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AgNOs Silver nitrate

AgNP Silver nanoparticle
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ATR Attenuated Total Reflectance
BSA Bovine serum albumin
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DAPI 4% 6-diamidino-2-phenylindole
DMEM Dulbecco Modified Eagles Medium
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UHMWPE Ultra-high molecular weight polyethylene
UTM Universal Testing Machine
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XRD X-ray Diffraction

EEAA



SYNOPSI S

The peripheral nervous system (PNS), un
protected in bony cases. This exposes th
to cpalkeswn, compressions, f iancdtlurcas ,ngj ainn
gulmgt s, etc. The spontaneous regenerati v
However, the regenerative success 1is det
severity of the injury depends on whet he
imol ved in the injury. According to the

injury (PNI) was <classified by Seddon (1
(axonal conduction block), axonotmesis (¢

(epuirnieum or perineurium or endoneurium s

neur ons, functional restoration of the r
spontaneously occur only i f the injury i
undergoenesheuragtrade |11, IV, Vv, or Vi),
regeneration due to the |l oss of intactne:
|l ost when the connective tissue intactne
axonal fspmouteaching the distal stump. Thi

cause neur oma f ormati on and reinnervat.i

functioning.

Besides surgical reconnection and nerve
synthetic origin nerve repair scaffolds
Such nerve repair scaffolds are known as

( NGNOWVs ) . Using an accurate NGC/ NWs to bri

EEAAA



of

S i

t

an injured nesriviee cnoourlbd daivtoyi dt hdaotn ocorc c ur

e. The ongoing research on NGC/ NWs i

features that promote or enhance nerve

st

st

a

d

a

r

uthateprovide guidance cues to the pr
mp. This enables the neuron to extend
gned fibers, grooves, ridges, channe
cerdniicbalteorisn t hat guide the neurites t

gned fibrous scaffolds are outstandi

racellul ar matrix (ECM). The aligned
dance egweesmsrfadr ngg raxon. Besides guidin
o essendi &fFefentitdhttedeSchwann cell s a
rat eButnog nfeoradnsd bsaunpdp or t t he regenerati nc
mi gratdoe bocuoytoskel et al pol ari sat.
esion of these cells to the aligned f
face activates the focal adhesi on kin

oteins @amskedaeusads reywytrgani zati on and mi

construction of an aligned fibrous s
ctrospinning as the fabrication techn
d for fabricating fibroporous matric
Etedh a charged polymer solution on a
e a higheoduimaec e-adni @gtiomeach of i ber s, and
i pul ation of el ectrospinning paramet €

gnresd dcderding to the need.
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Et hyl ene vinyl alcohotewcopdl varherohod ) p@alby

EVAL or EVOH is a semicrystalline polyme
vinyl al cohol uni t s. EVAL (et symdmebki ze
acetafTée vinyl al cohol units make EVAL s
prevent It from dissolving in water. Stu
neuronal cultures can be developed from I

makesondibdhercgpol ymer for electrospinning.

The increase in conductivity of t he pol
reducing the jet whipping and thus stabi
Il ncorporation of inorganic salts into th
werengrated from EVAL in the studyi nmf Ma)
the polymer solution. 1t iIis ksSpwhterem @k

silver nanatpad tswchxetrates induce a | arge

Graphene oxide (GOpohdachydeophiabhenendaer
used as a bioactive nanomateri al. The p
adhesi on, gr owt h, proliferat-nenoromaigr ati
Schwaernnd dunctions are enhanced when inte

that I mproves the mechanical properties

T The anbeonvtei oned knowledge | ed to a hypot|

AWoul d el ectrospun matrices with aligne

al cohol copol ymer meua onrail toabli g nsnemd t?2r a

T The foll owing objectives were postul ate

EEQ



1. To fabricate electrospun matrices incot
oxi de.
2. To evaluat-ehémiecphypgiacperties of the ma
3.To eval uatae etr he@l ciennltvertarcot i ons
o Evaluation of cytotioxiwi tefd.ects of 1
o Evaluation of guided neurite extensi

on fibers of the matrices.

The study was designed to prepare three
system contained EVAL as t he pol ymer m
Il ncorporated with either sil ver ions or
i ncorporat Ed¥AM)tLh (@GP EVAL i A(cbvAploYy at @mdd wi
( 3) EVAL incoirpmod aG@dXgWALlLh Efgectrospinni
fabrication technique wused to construct
compositions weres tas eglarftoro ft heegshies msiyzssHlIteim
characterizations were done to study the
Cytotoxic eval uat9 20 sf iwberrceb Idaosnte cweiltlhs Lt o
matrices. Cellulear oand heres®r imae rin e@®wa We 0 e

cemhadat eri al i nteraction studies with Neurc

The entire study is presentpdriph®rahapte
system (PNS), peri pher al nerve i1 njuries

t he rel evance of a nerve repair scaffol
fabrication technique to conesltarbuocrta ttehse osnx

i mportance of ani sotropic substrates suc

EEJA



nerve regeneration. This chapter al so

alcohol copolymer (EVAL).

Chapter 2 deals with a vast I|iteratur

peripher al nerve injuries (PNIs) and

nerve guidance conduits (NGC) or neryv

in the fabrication of nerve repair sc

nerve repair, fabrication of anisotro

de.

e r
t he
e w

aff

pic

pol ymers used in tN®Wsconsafl uefit eannodb f EMMAEIN

fabricating electrospun fibroporous subsH
these matrices, and cells used in the nei
Chapter 3 includes the materials wused i
achieving the objectives. Chapter 3 is di
used in the study are included in sectio
study. The synthesis of GO i s -cheesgnd rciabh ed
characterizations are done after GO synt
i ncludes Raman spectroscopy, Fourier trar
ray acitfiforn ( XRD) analysis done to confirm
The pftyheimé @« a | characterizationsVisableed
spectroscopyragwabpbnesten apecXroscopy (XPS
the oxidatienl sgématand i-OB obmENAkat Aowi ¥
analysis of the solutions was done. Sol u
i nfluence of silver and GO in the soluwu
spectroscopy weast hdeo nfeuntcot i amaally zgr oups. R

