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ABSTRACT

In this studyusing a new polymer combination of Chitosan(CH)/Xanthan GumXGs)

been exhibited for wound dressing implementation by thé?8bBting method, which were
fabricated due to its biocompatible, biodegradable, improved mechanical strength, low
degradation rate, and hydrophilic nature to develop-maticking, cell adhesion,
proliferation, and differentiation. Different concentrations of XG were added to the CH
solution as 0.25, 0.50, 0.75, 1, and 2 wt. % respectively in the formic acid/distideer
(1.5:8.5) solution and rheologically characterized to evaluate their printability. The results
demonstrated that high mechanical strength, hydrophilic properties, and slow degradation rate
were observed with the presence and increment of XG caoatent within the 3BPrinted
patches. Moreover, in vitro cell culture research was conducted by seeding NIH 3T3
fibroblast cells on the patches, proving the cell proliferation rate, viability, and adhesion.
Finally, 1% XG and 4% CH containing 3Printed p#&ches were great potential for wound

dressing applications.
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1. INTRODUCTION
Lately, skin diseases are consideredahe of themost common cause of all human diseases,
affecting around 900 million peopleorldwide (Hay, Augustin, Griffiths, & Sterry, 2015)
Skin is an essential natural organ that covers the entire body and protects its internal organs
by providing a protective barrier against any external harm from the environment
(Cornelissen, Faulknelones, & Shu, 20)7Hence, the development of a rapid afficent
skin treatment has bedime primaryconcern of modern medical research@isitosan (CH) is
a very abundant natural polymkaving a linear chain with various advantggesluding
high biocompatibility, antibacterial properties, cationic chargbiodegradability, and
hydrophilicity (Kumar, Muzzarelli, Muzzarelli, Sashiwa, & Domb, 2008esides, several
studies have proven th@H can be usetb acceleratéhe wound healing process since it has
an enhanced impact on cell proliferation, attachment, and differenti@@orMartino,
Sittinger, & Risbud, 2005; Sarayanan, Leena, & Selvamnurugan, 2Bd@hermore,CH
hydrogels have beetommonlyused in variousnedical applications, including 3D printing,
drug delivery, and wound healing, due to tHawourablebiological and structural properties.
Neverthelessgue toCH6 s we a k me ¢ h aand acdrial gdihesiqn elatetiidies
have shown that pur€H is not enough to be used as a wowdlneéssing ageniGeng, Feng,
Hutmacher, San Wong, Loh, & Fuh, 2009hus, to overcome these limitations, either
different nanostructures such as graphene, carbon nanotubes, and metal nanoparticles (Ag,
Au, Zn, etc.) a@ added toCH, or CH itself is combined with other hydrogels that can
efficiently overcome its limitationgOzbolat & Hospodiuk, 2016) Xanthan gum (XG) is a
microbial exoepolysaccharide with numerous advantages, including excellent
biocompatibility, biodegradability, netoxicity, intrinsic ability as an immunological agent,
and good quality water solubilityRecently XGisbei ng researched most |

effects on printability and the results show us that desired printyatgiues can be obtained



with blending it with other polymer&Segovia, Alcaraz, Parisg Monzo, 2020. Also in the
literature, XG was blended with GelMtd produe wound dressings becaus:¢
printability and swelling performancgYang, Ren, & Liu, 2021). XG and XGbased
biomaterials exhibit high rheological properties such as the ability of forming a highly
viscous solution at low shear forces, hhigseudeplasticity, and also a high viscosity yield

value (Rosalam & England, 2006Besides, XG is widely known fothe appropriate
redevelopment of damaged tissues and has been explored in various biomedical and tissue
engineering applicationumar, Rao, & Han, 2018)In addition, previous studies have
shown that the hydrogel prepared by the combination of XG anthther polysaccharide

such a<CH, exhibited great biocompatibility analysis under in vitro and in vivo models with
fibroblast cell lineL-929 (Chellat et al., 2000)deal hydrogeffor 3D-Printing should have
sufficiently high strength, with decent viscosity, and could be printable bélevextrusion
pressure of the printer and still capable of fusing with earlier printed layers, while keeping the
print shape Godoi, Prakash, & Bhandari, 201@)hat 6 s why -X@ éydrogeléeod CH
meet these requiremen8D printable hydrogslbased on biocompatible natural polymers,
gelatin and xanthagum at different percentages bsing used both as a scaffold for cell
growth and as a wound dressinBesults in these latest experimentshowed that
gelatin/xanthargum bioprinted hydrogelare biocompatible materials, as they allowed both
human keratinocyte and fibroblast in vitro growiola, Sabbatini, Gino, Invernizzi, &

