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Research title Development of aligned Eudragit rRs100® and RL100®electrospun

nanofibers for nerve tissue engineering

Investigator Assistant Professor Dr. Natthan Charernsriwilaiwat
Project period 2 year 6 month
Abstract

Electrospinning technique is widely investigated in medical applications such as
tissue engineering scaffolds, wound dressing and drug delivery. In this study, the aligned
nanofiber scaffold of Eudragit rs100® and RL100%® was successfully fabricated via
electrospinning technique for nerve tissue engineering scaffold. The diameter distribution
and degree of alignment of Eudragit Rs100® and RL100®nanofiber scaffold were observed
by scanning electron microspore (SEM). The chemical and crystalline structure of Eudragit
Rs100® and RL100® nanofiber scaffold were analyzed using Fourier transform infrared
spectroscopy (FTIR) and Powder X-ray diffactometer (PXRD). Cell culture studies using rat
Schwann cells were determined to evaluate cell proliferation cell alignment and
morphology. The results implied that the diameter of fiber was in the nanometer region.
The Eudragit rs100® and RL100®nanofiber scaffold were in an amorphous form and its
chemical structure was not destructive after the electrospinning process. The Eudragit
Rs100%® and RL100®nanofiber scaffold showed biocompatibility with rat Schwann cells

and growing parallel to the aligned fibers. In conclusion, the Eudrasgit rRs100® and RL100®

nanofiber scaffold may have the ability to apply to nerve tissue engineering scaffold.

Keywords nanofibers, tissue engineering, nerve cells, electrospinning
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gﬂﬁ 1 wanslassasremaaiives Eudragit® RL100 and Eudragit® RS100

U7 2 uananszuaun1sdianivsatuile (electrospinning)

JUT 3 wananMENEINNABIaNSIAUBIANATEUEY condition RS1-4 uag RL1-4

D.

U7 4 uansnmeneaInndesganssrmididnaseuves condition RS5-6 WAy RL5-6
U 5 nwene 9nndesganssmididnaseuiimidsueny 5000 wi veuduledidnls
58U PMMA (A) random i@z (B) alignment

Ul 6 nsldFeuifisunisnsansrunadurinugudnanauazesmnsiniE sy
1o PMMA [ random uaz M alignment

Ul 7 nwene 9nndesqanssmiBidnaseuiimidsueny 5000 wi veuduledidnls
satu Eudragit® RS100 (A) random ag (B) alignment

5UT 8 nsmiiUSsuiisunisnsyanevunaduriuguinanuaz e s InE sswaady
Ty Eudragit® RS100 [] random uaz M alisnment

Ul 9 nwene 9nndesqanssmiBiannseuniidsvens 5000 win vesukuduledidn
Tnsatu Eudragit® RL100 (A) random wag (B) alignment

U 10 nsmifSeuliisumsnsznevuadusinuguinanauaresmnsdniFosve iy
Ty Eudragit® RL100 [ random uay M alisnment

gﬂﬁ 11 FT-IR pattern vouduledidnlnsatiudesimiaiien Eudragit® RS100 way
Eudragit® RS100 powder

5U# 12 FT-IR pattern voaduledidnlnsatiuSosimiadien Eudragit® RL100 uag

Eudragit® RL100 powder

Ul 13 FT-IR pattern vouduledidninsaliudeadmnaies PMMA uag PMMA

Y

powder

'g‘d‘ﬁ' 14 FT-IR pattern vauduledidninsadudoswmaiios PMMA, Eudragit®
RS100 waz Eudragit® RL100

gﬂ‘ﬁ 15 PXRD pattern veaduledidnlnsatuiSossmaies PMMA, Eudragit®

RS100 waz Eudragit® RL100
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JUT 16 Pnunueaauszannmy Schwann cells wad uuwauuil (control) duledidn

o

Tnsatuseaduuudu PMMA duledianlasatuiseadamnaies PMMA (Tiladrfgy

N9@0R p-value < 0.05)

=

JUT 17 Srunuwasuszannmy Schwann cells wad uuwauuia (control) uledidn

lnsatusseuuudy Eudragit® RS100 wuledidnlasaliuSessvnadien Eudragit®
RS100

o (3

JUT 18 drurumaduszamviy Schwann cells vusuwa (control) léuledianlnse

Juiseeduuudy Fudragit® RL100 wduleBidnTnsatiudesdniaien Eudragit®
RL100

sUN 19 uansgusrsvaswaalszaimuy Schwann cells aneldndesganssml
Budnnseu Maeveie 500x vuwiuwia (A) wuledidninsaludesiuuudy
Fudragit® RS100 (B) duledianlasatuseeinuudy Fudragit® RL100 (C) &uled
AnlasatluFesiaimnadien Eudragit® RS100 (D) uledidninsaludossmiaien

Eudragit® RL100 (E)
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% w/v

% w/w

HS
VIR

um

CFU

cm
DPPH

DMEM
DMSO
et al.

EtOH

FBS

HPLC

kDa

Aasuedaneallazagandlun13de

Percent weight by volume

Percent weight by weight

Degree Celsius

Microgram

Microliter

Micrometer

Micromolar

Colony-forming unit

Centimeter
2,2-di(4-tert-octylphenyl)-1-picrylhydrazyl
Dulbecco’s modified eagle medium
Dimethyl sulfoxide

and others

Ethanol

Fetal bovine serum

Gram

Hour(s)

High Performance Liquid Chromatography
The half maximal inhibitory concentration
Joule

Kilodalton

Kilovolt

Molar

Minimum bactericidal concentration
Milligram

Minimum inhibitory concentration
Minute

Millimeter

Millimolar

Milliliter

Xi


http://en.wikipedia.org/wiki/Colony-forming_unit

mPa Megapascal

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide
MW Molecular weight

ng Nanogram

nm Nanometer

OD Optical density

PBS Phosphate buffer solution

pH Potentia hydrogenii (lat.)

pKa -log10Ka

PMS Phenazonium methyl sulfate
ppm Parts per million

rpm Round per minute

S second

SD Standard deviation

SEM Scanning electron microscope
uv Ultraviolet

Xii
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HUABLe (autografts) BN snwnedn wseenagldidulszamiiunanumnadus 1w 9N
AUdU (allografts) w3eandnd (xenografts) Fe.udTnsnddedde 1wy audriuldssning
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aangldtaslusenieuysdlunalvinzay dwalaunuieNauisaaing 1Aseseneginim
WeansviMiAINssuiilewds (tissue engineering) oA solvent casting particulate leaching, gas
forming, fiber bonding or solid free form fabrication include stereolithography, fuse
deposition modeling, three dimensional printing and selective laser sintering [4] ag1alsA
o aa a < A A a g a a . . ‘:4' v Y]
aufalidnmalianilanunaula As Sianlnsatuile (electrospinning) Nanunsaasiadulouilu
dusuimnssuiiletala [5]
a x a a 1d a £ [ 4 '

nszvrunsatantasaluiadunssuiundadulovuiadn aannsliusslniiaiiueng
o € | a ¢ I a A Y o I3 ~ 1% 1 o
Andasunansazatenedweineglunszuandansatniudulane Welvanusisdndlfinay
A1U7IOLDITULLIIAIENIVOIETAEAENORLURS Azvilrasaratenefiues Weenluuaziinnis
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anwazvanduledidninsaly azfimundiendaiy extracellular matrix 9993190180 Y¥d
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woannegeaa (polyvinyl alcohol), wedtefidusanlan (polyethylene oxide), Avaaniau
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finanannszuumsdidniasatudsanunsadmunfiamanisissqivlaveawadlénnguuuy
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\Ae (aligned nanofibers) a@nunsanvuaianislunisiasyiulnveagaduszamla lnowad
Usgamaziasgiulaauuluiuiuivesduly dnslawedwesnanesia laun weduauluuan
Tou nodunulduanlanu/lalag 1y weduaulvuanlnu/taa1@u poly(l-lactide-co-
caprolactone)/silk Poly methyl meta (PMMA) ag1slsiniunisidnedimesdunsivs azyinla
\waalaseyLAUla g mesﬁmmlajmuﬁﬁqﬁ (hydrophobicity) sisazidiuldanauddenanedui
finsldmedwesnausening nedwesduasziuaznediuessssuwd Janediessssusfifies
N - p

pgranenNidodedify Wy Sauusisus Sauudasein Weisuiunediuesdunsivn

agslsfinuiinefiwesdunsiziuninguilnuautfliuszauinled Tunquues ammonio

9 9

methacrylate copolymer Lt Eudragit® RL100/ Eudragit®R51OO [6-8] %Qﬂizﬂquuwaama%s
ilanedmesiinnugeudiuindu (hydorphillicity) hage1adsnananisiasayivlnvssigad
Tnglunediuesie 2 ylladinstuildnandunssueguds Fsasnsadiulaniusienieuyed

a &

aanulatusnniesuyud waziinuvasnds eg1elsinin nmsdnduledianinsaliufindnain

a

Eudragit®RS100 wag Eudragit® RL100 il luTand wsvimnssudaives mennedideds

[ o v a

aulav nediues Eudragit®RS100 way Eudragit® RL100 W dutagdimsuienssy

dodaiduuszamienszuiunisdidniasatiui 6, 9]

Tunsfinniangdite weimuiduledidnlnsatiuiidnsdaSomeadullulunaden
91nneANes Eudragit® RL100 way Eudragit®RS100 LﬁaT%Lﬁui’a@ﬁm%’ﬁmﬂﬁmLﬁaLﬁa
dudszam dulefilfzgnasivasudnuarnedugiuineweadulenisldindesqansse
BLannseau nsrvdeUAMANYMENIATce Fourier transform infrared spectroscopy (FTIR)
wagnadnvauzanudundnvesdulediy Xray diffractometry (XRD) Anwmasaudfnisnes