EEJAA



used to analyze the presence of r@® in
spectroscopy (EDX) was done to find the
el ectron microscopy (SEM) was used to an
the fibervazrinedsheThe Universal testing

mechani cal testing to evaluate the tensil

0]
©
@D
(@]
—

roscopy with I ndOE$) veaLoupeéedf &It aa
silver contesgt aind the mwmatriacts. The cyt
materi al interactions included in sectio

for evaluatin®20®héibrabi bstycef |l B upon i

systems. Li veladgddk daoudy twasassess the vi
after interacting wtatch itnhe tBYAL nsgy sathnedmsi .m
cells were done to evaluate the cellul al

matrices. Thef sh@lt2 adelAlgs poch-ABYBELmMmat ri ces

in the presence of nerve growth factor (I

Chapter 4 presents the results-nemd dlsalxadr
bare materi al -niemtt thea sénrowed WGIDeEVIALg he s ol ut
The incorporation of GO in -GAmbmat reidcds. t
presence of GO in these matrices was evi
random fiber o04GOemtadtriicre so wWaBEMAeLlmmageags dm
fiber orientation analysis with | mageJd s
was figuoemd FOUR Bnalysis. The significan
EVA-GO matrices was evaluated with I mageld
decrease in fiber di ameter al so -GOcr eas:

matrices. Howeargeméhe obndlB@® fmaber sesngt
EEGAAA



it |l ess preference for constructing nerv
EVA-GO, t heAgEVaAnLd -ABG/ALsystems had aligne
invol venment tbk AYAL |l ed to an increase ir
The conductivity of the pol ymer soluti ol
aligned fibers. The fiber alignment was
sof t-avagsiest ed ehit lae¢ i @los aamfailrymsdds t he fiber

fiber di amAgemndiABE®&AEIi gni ficantly- incre
neat. The presence of silver wAg m®muatdenrt
The MU and XPS spectral-AgnahnAIsAB&OTr esul
systems indicated t hatantdhen osinlamerp airst incote
The silver*swaast ei ni nant hfeg matrices. The i n.
i ntensi ti/AgGO imatErViAtes confirmed thésioncor
contributed to-OHhar pend!li 1R EONVMAL mMafE aAlLd

EVA-AgGgGO matrices also showed i mproved me
alignment and fiber diameter influenced 1
The effect of fi-Bgr antiAg®&xkemdt roifs eEsWahd n ¢
presentaeadtivi astFai ni ng and i mmunostaining
C6, N2a, and PC12 cells adhered to the a
filopodi admealriigreesd imanner. The fiber al
mechanical properties,-A@nan dABSGoLm@d trii lzielsi

make them considerable for constructing |

Chapter 5 summari ses the results -Ag the
and EA/GECIO matrices wi t h aligned fibers

NGC NWs .
EEAE
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CHAPTER 1: | NTRODUCTI ON

Peripheral nerve injuries (PNIlIs) are now
t o ner ve compression, -iaafdtich i p@al sy,j ugiu
procedures, etc. The peripheral nervous
they mot enclosed in a bony structure |
spinal cord). The central nervous system

and spinal cord are protected by the skul

Seddon (1943) anha®enadgdernlsandi €195 h)e PNI
severity of the injury. T h ea xPONlog mamed s ¢ |
neur ot mesis based on injured tissues. Neu
axonotmesis is the condition where the a
cut occurred in the connective ¢tiismu.es (
However, t he PNS can +fegamegr atid uiatts omwn -
| ackiClNgS.i nThe gl i al cells in the CNS dec:¢
tissues. I n PNS the Schwann cells (SC) (¢
an injury in PNS, the myelin sheath aro
Schwanmandelplrol i ferates. These dedi fferen
AWal |l eri an degenerationo to remove al/l t
stump. Then they form ABands of Bungner o
l ami nact opradxi mal axonal Sprouts and gui
events occur spontaneously for recovery.
ti ssue surrounding an axon i s i ntact. I

(neur ot mesiinsal, axhoenapr osxpr outs wi || be mi



e

e

o

ntual ly l ead t o neuroma formati on. A

nnervation of the target tissue does |

neur ot mesi s, recovery i s possible onl
roachswamgilkeal (T)econnectt i omé oirrmgsps X
cing an autograft (gold standard) to
up to ~ 5cm, (3) connecting the proxi
duit or nerve wrap (NGC/ NWs). N6&G/ NWs
ng various fabrication techniques to |
MGIWs could prevent donor site morbidi
a donor nerve in autograft treat mer
at ment are |l imitations in tissue ava

ept or ngertvheeirre gsahradpien and si ze.

el oping nerve repair scaffolds (NGC/N
i d donor site morbidity. Research ha
| ogical or synthetic NGC/ NWs. Sever al

NGCY NWmake it similar to an autograft
l s that support regenerati on, feat ur e

dance cues) for t hel upmionxailmaclh aanxnoenlasl, sn

tors (tNGCsa)l, ceolnedcucti vity, and mor e.
viously, topographical cues on the co
vi ded by the basal | amina | aid by t

eneration. Tbe tbeogubphi avéscoans gui d

nal sprouts to reach the destinati on.



Ani sotropic substrates offer better guid

provi de physi cal gui dance to an extendi
topographical gui dance cues through phys
reachedthienad i on. The process by which a
topographical cue through physical cont a
arranged grooves, ridges, and aligned fib
neuri tedg.esSuwhdgthr aligned fibers can resert
Schwann <cells in the regeneration scenal
Ssubstrate enables an adhering cell on th

manner throuwighamcroeat act

Fabrication of aligned fibers is achieve
El ectrospinning is a versatile technique
ejecting a polymer solution from a syrin
them a polymer fiber on a earmrdcuwctfiiwercol

hi gh su#tfeaodarmer aaati o can be generated vi

aligned fibers are generated through el ec
Coltliecn of paba&lrilseluselngctrodes, rotating
coll ector, disc collector,, meamrdr enled prso tt at
aligned fibers. These methods have | i mi
collection, di fficulty in obtaining cont
while spinning for making fibess ambgame
chall enging.



l ncreasing the polymer solution conduct.
high fiber yield and continuity on a rot:
even at | ower coll ector rotatingesvelbeit |
whi pping motion of the ejected fibers anct
a rotating collector. As the solution <co
charges on the fibers also i nicmrg atsteesm iTrh

straight path. This |l eads to the coll ect]

Al igned fibrous matrices fabricated from
would help to construct nerve repairtr S C
topography provided by the aligned fibe
cytotoxipa,ilbilecomndempviovo dme rat mhiaatrreopiraol p e

i nteractions regarding cellular and neur|i

Three materials were mainly considered i

(1Bt hyl ene vVvinyl al cohol-ceciompyll y mk c o loa
(EVAL or) EVOH
(23i 1l ver nigtrate (AgNO

(3Graphene oxide (GO)

The reasons why they waermre doxncridkeedcdi n nt

paragraphs.