Reno, 2022)3D printing technology has been used in many researches iatelygler to

mimic organs or treat the daneabtissue by producing wound dressinggny types of

natural polymers can be used in this field and even the dressings can be reinforced with
materials such asarbon nanofiber¢Serafin, Murphy, Rubio, & Collins, 2021The reason

for using 3D printing technology in this research is because it has higlduepvity, precise

control during the printing process and also availability in the field of tissue engineering
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(GungorOzkerim et al. 2018)Although numerous previs studies have reporteding CH-
based bioinkgo producebiodegradable films or electrospun patche®st usedCH with
other polymers such as polylactide ax@ due to its poor mechanical propert{®gan, Wu,
Yu, & Wen, 2006; De Moraist al.2017) However,the extrusion 3D bioprinting oCH-XG
blendshas not been reported y&his studyis aimed to producan optimiseccomposition of
CH-XG for bioprinting applications,focusing on tailed mechanical thermal and
biocompatible properties for wound healing applications. this study, we successfully
performed 3D printing o€H-XG patchesFinally, we compare®D printedCH-XG patches
with raw 3D printed CH patches and provethe advantages ofhe 3D printed CH-XG
patchesbased on themechanial, thermal, biocormpatible and high cell proliferation
propertiesWe believe that 3D printed GMG patcheswill be a newperspective irfurther
studies abouiissue engineering.

2. MATERIALS AND METHODS

2.1. Materials

Xanthan gum (CAS NO.1113866-22, molecular weight 933.7462 g/mol) and chitosan
(CAS NO.: 901276-4, particle size 80 Meslandsodium hydroxide(NaOHyere purchased
from Yasin Teknik Company. Formic acid (HCOOHind acetic acid CHs:COOH) were

purchased from Merck Co.

2.2.Preparation and Characterization of CH/XG Hydrogels

SeveralCH solutions with different Xanthan gum ratie®re preparedas shownn Table 1

CH and XG were dissolved by adding 20 mL of 15% aqueous formic acid solution. Then, the
solutions were mixed with a magnetic stirrer (Wise Stir®, MBHA, Germanyht 350 rpm

for about 24 hrsat 90 °C. The densityand surface tension of the solutionsre/measured.

Also, viscositystressshear rate and loss moduistorage modulug/ere analysed depending

on the temperature valueAll these rheological experiments were determined usiid\ a



Instruments DHR3, USA instrumentusing cone plate geometig 25 °C with 1000 gap

value, 2.5 cm parallel plat&he measurement parameters were,1D0 sl shear rate, 1 Hz
frequency %21 strain for the shear rate/stress scannilg§so for temperature ramp
experiment, 1 Hz frequency, %1 strain was applied and temperature had been decreased from
37°Cto 15°Cin 2 °C/min.

Density was measured usingl@ ml pycnometer. All the experiments were performed at
room temperatre (23 °C).

Table 1.Experimental Groups

3D-Printed CH content XG content Solvents
Patches (Wt %) (Wt %) (Formic
Acid/Distilled
Water)
CH4 4 0 1.5/8.5
CH4/XG(0.25) 4 0.25 1.5/8.5
CH4/XG(0.50) 4 0.5 1.5/85
CH4/XG(0.75) 4 0.75 1.5/85
CH4/XG(1) 4 1 1.5/85
CH4/XG(2) 4 2 1.5/8.5




2.3 3D Printing of the CH/XG Patches

The patch configuration was designed in a 20mm x 20mm square using Solidd@arks
program and then converted ted@des The prepared polymer solutions weaieninto a
syringe that has0.2 mm diameter needléfhen a total of 8 layers was printed with an
extrusionbased3D printer (Hyrel 3D, SD$% Extruder, GA, USA) Flow rate was set to
1ml/h and printing speed was 10ns®€llhan et al., 2000Q)After this process3D printed
patches were crosslinked with sodium hydroxiole3 minutes.In Figure 1, CH-XG patch

production is shown.