Y

f AauandRdnavewiudule wag Anwinisasyiulawazdnuus ussveasadussainuy
GuleBidnlasatlufidnsdasewendulelulumaiisrnnnediuesd Eudragit® RL100 way

Eudragit®RS100 WWiuiiauiu poly (methylmethacrylate) (PMMA)
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1. ieRaunduledidninsatuiiinisindewendulelvlumaiennnnediwes Eudragit®
RL100 Wag Eudragit® RS100 Wleltiiuiandmivimnsnuileideidulszam

2. \iloUsziiiunaveswiaueanedies Eudragit® RL100 waz Eudragit™ RS100 fonniamt

fi9e veadulou dugiuinen auautidenag nssydulavesasudule s
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Eudragit® RS100 waz Eudragit® RL100 M1y quaternary ammonium kana UseuIn wag
Anwauantfvendulenlivanenenimuazmand laun n1sfinwdugiuinerveudulen
wiseuls Msfinwinisnszatsvuinvenduly nsdnsewnvenduly AuaudRnIsnasinvaddy

lo anulundnvenduledairios XRD msfinwauaudRiniuadse FTIR ns@nwnuaudd
Fanavenduly WWudu way Anwinissuiviavenvasuuduleiilaannnedwes Eudragit®

RS100 Wae Eudragit® RL100 AIfisyq wWisuifisuiu PMMA Alsifiuseq

Uszlevinaininazlasu
1 Inddleddninsatufiinisdnsomendulelulumadiernnnedwes Eudracit® RLL00 waz
Fudragit® RS100 ansnsalfiduiandmivimnssuileideidulszam

2. weRlwesii 2 ¥ila Eudragit® RL100 waz Eudragit® RS100 fnauauUssineg voudulefia wu

dugniven auaudRidena maesyiulavessaduuduly Wudu
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a P Y | = S & 4 a Y v ] s v
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(biomaterials) kag Lutanaiilgnanie@inin (biologically active molecule) 3fnssuiilaLgads
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THweded afudedofudvinfifiaududoution 1y navgn nazgneeu Wuden Al Wy
B Waudseteiiiimsvhausudousnntu wu nemngdaany sudou Wudu [5, 10]
nsassiesdulszammdaainiigyidevideiinnsuimduiduuszamiinidediie
vangUszns shlEteigydeidulszam lihesifnanetimg lsauzis vonsinda dos
nunndnsunuluiunsgadeniuidn nsiadeuln wazemstantaneuszam (neuropathic
pain) Lﬁaﬁ%dqLa'%mmsw’%cylﬁuimaﬂL%aéﬂizamﬁqmLﬁ&lﬂiﬁi’mﬁmm?}ﬂsﬁu HAuwenenu

a o

AnRuINsSYIA1e 1nT lunsdlvesnisgayiderduyszaimsauuen (peripheral nervous
system (PNS)) n1sHnfadesdulszaimlaenss 10udsnvialevialy lunsdlfidnisgade
uvszamlilinn dwiunsdiifinisgaidedudssamiduduiunn suiefienauliamnsade
WuUszamlalunss mim?ﬂ'aumaLﬁuﬂizammmﬁaﬂﬂwm (nerve autografts) QAT
unsdnvinsgiu dmdumsgydeidulssamiton egnslsinunisasudedngn
devidnteLduYszamveagiioies Faihldudnaiiiga (donor site) iR samLde
uuszamyinliaradanld warsunavedulszamiiasthluldfidulegreiin uagsilsk
fthedowhdavatsnsa mnagvandssnldidulssamvesyanadu visvesdnifidswionisus
\@seien (graft rejection) wavenafilvlAnnisinlsaineg auanls femgunavatsUsznsid
nanaandned Tassidimnssudededatumadenuidlunsindamaunuduussamlugie
fifinsgadedulszam quantinismenmuazniaeiivesdulszamidion 91nlasasng
Amnssudiadeanunsodauadlidrfuivsinvendulsramitgnudell 1uin anuen ua
Juq Yanfianunsadriuldfusianie (biocompatible materials) waz¥agiiaanslalusienie
(biodegradable materials) gnianldasradulasssns ilesinauisnannisnevaussves
afiduiuld drunismuaudnvarlasaivedassidimnsanidede dugiuine was
dulszneauvedlasinis vinlwaiunsanvuanisasgiavlavsusas vulasesiela 1asess
Jmnssuiododsaunsntiunlddmiunmsaadussamiisnionaunuisnissnuuuy
Fadnld (11]

duledidnlnsatiu Ao dulefifvunndurituguinarseglussfuulumnsvieSondn
aghaimnluliiued Tnehlvululuedesndniuannedwesadinmeg uasimueliiduriy
Audnanshiiiin 100 uilumng [12] Auaudiflandufefiuiiiadeusinngs figpuiadn 3
AUNTUNIN TAWTIFUIULTIRIueas Wudu mandauiluliwesausavilanansds
LU drawing, template synthesis, phase separation, self-assembly wag electrospinning R
nszuumsdidn Tnsatudls Wunszuaumsiiendoussnalwihainunasiidadndludinindsgs
Tunstuasazarewedmeimeluiadnauviliansazarenedmesnare duuilulviuesii
YPUIALANNIN [13] NTEUIUATTAINENUTENOU MmdiudiAyamdiune unasiudadngldi

[

fAnaage (high voltage DC supply) waammiqmiazmaﬁamimiaw (syringe with metal

a



needle) waziansosiu (collector) Wuszuuiisinnududoutios funum awnsanuauvue
wazdFumunsidadulelvdeideslduindadu Tnenisauaunszurunisuasmiadine i
Aendes sliAnfudulovemodiuefifowainunnyilvidulefidsnsdussnisiiuiian
sothmiinfigannn [12] Snsasirudindlidnnsitouasimuniiotidulofananluly
Usglogdluauaudieg wu danaunsainienisunnd Jagaivaunisuandaese Jagnia

nsinens WnearuAunsUanUdesenguasliuing drudsenauvesderindesiuasiniivie

' (%
aa o CY =

auvsdls uloasuusdlutaneUszneu vhluldTagiduminuisasiianuudiusegs wazld
a @ % o 1 d'd @ I~ 4 = [ 1 I3
nandudannsesdmiusenayniandvuiadnaen tusu [14] nssuiunismseudinand 1l
AszUIUN SRS lninlun1svinliansazanenedwas usoneaasnasumalinN1SIn
i3 Ingaruauan1dzsine Iinuisan auladulendyuiaiduiiugudnaisseduunluiuns
sUnvumsihasswuudulewilu lnenswseuduledidninsatuvesinen Wunsimuiguuuy

dsguuulvaindynuszasdnsinlsuiieiianisazateviseniuaunisuanudessien wulewn

q
[ 1%

Tuilfiuiifindudaun dwalidofiunisazasvesiieoiiavanetnenls Wuaunsivess
g1 WiwAuansnlumafuing wzannsnmuaunsanudesagniseangrsvosiaegld
mudosns saumedenatisannainafeswesenld [15]

Electrospinning Wunszuaudiiintuan 60 Juda wifislasuauaulafnuiuegis
s5eduilousyana 10 Firuanilies 1l a.a. 1934 Formhals ldanansnsnssuiunisuay
wdeadlefldusmslnilunisdansznduls Tud a.e. 1969 Taylor léRRuinaay foSuneds
Usingnisaifiietulurusiiasararonedmefiseonndulanelidndlnildsgeindng
WasugUwesasazasnmsenaududnunzvesanuivdsnadelau eussaunulifiiien
Wihusssisinvesatsavatenedwes dueuniinisiendnvariiin Taylor cone Tnenis
LU?UULLUaagﬂﬁﬂqLﬂu Taylor cone azdufiuauniinvesarsazarewodiued U a.a. 1971
Baurngarten 131%1n15fnwinavetn1sildsunlatatsazatenediueswaznisimesly
nsrUInNg vlimmuimnaiweseneg fnadedugingivesnlulwuesild U e 1995
Reneker lévinnsanweghaduszuuaniu vl electrospinning lésuauaulaaninise
#1399 valan wuldanduiunanuifuiluinsaisivinisuiuigfise sneg fieaftu
electrospinning iinanUszunas Jazlide 10 3o Aausd a.m.1995 893 A.#.2000 1Ty 2200
Sodlul a.a. 2014 nszuaunsianiasatudedidunausiieg Saudasduneuiinisfinesi
Aeades JedamadodnvurdusuinewazgamauAvesululiueild [16-17] nuind
Wsiwesiiietes fudl fndliih Snsinisive szegmassrinaaneduauds collector A1
IWUTUTDIATaZAINEAIDT IrAINADAUNLALAZLTIANRITETAzaY ANEINTaLUNS

Pliv99a1582818 AINNEIUNTOLUNISIEEURIEYINaTae [18]



Tumsunluliuesuuszendldmenunisunmduazaunm fnazidenldnediuesd
Wnulanusane (biocompatibility) wag/vie awnsagesaaialalusisniy (biodegradability)
19819 18U poly L-lactic acid (PLLA), chitosan (CS), polycaprolactone (PCL), polyethylene-
co-vinyl acetate (PEVA) 1lusiu nisuszandldniadnunisunnduazaunimlann

1. Tns93193Ans5uileLde (Tissue engineering scaffolds) n1sUsEenAldnianiu

a & A v s & ] A a a ¢ & A v
Amnssuiloe wldunlulwivesidulassaierislunsasyiulnvessadilios Tnonisldy

