Pi3HMUIK MiX 3pa3kaMn 3 pi3HOK MOJEKYNAPHOK Macot: rpyba nopucta
NOBEPXHS MPW BUKOPUCTaHHI MeMbpaHun 3 XiTo3aHy 3 MONEKYISIPHOI0 Macoko
200 1a 500 k[a i rnageHbKa MiHiManbHO WOPCTKA NpKU 3aCTOCYBaHHI MeMbpaHu
3 XiTo3aHy 3 MonekynsapHow macow 700 kJa.

Ha nonepeyHoMy nepepisi NaiBka 3 XiTO3aHy 3 MoneKyasapHot macoto 500
i 700 k[a winbHa 6e3 nop, Toai sk MeMbpaHa 3 XiTo3aHy 3 MONEeKYNsiPHO
Macoto 200 kla - rybyacTa, Wo Moxe 6yTn nepeayMoBoto Ans copbuii pianHm
i Mirpauii KniTUH Nig 4yac npouecy 3aro€HHsA. XiTUH-XiTO3aHOBI NAIBKU €
6iocyMicHMMM Ta fAerpafyoTb Yy BOAHUX | bepMeHTaTMBHMX POo34YMHax. 3aBAsiKK
nonicaxapuaHin npupoAi xiTo3aHy Ta XiTUHY crnocTepirann TeHAEHUit0 A0
WwBKMALWOI hepMeHTaTUBHOI Aerpaaauii nopiBHSHO 3 rigponiTnyHot. MembpaHa
3 XiTo3aHy 3 MoneKkynsipHoto Macot 200 k[la weBualwe gerpagye 3 KiHUEBOK
BTpaToto Macu 83,2%, WO 3YMOBJIEHO MOPUCTO CTPYKTYPOID, KA CNpUSE
copbuii pignHn.

MexaHiyHi napameTpu MeMbpaH 3HAYHOK MipOIo 3anexaTb Bif iX CTPYKTYypW.
MniBka 3 XiTO3aHy 3 MosiekynspHoto Macoto 200 kla NnpoAeMOHCTpyBana BABIYi
6inblie NoAoOBXeHHS NMOPIBHAHO 3 MeMBpaHO 3 XiTO3aHy 3 MOJIEKY/ISPHOIO
Macoto 500 k[a i Tpuui 6inbwe NOpPiBHAHO 3 MAIBKOK 3 XiTO3aHy 3
MonekynspHoto Macot 700 k[a. NopucTa CTpyKTypa Kpawie, HixX WinbHa,
3abe3neyye NOCUNIEHHA MeXaHIYHUX BNacTUBOCTelN. MiyHicTb Ha po3puBs byna
BABIYi Kpalo B MeMbpaHu 3 XiTo3aHy 3 MonekynsipHoto Mmacoto 200 k/[a, Hix
y MNiBOK 3 XiTO3aHy 3 MonekynspHoto Macoto 500 i 700 kAda.

ExkcnepuMeHT Ha KynbTypi KNiTUH NokKasas Kpalwy aaresito Ha 3-Tio aoby y
MAiBKM 3 XiTO3aHy 3 MosiekynsapHot Macot 200 k[la Ta MiHiManbHy aaresito
KNiTUH Y MeMbpaHu 3 XiTo3aHy 3 MonekynspHoto macot 700 k[a, NMOBIpHO,
yepes rnajeHbky nosepxHt. LLBmakicTe piBHS nponidepauii B ycix 3paskis
NOpiBHSAHO 3 KOHTponeMm TCP ayxe Biapi3Hanacs, 3a BUHATKOM MeMbpaHu 3
XiTo3aHy 3 MonekynsapHot Macot 200 k[a, ska Mana Taky camy LWBUAKICTb
nponidepadii, ak i TCP.