Et hyl ene vinyl alcohoteocopol yalthemw ol ap @ldy
EVAL or (Ké@QHwy eti salt.he 2@0dI3yymer chosen

fabricating EtViksé tshcea ftfealmd iope etdh ewsn idghse Eteh y |

n



vinyl ahcobeolwith random arrandgdnment cCcoO
semicr potl yglmeirneobt ai ned thpolughetecdphhdro
acetAtcedrdi ngi nyl talecoh-@6D wmo,lctoedter €¢b &1l | y
avai EdAhbaesi f ferent (Aumneg i teitomsg ., 1999; K
EVAL's meltimaandproamt@@EmMY the vinyl al co
determi Mae gt ass tr ansrhdnopasddrges Pl yme r (

could interact ®©H abaohlydw@hemne phoadt magl . ,

However, the presence of -ehbygl ehkeerepbath
functionalities i n t he pol ymer provi de
(Kenawy et al ., 2003)

The studi es.cofatibmaandgEVAtL mémbranes (porou
neuronall Youhgueedayur,i 2et0 191 . have shown

generate aligned fiber yarns from EVAL by

(7]
o

u(tMaoynu r i and .Bameshy!| &l bBri xxiudee of i s
al cohol (i pamprpamaodagl 1dPA)2 anuds waltley @ores it d
for di ssoKenawy E&/ALal . propose IthAatwather d
mi xtur aewput di mma kpecelaytneedr scaff ol d. They h
these membranes support sh&enhwmnuet!l al ce
The easiness of EVAL solution preparat.

convenient tpoo rgoeensebrrdatmee sfdietvred opi ng neur al

AgN®@s an i nor gwintiftt a osniplowamdd i @ nn §)tAgaA e i
study Abae .bbyWy sagduttering and coating Ag,

gl ass substhreatronabhgedddmhat t hese subst



neurite outgr owAlhon retmBwg lhiencthfad )y at i ng s
the polymé&aysnil beigeemmler ated uni axviadaly a
el ectroBpennnagrporation of silver i ons
solution, jedmdidlilzeewwe d hiet ( Maheronaads tRaa

2016)

GO a sgr agpeareinwatnioveatt helar i dauhceeusr amaé | Schwann ¢
prol i f(e€rhataicarhi aretta et al., 2018; G®@Wang
has been widely used in {Kasgeete.ngimeeni0
hydrophilic groups, | arge surface -area,
chemical apeopemei e$ the considerable feat
( Rahman eitTheal .i,ncd0pI)natpioony uafet@®@@ne el eci
mat riingperso vneedc htahnei cal Themper efTbalintenasd)i
neur onal-newnrdonmd n c eclellsl iandchreesai soens, growt h
mi grat.i(dmameicet al., 2020; Wanlgh leen al . ,
vi ammn 8t udife®i gn tehteyalf.ound t he GO/ PCL =
simil amrdryaet @ogA afltong ner ve defect was n
functionally restor edQibayn wesi ngNetulm @18
scaffolds with gelatin met hacrcylnysdlr/ugdley
by Fangorettari@ddiuncoed GO performed weFan@s a

et al., 2020)

This thesis evaluates t hiGOe sypsteenms.i nT hvédr
EVAL is incorporatebfgwiitm WO, clf 2) he¢ hEVAL/A

withHhamhdd (3) -Age® EYALem, in which the EVA



Adgand GO. The met hod of sol uti ocnhepmiecpaalr a
characteri zmati enisal aindt erddti on sThai es
syst enmsh wseihceoriychad riazcd e Swcsainmg ng El ectron |
(SEM) , Fourier Transform Vmnfsi dded SPETIR)
Raman Speandosg@mpgmgpy dirsgSpest ves Xppy (E
Viscosity anal ysi oXr agormd udtriawitti yo rraan(yaXlRyDs) i
Photon SpectamdcMeooyhdXiPcSBhi vtessahgTest ingg
(UTM) The <ce-l ht enmtagcetriican st udi es based on
cellul ar/neurite response on-92®e f kWAL bd ya
Neur o2a, C6 gli oma, and PC12 <cell l i nes
Livel/ Dead a&asreayt oweevealdate t heakviianbidnd

I mmunostaining weremdbaei ab ewabkbuatei bhe.



CHAPTEREZI EW OF LI TERATURE

2.1. Nervous System

The nervous system (HEH®mpd nshker ec ehrutnraanl bros
system (CNS) and peripheral nervous SYyste
the nervous system controls and coordi na

coordination are achieved biycalenidmmgl s & <.

CNS involves the brain and spinal cord,
arise from the brain (cranial nerves) andoa
ei ther start or reach CNS. Tfheerreenbty styhset
(sensory), whi ch conducts messages to tfF
efferent system (motor), which conducts n
The efferent system is again cla)ssafded
somati c system (voluntary). The autonorm

parasympathetic, (Hadl eaner Guysygsiemd1ll;

Tortora and Derrickson, 2018)

Nerves or nerve-ccfoindeurcs i age syseéeemsgoal PN

fibers made up of nerve cells or neurons
neurons are the functional units in the
ofi mpul se conduction. They carry signal s

typinealron has a erl omaeéeynwd(cyesn axons,

synapses. The cell body and dendrites are
The axdms ng from the hillock of the cell
the axonites end up either in postsynapt



al so associated wiilkugloinall cell s, tdaki sad
Schwann cells are the glial cell s, which
form a structure called the myelicrel $Beat
found in CNS are oligodendrocyteg¢Haastro
and Guyt.on, 2011)

Neurons of PNS are surrounded by conne
epineurium, perine(uRriiguur, E ratnhd ae nsduorngei ucrailu ns
first portion of a nerve that i s encount e
that glides around a nerve. Mesoneurium i
known as epineurium, twhiicth iTsh es eeepn njewsti u
connective tissue, which iIis seen as two |
epneuri um. The extrinsic epi nleiukke uano v esr it
around the whole nerve. The intrinsic ep
nerve fascicl&vsaase embédd&di nsel l and K
1990)Bl ood vessels (vasa nervorum) are al
nervorum enters the epineurium at wvariou
l ongi tudi nal anastomotic (n@hhaolrka odt aalt.e
l shibe et 7a0% ,0f20xldmen wven ¢rsoextrinsic anc
toget her. Fascicles are embedded within

within the intrinsic epineurium wil/ be

regiongheffasciEal e i s surrounded by a conr
structure known as perineurium. Li ke epi
di fferent portions. Theaohdetr grmd tiitons wrfr
faschel enn&r portion embeds the endoneur.i

¢



al so consists of bl ood vessel s. Each f asc
with . aXxarctsh endoneuri um surrounds an axon
i n a ganglion or-sysapynaymaegtpiocs trme war ormr.e

within the endoneurium may or may not be

SchwanfEevehbks 2001,; Grinsell and Keating.
A neuron is comprised of a dendrite, ce
synapses. Dendr-t &g ateuscsimatl ¢s sppiom t he
neureneive el éctom aaldtheiegnaglnsal s col |l ect e
are sent to the cell body. The cell bod
endoplasmic reticulum (Nissl granul es) ,
body i1is the site wheretpaonsminhser roamene
neuron. The <cell body then narrows and i
axon. Whenever a neuron receives an i nhi

I's the portion wheaned tahedeicnipsuiton si ss utnankeedn
be whether or not to send an action pote
send the action potential,, then the el ec
axon then sendscahkedignaynaapsa, swheee a
with other neur otnlse oac taino no rpgaatne n tWheaeln r e a «
(end of the axon), a series of events occ
The -pypmaptic neueomororortglaen efefsponds a
neurotransmitter released i n(tAnderes agry natp

2015)

M n



Spinal cord . . Myelin Sheath/
Dorsal Root E(z;(r:ﬁ:';z:;" Epineurium Schwann cell
~ (intrinsic) 85, /
)
2 S & \@

