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Abstract
Up till now, chitosan has confirmed its versatile af
as wel |l as in drug delivery applications. This study i
structures wusually desi ghed vdegroameanttiioonn evda sp um@roistecsr.ed d
i ncubation at physiological temperature and in two diff
The scaffolds were characterised before and after enzy
and infrared spectroscopy with Fourier transformations
weight | oss of chitosan scaffolds was observed in buffe
that the total wei ght |l oss obtained in buffer involves
glycoside bond. Il mportantl vy, FTIR identification of c hi
absence of |l ysozyme activity in water, indicating that
finding greatly impacts design of degradati on experi me
chit-bsaprd materials utilised as i mplants or drug dellive
Correspondi nAnamahioj aF aRoowlitnya, of Chemical Engineering a
Zagrehbl,OOHHR Zagreb, Maruliiev tragok9.nam@k.it7hr Croati a.
Keywordatsi:t osan, scaffold, mechanical performance, | ysoz)

Recei Wed: 25, 2017Acceptbhed: 20, 20Paubl i shheecd:26, 2017

Edi tbrn Ye, Cardi ff China Medical Research Coll aboratiyv
School of Medi ci ne, Cardi f f, CF14 4XN, UK.

g6 D2 1ISY | OQS V& Widedt h2ONTE5ch T ¥ dmn 0 n H ke AnanZoykhRHYCNANA +2M LaadzsSmm t I



http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journal/jtrr
https://openaccesspub.org/journal/jtrr/copyright-license
https://doi.org/10.14302/issn.2640-6403.jtrr-17-1840
mailto:arogina@fkit.hr

D
(jpen

surrounding tissue.

Freely Available Online

I ntroducti on
One of the most important dBfi vRitqQd&Er adkabdyitivy, of

is chitosagn,ucpshmi (®), a porrogdauncitsmt?fd@_ﬁieppﬁ on the degr
deacetyl ati on process. chptgcsyhar jGwet goan ; cap, be d
polysaccharide, crystallin€NZydeymer tNatsor uWder Olafseppy |

greater t han 7017 . Chitodd Y CcoFRln a@s gmighe , iagledbud s amame
bi odegradabl e, with anti bacafedMagedlydcospag gudydcospmingpnptn
possessing fundOHonaiNH)gr ¢ dglsman body, chitosan degrades
secondary bonds formation[ 2XF0ZYMer eV ErPactgird @dggenzyme
possesses high biocompatibhtl K@yl segooheahiadaityioni of &hih
other polymers and good cddiilPdaprSfertiefNtbinNpulkdea
i mplants. Even duringldgon@¥®:s§loh! NeXnoisiagnisni dase[ 13, 14
are found to be bioaotiygenfelBelsdiSi®ls ProPiefdd £ makes it

can act as probiotics thatofp®dwesivé&ly eRhgmpeali ngnd ¢hingl

mi crofl ora balance, i nhibit g r@met h ooff htalrenf ul mparctt &nti a,
promot e good di gestion ahidt-b heomd t mait nmi radv A hidson vivo
function[ 3, 4] . Chitosan id® g rnaocha toixd rc  barhdavjih @ isrt { Urddielem e rhoe

approved by FDA for woul d dirmrewess tnigg aatpepd | c¢daehtei omn%5] uence

In the pharmaceutical fG®TH TicoNSosHhthe sasyste¥yPs0f @
a drug delivery system for! NCUbat i pngmedi yan, o fyPregjangd,
transdermal applications, X8l &&ylhargs weh@hdnt ©€5yshahbi
delivery. High chemical red®dceityYy agd L Na %N JYr g datsieq
chitdsag systems for i8re QP MMEN! YumBipd et echniques L
Moreover, it is used for efH€e@pdfhLtPBnbRRavijqyrgl ncliyde
an inner core of compositePSpHEBREEPB] CNEAMAMGAYT &R s aU
crolsisnked chitosan membrane8"NhSe uPe@’ Y$losYGlyumg ¢ h! Magin