BMUCHOBKM. XiTUH-XiTO3aHOBIi MeM6paHu, BUrOTOBJIEHI 3 XiTO3aHy 3 pi3HO
MOJIEKYNSAPHOIO Macol, € NPO3OPUMU i MalOTb BIAMOBIAHY CTPYKTYpy AN
BWKOPUCTaHHS K 3aMiHHMK TBepA0i MO3KOBOi 060/10HKN. BOHM € 6ioCyMiCHUMM
i AerpaayloTb y BOAHUX Ta PepMeHTaTUBHUX pO34YMHaX. 3aBASKW MOPUCTIN
CTPYKTYPIi, BIAMIHHMM MeXaHi4YHMM BNAaCTUBOCTSAM, @ TAKOX KpaLlii KNiTUHHIN
aaresii Ta nponidepauii nniBka 3 xXiTo3aHy 3 MonekynsapHow macow 200 k[a
6inblWw NpnaaTHa ANA HENPOXiIPYPriYHUX BTPYYaHb.

KniouoBi cnoBa: iMnniaHTaT TBepAoi MO3K0BOI 060/IOHKM,; XiTWH; XiTO3aH,
Aerpagaudisi; MeEXaHiYHi B1aCTUBOCT,;, Ky/bTypa K/iTHH.
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Llenb: n3yuntb CTPYKTYPHbIE N HMONOrnyeckmne CBOMCTBA NJIEHKM Ha OCHOBE
XUTUHA U XUTO3aHa A5 3aMelleHns TBepAoi MO3rosoi 060104KK.

MaTtepuanbl u metoabl. [Jns nccnenoBaHms 6biM U3roTOBJIEHBI METOAOM
pacTBOpeHWS U BbiNapuBaHUSA XWTO3aHOBble NaeHkM M3 3 % pacTBopa
xuTo3aHa. cnonb3oBanm xmuTo3aH ¢ MonekynspHon maccor 200, 500 n 700
k[a (cteneHb aeaueTunupoBaHus — 80-90%). Ans ycuneHuss MexaHN4YeCcKmnx
CBOMCTB M yYMEHblUEeHNs Aerpagauvm B XUTO3aHOBbIM pacTBop AobasBnsnu
YaCcTMYKKM xuTuHaA. COOTHOWEHMe XuTo3aHa U xutuHa — 80:20. BbicbixaHne
XUTUH-XUTO3aHOBOrO pacTBopa B Yawke [leTpy Nponcxoamao Nnpyu KOMHATHOWN
TeMmnepaType B TeyeHue 3 CyToK. [Ans nosny4vyeHus nHopmaumm o CTpyKType
MOBEPXHOCTM MeMbpaHbl U MONEPEYHOro CceYeHMst UCNOb30Basin PacTpPOBYIO
3N1EKTPOHHYIO MUKPOCKONUID. MAPONUTUYECKYIO Aerpajaunio nsydanam nytem
pnobasneHna pacteopa SBF. [na nccnegoBaHns ypoBHS 3H3UMMATUYECKON
ferpajauvm ucrnosib3oBanu pacTBop TpUNcuHa. Ana onpeneneHus npoueHTa
rnoTepu Maccbl u3aMepsnm Bec obpasuos Ha 7, 14, 21, 30 n 60-e cyTku nocne
HaxXoXAeHUsA B COOTBETCTBYKLWEM pacTtBope. OTHOCUTENbHOE YASIMHEHUE U
MPOYHOCTb U3MEPSN LNGPPOBLIM AUHAMOMETPOM AN1S NU3YUYEHNS MEXAHNUYECKNX
CBOWCTB, TaKMX Kak MPOYHOCTb M 3/1aCTUYHOCTb. NS oueHkun 6MocoBMeCcTMMOCTU
HOBbIX MaTepuanoB UCNOb30BaN KJIETOUHYO NMHUIO MLO-AS.

Pe3ynbtaTtbl. MakpocKonmMyeckuii BUA noyYyeHHbIX 06pasLoB CBMAETENbCTBOBAN
06 UX OTHOCUTESTIBHOM MPO3PAYHOCTM C MPONMUTKON YacTMLAMN XUTUHA, KOTOpPbIe
BO3BbILLANIMCb HaJ NOBEPXHOCTbLIO MeMbpaHbl 6e3 Kaknx-nmbo oTAnumMn mexay
obpa3uamm c pa3HOW MONIEKY/IAPHON Maccom XMTo3aHa.