(9)
(o]
°<§§‘§, Endoneurium Axon

Perineurium

Vasa nervorum

Figure 1: Anatomy of peripheraterves

2.2. Peripheral Nerve Injuries (PNIs)

The brain and spinal cord of CNS are pro
and vertebral column remepleachyvebyer Whegse
nerve f i bTehriss onfiayPNeSxpose the nerves of P
from trauma, surgery, di seases, et c. Th
per manent i mpairments in some areas. Stil

capabl e of r egtem etrhad | soenv earcic@lyhda lbnrgh h.et d aima

Whemeave is severed completely, two part
end) and a distal(Fsgume Bdnéektah naetvenHda
axons, during a severe |l aceration, the me
after an 1 njury, the damaged neuron unde
series of events that ooowr(nhiedwyre 2ecid

40) I't is then foll owed by axaonFalgurreeg e2n; e rfi

(Burnett and Zager, 2004; Terenghi, 19909)
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Fi g@&abé agrammatic representation showing
The regeneration occurs only if
continuimgelflr dmdtyhevi th the myelin
(Figure 2ustfizadter the axonal i nj
at the proxi mal stump. The signaling
factors and finally prdmgtueses 2beamvdpd eut
di st al stump axon undergoes axonal
resul ting in (akioguarle d2e;g T adkbnt do whad)n
sheath aaditnlge akegqr t end
regenerating phenotypes and then
factors, and depo(kitg braes a2 ;.| fa3hien4s cgpawwdnab o
then migrate to the injury site to
growth factors and 4dIFignuireg PoenBibg bhealS
cells form O6bands of Bungner or

to-mdeddi haeregt i

nerve

dakhencel

sheath

ury,

start

attra
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proxi maadxssnou me ac h( Fti hgeu rtea r2¢;, 81ireg ea,n d1 7H4); B

and Zager, 2004; Grinsell and Keating, 2

The recovery of nerves from injuries dep
to the nerve. Seddon (1943) and Sunder|

various grades based on the severFitgyuroef

3) Seddon classified the injuries into 3
Il or class 106 injury is known as neuropra
|l i ke a temporary interruption i Aamoitnoprul s e
pobl ems. Here there is no |l oss of axonal ¢
in days to weeks. 6Grade Il or class 116

connective tissues (endoneurium, perineut

continuity along with myelin sheath is |
of the distal stumpotaod imAyai remant ©. sexc!
i's possible without surgery i f thWroer i s r
class 111, IV, and VO are categorized as
form of nerve injury where along with, ax
al Become injur,edendonnegurraiduem lilsi damaged a!

gr ald¥ endoneurium and perineuriurfmhare d:
endonemperniumeuri um, and epineurium are dan
V. Bepurot mesi s r(egrusiarmeegsi ¢ &1 t me Vh ofdusn cttoi orne s

(Chhabra et al., 2014; .EwWamangonn@ 0DMEd;V eism u d i



added one more injury tapemwhmwmdteip@reaenovusl
menti onedEvanu,riz2&01)

Epineurium
Dendrites Perineurium

Endoneurium

Myelin sheath
Nucleus Axon

2
Cell body &
&
O
g $
Seddon/Sunderland — . < < <
Classification Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Figure 3: Diagrammatic representation oémveinjury classification by Seddon and Sunderland
2.3. Treating Approaches
2.3.1. Surgical reconnection

Surgi cal reconnection is the method in w
i n such a watye ntdh aits t ad&n mpencdte® 4 )s i s know
neur or.r hTehphsy can restore the continuity ¢
gap that occurred. For surgical reconnec:
be <5 Jmmang et al ., 2.B20ne t K enle<s e3aiecgmapll s q

connected via suUHguslyamr edlbounbrcitbhbaghhgse

using sever al techniques, such as - (1) C
sutures placed through the interfascicul.
repair: suturing of the correspondomgi mal



alignment, and (3) epineural repair: usu

I njurcyompmrd ses sutures passEekel dve oaitg halt .h,e

Suture
[ 3

Proximal cut Distal cut S”t:"e
end/stump . end/stump 7@

Psos— 2905

Tro B

PSS ' Re8S
] ! 0809/**‘“\()80‘0

Extrinsic Intrinsic Fascicle R
epineurium  epineurium End-to-end connected

proximal and distal stumps

Figure 4: Diagrammatic representation wéurorrhaphyr aurgical reconnectioor (endto-end
reconnectioh

2.3.2.Tissue graft
Ti ssue grafting is a gold standard optio

nerves3wimhgap are subjected to such tree

an autologous graft or an allograft. A gr
physical gui dance for the axonal Ssprouts
i njuewchothe distal portion. Wallerian d
and result in increased secretion of neur
and ner ve (rHoguesmeraat iean al ., . 2Dé®al K-ehbede
out veins, bl ood vessel s, arteries, xen
all ogenic and autogenic nerve grafts are
in availability, pain resué tdomgor roimt e ean

of the issues (fGrciends edflt earn dg rKaefattiinngg, 201

2015)

Mp



Mostly nerve portions dissected el sewher ¢
as autologous nerve grafts. This harvest
axon density ma+ elci hied nftdleom e MyyeasO r et al

Aut ol ogous grafts have both advantages a

good biocompatibility, nontoxicity, and t
are the advantages. The disadvantage inc
tdh nerve from a donor site elsewhere 1in

patient (Bdi bindi AywydoJToAaAA4AS5,; Sarker et al

Autograft

Suture

’ [
Proximal cut y ‘\\ Distal cut
end/stump 7’< o end/stump

)
. y o g S
Proximal cut end/stump Distal cut end/stump [
Gap Autograft

Figure 5: Diagrammatic representation igue grafting

2.3.3. Scaffolds for Guidance

Substorratsesahdbl deul d gui de a ,Belvprtd mec o
and restore nerve function areneowsi demp
scaf.f oNawadays a wide range of research i
conduits which could act as a substitute
faced by the patient resulting from proc.
guiadresnerve rapaimade adff opalsymers and ar e
conduits (NGCONW) Togewkewr apbeay acamNGICé NaMs b

(Daeschler et al ., 2025; JihendN®&St caolu.l,d 2



act as a bridging support between ,proxin
they premoea pirbx ammiah al sprouts taanrdeach
enhance the recGawdiyn odt tdale. ne2¥Ek6; Houst

According to thesevtoheurtel oanr eo ft hNGGCe/ NgW¢ ner a
1.Fi rgsetner ati on NGC/ NWs:

FigenerNGd/oNWsr e devel oped according to t
provide support and act as a barrier tha
ti ssues. They woul d al so gui de t he r
Polytetrafluoroe‘fteﬁxylLesnead(aesPT\EisnLGa)Hreibiraif
conduitto ecoatkianpyeeedpheral nerves. | n hum
4 cm was successfully treated usi ng e P
pol ydi methyl sil oxanes (oPcDovhgpat ivbiitlh tfyl e xwie
nerve gu(iHleeatthubaensd Rut kowski , .199&;ceHduhsl
nerve gui d-bsodvegreadmdn e, compressi ons 0C¢c
regenerateoaceaebmpanbedtic tissue formati
beme necessary to r(e&mauwe nt lred radr. v, e 2¢@Uui6g e