glutaraldehyde-1214d genipin)rtlilcoroscopy//etcvdr'ez‘g'l’rdzaedation stu
) estimate the mateaer ivalMowbebayi
Numer ous studi es ar e focHsed 011 t e . .
) . to the complexity of biol ogic
devel opment of chitosan |mPIarJts a§ Porous mat er.i | s
) t i s di flcultvnt ao/rdrymwlzytme
for the treat ment of tISSUB defe}cts (|nclud|ng cartil ag
ki 4 b ¢ Ieent ?lﬁndtln varli us hutm,an
sxirnoan ones) or to accelerate Lhe t1SS %yt dod % & o4
The tissue restoration is a compleﬁ, ﬁocess at i nvol ve
) ] 10001 d |8 er concentration]
the interactions bet ween thﬁ_ cell s, extracellul ar matri
) ) chitosan degra t n behavi ou!
component s and mgnal“ng.corngounds During t he
. . I mp ntation site. .
healing process, certain regul atory mechani sms
associated with inflammation addei RHEROSPeOfoddds stady
initiated. Biodegradabl e iﬁwﬁ'lférﬁ‘teé‘f:?haotf a'cycseolzeyr”éeteo_rii§§‘§
healing have to fulfil celt”f%_‘?rn dr'efchFirre_@rﬁerfjtesgrggeh'OansC‘
bi ocompatibility, bioactivisfﬂll,'_”eme(,slﬁ)érﬂ‘itéé’ln ?t”é’bi}"?&?r)an
appropriate biodegradabili@Plaisi&dh biympiNentkT!IRavdepipi fi

degrade at a rate similarthdl JgFozymeydciliighipfal i Dhr.0NG
Moreover, mechanical stabi IIinCubagt iofe megyijugm ¢ Whingh gt B¢ &
wi t h - ewimg d extracel lul amechgnirgm ofgpchyjijtgosan weight |
correspond t o t he mechani cal performance of
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Experimental Procedure on different chitosan sampl es.
The porosity of w©ghiBdPsams
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Material s

Chitosan (CHT) wi t h de%%teim?ta??onushggreAQrcgfi medes F
_ o phos B/hate buffer soxEl iIilgddmé ol wtt
9598 &nd mol eculMyr oweilgasr0, 00
000 g/ mol was purchased ?rlnlglmenAcrOssoerOrgane(ugg'lThescoap‘e‘m
(Belgium). Acetic acid (99¥ads oppalgddapgdcageenditn%nafo t
Poch Gliwice (Poland), sodium hydroxide (NaOH) from
Gr alho | (Croat.ia), and eth.angﬁ%:(E\t’pOQH,quG %) frzgP
Kefo (Slovenia). AlIl chemicals VWyerVg,0f analyti grade
Enzymatic degradati on was perfor med wi t h |l ysozyme
(LZ§ 90 p¥woteins,O a4kl i WDy, Vooies calculated as the w
Sig#wadrich, Canada). solution (PBS) divided by the
The mol ecul ar weight ofangohuinttoscafn waaseramalsypgedded in t|
using a gel permeation chrdraet ogwabhiemgracuf3s5mchCt osiang s a

Waters Breeze GPC system wsaahféfaod dis5RBe)Bliwaar ¢ aHPUICat ed a
pump (Waters Corporation, Mdafofradl,dsMAye iegjluti ppred ewkpar ame
2414 refractive index deteofomwompndsfobird=sdagdafli Jcro!|(umns
(Ul'tra hydrogel 7.8 mm | D X 3|'Q1ecm§we|T|hiengCthB§é‘Pty W
powder was di ssol ved i n aSCCeatf&fCOHrBrHefrfSEiron(Q.nspﬁn@ééﬁ_ate