Bbnarogpaps pacTpoBOl 3N1eKTPOHHOMW MUKPOCKOMUW yCTAaHOB/EHA
NpuUHUMUNManbHas pasHuua mexay obpasuamm ¢ pasHon MoIeKyNSpHOM Maccom:
rpybas nopmcras NOBEPXHOCTb NPU UCMOSb30BaHMM MeMBPaHbl U3 XMTO3aHa
c MmonekynspHon maccon 200 u 500 k[la n rmagkas MMHMManNbHO WepLliasas
npv NpUMeHeHnn MeMmbpaHbl U3 XMTO3aHa C MoJlekynsipHon Maccoi 700 ka.
B nonepeyHoOM ceyeHun NneHkKa U3 xmTo3aHa Cc MonekynspHor maccor 500 n
700 ka nnoTHasa 6e3 nop, a MeMbpaHa U3 XMTO3aHa C MONIEKYNSAPHON Maccom
200 k[da - rybuyaTomn, 4To MOXeT BbITb NPEeANOCLIIKON ANa COPOLNM XNAKOCTHU
W MUTpauunu KEeTOK B NpoLecce 3aXuBeHUs. XMTUH-XUTO3aHOBbIE MIEHKMN
610COBMECTUMbI U AerpagmpyloT B BOAHbIX U depMeHTaTUBHbIX pacTBOpax.
Bnarogaps nonucaxapuaHoW npupoje XUMTo3aHa M XMTUHa Habnwganu
TeHAeHUMIo kK 6onee 6bICTpoit hepMeHTaTMBHOWM Aerpagaunm No CpaBHEHUIO C
rmaponMTuyeckon. MembpaHa n3 xutosaHa c MonekynsapHon Mmaccon 200 k[la
6bICTpee gerpagmpyeT C KOHeYHOM notepeli macchl 83,2%, 4To 06ycnoBneHo
MOPUCTON CTPYKTYpPOM, KoTopast cnocobcTByeT copbumm Boabl.

MexaHu4yeckne napameTpbl MeMbpaHB 3HAYMTENbHOW CTENEeHW 3aBUCAT
OT MX CTPYKTYypbl. MNneHKa M3 xuTo3aHa c MonekynspHoh maccoin 200 k[a
npoaeMoHCTpuMpoBana B 2 pa3a 6onblwee yalMHEHME NO CPaBHEHUIO C
MeMbpaHoli M3 XMTO3aHa C MonekynspHoin maccon 500 k[a n B 3 pasa
6o0nbLUee Mo CpaBHEHWUIO C NJIEHKON N3 XMTO3aHa C MoeKynsapHoi Mmaccoin 700
k[a. Mopuctaa cTpykTypa nydwe, Yyem naoTHas, obecneumBaeT ycuneHue
MeXaHM4yeCcKmnx CBOMCTB. [MpOYHOCTb Ha pas3pbiB 6bina B ABa pasa nydle y
MeMbpaHbl U3 XMTO3aHa C MonekynsapHoi Mmaccon 200 k[a, 4yeM y NAeHOK u3
X1UTO3aHa C MosiekynsipHon maccor 500 u 700 kJa.

DKCNepuMMeHT Ha KynbType KNeTOK NnoKasan fyylyo aare3uio Ha 3-u CYyTKu
y MJEHKW U3 XUTO3aHa C MosiekynspHon mMaccoi 200 k[la U1 MUHUMaSbHYHO
aAresunto KneTok y MembpaHbl N3 XMTO3aHa C MoslekynspHon maccon 700 k[a,
BEPOATHO, M3-3a rnagkor noBepxHocTu. CKOpOCTb YPOBHSA nponudepauunm
y BCcex 06pa3uoB Mo cpaBHEHU0 C kKoHTponeM TCP oyeHb oTimMyanacb, 3a
UCKloYeHneM MeMbpaHbl M3 XMTO3aHa C MonekynsipHor maccoir 200 k[a,
KOTOpasi UMeeT TaKylo e CKOpoCTb nponundgepaumn, kak n TCP.