2 i ¥

ululwivesidulasesnsaziitenninlulasliuesfeiinunliwaddanizlduinnin vinliwas

Y [ 1% [y

aunsaseyiulalanni waglassaisvesululivesdlidnwuzadnuiu extracellular matrix
o =% Avaou o = sal o v o I a A A o

e FaligIdevinisnwiuilubiiuesiiluldnisdiulasssidennssudiedaduuinly

9]

2. Medical prostheses {unisinluldlunisifuedonsiiion vasadeniiiey ieide

()]

Y

9qUU

ce

1

Wigndmiudenusunsegnaay wazidulsesam aedleg190an15unlUlY 1wy the new
technology of Virginia commonwealth university ié’ﬁﬂmmiﬁﬁugﬂu’ﬂﬂw woslauldaoaan
wudunaendeaiien Wiluldlunisiidar bypass wilalagwnuiinsldnasmdenain
Professor Gerald E. Scheider uwag Rutledge Ellis-Behnke lavinn1s@nun uﬂubl,ﬂ/\lw’eﬁﬁl,ﬁﬂ%u

1iMe39n91331U (argenen) azaniiu (alanine)uay nINgM1dA (glutamic acid) 16 lulanalses

d1lunuazilasssauuy  P-sheet fiansnsavaelinisasaydulanves axon Fusnlmi iede
A J dy ¥ N o = § v 1 a
ansavanevesnsaeviluwantinlUluauemyiigniiane Wesanuilulwwesidnludieasuly

auasduignyinate Wwewadusvamidilueglulasssaunlulivesililinissyiulalaazu

[
[y

nuideitedupnunitlmilunsdeunsuiwadaueweomyed [20-21]

3. gwmnusiauia (Wound dressing) unluliuesiinuautanlaaaulusunuiig s

q
¥

Tumsthidudannusunaazivernindifes sssuamAeiituiiialunsgaduveanaildinnninh
Tunawiasy warfudulaseseiliwadindiasydulalavinliunameiswazanunsadesiu
nsfaunaduldfindt uenanifesifvuadnuesunlulmvesdauiuisinudiiuuaiize
Wudluls widaszungonaldd desldmedmeifinuanifaaelfodusanelagau 5o
spray tnensslufiung viSerinduwiudmsuiaung wodwesitewld wu reaanau lalawy
Jusiy [22-23]

4. \30ad1911 (Cosmetic) Ineldiutasasiiolunisthdaniasdronaingin Tudnwas
vouHuaNdn Losnududulefiiuiifnmn vildsussgansene aduwiuldiinasnn s
fifeuld wu arsiaiuazen arsifiuanugudu arsweufoendiady Wudu uenanay
anunsalaarslunsduindnunluliveslaludSuiauinuds nsvandaesduialasinsalu

SEEzWININMY YN SUUSLIAENTUSUNuNnTusTezIandudy [24]



5. seuuindeen (Drug delivery system) mgwinnalieInunsuseynaldlupiasdions
vilanunsaussgenlaunn dnsvanlassaniisinds wasdaunsamuaunisvanlassenla
winldinatia coaxial electrospinning lngaunsamuauUstae lanUasslalagnisaiuny
dns1nsinavessienluasazaneieglu capillary aulu vilvknuivsunauinvsetesniy
A8aN13 ALY e NinITANYIdY Wy enlunguiuenuailise lagldlunisdesiunisioie
waandn Inewdlordnasaudazilunlulnvesiaargldlusenmeniiodudenueiiiusgadly

£ < £ v [ A & < 14 £ [ = =
grdungsslnsiadnlvluedoemduusisa swidinwazaunisdniauinisAnwilaenis
W JuununUziomils sy [14]

o U =2 o £ a & Y LY ' o Ly L3 = £

dmsumsAnwinisiiduleddniasatuunldduianlasssdmsuwaduszam dnsld
wodluesuanvuiiawiu chitosan/polycaprolactone [2], polycaprolactone [25], poly L lactic
acid [26], poly L lactide/polyaniline [27], polypyrrole/polylactide-co-glycolide [28] Wudu
Tumandynssudelinediuesduasviarsviiniinuaudanuiaula 1wy polyacrylates w3ald

Fomnansinn Eudragit® Eudragit® B copolymer 1A91n ester 989 acrylic way methacrylic
acid %ﬂﬁqmauﬁamﬂ physicochemical wansnefuly Eudragit® RL100 way Eudragit® RS100
W copolymer 984 ethyl acrylate, methyl methacrylate Wag a low content of a methacrylic
acid ester 7 il quaternary ammonium groups ( trimethylammonioethyl methacrylate
chloride) n15diny ammonium sinl#nediuesiauantmduiioidonsiiu (permeability)
Eudragit®R|_ 9vUSegneunly ethyl acrylate, methyl methacrylate and
trimethylammonioethyl methacrylate Tugnsidau 1:2:0.2 du Eudragit®RS rUs¥NounIY

ethyl acrylate, methyl methacrylate and trimethylammonioethyl methacrylate lugnsndu

1:2:0.1 [29] las3a319v04 Eudragit® RL100 waz Eudragit® RS100 wanedsgudi 1

JUN 1 wanalasaainamaniives Eudragit® RL100 and Eudragit® RS100 [29]



Haqiuiinisly nedwwes Eudragit® wdsududuloulusenszuiunsdidnlnsatiuis

Shen wagany U 2005 1891514 Eudragit® L100 U991 diclofenac sodium Litetingen
TUgednldlng nan1s@nwinuin vuinvesduloeglussduunlunsield ethanol uaz
dimethylacetamide vJusvirazane o1 diclofenac sodium UanUdasaenuilédi pH 6.8 [9]
N3T89UATSLY polyacrylate copolymer dwsultiduduysyamiien Xia wavany U 2014
sreunsTiduledidnlnsatuain poly (methyl methacrylate) (PMMA) fifinnsdniSessaves
dlounuuduuazuuuisailunadsnfieduaiuninaiagidulnvesad rat dorsal root
ganglion neurons 3Nn1sAnwINUT Wuledidnlnsatlu PMMA fifinnsdndesiilumaiien
aunsadniinssaulaveugaalssamla [7] deun Xia wagaug U 2016 vnsdnwlagld
PMMA d1usudaiasuigadansailn An Schwann cells wag neurites of dorsal root ganglion
neurons manisanwmuIndule PMMA finsdadesirlulumaiorduaiunsafmundie

memsisgivlavesduusyamla [30]



UNN 2

ASn1saniiunisIY

2.1 @15l
2.1.1 Eudragit R$100® (Evonik, Germany)

2.1.2 Eudragit RL100® (Evonik, Germany)
2.1.3 Polymethyl metha arylate (Sigma, USA))
2.1.4 Ethanol (Labscan co.ltd.)
2.1.5 Dimethylformmamide (Labscan co.ltd.)
2.1.6 Orthophosphoric acid (Labscan co.ltd.)
2.1.7 Dulbecco’s modified eagle medium (GIBCO™, Grand Island, NY, USA)
2.1.8 Fetal bovine serum (FBS) (GIBCO™, Grand Island, NY, USA)
2.1.9 L-Glutamine-200 mM (GIBCO™, Grand Island, NY, USA)
2.1.10 Penicillin G sodium for injection (sterile) (GIBCO™, Grand Island, NY, USA)
2.1.11 Sodium Pyruvate 100 mM (GIBCO™, Grand Island, NY, USA)
2.1.12 Sterile water for irrigation (GIBCO™, Grand Island, NY, USA)
2.1.13 Streptomycin sulfate (sterile) (GIBCO™, Grand Island, NY, USA)
2.1.14 Trypan blue stain 0.4% w/v (GIBCO™, Grand Island, NY, USA)
2.1.15 Trypsin-EDTA (0.25%) solution (GIBCO™, Grand Island, NY, USA)
2.1.16 Tryptone soy broth (TSB) (Lab M Limited, Bury, Lancashire, UK)
2.1.17 2,2-diphenyl-1-picryl-hydrazyl (DPPH) (Sigma-Aldrich®, St. Louis, MO, USA)
2.1.18 Potassium phosphate (Ajax Finechem Australia, New Zealand)
2.1.19 Sodium bicarbonate (BDH AnalaR®, VWR International Ltd. England)
2.1.20 Sodium chloride (Ajax Finechem Australia, New Zealand)
2.1.21 Sodium hydroxide pellet (Ajax chemicals, New South Wales, Australia)
2.1.22 Sodium phosphate (Ajax Finechem Australia, New Zealand)
2.2 Yaqauninl
2.2.1 Beaker 9u1m 20, 50, 100, 250 , 400 waz 1,000 Hagdans (SCHOTT®, Germany)
2.2.2 Centrifuge (LEGEND X1R, Thermo Fisher Scientific®, USA)
2.2.3 Cylinder w19 10, 25, 50, 100 waz 1000 dadans Micropipettes ¥11a 20-5000 pl
(BIOHIT® Proline 100-1000 uL, RAININ® Pipet-Lite XLS)
2.2.4 Dropper



2.2.5 Electrical balance (New classic MF, MS204, METTLER TOLEDO®, Switzerland)

2.2.6 Evaporator (Buchi®, Thailand)

2.2.7 Funnel

2.2.8 High Performance Liquid Chromatography (HPLC) instrument (Agilent

Technologies,USA)