CHCOOH/ 0. 2 gdAONa)CHvith pH Epif.=5 7whhychhnd distilled wate
was usedNas a mobile phase ianﬁmearsfﬂoonw, ,5§(§£f)fo&Me(93e5(v\;@Li/gr“itrbc
and 20 oL i njection vol ume i (Tihg| ayeEir grote a”h°d|e§d1‘l5§‘équent
wei gM@y ©f chitosan was det egrppijnegend ttoe,grgze,zgtou,o@_o.s\,vouen
Preparation of Chitosan Scawefioghtt ed. The capacity of sca

The porous chitosan strCL?éth‘rjége%eraé c?‘btdaiifnfeedrence i_
by thermally i nduced phasewgébépgtl"vbﬁh esd)t§§érit5)edhe |

el sewhere[18]. Briefly, chitosdhmhewamedhsasbrcabkd par DoBmay
(w/ mketic acid resuktdlnigt oisraeanfif @l do was evaluated in te
solution. The solution was tfernoszielne isnt raenn gatlhu nminniwent nsotud tde
ati22AcC over ni ght . Then, tferopematuampl| el[sheweroegnpr essi ve

i mmer sed into neutralizatiponeVvimeuds$ luyn scworkshiaspteidnygb amflbe s a

1 mol /L NaOH and Et OHI2QAN® | fudiiea meatteiro af 18 artm) with mecha
12 h. Af terwards, sampl es TWweA/eSSEMMEOr seBeiikna o |l Es OHument
ati22AC for 12 h and dehydr ateddrimpat i mmer fit®n oifnt50 Om/ mi |

et hanol at ambient t empercaarurrieed f corut ndyt t he hra me i ns
Dehydrated samples were | esfwoltlendrasyempd .exdimpwpther i of 8
conditions. bet ween 1 and 2 mm) unt il 10
Characterization of Sh/z‘osanefsocar?aft on rate of 1000 Om/ m
Th hol . fftelnds;lle modul| dwer_e deter min
.e mor phol ogy o . sca Ol 98 %S, |maqle using
scanning el ectron mi croscope TESCA Vega3SEM
S

Easyprobe wi t h el ectron beamTQr(?er )ﬁ o(f’ldlso'E‘é@'?ificati
Previously to i maging, sarﬁpnlfersarﬁlgreSped:Jtrtoesrceoooywiinhth

pall adi um/ gold plasma for 1(2F0TI,SR.) TVHitrbs?|rq§ta|mc9ﬁ1d fcrpyosrtea
size distribution was deterznpi nAéCEi onn 2'[8@)e p%p%'%morrﬂgrﬂaws'ﬂ?h@@ze‘l
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Figure 2. Physical properties of chitosan scaffolds in
1

1Signi ficanp<0diOf5f)e rbeentcvee e(n t he groups is designated, with
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scans anrdedolcurt i on. material with the majority of

/'n Vitro Degradation Test 2°0 0Om.

The degradation ofn=h3) 684 ORMRSG/iQqlqsPrioperties
was performed in two media: pRbgphat € budmmar issadsi nphysi
solution (PBS, pH = 7. 4) amhi tddissan | $eaf fwaltdks icontaer msng@
800 mg/L of |lysozyme at 37anAdC menc haann iocrabli tpad r fsohrankaerrc east u
50 r pm. Enzymatic degradattieoemsiwaes | mandiitnar.e dl hdu reisntd mat e |
four weeks, while the | ysozgmfei rsmmd uhi ghl wa sp orrefurse sdhterdu c
every third day. At predetemraldiysids .t i Blecli 1 ,p0o2,0u3 asntdr udct
weeks) sampl es wer e removelds offrrbonmt at Qe qeamntuim,y of wat e

rinsed with distilled watesmwebhhdngrin a®&tdi oi ndettlree mbuwed ian |
50 AC wuntil constant mass.offhewebhmphgsrawéire wéi Bt. eld and
bef omp é&nd /af tvdietggroad at)i.onTh(espectively, indicate the ab
degradati omymdewaee déter mi mbd orals 3t0Ohd i mes greater amoun
wei ght l oss with respect to itthe weiightal &wepiogthot§ r f;n, st ha
sampl e: originates also from the chit