BbiBOAbl. XUTUH-XUTO3aHOBblE MeMbpaHbl, M3rOTOBMEHHbIE U3 XUTO3aHa
C pa3HOW MONEKYNsipHOW MaccoW, SIBAAKTCS Npo3payHbIMK U UMEIT
COOTBETCTBYIOLWYI CTPYKTYPY AN UCMOSIb30BaHUS B KayecTBe 3aMeHUTenNs
TBEpAoON Mo3roBol 060s04kuM. OHM BMOCOBMECTUMbI U AerpaaupytoT B
BOAHbIX U chepMeHTaTUBHbIX pacTBopax. bnaroaapsi mopucTol cTpykType,
OT/IMYHBbIM MEXAHUYECKMM CBOMCTBAM, a TaKXe Nlyyllein K1IeTOYHOM aaresnu n
nponudepaummn NNeHKa n3 XmTosaHa c MonekynspHoi maccon 200 kfla 6onee
npurogHa Ansi HEMPOXMPYPruyecknx BMeLllaTenbCTB.

KnroueBble CNoBa: MM1/IaHTaT TBEPAOH MO3roBOI 060/104KMU,; XUTUH; XUTO3aH;
Aerpagaums; MEXaHUYeCKUE CBOKMCTBA,; Ky/bTypa K/1ETOK
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Introduction

Cranial surgery in many cases, for example the removal
of meningiomas, require the following reconstruction of
the dura mater [1]. The dura has to be meticulously closed
following craniotomy [2] almost always.

But primary dural closure with sutures alone can be
difficult in a loss of native dural tissue, when dura mater
edges have shrunken and cannot be sutured directly and
sufficiently watertight.

The usage of dural grafts is a common neurosurgical
practice when primary closure is not possible. An ideal
graft wouldn’t show inflammation in the host body,
neurotoxicity and adhesion to the underlying brain. At
the same time, it should be affordable and inexpensive,
as well as durable, flexible, and easily prepared and
shaped. Ideally, at the same time it should be rapidly
resorbed, allowing the endogenous connective tissue
to build up. Additionally, while providing adequate
protection for the underlying brain, it should ensure
watertight closure [3].

A common classification of dural substitutes includes:
autografts (fascia lata, temporalis fascia), allografts
(amniotic and placental membranes, pericardium,
fascia, lyophilized dura), xenografts (bovine or porcine
pericardium, peritoneum, dermis) and synthetic
materials (polytetrafluoroethylene, polyester urethane).
However, each material poses drawbacks that limit their
usage and require suturing to the endogenous dura to
obtain a watertight closure [4].

Autograft is a tissue that is taken from one part of
a person’s body and transplanted to a different part of
the same person. There are several autografts, the most
important of which are temporalis fascia, pericranium,
autologous fat and fascia lata. Autografts do not
transmit diseases and do not give immuno-mediated
responses in the host, but dimensions and qualities of
tissues used for transplant are insufficient, especially
when there is a considerable loss or retraction of dura
mater [5]. Furthermore, autograft requires an additional
incision, resulting in an increase of surgical time with
a consequent increase of anesthesic time, and a graft
hypoxia potentially causes an inflammatory response of
underlying cortex [6].

The most severe complications associated with
autologous fat transplant are early fat necrosis and
liquefaction [7], fat dissemination in the subarachnoid
space [8] and subsequent lipoid meningitis [9].

Allograft is a transplant from one person to another,
but not an identical twin. In past years, neurosurgeons
have used several allogenic tissues for duraplasty
(amniotic and placental membranes, pericardium,
cadaveric lyophilized dura mater), many of which
are now rejected [10]. Cadaveric lyophilized dura
mater is a fragile tissue and creates adherences with
surrounding tissues and underlying brain; it can give
immunomediated inflammatory reactions and transmit
Creutzfeldt-Jakob disease. In fact, it was hypothesized
that prions could survive at any type of sterilization;
however, it is important to remember that prions can
be found in nervous system and have never been shown
in dura mater. Moreover, reoperation has demonstrated
atrophy of the allograft, even in well-performed surgery,
and the transmission of Creutzfeldt-Jakob disease raised
doubts about a possible viral transmission [11].

Bovine or porcine pericardium and other xenografts
have been used as dural substitutes for many years [12].
Equine Achilles tendon, bovine or porcine pericardium are
the surgical graft or tissue from one species to an unlike
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species. Bovine or porcine pericardium is an example of
processed whole tissues. It is strong, pliable and easy
to handle, economically advantageous, but requires
watertight suturing. Bovine pericardium is well tolerated,
with a low incidence of postoperative complications (2 %)
[13]; however, among the most common complication
with this type of graft, there are the onset of foreign
body reactions, aseptic meningitis and the transmission
of Creutzfeldt-Jakob disease.