2.2.9 HPLC vial (Duran SCHOTT® Germany)

2.2.10 High voltage power supply (Gamma high voltage research,USA)

2.2.11 Hot plate (IKA®C-MAG HS 7 ,Becthai Bangkok Equipment & Chemicak
Co.,Ltd., Thailand)

2.2.12 Magnetic stirrer and stirrer bar (IKA®RO10, Becthai Bangkok Equipment &
Chemicak Co.,Ltd.,Thailand)

2.2.13 Microplate reader (Accu Reader® Metertech Inc,Taiwan)

2.2.14 Scanning electron microscopy (SEM LEO 1450VP, EDAX®, USA)

2.2.15 Sonicator (Ultrasonic cleaner set,WiseClean® Korea)

2.2.16 Stirring rod

2.2.18 Test tube

2.2.19 Volumetric flask wua 10, 25, 50, 100 Waz 1,000 Hagans (SCHOTT® Germany)
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2.3 mswssuduledaninsadu

Pnedwasia 2 vaunazareludivinazanefuunyayl wazAuTudunlavinn1snaasaun

Aounthilud (preliminary study) T4 Eudragit® RS100 way Eudragit® RL100 fimuidiudu 35 -
45 % w/w Tu dimethylformamide (DMF): ethanol (3.5:6.5) July magnetic stirrer 1JuLan 4
Hilus asazanedldgmirluussqlunasadaemwanainuuin 5 faddns Mreitrudulanzauia
21G thluansuy syringe pump wazseUanaidulang Wriu high-voltage DC power supply
(Gamma High Voltage Research) liamusnsdngluiing 15 Alalaad g1sazanggn pump Mg
Snsn 025 faddnssethlus swegiesewing Umedudvdmsesuduledl 15 wufiuns
szozalumasienusasadiogi 4 dalus dwsuidulefifinsdnidosiuuudy adldnnuanes
drum fisesduanudiseu 200 pm dmsudulefidnsdadesimaden aldanudives

drum 715835UAILEITOU 1200 rpm wA3Beiled nTUBLENInTaTUTS uanIRagun 2

JUT 2 uanenszuaunsdiéninsalulls (electrospinning)

2.4 nsnsvdauaudnvazvasduledaninsalu
2.4.1 msnsavdevdngIngveuaule meldndesanssmiaidnasey (Scanning
electron microscope, SEM)
Fawsudulelitivwim 0.5 X 0.5 cm thlufinuu Stub e carbon tape aniuiluindou
yi0s feLA3es Gold Sputter Mntniludsmeldindesqanssmididnaseu ednmu 3 nnde

megumeiaeewiiy  Welasunnuanhunliesgivunduriugudnansveadulesis

11



Tsunsulun1simsedt UMicroVision V.1.2.7, Switzerland) niduruaudnansieg1eag 100
i dvidusede + ehmﬁemwummgm asansn1TnszanevuInveaduly
2.4.2 mansIaaounaanalz9nen I uazinlvesusauly
n1sRsIRERUSnAETIe e suEle feil

1) MInadevasrlsznaumaaiivesunudulelagldinalin Fourier transform
infrared spectroscopy (FT-IR) THiA3ed FT-R awnuauenindy 400 - 4,000 cm-1

2) msnsiasuandilunanvesdulesmemaia powder x-ray diffractometer
(PXRD, Miniflex II, Rigaku, Japan) 14 Nickel-filtered Cu radiation generated in a sealed tube
operated at 30 kv and 15 mA Uu¥in diffraction pattern 7l the Qrange of 5 - 45° gns1NS

ALAY WINAU 4 mint

2.5 Anwanauifinavaaduledidninaiy

Anwnuauifidnavenduledianinsalu FeLp309 texture analyzer (TAXT plus,
Stable Micro Systems, UK) laluianiaad 5 kg #alt1fiu  tensile grips holder Andaagsiduly
A 5 x 25 mm duledianumueglugie 20 - 30 pm JaeUse tensile stress, stain Wae

Young’s modulus vaadule

2.6 Anwniswasiaveswduduledianlnsadu
nsAnwinTnesiiveadule (degree of swelling) viluansazate phosphate buffer pH

7.4 91 37 ssmwadoa Wunan 1 Hilus Anansmeshvesdulnugas
Degree of swelling (%) = (M = My)/Mq X 100 (1)

T M is the weight of each sample after immersion in the buffer solution for 1 h

and My is the initial weight of the sample in its dry state

2.7 msfnelugaa
waauseam Schwann cells Rat (Rattus notvegicus) (CRL-2941™) American type
culture collection (ATCC) 1dwslu DMEM (Dulbecco’s modified Eagle’s medium)

supplemented with 10% v/v fetal serum albumin (FBS), 1% v/v L-glutamine and 1% v/v

penicillin/streptomycin waadesly incubator f 37 °C, with 5% CO, @ mSunsAneIns
WwIgiulaveraduasduguineveseasuuduls 1 ml YaugaalusIMsdesaanaziaes

asluidule sxlivssinaueadagn 10,000 cel/ml tdulgazgna3alivu cell crown

12



2.7.1 msfinimsasgidulpvessaauiaule
nsfnwnsasyAulnvegadusziliulag Alamar blue assay 9138161199 dsantd

wadadhudulowy 13 5 7 Tu udu Musarganate msifeseadazgnaneenwazknuiisag 1

ml Y9901N5L 88807 @15avane alamar blue (5 mM) 100 ul Uuseensil 37 °C, with 5%
O, e 2 $2lus leasuan pIMIAENTaUTINMT 200 n/well azgnanasly black 96-
well plate 111U3n fluorescence at 530 excitation and 590 emissions 1aald microplate
reader (Universal Microplate Analyzer, Model AOPUSO1 and AlI53601, Packard BioScience,
Meriden, CT) 1 fluorescence aggndtuaiuuiinsiwadieglunsiudule TnsTeuiiisuiy
standard curve filéieSealineuni
2.7.2 M3AnwIaag dIneg 1vanvaguiaule

finaeieg wadiiasseguudulouiluazgnaiadae 1.5% slutaraldehyde LHuan 30
w7 4°C 9niudnedae 0.1M phosphate buffer é]’aaéwﬁﬁL%é%gﬂﬁﬂﬁuﬁﬁw ethanol
fiaududusnag uaz Uusauiu hexamethyldisilazane (HMDS) 1urian 1 fiu 9N

megildldosnelindasganssaidianaseu

2.8 NSIATITHNINENR Statistical analysis

% =

Toyailannnsmaaewnainnsing 3 ase Jeyasanadu Anede + dnuldeauy
1n557u Malif one-way analysis of variance (ANOVA) dsUiAs1eiaukansng Amun

LYY

syaulpdAg 0.05 Taglalusunsu (SPSS version 10.0 for Windows (SPSS Inc., USA))
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unl 3
NAN13IY
3.1. mawssuduledidanlasatusesiamaien
wisuasazane Eudragit® RS100 45% w/w 43 2.25 ¢ Uim DMF 1.75 ml Tdasluniou

AUEIE ELOH 99.99% 3.25 ml udhe magnetic bar + stirrer (Eudragit® RL100 45 %w/v
willouriu)
mawdsuduleliinsdaEosinuuugy (Random) miyudrusesiudiennans 200 rpm
1. Eudragit RS100 = 15 kV, 0.25 ml/h, 15 cm Sg823a81 2 h \Au condition RS1
2. Eudragit RS100 = 15 kV, 0.5 ml/h, 10 cm sggeiIan 2 h \AU condition RS2
3. Eudragit RL100 = 15 kV, 0.25 ml/h, 15 cm sg8eiian 2 h \iu condition RL1
4. Eudragit RL100 = 15 kV, 0.5 ml/h, 10 cm Sgegiian 2 h LA condition RL2
nswsenduleliinsdaBesnuuunaion (Aligned) myudiusessufinnnans 600 rom
1. Eudragit RS100 = 15 kV, 0.25 ml/h, 15 cm sg8e381 2 h WU condition RS3
2. Eudragit RS100 = 15 kV, 0.5 ml/h, 10 cm S2egi3an 2 h AU condition RS4
3. Eudragit RL100 = 15 kV, 0.25 ml/h, 15 cm sg8e3a1 2 h \AU condition RL3
4. Eudragit RL100 = 15 kV, 0.5 ml/h, 10 cm se82t381 2 h WU condition RL4
Slodowrundesganssmididnaseuldnadeguil 2 wuirfinnusiseuvesdiusesiu 600
pm - Silaiansarilidulodestlulumaionsuld Seldfvanudiseuan 600 rpm Ju
1200 rpm
nawseuduleliinsdaBewnuuunaiion (Aligned) mudrusessufiennansy 1200 rpm
1. Eudragit RS100 = 15 kV, 0.25 mU/h, 15 cm Sg&ziaa1 2 h LAy condition RS5
2. Eudragit RS100 = 15 kV, 0.5 mU/h, 10 cm se82t3a1 2 h \iU condition RS6
3. Eudragit RL100 = 15 kV, 0.25 ml/h, 15 cm S¥&#13an 2 h 1Au condition RL5
4. Eudragit RL100 = 15 kV, 0.5 ml/h, 10 cm S¥egiaan 2 h AU condition RL6
\dedosinundesganssmididnaseuldnadaguil 4 nuindulednsdaFesialulumis
Fenfunndu 9nuansvaaes wuih N3l feed rate 7 0.25 wag 0.5 aivildauguivevos
ulowasuudas
w3bnansazans Polymethyl metha acrylate (PMMA) finnandudu 22 %wW/wW azanslu