2.Secegrederati on NGC/ NWs:
The need for resorbablINGC/INMs@ao meat itbhlee ,s

generation of nerve gui des. They were ma

conducted for thecafrifomhide alf oofis t &e t he t

bi ocompatibility enhanced the axonal rem
nerve. There-appe ovedemalr vEDAuUi des i n thi
NGC/ Nmesde up of resorbable type | coll age
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( PVYAgneradtsioom omersv el ngl eir

( FDA)

coll agen E( NeNerugGdEmMenwF)o Tupeel ygl ycolic
Neur ofTube@ol yvinylSadlucdammlelt(cPVAar e -some
appr l6GEANWsBut they are | imited in use
bridging gap(sKkdhhrse dthaal .3, c2m012)
Table FDbpAproved NGC/ NWs
Product Material Manufactur | Degradatio | Type/maximu
er n time m length (mm)
Avance® nerve | Processed
graft human
peripheral AxoGen Inc. - Conduit/25
nerve
allograft
AxoGuard® Extracellular
nerve matrix from
. Cook :
connector porcine Bi - Conduit/10
! . iotech Inc.
intestinal
submucosa
NeuraGer Type | Integra Life
nerve conduit | Collagen Sciences 3-4 years Conduit/30
(Hollow) (bovine) Corp.
e e | S .
. (Collagen 4-8 months Conduit/25
condit Matrix Inc.)
(Hollow) 1
NeuroFlexE Type | Stryker
nerve conduit | Collagen (Collagen 4-8 months Conduit/25
(Hollow) Matrix Inc.)
NeuraWrapE | Type | Integra Life 3648
nerve wrap Collagen Sciences Wrap/40
. months
(bovine) Corp.
NeuroMendE | Type | Stryker
nerve wrap Collagen (Collagen 4-8 months Wrap/25
(bovine) Matrix Inc.)

My

scaf fNGA/l NWBaabtl eSad@ylfd oadts asabri

ac

0

b «



Salubridge Polyvinyl

nerve conduit | alcohol Salumedica No , -
(PVA) LLC degradation

SaluTunnel Polyvinyl Salumedica NoO

nerve wrap alcohol LLC dearadation Wrap/40
(PVA) g

3.Thi-g@nerati on NGC/ NWs:
The s-geonedbGd/oNWsi guwurmre Jlust holl ow tubes

characapeldawd icesme | i mitati ons,ppewere dt. h dHec
comes the myeenderfadn onhinreda ve conduits whi
approval but still under/NWg ogresshntvended
constructed with some special features t
Scaffolds with mict¢ apmstntadr rcenda nsnerl fsa ¢ ense,r vi
el ectrical conductivity, aentcce. tcoo utlhde prreogve
nerve. i nchoe porati on of neurotrophic f 8
el ectroconductive agents that support ne
(Gaudin et Aanto.n,g 2tOhle6s)e scaffol ds with an
more a{Beskeomolen et al ., 2Ki2m@ ;etCheal .e,t =

Sumam and Parameswaran, 2023; Zhang et al



Generation |

First Second | | Third
= Support = Semi-
= Barrier function permeable/porous
» Guided nerve » Biodegradable
regrowth - FDA-approval

+ FDA-approval

- il +
. 2 J + >
i x 0 =)
Loaded with Oriented nerve Intra-luminal Release of Electrical Surface micro-
support cells guidance channels nerve growth conductivity patterning/
factors luminal fillers

Figure 6: Types ofthird-generatiomerveguidanceconduits or nerve wraps (NGC/NWSs).

2.4. Fabrication techniques for developing nerverepair
scaffolds (NGC/NWSs)

2.4.1. Solvent casting/particulate leaching

It is a simple technique wused for produ
pol ymer is dissolved in a suitable solver
The solution is then poured onto a mol d
eaporate. The solvent evaporation depend:
solvent evaporation results in a polymer
with uniform thickness. To obtain hh poro
some porogen,-cantdat hengopobegemer film aft
submerged in a bath where the porogen 1is
( Mi et al ., 2015, Pagaei miotrroigeenn' et aaloun
determine the film's porosity and pore si

H N



obtained through solvent casting is that

thicekeS¢Hhmapadi mitriou et al., 2020)

Scaccifnabreitc atl ebda sae dc hnietrovseane ngi tntsed vegt s c
casting met hod. Tshtersuec tfuirlends swebrset rnaitcerso. T
mi ¢cgtoructured substrates induced <<ell pol
contacts of (ScShewaacncni nd ePeltsy @aa p r( dPl€acgtlonpeo | y
(|l ac@gil gcol ic acid) (PLGBGAY wieamrdbusaidyrpryairroez
et.tawl construct n.erVhed r By strh es csauf bf sotl rdast e s
thermally stable and electrically conduc
suitable for constrygé&ermngi nar e@h aaféepraa IR0,
alhave constructed a nerve -sebduoate)mad:e
poly(caprolactone) . These constructs wer

(Ghafaralahi et al.., 2018; Kang et al .,

2.4.2. Phase separation
Phase separation comprises two -sdoilfvfeenrte nt

i nduced phase se¢ephar athemim@gNuE8S8Y ahdse se

(TIPS). I n NIPS a polymer is dissolved in
structure. After exposing the poured sol
a nsoonl vent bat h. Thi stieadsueotpoltymerf op
phases, -rai cpho | yamed eanp plhyamer. A precipitat
from NIPS wildl be porous and have appl.i
homogeneous solution is preparddcaat aaldev

pol yrmeah phases are created ky cchomloirmtg otnh



ac

20

Y a

t e

t as a scaf flodan amar ttihoen (pPoal pyanueiersi proir @ s .
20)

ng .madeal Poacyt(iLc acid) (PLLA) scaffolds
chnique. These scaffolds were highly p
noscal es. These scaffolds mimicked the
omot ed ttihaet idorMf fefremerve stem cell s (NS

es for supporti oayYamdeetineaAbiztaen2 @4 garl o wtd
nerve conduit through the phase separ at
aphene oxide (PVDF/ GO). These scaffol d:

e incorppopAbraownebfalGO, 2019)

2.4.3. Freezearying

e-deging is a scaffold fabrication techi

ithout a porogen. A polymer sol@t&0mnNn i s

where the solvent forms ice crystals.
e ice crystals. A pressure | ower than t
applied to remove the frozen soldvent.

age to the vapor stage directbgafA®I| dh

obtained. These kinds of scaffolds h
ructures wild/l promote cellular i nfiltr;
|l l-hgeed nerve guides with I ongitudinal

zkurt et hferlegdrztyi mgughre c h®i0qg ©®en wiotrle ai 2@ .