Synthetic grafts are also widely used in neurosurgery
[14]. In recent years, several materials have been
introduced in surgical practice (polytetrafluoroethylene,
polyester urethane). However, these materials present
a lot of drawbacks that place them in the background.
Despite their theoretical uniform thickness and no risk
of infection transmission, polytetrafluoroethylene and
other synthetic grafts have often a rigid structure,
resulting difficult to handle, are not often able to be
replaced by dura mater and are burdened by numerous
inflammatory and foreign body reactions. These reactions
can create an inflammation of surrounding tissues and
underlying brain, an excessive fibrin production with graft
encapsulation, cerebrospinal fluid bleeding, meningitis,
graft rejection, scarring, infections, delayed bleeding, for
which a reoperation is often required [15, 16]. Moreover,
in watertight closure, holes created by suturing graft to
dura mater could cause a cerebrospinal fluid leakage. The
strength of synthetic absorbable grafts is only guaranteed
for the first 2 weeks: these materials are often brittle
and they tend to give cerebrospinal fluid leaks, without
preserving the guest from serious inflammatory reactions
[17]. Other drawbacks of polytetrafluoroethylene are
represented by its strong surface tension and its lack of
adaptability, frequent appearance of friction injury with
underlying brain and meninges, which may cause bleeding
and inflammation [6].

Resorbable natural-based polymeric implants seem
to be best able to replicate the physiological composition
of dura mater and to guarantee a natural scaffold for
integration and replacement of the entire graft with
normal dura mater. Collagen is most promising polymer
for dura mater substitute [18].

Collagen has many properties; because it is a
resorbable protein, its degradation can be controlled by
crosslinking. Collagen is hemostatic and able to induce
cellular growth with a final tissue reconstruction. The
major problem of these types of substitutes is the risk
of an immunological or severe inflammatory reaction:
the collagen should be highly purified, not pyrogenic,
and without telopeptides. Hence, various chemical
or physical procedures have been used to inactivate
viruses, bacteria, and prions. To date, many collagen-
based dural substitutes have been synthesized and
tested in experimental in vitro and in vivo studies, and
data on the integration with normal tissue are available
[19, 20].

There is a large number of these dural substitutes
and the growing interest in finding “ideal” dural
substitutes that can mimic the physiological structure
of human dura mater and avoid complications. Chitosan
is one of the promising polymer for tissue replacement,
including dura mater.

Chitosan, an amino polysaccharide (poly-1, 4-D-
glucoamine), is known as a biological material in promoting
the healing process of soft and hard connective tissues.
It is biocompatible, biodegradable, bioactive, non-toxic,
non-expensive and non-immunogenic, with antibacterial
capability [21]. Some researchers have shown possible
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application of chitosan for duraplasty, but currently they
focus on bilayer structures that are made of not-porous
low degradable layer and high porous chitosan substrate
[25]. The physical characteristics of this membrane
allows dural closure without cerebrospinal fluid leak. But
difference in degradation affects histological structure
of newly formed tissues.

Objective

The aim of this research was the structural and
biological evaluation of chitin-chitosan based membrane
for dura mater replacement.

Materials and methods

Chitin-chitosan membrane preparation

Chitosan-based films were made out of a 3%
solution of chitosan (molar mass 200, 500 and 700
kDa, deacetylation rate 80-90 %). Firstly, 10 ml of 3%
solution of chitosan in 1% acetic acid was poured onto
a round teflon support (with a diameter of 8 cm) until
the height of the solution layer reached 5 mm. Then the
solvent was evaporated at room temperature over 48-72
hours. The obtained film was treated with 5% NaOH for
2 hours, washed frequently with distilled water and then
incubated in 10% aqueous solution of glycerine for 30
min in order to enhance elasticity and softness. Chitin
particles (1-2 mm) were added to chitosan solution
to enhance mechanical properties and reduce the
degradation rate of the film. The ratio of chitosan and
chitin was 80/20. The chitin particles were dispersed by
stirring within the volume of a viscose solution to form
a homogeneous solution. The solution of chitin/chitosan
was placed into Petri dishes and dried for 3 days at room
temperature.