Dimetylformamide (DMF) silutiududule
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U9l 3 wanININENBAINNEBIavIIALBLaNATEUTY condition RS1-4 uaz RL1-4
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v \ A L ) \ \ 1)) A \
SEM HV: 5.0 kV WD: 9.49 mm SEM HV: 5.0 kV WD: 9.50 mm MIRA3 TESCAN
View field: 59.3 ym Det: SE 10 pm View field: 59.3 ym Det: SE 10 pm
SEM MAG: 3.50 kx Bl: 4.00 SEM MAG: 3.50 kx BI: 4.00 Silpakorn University

| L e
SEM HV: 5.0 kV : 9. | MIRA3 TESCAN
View field: 59.4 ym
SEM MAG: 3.50 kx : 4 Silpakorn University

UM 4 wananwaneanndesganssmidianmnseures condition RS5-6 uag RL5-6

= I3 v & v ! a v a A v = o
"i]']ﬂNaﬂ']iﬂﬂ'i‘ﬂ']ﬂ')']llLUUI‘UI@ILUEIQWU'W'U'J"Iﬁ']ll'ﬁﬂﬁ\la@]l,ﬂuclﬂaLaﬂimiﬁﬂumﬂﬂqi‘ﬂﬂlﬁﬂﬂmj

[

MR 990 Eudraeit® RS100 way Eudragit® RL100 16 Ineldan1znswandisil

1) anusnedngladdn 15 Alalian

2) 9nsnshravedasazaie 0.25 Jadanssadllug

3) SYYTWINTEUINEIUTOISU 15 QURUAT

4) ¥y udINTRIFUNAUGT 200 soUseuT d1msun1sInLTEIRUUEN Lag 1200 sauseund

ANMSUNITINLTLIRINLAE
A o w av v v v fa & Ao w v v v
Wedndulenladesnielindesganssaudianasouningsvens 5000x laRan15inLduy

HuAudnanvadduly fwmnsen 1

PN Y 3 v A a Y a ag a a
AN 1 LLE‘WNLaumqu@ugﬂaqﬂsﬂ@QLa‘lﬂﬂwLWﬂNﬂjﬂLWﬂUﬂ@LaﬂImiaUUU\‘i

. duledianissadusesuuvdy | duleddnlasaliusesimiaien
F0ENe
(nm) (nm)
PMMA 767.01 + 209.35 759.33 + 88.13
Fudraeit® RS100 504.83 + 141.77 552.19 + 104.71
Fudraeit® RL100 492.06 + 95.28 500.10 + 93.62
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3.2 nMsnsrdeuauanvazvasduledianiasaiu
3.2.1 mMansangevdngIverveuauly meldndesganssaiaidnaseu (Scanning
electron microscope, SEM)

HANIATIVHBUAUFIWINGWAANIFUN 5-10

WD= 10mm EHT = 15.00 kV Signal A = SE1 Mag = 5.00 KX WD= 10mm EHT = 15.00 kv Signal A = SE1

SUM 5 NMENY 9NNADIIANTIAUDANATOUNANAIVEE 5000 i1 vauduledidnlnsadly

Y 9

PMMA (A) random ag (B) alignment

90 - 90 -
80 A 80 -
70 A 70 A
> 60 - > 60 1
c
§ 50 A S 50 A
=4 5
D 40 - T 40 A
LL
30 A 30 A
20 A 20 A
10 - 10 A
0 A 0 -
02 06 1 1.4 20 60 100 140 180
Diameter(pm) Degree of alignment

JUN 6 n9milIguiigunsnszangvuInduRIuALEnaIareemn1sInEeavauduly PMMA

L] random waz M aligcnment
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3 L
‘ Hm Mag= 500KX  WD= 8Smm EHT =15.00 kY  Signal A = SE1 WD= 9mm EHT=1500kV  Signal A = SE1

Mag= 500 KX

UM 7 nmiane anndesganssmididnaseuimasens 5000 wih vesdulediantasalu

Eudragit® RS100 (A) random @z (B) alignment

50 T 50

40 + M 40 +

& 30T >30 +
c c
(5} [<B)
= =

o 20 + D 20 +
LL LL

10 + 10 +

O 4

01 03 05 07 09 10 50 90 130 170
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duledidnlnsatuSeeinnig Tensile Stress % Maximum Young's modulus
e (MPa) Strain (MPa)
PMMA 1.52 + 0.14 18.53 + 3.29 17.69 + 0.14
Eudragit® RS100 3.33 + 0.55 18.23 + 0.12 17.21 + 16.23
Eudragit® RL100 2.09 + 0.05 25.05+0.12 16.17 + 0.67
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3.4 wan1sanwINITwasnlvasduledidnlnsaluiseedianiafen
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M15797 3 Wan Degree of swelling (%) veuduledianlnsatuisseimiaien

FuledidnlnsatuSesiimaien Degree of swelling (%)
PMMA-120 1.12 = 0.04
Fudrait® RS100 1.33 + 0.05
Eudragit® RL100 1.09 + 0.05
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3.5.2 msfinwaug i Ime1veugaauuauly
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UNN 4

ayUuazinsalnanisidy

nanTideuansliiiiuin ansawisuduleffvuiaduiugudnaiseglussfuunlumns
TaoiduledidnlnsatiuFossuuuduuarmadeiain Eudragit RS100° fvunaduriugudnans
agluy9 504.82 - 552.19 wiluwns uaziduledianinsatuisesdinuuguuasninieain
Eudragit RL100® flvunatdurituguénatseglurae 492.06 - 500.10 unluiuns Ineiilousu
Arudiseutesdrusasiuifinduain 200 seudeundiiy 1200 seudeunit agvilvinianszang
yupvesdulouauas 9nnsAnwesmnsiniFesnveadulowudn Weusuamuiiiseuves
vosdusassudulendu 1200 seusiowndl n1snszangesmnsiniesieglugisuauyszunn 70
&9 110 a3 7 Eudragit RS100% waz RL100® [21]

nan1sAnwinyilaiduvesduledidntnsaly wuil alnnsuvedns Eudragit Rs100%
Eudragit RL100® waz PMMA § C=0 stretching 7lavadu 1731 cm™ waz C-H stretching 71
aupau 2998 cmt awneduves Wuly Eudragit R5100% Eudragit RLL00® waz PMMA §i C=0
stretching flavndu 1731 cm! way C-H stretching flavndu 2996 cm! Failiavndud
witeuffy axduisagulfin Tassadramaniivss Eudragit RS100® waw RL100® laildgnvians
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Introduction

Recently, peripheral nerve injuries caused by accidents, resections of tumors or iatrogenic side
effects of the surgeries are occurring with up to 500,000 cased each year in Europe and USA'. Various
conventional strategies such as autografts (gold standard), allografts and xenografts are restricted due
to the limited of donor, immune-rejection or limit such as too wide gap length. Due to these reason, the
synthetic nerve guidance scaffolds are a promising alternative to autograft’. The approaches towards
the development of biomaterial scaffolds for support of peripheral nerve have increased interest. The
biomaterial scaffolds must have desire properties for support cell growth, proliferation and differentiate
into tissues?. Electrospinning is a well-known technique to make nanofibrous scaffold for tissue
engineering application®* The process of electrospinning results from the application of a high voltage
electrostatic field operated between a metallic capillary of a syringe and a grounded collector. As a
result of this electrostatic field, a solution drop deposited at the tip of the capillary tube elongates into
long and thin fibers and projects over the grounded collector. Scaffolds produce by this technique are
shown to closely mimic the structure and morphology of native extracellular matrix that consists of
fibrilar structures with nanosized diameters. This technique also provides the possibility of producing
nanofibrous scaffolds from both synthetics and natural polymers such as poly-s caprolactone, polyvinyl
alcohol, polyethylene oxide, collagen, gelatin and chitosan. The scaffolds produced by electrospinning
have been widely reported, once it has been able to direct cell alignment and support cell growth by
control the orientation of fibers. In case of nerve cells, the aligned electrospun scaffolds can guide the
cell growth parallel on scaffolds. However, there are few reported that used polymethyl methacrylate
for nerve tissue engineering. Moreover, little is known about the effect of molecular weight on physical,
chemical properties and the cytotoxicity.

In this study, Polymethyl methacrylates MW 120,000 and MW 350,000 fibers were fabricated by
electrospinning technique for nerve tissue engineering. The morphology and size distribution of
obtained fibers were characterized. The fibers physical and chemical properties are investigated.
Finally, the cytotoxicity of PMMA-120 and PMMA-350 were evaluated using MTT assay against rat
Schwann cells.

Materials and Methods

Materials: Polymethyl methacrylates MW 120,000 (PMMA-120) and MW 350,000 (PMMA-350) were
purchased from Sigma Aldrich. Dimethylformamide (DMF) was purchased form Labscan. Rat Schwann
cells (Rattus notvegicus) (CRL-2941™) were purchased from American type culture collection (ATCC).
All of reagent were analytical grade.
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Preparation of PMMA-120 and PMMA-350 fibers:

Briefly, 20 to 25%w/w of PMMA-120 and 13 to 15%w/w of PMMA-350 were dissolved in
dimethylformamide (DMF) and then allowing the solution to stir with magnetic bar and magnetic stirrer
for 4 h. The solution was taken up in a 5 mL plastic syringe equipped with a 20-gauge, stainless steel
needle (diameter = 0.9 mm) at the nozzle. The needle was connected to the emitting electrode of
positive polarity of a Gamma High Voltage Research device. The electric potential was fixed at 15 kV.
The nanofibers were collected as-spun on an aluminum thin foil that was wrapped on a aluminium plate
collector. The solution was electrospun at room temperature, and the collection distance was fixed at
20 cm. The solution feed was driven by a syringe pump, and the feed rate was fixed at 0.25 mL/h. The
process duration was fixed at 4 h in each different weight ratios that provide a thickness approximately
20 -30 pm.