ot ganglion (DRG) was cultured on thes



cell s (SCs) t hat mi grated i nto t he ch

BungpBookurt et al ., 2007)

2.4.4. Hydrogel formation

The highly hydrophilic polymers that can
known as hydrogel s. Thel iprodegdnecams opruaddwce
hydrogel s-l i fkengroas be achieved throug
varying imoaticomo,nceamd changing the tempe
According to the polymer property, and c
mi ght vary. They can be soft, flexible,

origin poldy menr st haer ep ruesped rPaatpiaadn md ft r h yodur cedg e

Thgel ati n m@e Ihayrdyrlioygoell s( wi t h photocrossl
used by.fWu etuldluring PCl12 cells. The i mp
Gel MA according to their concentration
promoted the cell s(pPWw adti nagl \\am 4P Oeledu)roipteed |
a nerve conduit made from poly(lactic aci
PTMC) , intraluminally filled with car box

was not-cygnloy oxom but (Wascsh emtalmi cr2b02 @)

2.4.5. Compression/injection molding

These molding technigues require a poly

polymer is melted down first, then the
pol ypmerrogen bl end is inserted in a mold
melt whér cwuradd ot(Paipadobtidirned et al ., 2
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2.4.6. Soft lithography and photolithography

e l'ithography technique IS used to 1
pographies very precisely. It al so av
ntact . Photolithography, scanning bean
noi mpr iamthy J|pietdh @lgrt hogr aphy, capill ary
thography are different forms of | ithog
thography are mainly used in scaffold
otolithogmsaptly, ptahd edn from a phot om
otosensitiphhomatresngltulcat aedol et or ot |
decomposing, the pattern is transferr
fficulty in controlling surface prope
terials | imit gtihciad taepcphHnicgue oinrs . b iSoIf d
eap, fast, and precise overcomes the |

e cast ontaoapel y@DwWSehy NehpboadaadXuwdang

e soft |l ithography-basetdnsguector @es odhbrtc

i thi teonsdandeveneorpveed ¢¢tWeedgi s 8d Huang, 2008

2.4.7. Laser texturing

recently developed technique wuseful [

trafast | aser s. This technique is usef
ser with | ocal excitations. Pointing t|
rroundings frd®apldimgtdamaged al.., 202

e surface structuring and texturing ca

nge without contact with the substrate



2.4.8. Electrospinning

El ectrospinning is a fiber drawing techr
solution in the presence of electrostati
ended -cnoerendddcet ed syringe is collected on e
paticul ar di stance from the needl e. The
resembl e a mat.Tmembiraeed mavivaeixn ed darce nn dr
as scaffolds in several bi ol ogical appl i
spigncan determine the fiber morphology,

be generated with diameters rafhiengchrf dm
obtained will haweolaunhdg Qrihatsieidr f alce, a2 @h6 ;

2021; Mayur i et al ., 2016 ; Mei nel et al

al . ,. 2DAH&g)el ectrospinminngetceéeclomi Queé i s de

2.4.9. 3D bioprinting

3D bioprinting is an advanced version of
solution with a particular consistency i
and the cells are mixed with thisrriingkd Wi
out to-l geéncedbhsasgwicsttsed Lpagsxerrt U igo n ,mi & m a
printing are now availabl e. Neur al scaf
devel oped using t he( B ebti ogplii,ut 2e02g29tl e ¢ kt o
a neur al sc-hatilehdhyabmroei t acid derivat
onetep 3D bioprinting. The nerve regener a
by using tHdsa ednsatiryct221)



2.5. Role of Anisotropic substrates in neurite extension and
nerve regenerationTopography, contact guidance, and
neuronal cell response

One of the main focuses of nerve repair

provide topographical cues for the regeil
processes (neurites: axons or dendrites)
subséFiagurdhéyse cues influence a neuron

and branchi(@Mio fofKman seunltr 20d®9nt aneous
even in the absence of scaffolds, the axc¢
provi debda sbhayl Itlhdaedi by S ¢ Rwgnonnec&l |Téhbe saen dc u7e
will guide the axon to reach the distal s
and perceived by the neur pophRsgurselfhkBd wer m
contact gui dance VadWefi isrss bi(nWenit8r4o,d u@& 45 )b
nowadays extensive research is NWscwrthng

such topographical cues.

=

4@ Cells

2 Nucleus

F-actin

e
=~ Bl Tubulin
|

Integrin
1 Fiber

Contact Guidance ~
Focal Adhesion

Figure 7: Diagrammatic representation showing cell/neurite response through aguitéemce.
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ntact guidance has an i mportant rol e in
e embryonic stage as wdlolf fkarsamnreetg eanle.r,a t2i
described I q{seetyeoaf@eendrhat Wanh | er i an
hwann cebbsalsekamifear ptrlneg eregener atin
generating axons fi mdstad ptorgamakpstai acnad rceus
a contact gui(dfamcegoko et @pengualtded 59 e cC
rfaces influences the growth cones of
ghly motile structures found at the ti]
rr retracting,amdveaunucningg O0f aachaxgn an:
nami cs and reorganization(&al alct andf DE
Q5)The actin filaments are found at the
the centr al portion of an axon. The a
e ‘mekbd anmMdebdpedtevely. The actin fil ame
owth cones in response to the guidance
nd the guidance cues onegag dwnrtfegae,n <O

spond to the cues by act,anvdtiasg asogmes ut

tmmi crotubule reorganization occur s. Thi
anch, (dlubeeteactal ., 2003; Kalil and Del
Q1)

i sotropic substrates are the best consi

urons to extend their-r neurites unidire

ani sotropic a physical propertfyorwhen
fferent directions. So, these surfaces
es. For example, a parallelly arranged

HT



unidirectionally of(Fegued nf@@i) bseurrsf acre sf iplad
micropillars are considered anisotropic
topographies. Ani sotropic substrates car
topographi es s ucThh easse pfielaltaurrse sa nwdi Iplo sutnsi.d i
outgrowth and cel |l (Haf fKonamn eentt aatli.on 2(0FLiOg u |

Villard, 2020.; Xue et al ., 2021)

Random fibers Aligned fibers

T
é
L

Cell/neurite in random Cell/neurite in aligned
orientation orientation

Figure 8: Diagrammatic representation showirgjlalar/neurite responsaccordiny
to fiber orientation

2.6.Electrospinning for fabricating anisotropic substrates

The fibrous scaffolds arteo clulbbmé rradteiso svi t A

substrate is said to be anisotropic wher
aligned (aligned fibers). Severalthechni
al i gned f i-absesresmb(leyg,; PShealsfe separation, Str
ia promising, versatil e, dod Mmadtri cammag

scaffolds from contTihreu d u sbley sp raa deu tfboer nfeidb

play of some forces. These forces are gr

HY



carry the charged jet to the collector),
push another charged carrier and cause s
to prevent the charged | et fromtsttrheet ch
stretching of the surface of the <charge
charged jet andvdudpyrartcuamd ientgBadsierd 2004 hes
el ectrospinning technique produces rando

par ameReelrisnson.et al ., 2021)