Scanning electron microscopy

Scanning electron microscopy was performed using
the electron microscope REMMA102 (SELMI, Ukraine) to
obtain information about structure of membrane surface
and cross-section. To avoid surface charge accumulation
in the electron-probe, experimental membranes were
covered with the thin (30-50 nm) layer of silver in the
vacuum set-up VUP-5M (SELMI, Ukraine).

Degradation study

To study the rate of degradation, the samples
were dried to a constant weight in a thermostat at a
temperature of 37° C. Samples weighing 100 mg were
placed in a Petri dish and poured into SBF (simulated
body fluid) solution for the study of hydrolytic
degradation and 1% trypsin solution to determine the
rate of enzymatic degradation. To determine the mass
loss percentage, we measured the sample weight after
7, 14, 21, 30 and 60 days after being in the appropriate
solutions. Solution was changed every 3 days to remove
degradation products. The percentage of weight loss was
calculated by the formula:

C = 100% (Ml - M2

= M1 ,

where C is the percentage of weight loss, M1 is the
initial mass of the sample, M2 is the mass of the sample
after being in the solution.

Mechanical properties

For mechanical study, one side of membrane was
fixed to laboratory table and other to digital dynamometer
WH-A Series Portable Electronic Scale. The sample fixed
on the laboratory table stretched with constant effort
until the break along with fixed force of tension. The
results were presented as: Li — initial length, Lf — finite
length, F — force at break and Si — membrane area
at the beginning of the experiment. To estimate the

)m 100%
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strength and elasticity of the samples, the calculation
of relative elongation, %, (1) and strength, g/mm?, (2)
were measured:

AL = (LfLi+100)- 100 (3)
F
5i(2)

Cell culture

All reagents were obtained from Sigma-Aldrich
(UK) unless otherwise stated. Prior to cell culture, dura
matter substitutes (200, 500 and 700 kDa) were cut
using a cork borer into circular disks with a diameter
of 1.2 cm and sterilized in 100% ethanol for 1 hour at
room temperature. All grafts were washed in phosphate-
buffered saline (PBS) and placed in 12-well plates. Grafts
were placed with either the smooth or rough surface
facing upwards. Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 10% of fetal calf serum, 1%
L-glutamine, 1% penicillin and streptomycin and 0.25%
fungizone, was added to each graft and incubated at
37° Cin a humidified environment with 5% CO,. After 24
hours, stainless steel rings were placed on the scaffolds
to hold them in place and MLO-A5 cells (passage 34)
were seeded at 1.0 x 10° cells per scaffold. MLO-A5
cells were selected due to their frequent usage in cell
toxicity experiments. After 24 hours, the rings were
removed and 1 ml of supplemented DMEM was added
to each scaffold. Scaffolds were incubated at 37° C with
5% CO,, and media was changed every 3 days during a
14-day culture period. Resazurin sodium salt assay was
used to access cell viability and proliferation rate on
day 3, 7 and 14 after cell seeding. Media was removed
from each well and washed with PBS twice. Resazurin
sodium salt solution of 1 ml was added to each scaffold
and incubated for 4 hours. Three aliquots of 200 pl of
resazurin sodium salt solution was collected (Fig. 1)
from each scaffold and read at a wavelength of 620 nm
in a colorimetric plate reader (Multiskan FC Microplate
Photometer, Thermo Fisher Scientific) to obtain baseline
values of colorimetric absorbance.

Statistic methods

Data were expressed as means + standard deviation.
Student’s t-test on unpaired data was used to assess
the statistical significance of the difference between the
results obtained from the tested specimens. Statistical
significance was assumed at a confidence level of 95 %
(p<0.05).
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Fig. 1. Image of 96-well plate with aliquots of 200

pl of resazurin sodium salt solution collected from
each scaffold: 1-17 — samples; K+ — a well with cells
cultured on tissue culture plastic (TCP); K- — a well
with media without cells; A — resazurin sodium salt
solution
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Results and discussion

Macroscopic view of obtained samples has shown
their relative transparency with impregnation of chitin
particle that elevated over the membrane surface
(Fig. 2). We did not observe any visual difference
between samples made from chitosan with different
molecular weight. Chitin particle uniform distributed
over the membrane surface and did not make any
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congestions. Transparent membranes are capable for
surgical procedure due to clean observation of injured
tissues under the materials.