Characterization of PMMA-120 and PMMA-350 fibers:

The morphology and size distribution of fibers were observed by scanning electron microscope
(SEM LEO 1450VP, EDAX®, USA) For this process, a small section of the electrospun fibers was
sputtered with a thin layer of gold prior to SEM observation. The accelerating voltage was fixed at 15
kV. The diameter of nanofibers was measured using software JmicroVision, collected 100
measurements for each sample.

The chemical structure of these nanofiber mats was characterized by spectra of Fourer
Transform Infrared Spectrophotometer (FTIR, MNicolet 4700, Becthai, USA) in the wave number range
of 400-4000 cm™.

The mechanical properties of the nanofiber mats were evaluated using a texture analyzer (TA XT
plus, Stable Micro Systems, UK) with a 5 kg load cell equipped with a tensile grips holder. The samples
were cut into a rectangular shape (5 mm-25 mm). The thicknesses of these samples ranged from 20-30
pm.

Water contact angles of nanofiber mats were measure using drop shape analyzer (FTA 100, First
Ten Angstroms Inc, Portsmouth, VA). A distilled water pendent droplet was injected from a syringe onto
the surface of nanofibers. The image of the droplet on the surface was captured through the image
analyzer and the angle between the water droplet and the surface was measured.

Indirect cytotoxicity evaluation of PMMA-120 and PMMA-350 fibers:

The fibers of PMMA-120 and PMMA-350 were sterilized by UV radiation for 1 h and were
immersed in serum-free medium (SFM; containing Dulbecco’s modified Eagle’s medium (DMEM), 1%
L-glutamine, and 1% antibiotic and antimycotic formulation) for 24 h in incubator to produce extraction
media of varying concentrations (10, 7.5, 5, 2.5 and 1 mg/ml). Rat Schwann cells were plated in 100 pl
of DMEM supplemented with 10% fetal bovine serum at a density of 8,000 cells/well in 96-well plates.
When the cultures reached confluency (typically, 48 h after plating), all tested extraction media at
varying concentrations were replaced and cells were re-incubated for 24 h. After treatment, tested
extraction solutions were removed. Finally, the cells were incubated with 100 pyl MTT containing medium
(1 mg/mil) for 4 h. Then the medium was removed, the cells were rinsed with PBS, pH 7.4, and formazan
crystals formed in living cells were dissolved in 100 pl DMSO per well. Relative viability (%) was
calculated based on the absorbance at 550 nm using a microplate reader (AccuReader®, Taiwan).
Viability of non-treated control cells was arbitrarily defined as 100%.°

Results and Discussion
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Figure 1 and 2 shows the SEM images and diameter distribution of PMMA-120 and PMMA-350
fibers. The average diameter of 20, 23 and 25% w/w PMMA-120 fibers were 0.46 + 0.24, 0.76 + 0.09
and 1.12 + 0.41 um, respectively. The average diameter of 13, 14 and 15% w/w PMMA-350 fibers were
157 £0.33, 217 £ 0.38 and 2.36 + 0.33 um, respectively. The bead formation could not observe in
nanofibers. This result indicated that the diameter of fibers increases when the concentration of solution
increase. The diameter of PMMA-350 fibers was larger than PMMA-120 fibers. Therefore, we selected
the 23% w/w PMMA-120 and 14% w/w PMMA-350 for further characterization.

R NIl ,m\
| 1!

~ [ aic \0) N A # 1
/// \?{‘ s dia ‘ lh l",/ (|r\’\ 3 /7 PAMA350 fiber H‘
(~==1W g

'l

Transmittance (%)

" —_am—
Transmittance (%)

3500 3000 2500 2000 1500 1000 500

120K 3500 3000 2500 2000 1500 1000 500 350k
Wavenumber (cm ')

Wavenumber {cm™')

Figure 3 FTIR spectrum of PMMA-120 and PMMA-350 fibers

The FTIR spectrum of PMMA-120 and PMMA-350 fibers shown in figure 3. We found that the
spectrum of PMMA -120 and PMMA-350 powders exhibited C=0 stretching at 1731 cm-1 and C-H
stretching at 2998 cm-1. Likewise, the spectrum of PMMA-120 and PMMA-350 fibers exhibited C=0
stretching at 1731 cm-1 and C-H stretching at 2996 cm-1. This result suggested that the chemical
structure of PMMA did not change during the electrospinning process.

The mechanical properties and water contact angle of PMMA-120 and PMMA-350 fibers shown
in table 1. The tensile stress, maximum strain and Young’s modulus of PMMA-350 fiber were higher
than PMMA-120 fiber. It may because of the diameter of PMMA-350 were two times higher than PMMA-
120. The water contact angle of PMMA-350 fibers also higher than PMMA-120 fiber. This result
indicated that the PMMA-120 fiber had more hydrophilicity than PMMA-350 fiber.

Table 1 Tensile Stress, % maximum strain, Young's modulus and water contact angle

S I Tensile Stress % Maximum Young's modulus  Water contact
ample

(MPa) Strain (MPa) angle (0)
PMMA-120 1.52+0.14 8.53+3.29 1769+ 0.14 99.39
PMMA-350 9.33+055 18.23+0.12 217.21 £16.23 117.61
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The cytotoxicity of PMMA-120 and PMMA-350 fiber was performed using MTT assay with rat
Schwann cells. Figure 4 exhibited the cell viability (%) of various concentration of fiber extract. The cell
viability of PMMA-120 and PMMA-350 of 1 to 10 mg/ml did not less than 80%. This results implied that
the fiber was not toxic to rat Schwann cells in the range of 1 — 10 mg/ml.
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Figure 4 Cell viability (%) of PMMA-120 fiber (a) and PMMA-350 fiber (b)

Conclusion

The PMMA120 and PMMA-350 fiber were successiully fabricated by electrospinning. The results
indicated that the diameter of PMMA-120 and PMMA-350 fibers mostly distributed around 046 — 1.12
um and 1.57 — 2.36 um respectively. The fibers of PMMA had poor wettability, amorphous form and its
chemical structure were not destructive after electrospinning process. PMMA fibers established good
biocompatibility with Schwann cells. Finally, PMMA fibers have the potential to be used in tissue
engineering and may be studied more in the future.

Acknowledgements
This work was financially supported by the Research Grant of Burapha University through
Mational Research Council of Thailand (Grant no.206/2561) and through the Research Team Promotion

Grant (RTAG6180003)

References

1. Kijenska E, Prabhakaran MP, Swieszkowski W, Kurzydlowski KJ, Ramakrishna S. Interaction of Schwann cells
with laminin encapsulated PLCL core—shell nanofibers for nerve tissue engineering. Eur Polym J. 2014,50:30-8.
2_ Cooper A, Bhattarai M, Zhang M. Fabrication and cellular compatibility of aligned chitosan—PCL fibers for nerve
tissue regeneration. Carbohydr Polym. 2011;85(1):149-56.

3. Gu X, Ding F, Williams DF. Meural tissue engineering options for peripheral nerve regeneration. Biomaterials.
2014;35(24).6143-56.

4. Sachlos E, Czemuszka JT. Making tissue engineering scaffolds work. Review on the application of solid
freeform fabrication technology to the production of tissue engineering scaffolds. Eur Cell Mater. 2003;5:29-40.

5. Charernsriwilaiwat N, Opanasopit P, Rojanarata T, Ngawhirunpat T, Supaphol P. Preparation and
characterization of chitosan-hydroxybenzotriazole/polyvinyl alcohol blend nanofibers by the electrospinning
technique. Carbohydr Polym. 2010;81:675-80.

74 1 IAMPS 35 & CU-MPU International Collaborative Research Conference



F18UaTUN15EU
1 UIlATINITTLUUUIMSUATY 256109A1080036 dayey1iavil 206/2561
Tasen15338UssinneuyszanaiuselanuRuaanyusguia (QUUTEHIMLRUAY)
Usednteuuszann w.e. 2561

UINYIFEYINA

Folasanis mswawnduledidnlnsaduesmadennin Eudragit RS100® uay RL100®

¥ '
=

dusuirnssutlegarduysyay

'
A

Y9nUNLlASINIGI

1

718910 WY IR IH TUN

[y

FUNU ANLHA.AT. O

v v a

Sty La3auFSI tada

<9

o/ L3

o o

1 panaa A, 2560 fetudl 31 Sunem wa. 2563

srEEnaIaLilung 2 U 6 nou Aawdiui 1 naiau w.a. 2560

FUURUNLPTU

5785U

907 1 (50%) 200,250 U dloYudi 23 WEFAINEU N.A. 2560

2207 2 (40%) 160,200 U iaYufl 6 Asvau w.e. 2561

91971 3 (10%) 40,050 U FalailEsu

371 400,500 U

518318
S90S sulsvanadigals swulssnaiildass | Sunudueande/iy

1. A1909 40,000 U 40,000 U 0 UM
2. ANNDULNIY 88,000 U 88,000 UM 0 UM
3. Aldane 80,000 UM 81,180 UM \iu 1180 U
4. AT 152,450 U 151,312.74 U™ YA 1137.26UM
5. AnansnseyUlan 40,050 UM 40,050 UM 0 UM

574 400,500 U 400,542.74 U WU 42.74 UM

a (% L2

(AN.HALAT.0IFS0Y LaTeYATI Lariod)

32

o

o/ [

o/ % a ¥
Wamtilasenisidedsuu



LONE159199D9

1. Kijel"]ska, E., et al,, Interaction of Schwann cells with laminin encapsulated PLCL core-
shell nanofibers for nerve tissue engineering. European Polymer Journal, 2014. 50: p. 30-
38.