The working of the electrospinning techn
first filled in a capillaryndedspeedbe.
el ectrospinning system also has a conduc:
far from the needle tip. The system i s s
and negative potentials are supgMaiddert ett
al ., 2018; Huang et al The200B} e®Pth@ams et s &
various forms such as stationary flat sur
di scs(,Teeot can/d RamakAiségai,re®0edpltage i s

and the solution in the syringe o tdapil

a voltage that is greaherpbohwpamet heobuti art
needle tip (positively charged) will tur
coll ector (negatively charged). The rate

The scaffolds obt agi naerde fkrnootwne | aesc t @ loes@ti rnm
matrices(Chademaak., 2016; Mamun et al .,
et al., 2012; Rashid et al., 2021; Sumam
2022)The fibers mdbnaomedAfatadei ghiedweel i ng a

di stance, t hwei lelj eshewd Wwhibgpisng moti ons

H O



devel oped within the s(Bluutgiean eduealt.qg Har
2006)Thi s whipping motion of fibers wild/

t he cdlIRlasdtiadr et Aaly. me2®»H) t hat hel ps to

motion of the fibers wildl give alignment
(Cho et al ., 2016 ; Robinson et al ., 2021
al .,. 2020)

Depending on t hef abolilceadteora, noanter i xant hat

random fTterfsi bers collected on a statio
Wher eas, the fibers show alignment (para
rotating collectors such agq Hdirammgs eandaldi,s
Even when the fibers are collected on a

and the flow rate of the ejecting pol yme
rotation velocity is | ess and t her fwiolwl r ¢
be random. The fiber alignment iI's achi e

i ncreases and the mechanical Wha@advd wnrgr efdor

due to bending instability. As the vel ot
icareases and indicates that a minimum ve
fibrous substrates. Rotating discs are m

dr ums. Sitoé | telce i higherorti on of theudi sc
substrate coll ectedsiwnad dbared.embd e @hilg
utility. Whereas the collection on a rot
high rotational wdjledtciwiyl,| thes sdiranathd rindge
and more alignment. This would rfesultthei n

scaf(fMalyduri and Ramesh,. 2016; Wong et al

on



Gap electrospinning which was first intr

to generate aligned fibers. Here for ach
paral |l el el ectrodes which are either <cha
whhcfall on the electrodes stand perpend
field and this makes the fibers aligned.

INn200ang .ehtrmdduced a met hod for produci
magnetdascssisélked electrospinning. The poly
t he presence of t he ma ganedii <t efdi edldec tirrmo
per manent magnaetos aarge oauchideerde f | at pl ate c

force created due to the magnetic field w

jet stability. As a result of the magnet
wll align and highly al i(g¥haendg feitb earls. ,a r2e0 O
Dei t zel et al. found that the fiber depo:
of auxiliary el ect r(oleeist zdeulr ient§ hael$.e,lc &2 Gels1p)
to generate aligned fiber matrices. The
prevent the jet from bending which is a

researchers have tried séeetabsaurningry
the fibers. Charged copper rings were us
i mproving the fiber alidgdmnhkentl] elchronde sa pvy
either side of the jehepateh. albduwer ehal be
was reduced and aligned fi be(rRolwienmsormr odtl ¢
2021; Zhao eltn aanot h2e0rl 6met hod, f i ber s wer

where the fibers collected on the rotat.i



surface. I n this method for getting such
the rota{Angasue.t alare.s,0me0 12e)t hods pl aci ng
the rotating collector also helps to get
rotating collector is a mandr el with a s
velocity even ati feedgldr pmr sAwlired kefptk e

to fabricate ali gn(edeanadtr.iale.s, f2®0H )mandr

With the association of both electrostat
and aligned in centrif.ugal204l0edtrri eegdp itnrhrei
el ectrospinning method. The charged or g
pol ymer solution. A stationary <circul ar
pl aced around the spinnemetheetafpatinadgt g
on the collector. Since the spinnerret P
undergo centrifugal forces and result in

of the spinneret rotati(oln,aot heet dael g r,e e2 00lfl

I n 2003 Kamepdhkrat eéd edhldnedrectrospinning te
aligned fibers are produced by keeping t
name -fnieedrd el ectrospinning(Bas gtvahhéy28
jet that is ejected from the needle tip
stress occurring from the electric field
initially. So, the fibers falnlg omstladi to

and the fibefKamebdbkabet adli gne2003)

Podtawing setups are used to align fibers

dr awandamley stretched with a tensile stre



aligned. Pbhgedl ¥a dleirde )we r-der aaMi ingn esde t wspis

creating anisotropic subétéZomagest.falb. gr dwi

2.7. Saltinduced fiber alignment in electrospinning

It has a fewateépamticorplbatattbde sBn pol yme

alignment duri(n@hoeletctalos,pi2anlié;g Mayur i g
et al ., PaOYLyinyl butyral) (PVB) solutio
el ectrospinning due to the incorporatio

conductivity were the main factors that
i ncor poSang oemt. aHt.hyl2a0Onlilnle hydr ochl ori de

(PCL) solutions also induced t o (gChnoereat e

al . ,. 2016)

Jet whi pping I s a phenomenon that occu
instabilities developed in the jet as a
vol tage. When salt is added in a higher ¢
dr zat il vy, and under higher voltage, t he |

This reduces whipping motion and stretch

travel on a straight path and are coll ect
(Cho et al ., 2 0.1 6T, h eSohnigg helty auln.s,t a2b0l 1el ) et
which is wusually a straight path to disc
of aligh®andgidterasl ., 2011)



2.8. Cellular and neurite response on aligned electrospun
fibers

El ectrospun scaffolds with aligned fi bel
matrix secreted by the Schwann cell s. T
features of fibers includes cell adhesi o

SUbastter with aligned fibers that bridges
topographical cues to the regenerating p
di st al stump (Figure 9). The proxi mal a X

cont amtcegui da

Aligned fibrous matrices

-) | Tissue or organ partially or completely functional |
N,

~,
~,

N Tissue or
3 (= (= - — organ
Jo. @@ Jo. @eEH @ —|
- 5 ® =

P ——

SRR 1 || — » (e =—]

Figure 9: Diagrammatic representation ofme regeneration with the support of aligned fit

Cho et al. fabricate®otgrape ok iacdwi naeft heaP
el ectrospinning technique. The scaffolds

fibers, (2) PCL mats with aligned -fibers

speed rotating collectors, and (d@r)atailngne
salt in the polymer-i mobdaued ol eqntdr Knpwm @
(Si EP bundles). The Si EP bundles promote
budll es and aligned fibrous scaffolds ori
dor sal root ganglion (DRG) in an aligned

on



better than the aligned fibers due to t he

(Cho et .alTheg 200L6)es of Xie et al. show
with | aminin could provide more efficien
DRG Xi e et. al ., 2014)