Scanning electron microscopy showed principal
difference between membranes made from chitosan with
different molecular weights. 200 and 500 kDa chitin-
chitosan membranes have rough surface with pore in
different size (Fig. 3). Surface of 700 kDa membrane

Fig. 2. General view of chitin-chitosan membrane after synthesis in Petri dish: A — made from chitosan 200

kDa, B — 500 kDa and C — 700 kDa

Upper view

200 kDa

500 kDa

700 kDa

Cross-section

Fig. 3. Scanning electron microscopy of chitin-chitosan membranes made from chitosan with different molecular
weights. Left column — upper view, right column — cross section
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is flat with minimal roughness. Some researchers have
shown that rough surface has greater potential for cell
adhesion that is principal for biocompatibility [22]. Just
after material interacts with body fluids, protein absorbs
onto the surface and plays a role of vesical substrate for
cell adhesion. Flat surface is less attractive for proteins.
At the same case, rough surface is more attractive for
bacteria adhesion compared to the smooth ones [23],
but chitosan has antibacterial properties and can protect
from bacterial colonization [24].

Cross-section of 500 and 700 kDa membranes are
dense and do not have any pores. At the same case, 200
kDa membranes are sponge-like in cross section and it
can be prediction for fluid sorption and cell migration
during healing process.

Degradation in SBF solution has shown low weight
loss during 7 and 14 days and no significant difference
between membranes. In day 21, 200 kDa lost 18.9 %
from initial weight compared to 500 and 700 kDa
materials that had 11.3% and 8.4% mass loss. Next 2
months, membranes degraded faster and in last time
point the loss was 45.7 %, 35.7 % and 32.1 % from
initial weight (Fig. 4A). Due to polysaccharide nature
of chitosan and chitin, enzymatic degradation (Fig. 4B)
has shown higher trend compared to the hydrolytic ones.
But 200 kDa membrane degrades faster with final mass
loss of 83.2 % and completely due to porous structure
that allows fluid sorption.

DAYS

e 200 w500 o700
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Mechanical parameters of membranes strongly
depended on their structure. Elongation of 200 kDa
membrane was 2-fold higher compared to 500 kDa and 3-
fold compared to 700 kDa ones (Fig.5). Porous structure
allows compensate mechanical forces much better
compared to the dense ones. This feature can allow
surface modeling during the operation in dura mater
defect. We also did not reveal significant difference in
tensile strength between 500 and 700 kDa membranes,
but this indicator was 2-fold better in 200 kDa ones.

Cell culture experiment has shown the better
adhesion to 200 kDa membrane on the 3™ day (Fig. 6).
Resazurin reduction rate is similar to positive TCP control.
700 kDa membrane has shown minimal cell adhesion,
probably due to smooth surface. Cells proliferate in
all surfaces on the 7™ and 14t day after seeding, but
500 and 700 kDa membranes show less cell viability
at all-time points. We can see significant difference in
reduction rate between all samples and PCT control,
except for 200 kDa membrane that has the same
proliferation rate as TCP.

Conclusion

Chitin-chitosan membranes made from chitosan
of different molecular weight are transparent and
have appropriate structure for being used as a
dura mater substitute. They are biocompatible and
degrade in aqueous and enzymatic solutions. 200
kDa chitin-chitosan membranes are more applicable

Fig. 4. Degradation rate of chitin-chitosan membranes in SFB (A) and trypsin (B) solutions

= 200;
, %;
M 200; tensile
50(.); strength,
longation, %; e m———
23 )
. 700; 500; tensile
elongation, %; strenfth]00; tensile
14 g/cm2; 15strength,

g/cm2;12

M200 m500
Fig. 5. Mechanical parameters of chitin-chitosan

membranes made from chitosan with different
molecular weights
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Fig. 6. Cell viability of MLO-AS5 cells on chitin-chitosan
materials made of chitosan of molecular weights (200,
500 or 700 kDa)
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for neurosurgical issues due to porous structure and
excellent mechanical properties as well as better cell
adhesion and proliferation.
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