2. Cooper, A., N. Bhattarai, and M. Zhang, Fabrication and cellular compatibility of aligned
chitosan—-PCL fibers for nerve tissue regeneration. Carbohydrate Polymers, 2011. 85(1): p.
149-156.

3. Gu, X,, F. Ding, and D.F. Williams, Neural tissue engineering options for peripheral nerve
regeneration. Biomaterials, 2014. 35(24): p. 6143-56.

4. Sachlos, E. and J.T. Czernuszka, Making tissue engineering scaffolds work. Review on
the application of solid freeform fabrication technology to the production of tissue
engineering scaffolds. European Cells and Materials, 2003. 5: p. 29-40.

5. Zhang, L. and T.J. Webster, Nanotechnology and nanomaterials: Promises for improved
tissue regeneration. Nano Today, 2009. 4(1): p. 66-80.

6. Marais, E., et al., Eudragit(R) L100/N-trimethylchitosan chloride microspheres for oral
insulin delivery. Molecules, 2013. 18(6): p. 6734-47.

7. Xia, H., et al., Directed neurite growth of rat dorsal root ganglion neurons and
increased colocalization with Schwann cells on aligned poly(methyl methacrylate)
electrospun nanofibers. Brain Res, 2014. 1565: p. 18-27.

8. Alvarez, Z., et al., An efficient and reproducible method to culture Bergmann and
cortical radial glia using textured PMMA. J Neurosci Methods, 2014. 232: p. 93-101.

9. Shen, X., et al,, Electrospun diclofenac sodium loaded Eudragit(R) L 100-55 nanofibers
for colon-targeted drug delivery. Int J Pharm, 2011. 408(1-2): p. 200-7.

10. Jagur-Grodzinski, J., Polymers for tissue engineering, medical devices, and
regenerative medicine. Concise general review of recent studies. Polymers for Advanced
Technologies, 2006. 17(6): p. 395-418.

11. Cao, H.,, T. Liu, and S.Y. Chew, The application of nanofibrous scaffolds in neural
tissue engineering. Adv Drug Deliv Rev, 2009. 61(12): p. 1055-64.

12. Ramakrishna S, Fujihara K, Teo WE, et al. An Introduction to Electrospinning and
Nanofiber : Toh Tuck Link : Singapore: World Scientific Publishing, 2005: 1-42.

13. Zhang L., Menkhaus T.J., Fong H. Fabrication and bioseparation studies of adsorptive
membranes/felts. Journal of Membrane Science. 2008(319) 176-184.

33



14. Huang ZM, Zhang YZ and Kotaki M, et al. A review on polymer nanofibers by
electrospinning and their applications in nanocomposites. Composites Science and
Technology. 2003; 63: 2223-53.

15. Geert Verreck,lksoo Chun, Joel Rosenblatt, Jef Peeters, Alex Van Dijck, Jurgen Mensch,
et al. Incorporation of drugs in an amorphous state into electrospun nanofibers
composed of a water-insoluble,nonbiodegradable polymer. Journal of Controlled
Release 2003 (92) 349-360.

16. Schulte J. Nanotechnology global strategies, industry trend and applications Great
Britain :TJ International, 2005.

17. Sill TJ and von Recum HA. Electrospinning: Application in drug delivery and tissue
engineering. Biometerials 2008; 29: 1989-2006.

18. Rutledge GC and Fridrikh SV. Formation of fibers by electrospinning. Advanced Drug
Delivery Reviews 2007; 59: 1384-91.

19. Zhang YZ, Su B, Venugopal J, Ramakrishna S, Lim CT. Biomimetic and bioactive nanofi
brous scaffolds from electrospun composite nanofi bers. International Journal of
Nanomedicine 2007:2: 623-638.

20. unanuulu. wilulviues (Nanofiber) Aruwnislumilunisdouusuiwadanas (on line).
Available at http://www.thai-nano.com. (August 2008).

21. Vasita R and Katti DS. Nanofibers and their applications in tissue engineering.
International Journal of Nanomedicine 2006; 1(1): 15-30.

22. Rho KS, Jeong L, Lee G, Seo BM, Park YJ, Hong SD, Roh S, Cho JJ, Park WH, Min BM.
Electrospinning of collagen nanofibers: effects on the behavior of normal human
keratinocytes and early-stage wound healing. Biomaterials. 2006 Mar;27(8):1452-61.

23. Merrell JG, MclLaughlin SW, Tie L, Laurencin CT, Chen AF, Nair LS. Curcumin Loaded
Poly(epsilon-Caprolactone) Nanofibers: Diabetic Wound Dressing with Antioxidant and
Anti-inflammatory Properties. Clin Exp Pharmacol Physiol. 2009 May 19.

24. Opanasopit P, Ruktanonchai U, Suwantong O, Panomsuk S, Ngawhirunpat T,
Sittisombut C, Suksamran T, Supaphol P. Electrospun poly(vinyl alcohol) fiber mats as
carriers for extracts from the fruit hull of mangosteen. J Cosmet Sci. 2008; 59: 233-242.
25. Ghasemi-Mobarakeh, L., et al., Bio-functionalized PCL nanofibrous scaffolds for nerve
tissue engineering. Materials Science and Engineering: C, 2010. 30(8): p. 1129-1136.

26. Yang, F., et al,, Electrospinning of nano/micro scale poly(L-lactic acid) aligned fibers

and their potential in neural tissue engineering. Biomaterials, 2005. 26(15): p. 2603-10.

34



27. Prabhakaran, M.P., et al., Electrospun conducting polymer nanofibers and electrical
stimulation of nerve stem cells. J Biosci Bioeng, 2011. 112(5): p. 501-7.

28. Lee, )Y, et al,, Polypyrrole-coated electrospun PLGA nanofibers for neural tissue
applications. Biomaterials, 2009. 30(26): p. 4325-35.

29. Pornsopone, V., et al., Electrospinning of methacrylate-based copolymers: Effects of
solution concentration and applied electrical potential on morphological appearance of
as-spun fibers. Polymer Engineering and Science, 2005. 45(8): p. 1073-1080.

30. Xia H, Sun X, Liu D, Zhou Y, Zhong D. Oriented growth of rat Schwann cells on
aligned electrospun poly(methyl methacrylate) nanofibers. Journal of the Neurological

Sciences. 2016;369:88-95.

35



A1ANUIN

36



31971 1 @R uguinansvesduledidnlnsatiudesinuudy Eudragit® RS100

Diameter (nm) Range (hm) | Frequency

282.84 | 399.92 | 449.44 | 486.62 | 597.32 0-100 0
310.09 | 399.92 | 450.59 | 492.55 | 602.02 101-200 0
316.17 | 404.30 | 451.41 | 500.00 | 612.21 201-300 1
337.35 | 404.47 | 454.80 | 501.06 | 615.69 301-400 21
342.44 | 41595 | 457.11 | 504.12 | 622.90 401-500 41
346.69 | 420.00 | 460.43 | 516.02 | 653.00 501-600 18
356.09 | 420.00 | 461.51 | 517.66 | 654.13 601-700 11
368.40 | 422.20 | 461.74 | 519.59 | 655.32 701-800 2
372.03 | 424.18 | 465.19 | 52490 | 661.72 801-900 3
373.06 | 426.99 | 466.48 | 528.02 | 676.76 901-1000 3
373.39 | 430.03 | 466.90 | 533.39 | 690.44 Mean 504.83
373.63 | 430.03 | 474.25 | 534.32 | 699.71 SD 141.77
374.61 | 431.74 | 474.25 | 54589 | 752.22

376.65 | 434.04 | 47496 | 550.69 | 792.90

377.16 | 440.45 | 475.39 | 560.36 | 820.00

380.72 | 44398 | 475.39 | 560.67 | 856.79

382.10 | 446.05 | 477.08 | 569.21 | 869.65

384.19 | 447.13 | 482.31 | 570.80 | 913.61

384.71 | 447.21 | 484.28 | 583.10 | 946.27

395.98 | 447.21 | 484.28 | 593.44 | 1006.27
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131971 2 uruguinarsvenduledidnlnsathuessimadien Eudragit® RS100

38

Diameter (nm) Range (hm) | Frequency

25790 | 487.03 | 540.37 | 576.68 | 628.01 0-100 0
280.74 | 490.59 | 54148 | 577.02 | 632.33 101-200 0
305.94 | 491.76 | 546.91 | 579.34 | 635.06 201-300 2
342.34 | 491.76 | 549.02 | 584.12 | 638.12 301-400 7
347.45 | 496.43 | 550.42 | 585.49 | 640.19 401-500 17
353.49 | 499.13 | 551.72 | 588.56 | 645.60 501-600 45
373.06 | 504.12 | 552.16 | 588.56 | 647.36 601-700 23
380.00 | 508.67 | 553.17 | 589.87 | 649.00 701-800 a4
397.03 | 509.05 | 553.55 | 593.63 | 649.14 801-900 1
412.23 | 509.90 | 554.94 | 597.64 | 649.73 901-1000 1
421.90 | 510.18 | 557.70 | 600.33 | 659.13 Mean 552.20
440.63 | 511.08 | 560.36 | 604.04 | 660.30 SD 104.70
474.25 | 511.31 | 560.80 | 605.31 | 662.12