Hydrogel Preparation

Chitosan &

Xanthan Gum Distilled Formic

Water Acid

3D-Printing of the Scaffolds

Figure 1. Schematic Representation Of &6 Patch Production



2.4. Physical Characterizationof 3D-Printed Patches

The functional groups in the structure of the used biopolymassdetermined bgpplying
Fourier Transforminfrared spectrum (FTIR, Jasctgpan) CH-XG patche, pure CHoatche

and pure XG powder were examined in all the spectral bands ranging betweem4806d
4000 cmt wavdengths For the thermal properties, DSC (Shimadzu, Japan) was tosed
examine how the heat capacit&fsthe sampms changeoncerningemperature. Noting that,
temperature ranges were set froni@%o 300C for all 3D printed patches. Besides, the- 3D
Printed patches were observed under SEWO LS 10, ZEISS, Munchen, Germany) to
study their morphology and microstructuMoreover, the mechanical properties of the- 3D
Printed patches were determinedtbysik test device (Shimad#Z-X, Tokyo, Japaphunder
parameters of 5 kN load, 5mm/min speed and 0.1 N force appleee samples were used
from each patch anals a resultthe tensile strength and strain value=re obtainedBesides,

the initial mass of th samples was weighed to examine the swelling and degradation
properties of the patches. For the swelling test, patches were placed in Jphdsphate
bufferedsaline (PBS), 7.4 pHL'hen, the patches were incubated thermal shaker at room
temperaturdor 24 hoursAfter that, the mass of each patch was measured by drying it with
filter paper at 24our ntervals. Finally, the swellingS) wasmeasuredoy applying the
following equalization(Alhosseini et al., 2012)

S = (Ww T wd)@wwd T 100

On the other hand, for the degradation test, the patches were placed in 1 ml of PBS and kept
for 24 hours, then they were removed from thé&SRid dried at 37 degrees in ETUV for 24
hours. After that this process was proceeded periodically every 24 hours. Lastly, the
degradatiorvaluewasevaluatedy using the following equatioffAlhosseini et al., 2012)

Di = (WO T Wt)/W0 I 100



To determinethe biocompatibilityand cell growthproperties of the patchefst they were
sterilisedunder UV for an hour in 96 well alegBentarcor, & Vidal, 2018. The patches

were incubated ia growth mediuniDMEM with 0.1 mg/ml penicillin/streptomycin and %

FBS) in order to optimise the patch micvroenvironment37C for an hourin a moist5%

CQOy incubator. Following the incubation perigdthe patches weréaken awayand the
remainingmediumremovedusinga micropipette. 1 x ¥amouse embryonic fibroblast cells
(NIH 3T3) wereplantedonto the patches in the 96 well plat&multaneously monolayer
celcul tures were incubated wit htogrepae cen’dghe nun
groups Then, the cultures were incubated at 87 5% CQ for 1, 4 and 7 days in a
humidified incubator. MTT assay was used to determine the cytotoxicity of patches (Wybran
MTT Cell Proliferation Assay Kit, Thermo Fischer Scientific). After the incubation period,
10 uL MTT was addedo each well to a final concentration of 5 mg/mL and incubated at 37
°C for 4 h. At the end of 4 hours, 100 ul of sodium dodecyl sulfate ($@S)added to the
wells and incubated at 37 ° C for 12 hours to dissolve the formazan crystals formed with
MTT. The culture plate was placed on a microplate readad the absorbances at
wavelengths of 570 and 630 nm were measured by a microplate reamtek (BVinooski,

VT, USA). Viability was calculated as follows: Cell Viability (%) = (OD test /OD control)

x100. Theexperiment was done thrémes

To examinethe attachment and cell viability of fibroblast cells on patches, acridine orange
staining wasmplementedOn days 1, 4 and 7, the growth medium of the cellsrasa®ved

And they were scrubbed with PBS. Then, patches were fixed by adding 4%
paraformaldehydat room temperatur®r 30 mirutes After that patches were washed with

PBS.Subsequently6 ¢ g/ ml acri di neeverysamplg and wepasrooend d e d t



temperaturefor 10 minutes Afterwards the acridine orange solution was discarded and

washed three times with PBS.