- Chitosan has been extensiyv
Dm(%)= "2~ 3 100
m

(2) compressive and tensile test

greater resistance when subj e

study, previously swol | en c h

As a control, sampl es (wegriee gi NCH b gtegd Aitgitehea) | owi n

same conditions without ¢l hYi st 9gZsYampe. - DLPl“irrid‘gswélhmengt,exdm
degradation, pPH of medium iwasHsMegamyr edo by FCcHO@st1 oi d W
CG 842 wusing Blueline 14 gbeetmodgnwdtins acrPerhedd igsSii¢ofe i b |

of 0.01. elastic modulus regarding to
Statistical Anal ysi s compression.
Statistical compari sonDegrfadaheond&ebdavwaosir of he

performed usi-wgyAN@¥ml|lumke <0. 05 e effect of enzymatic
was considered to be statipggtciioalliYycttugBi foifcati.-t oAlaln & &
are presented as a mean Vagphf C\ofrMpenColl€ody yb Yo S ttamed ad dr f ac
deviation (mean N SD). chitosan scaffolds incubated
Resul ts water containing |l ysozyme i S

Scafd oMider ostruct ur e According to the micrographs,
e I

o ) fthe ma t rdla ht.reatech wWs LAbPI
The mlcros.tructu_re o] obg(re(raeaél(rj? Hocyve'vteors,anCHT_ scaff
scaffolds was |nvest|gatede)p|¥ibsiEtM }n(r)nrag'rilg'regﬁ ap| holrye k
porous.structure |.s CIearllgreoz?ks(?(gv\\fr‘?blienllﬂh(fe'gc-ornemblnauliit-lk;/g
honeyelonkbe pores with good rr{inctreorsctornuncetcutr'ev'tvyi tmherreespect
founded ocm.sca‘s‘solsdzctlon, ithllng/Illl\/Fo.rler_ltq)pv-r'rtkaensthtancture a
pfarameter in de_vel opment _ torf1e ésrutrlffa'cce' aolf gsrcaafftfsol dsg‘f‘Per
mi crostructure-hianhdewsd adifdmusion o f
285 h2%8n previously reported |
nutrients, oxygen and metafbogulrl Cweweaksst,e tthher ofucgrh_maetnito'nr_eof
vol ume of scaffol d. The eStlmsacta'fofnolodfs ROT.&,5t2§ Ui RY,
el ectronic mi croscopy (figg'rleba)teirn%io(?aétersouénﬁﬁéggoca%%isdi
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:Figure 3. Microstructure of chitosan cfoss sect |
1
:weeks of i ncubation in different |l ysozyme sol ut
U U U |

to the initial scaffol d. scaffold (fig. 4 a) exhibit

To support observationsl7p$o5‘ige§ 06’y""fetleerctfr%lhr_ weeks
microscopy, we investigate®NthHeeCdeybrh@atNGMdpenseidtr | ¢

using gravimetric method!—Z/ZOAciqnoCr“dbiantgionto(fitghe4b)’ sh
literature[ 1], the weight13PssN dr 9 pbralitercniiitiostanwee
depends on the initial C%Cnecfefn(ilr%tiBHUbdaftedchiirt]oérgrllsz
solution, degree of deacéPByPatNion,2 B stfPBucPhTrods S

mol ecul ar weight and swelIainl‘f'gOHrY"riéﬁ_é)ruttielsy_.SO§VH1@esk)v%W6d
investigated chitosan matleOrSilad9s WeyiG Mt Wietiy appigxi mat

deacetylation9gi®gtee s( nd surSpSidft grp first week, which
obtain |ower weight Iloss db®9Tidfdagh@n ghud¥nsitivity of
amine groups t o |l ysozyme. TheTodegatlat i omorecegrrei ght

(m of <chitosan scaffolds ibredhalvatoad ,i nwelL ZnioPnBiSt oarnedd LtZhe
H O i s depicted in figure 4(fiThge wWel) g hnilehddousnsu f(dlfeZr/cHB S o0& @ ch
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