47539 | 513.19 | 561.48 | 607.84 | 672.01

480.00 | 515.80 | 563.21 | 609.11 | 707.11

480.83 | 517.66 | 568.63 | 610.57 | 723.37

481.66 | 519.15 | 568.97 | 612.57 | 747.42

482.29 | 527.96 | 569.98 | 625.61 | 753.13

485.07 | 528.02 | 574.01 | 627.45 | 822.92

485.47 | 530.86 | 576.68 | 627.76 | 919.06




51971 3 R uguinansvesduledidninsatiudssinuudy Eudragit® RL100

39

Diameter (nm) Range (hnm) | Frequency

282.79 | 416.17 | 470.74 | 508.67 | 569.98 0-100 0
288.44 | 419.17 | 471.40 | 509.05 | 569.98 101-200 0
291.49 | 42190 | 472.22 | 509.90 | 569.98 201-300 3
306.91 | 42379 | 473.84 | 513.19 | 580.34 301-400 12
320.62 | 424.18 | 475.39 | 514.20 | 587.58 401-500 a2
349.86 | 428.24 | 477.48 | 514.68 | 590.59 501-600 29
360.49 | 434.04 | 480.69 | 526.12 | 608.16 601-700 12
360.49 | 43536 | 482.29 | 526.13 | 608.28 701-800 2
360.56 | 436.81 | 484.15 | 526.86 | 624.07 801-900 0
374.61 | 439.09 | 487.05 | 526.86 | 626.42 901-1000 0
379.47 | 440.63 | 490.20 | 527.96 | 632.94 Mean 492.06
396.54 | 44237 | 490.31 | 528.39 | 632.94 SD 95.28
397.03 | 447.21 | 496.04 | 538.41 | 645.60

399.92 | 44756 | 496.04 | 540.91 | 651.79

400.00 | 449.44 | 499.90 | 549.18 | 667.82

404.23 | 456.95 | 499.90 | 552.16 | 667.82

404.97 | 457.75 | 499.90 | 554.94 | 670.82

412.23 | 457.75 | 501.06 | 563.21 | 695.46

412.23 | 464.83 | 504.78 | 564.56 | 720.97

41595 | 468.61 | 506.36 | 568.97 | 729.72




131971 4 Euruguinarsvenduledidnlnsathuessimadien Eudragit® RL100

Diameter (nm) Range (hm) | Frequency

324.32 | 418.85 | 480.32 | 529.37 | 577.95 0-100 0
32558 | 420.48 | 480.42 | 530.61 | 580.34 101-200 0
333.65 | 420.73 | 484.70 | 531.00 | 580.47 201-300 0
338.22 | 420.73 | 490.21 | 531.00 | 583.69 301-400 15
340.00 | 424.26 | 490.22 | 534.13 | 584.40 401-500 37
352.67 | 43292 | 491.38 | 541.48 | 584.51 501-600 36
362.22 | 43370 | 491.38 | 548.95 | 590.72 601-700 11
367.35 | 436.28 | 493.61 | 551.74 | 592.19 701-800 0
379.47 | 439.61 | 493.61 | 551.74 | 601.02 801-900 1
384.71 | 440.00 | 494.77 | 553.17 | 601.66 901-1000 0
384.71 | 450.83 | 494.77 | 554.51 | 605.75 Mean 500.10
388.29 | 450.83 | 500.31 | 557.03 | 612.24 SD 93.62
392.35 | 456.51 | 501.20 | 561.05 | 619.58

398.50 | 456.98 | 504.78 | 568.19 | 621.29

400.00 | 459.07 | 508.28 | 568.19 | 630.34

407.92 | 461.16 | 516.14 | 571.22 | 639.06

408.67 | 465.19 | 520.59 | 571.22 | 656.05

410.71 | 465.38 | 521.54 | 572.01 | 659.41

41231 | 470.74 | 521.54 | 576.89 | 680.13

415.16 | 473.89 | 523.45 | 577.59 | 900.04
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3197 5 psmmsinFewoaduledidnlnsatiuFewnuuugy Eudragit® RS100

41

Range
Degree Frequency
(degree)

0.00 33.69 68.63 99.46 | 125.54 0-10 7
4.97 34.38 69.15 99.87 | 126.87 11-20 6
5.53 35.84 71.57 | 101.31 | 128.16 21-30 a4
7.13 43.15 7290 | 101.89 | 128.37 31-40 6
7.59 45.00 7791 | 102.88 | 128.66 41-50 aq
8.13 4591 78.69 | 103.39 | 128.93 51-60 5
8.97 a7.12 80.54 | 103.50 | 135.00 61-70 10
10.30 51.34 81.47 | 104.62 | 140.19 71-80 il
11.89 51.34 81.87 | 105.26 | 145.18 81-90 9
12.26 54.90 84.09 | 10552 | 14584 91-100 7
14.47 56.31 85.43 | 108.43 | 147.38 101-110 9
17.65 59.04 86.99 | 111.37 | 148.24 111-120 5
18.43 61.56 87.27 | 112.25 | 149.66 121-130 10
23.20 62.10 87.40 | 112.83 | 150.26 131-140 1
24.62 63.43 90.00 | 116.57 | 153.43 141-150 7
24.62 64.80 92.12 119.74 | 154.54 151-160 2
29.74 65.70 96.01 | 120.26 | 166.37 161-170 3
30.07 65.77 97.43 | 120.96 | 166.76 171-180 1
30.58 67.75 97.43 | 124.38 | 167.32

32.47 67.83 98.43 | 12554 | 174.05




a91971 6 sammsdnSeenduledidninsatuBeaimiaied Eudragit® RS100

Range
Degree Frequency
(degree)

0.00 74.58 86.82 9451 | 117.35 0-10 0
24.62 75.47 86.99 96.71 119.74 11-20 0
25.02 76.50 87.27 97.59 120.58 21-30 3
28.74 77.47 88.03 97.85 122.20 31-40 1
32.20 77.91 88.09 98.75 122.28 41-50 0
53.47 7791 88.09 99.09 | 123.18 51-60 6
54.69 78.93 88.21 99.16 125.75 61-70 5
56.31 79.29 90.00 100.89 | 126.47 71-80 13
57.17 79.88 90.00 101.31 | 127.30 81-90 23
57.38 80.22 90.00 104.04 | 128.05 91-100 15
57.99 81.12 90.00 105.07 | 128.99 101-110 7
63.43 81.25 90.00 106.19 | 129.81 111-120 8
64.06 82.15 91.74 | 106.50 | 133.36 121-130 10
67.07 82.87 91.74 | 109.18 | 135.00 131-140 a4
67.25 83.42 91.91 112.25 | 136.47 141-150 1
69.78 84.56 92.05 113.50 | 138.99 151-160 1
72.18 84.81 92.20 113.50 | 148.39 161-170 0
73.07 85.24 92.29 113.96 | 152.45 171-180 1
73.61 85.76 94.09 115.02 | 163.50
74.36 85.76 94.40 116.57 | 168.69

a2




3197 7 psmmsdnFeswoadulodidnlnsatiuSeswnuuugy Eudragit® RL100

a3

Range
Degree Frequency
(degree)

1.77 62.35 79.70 100.78 | 120.58 0-10 1
16.70 63.43 80.13 101.77 | 121.33 11-20 2
18.43 63.43 80.13 102.80 | 122.01 21-30 2
20.85 64.65 81.87 105.64 | 12291 31-40 3
26.57 65.56 83.83 | 106.19 | 123.11 41-50 6
30.96 66.80 84.56 | 106.19 | 123.69 51-60 5
38.29 67.62 86.05 106.19 | 123.69 61-70 10
40.10 69.15 86.42 108.43 | 125.22 71-80 14
43.53 69.68 88.03 111.50 | 131.63 81-90 7
45.00 70.71 90.00 112.38 | 133.73 91-100 10
45.00 70.82 91.97 11556 | 135.00 101-110 8
45.00 71.57 93.37 115.56 | 146.31 111-120 12
46.55 71.57 93.37 115.56 | 146.31 121-130 8
48.18 72.26 9395 | 115.71 | 147.09 131-140 3
50.19 75.38 96.01 116.57 | 160.35 141-150 3
50.91 76.50 96.12 117.41 164.05 151-160 1
53.13 77.74 96.91 117.55 | 164.05 161-170 2
56.31 78.23 98.53 118.30 | 173.88 171-180 3
56.89 78.69 98.75 119.48 | 177.27

61.19 79.70 99.09 120.07 | 178.15




a31971 8 sammsdnSeenduledidninsatuBesimiaied Eudragit® RL100

aq

Range
Degree Frequency
(degree)

25.02 7791 90.00 96.58 | 108.43 0-10 0
36.47 78.69 90.00 97.13 | 108.43 11-20 0
50.91 79.22 90.00 97.13 108.43 21-30 1
52.43 79.38 90.00 98.13 | 109.03 31-40 1
53.13 81.03 90.00 98.43 | 109.29 41-50 0
53.13 81.87 91.97 98.97 | 109.80 51-60 9
54.46 82.87 92.05 100.01 | 110.14 61-70 3
57.38 83.88 92.12 100.12 | 111.80 71-80 10
57.99 84.09 92.39 100.78 | 111.80 81-90 21
57.99 84.81 92.39 101.63 | 115.46 91-100 23
59.04 85.76 92.73 101.77 | 116.57 101-110 19
60.95 86.31 92.86 101.77 | 118.61 111-120 5
61.19 86.99 93.37 | 102.26 | 122.47 121-130 6
62.45 87.14 93.90 102.53 | 12247 131-140 2
73.50 87.71 94.57 | 104.04 | 123.69 141-150 0
74.74 87.80 94.57 104.04 | 123.69 151-160 0
75.96 87.80 95.19 104.04 | 126.47 161-170 0
76.43 88.03 95.71 104.04 | 129.81 171-180 2
77.74 90.00 95.91 105.42 | 132.14

77.91 90.00 96.34 107.53 | 133.45
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