Then, patches werarangedbetween the slide and coversliphe morphology of fibroblast
cells on the patches weraeasuredoy scanning electron microscope (SEMhe growth
medium was rejectediter 1, 4 and 7 daysAlso all patches werelehydrated througbxact
dilutions of ethanol andried in airfollowing the fixation with 4% glutaraldehyds order to
examination by SEM(EVO MALOQ, Zeiss),lie sample were sputtecoated with gold.
2.5, Statistical Analysis

Pore size measurements were performed using the $PSS(IBM, Armonk, NY,
USA) analysis program. The level of significance was takgn<a®.05 and the data were
labeled with (*) forp < 0.05, (**) forp < 0.01, and (***) forp < 0.001. Data are presented as
mean x SD. Also other experimenisre performed at least in triplicate.

3. Results and Discussion

Table 2: Physical Properties of Solutions

Solutions Density Surface Tension Viscosity
(g/cm?) (mN/m) (mPa.s)
CH4 1.05 58=0.5 36.29
CH4/XG(0.25) 1.04 62.76=0.8 16.79
CH4/XG(0.50) 1.06 65.3=1.3 21.31
CH4/XG(0.75) 1.10 82.7+2.7 35.6252
CH4/XG(1) 1.15 120.05+0.5 70.02
CH4/XG(2) 1.27 250.15=0.4 300.522

As shown inTable 2, adding XG to the polymer solution caused a gradual increase in the
density, and a rapid increase in the surface tension. XG solutions usually have high density

and high viscosity at low concentrations. Therefore, such properties allow XG to be used as a
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thickening agen{Becker, Katzen, Puhler, & lelpi, 1998 ubsequently, with the increase of
the XG concentration, the density is increasamgl causinga rapid increase in the surface
tension.(Mezger, 2006)In rheology, when the viscosity of a fluid deases under shear
strain, it is evaluated as shear thinning@Nswtonian) behavioufMezger, 2006) It is also
called pseudoplastidoehaviour Both preferred materials in this work ashearthinning
polymers (El-Hafian, Elgannoudi, Mainal, &Yahaya, 2010; Zhong, Oostrom, Truex,
Vermeul, & Szecsody, 2013)Results reported inFigure 2 is consistentwith this
information Where both hydrogel materials followed shear thinnifghaviour

(pseudoplastic nehewtonianbehaviouy.
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Figure 2: Viscosity-StressShear Rate Graphs of th#i4 (a), CH4/XG(0.25) (b),

CH4/XG(0.50) (c), CH4/XG(0.75) (d), CH4/XG(1) (€), CHA/XG(2) Blutions

Furthermore, the shear stress as a function of shear rate curves shows a similar response for
all thepatches used in this study. The storage modulus giuesabout the structure present

in a substancelt displaysthe energythat isstored in the elastic structure @sample. If the
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storage moduluss higher than the loss modulus can be said thathe materialis mainly

elastic(Franck & Germany, 1993)
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Figure 3 shows that adding more than 0.50% XG to ¢ caused hydrogel to show elastic

behaviour Because storage modulus became higher than the loss modulus in these ratios. In

Figure 4(a), CH4 showedtwo strong vibrations at 1645ctmand 1584 cm. Furthermore,
vibrationsof amine deformatiomenerallycreatevery strong bands in the 163575 cmt
area Therefore,it is suggestedhat the band at 1583 chrepregnts the NH bending

vibration,wherea the 1645 cmiband represents the amide | vibrat{bawrie et al., 2007)
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Figure 4: FTIR Spectra of the Patches(a) and DSC Thermograph(b) of the 3D Printed
Patches

Figure 4(a) exhibitsthe infrared spectra of pure XG, pure CH and-X@ patche. Besides,
the sgnificant peaks for XG athe wavelengthsmeasured in theange 0f4000400cm™ are:
axial deformation ofOH in the 32068450cm™ range; axial deformation ofi® and CHO
in therange of 285@950cm™; axial deformation of €O ester acid carboxylic, aldehydes
and ketones in the range of 171830cnT!; axial deformation of &-O of enols in the range
of 15301650cm®; reflection angle TH in the range of 1420430cm®; and finally, there is
an axial deformation of &-O in the range of 1050150 cm® (Faria et al., 2011)
Additionally, in CH spectrunthe carbonyl bandiasnoticedat 1667cm* andalsothe amine
(NH2) band at 159@m? (Osman & Arof, 2003) The differential scaning calorimetry
(DSC) curves of the 3D printed patches are showirigure 4(b). Although, he glass
transition temperatu(&g) of CH is still being researchedn natural polymes, somefeatures
such as crystallinity, molecular weight, and deacetylation degredisplaywide variations
according to the source and method of extractiorthat these situationsfluence theTg
(Neto et al., 2005)Glass temperature @fH was observeat 30C by some researchefsr
watercontents ranging from 8 to 3q®atto, Hatakeyama, & Blumstein, 1995pn the other
hand, other researcheigund Tg rangingbetween-23 and 67°C, depending on the water
content, which indicates us in both casdéle plasticising effect of waterlLazaridou &
Biliaderis, 2002) Furthermore, Sakurai et al.(200@akurai, Maegawa, & Takahashi, 2000)
observed the Tg ofH at 203C. With the addition of the Xanthan Gum in this study, éher
were only a few differences between the glass temperatacesnelting temperatures the
3D printed patches, where obtaingthss temperatureavere around 6 - 80°C and
obtained melting temperatures were around 280 300 °C Besidesjn Figure 5, the SEM

pictures showed that adding XG to the pure CH increased the poreT$imescrease is due
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to the increase in the viscosity after adding XG to the polymer solutions, thus leading to the

enlargement of the por¢8atz & Knapp, 1984)
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Figure 5: SEM & Digital Images of theCH4 (a), CH4/XG(0.25) (b), CH4/XG(0.50) (c),

CH4/XG(0.75) (d), CH4/XG(1Je), CH4/XG(2) (f)Patches and Their Pore Size Distributions

Regarding the mechanical properties, the tenwstingsof all 3D-Printed patches were
carried outat room temperature (23). Besidesthe tensile strength and strain valyest

after rupture are presentedTliable 3.

Table 3: Mechanical Test Results Obtained from The Tensile Test

3D Patches Tensile Strength Strain at Break
(MPa) (%)

CH4 248 +0.54 20.84 +2.94
CH4/XG(0.25) 3.38+£1.22 13.33 £ 0.69
CH4/XG(0.50) 3.65+0.14 18.02+5.91
CH4/XG(0.75) 3.78 £ 1.25 19.11 £2.35
CH4/XG(1) 421+2.04 20.81 +6.64
CH4/XG(2) 3.10+1.95 8.74 £3.68

Based on the literature, pufeH usually has poor tensile strength, showangignificant
decrease in tensile strength at patches with more than 59ds@H Mohammed, 2015)
Moreover, according to previous studies, addid@ to polymer solutions increases
mechanical properties and improves th@dazirah, Isa, &Sarbon, 2016Herce, XG was
added to the solution in different ratios to improve the poor tensgagih of pure CH.

Interestingly, the highest tensile strength was obtained in the 1% XG compared with the other
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compositionsln a research, XG was added to gelatin andaamethyl cellulose blends

and there were little decreases than the control group on the tensile strenght and also strain at
break.(Hazirah, Isa, &Sarbon, 201@). our research, because of blending it with another
polymerandc hi t osands propenies,these haluesrainaréasegdinearly (Isa

& Mohammed, 2015)By addingthe XG into the 4% CH, the tensile strength and strain
values were increased. 1% XG patch showed almost the same strain rupture wiiliHpure
Adding more than 1% XG to the patches caused a massive drop in strain values. On the other
hand, based on the ditature,CH has a hydrophilic naturéAhmadi, Oveisi, Samani, &
Amoozgar, 2015)Hence, increasing the amount of the XG showed us that it can be more
hydrophilic. Swelling behavior is an essential property of hydrogels. In some situations,
swelling behavio can be influenced by the external triggers such as pH, ionic strength, and
also temperature of the environmdHKiankala, Wang, Chen, & Zhang, 2018) desirable

wound dressing must create and keep a moist environment while it absorbes the wound fluids
besides protecting the wound from infections (Kokabi, Sirousazar & Hassan, 2007).
Additionally, the water absorption/swelling test waried outto investigate the effect of

XG polymer on the water uptake capacity of the prepared patches.
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Figure 6: Swelling Kinetics of the 3D Printed Patches(a), Degradation Behaviour of the 3D

Printed Patches(b)

In Figure 6(a), the results of the water absorption test of both pure CH anXGlgatches

can be seem the PBS (pH 7.4) for 384 hours at gettime intervals.Gain of weightwas
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