Zou et al . f abl-liaattied adiid)ne(dP lpA)y (fi ber

They also made the scaffold conductive b
scaffold. The fluorescent i mages of PC12

tissue culture pleaveael u@ntGrRl) fsour ftalcee sweatei

neurites. They found that the neurites ¢
numer ous ,diarnedc tneud .t iA si mil ar cell respons
However, the cells pnohi ahedailngaoaed §pbedsk
pol arization and | argely stretched neuri

aligned fibers wer e (dZroiuerette caTdleo IR atélye bfyi
al has shown that the -#ICil@gnead fffiebemd iias i
t hrough tnheediianteadgrMAPPK s(ilgpakt n.al Alaitd2ndedds
PLLA nano/micro fibrous scaffolds fabric
stem cells (NSCs) differentiated more on
NSCs were elongated and extended ithhern r n¢

di ameYaemrg et. aAl.ong2 OwiSt)h t he fiber alignn

influence of fiber diameter in neurite ar
neurite outgrowth and Schwann <cel | mi gr &
(293N65 nm). \Whsereexatse n dtehde vneeruyr iltong- i n a

di ameter (1325N388i ameterbeiberThal bargec

mi gr §dWaaog et. al ., 2010)

op



When Corey et al. studied the -lelfdctcdt e fore

t he

(7]

patial response of DRG al so gave sin
the neurites emanating from the DRGy wer
aligned fibers and poor neurite alignment
Using the Metamorph software analysis the
fibers had significantly 1l onger nmurites

fibers. The ganglions on the highly aligt

i ntermedi ate and random fibers were | es
Schwann cells in the DGR elongated narroc
gl asTh-8YS¥W neurobl astoma cell |l ine also e

and spreadi wetheohuheCdrteys etn gll.a,ss2007)

The fabrication of -wallilgre dc afriblmenr sn-afnrod m b1

coated-l pot yc¢aLapxrial actone) (PLCL) and cult
these scaffolds i mpmovwedrmeguwrl cant aeld druotcgarl o\
ki nase (FAK) expression. FAK activation
during neur(idien oaitt.ga®Gmwa hi204t) al . fabri ca
aligned gelatin fibers and suggested fr
promote Schwann <cell and neuronal viabi l
modul ate Schwann cell @®hgwncponatdonanl andi pi
growGhavi et al ., 2015)

Fingolimod bl-emdegdopaolcy (laadtdi d PLGA) alig
were made by Puhl et al . to assess the n

The extension of neurites emanated from



enhanced due to the fingolimod released

i ncreased the Schwann cell mi gration. Thi
PLGA fi ber Palhilgreme atl . , 2020)
A 3D fsicbarfofuossl d was constructed with align

salt olbde mpkog lyut arpatl gg){ Lt ami ¢ aeNad)) b(yP BLG A2 O

al . It whasadppptydkeectrolyte with a neu
Electri talonsgiamel ai se to | onger neurites
enhanced cell adhesion, (brolef.eahtjoBd0l8a)

The nerve repair scaffolds fabricated fr
regeneration Ssubstrattersi.f |l Palpei-hryER) e n ¢
aligned electrospun fibers constructed b
Schwaehl s were viable on these(©Oohwtsuet:

al .,. 2020)

2.9. Cells used for studying cellular or neurite response on
nerve repair scaffolds

2.9.1. Pheochromocytoma cells (PC12)

PC12 cells originate from the rat adrenal
sympat hetic neur ons. These cell s secr
norepinephrine. They also show the prese

recepterpropkhesi es made them convenient f
proliferation, di f(fWarad mtaikateitP@ll2 agdd2l®Ls0gar,
irregul arly shaped and | oosely adherent

sympathetic neurons and sprout neurites



(NGF). The neegeciutr st siggedidfofi @eagent i(&Cthiooretof

al ., 2016; Guroff, 1985, 1985; Thampi et

I n the woreégemdr mateiuom research took advar
PC12 cells in response to NGF by studyin
adhesion fop€matewobnal et c2016; Leach et al

et al., 2019)

2.9.2. Neuro 2a (N2a)

Neuzrao ( N2 a) is a cell l ine coll eMusd frc
musclul bsai n. Since they have neuronal m
extensi onG@atdwsbirdbe.d-l lpro-t x@G® rlol acmane) bfyi | n
Zhand emi alt opwmirtobrvresd,andentddeshe neurit
along the MmMZbaogatterBlasn,egd420a210.) fabricate
i mmobil i hggdrPxlyyoud3 yrate) (PHB) aligned e
supported the N2a cells to attach and pr

in the study. The cRHB ss wd $aoa gag a ngonhe de to na |l

2.9.3. Schwann cells

Schwann cells (SCs) are glial cells of th
the peripheral neur onal axons as the mye
nerve regeneration. SCs remove the axonal
degenerationo after inlfjiukg.sThectSCrse aanral

cut stump to produce the ABands of Bungl
These interventions of SCs orient the prc

enhances nerve regeneration anfdumrgeyv e nt9v 4

oy



Burnett and Zager, 2004; SGr i ndhel ISCamd i ke
mi gration studies on fibers are relevant
studied the effect of fiber diameter on
Schwann cells migrated wel(lldh5 flWas® mwh)
et al .., A20fLl0ObBbr ous scaffold fabri-cated
trifluor oetThryFlIEe)n ec o(pPoM D/Fme r by Orkwis et
variation in fiber thicknet®r pwomoeedabC,
Wang et al . constructed a nerve repair
(ApF)/{pakyfcimapcpotactone) )co¢®LEL) ApHhRL (
scaffolds were used to study itnheaiSdnobi ol
visoudi es showed that the scaffold enha
myelinati on b e(hVdavnigo rest. oafZ htamep 081@s)dasl o r nhaedde

mi cropatt e rlnaecdt aypkogd ryq I1Da cLt o n e ) films with

directional migration and gr e a60Oaadheaensg on
et al., 2020)

2.9.4. SHSY5Y
SHSY5Y i s a human neur obl ast oman cveltlr ol

neur obi ol ogi-N-8H iasad ypriismakKgK nelblt obiastob
a bone marrow biopsy with metasSYatwas nevu
subcl onedN-SHr amdSkKgai n s ubScyl50ned 8ad5IYoyh t ik
was sethctl o-8mM5SHTFH¥Y5 SHcell |ine is usually
to neurodegenerative diseases. Upon mani j
be i nduced to di flfieree mtlii¢astbere wipnetto aal .n,e u2rOo2

et al. TR®VY82W cells can differentiate mo
o ¢



forms. -Ogwepej dn&er,anma, Sdpikteheloiwazlzenko e
2019)This advantage could save time and el
culture. Litowczenko et al studied the di
according to the surface topograpdhygnsurf
fl at amdtgmeardanesef rom Silicon (Si), gold (.
empl oyed for constructing the -ls ubhsotgrratpensy
The study reveal ed t hat even vBiYt5hYo u t (
neursotholma cel | s ditfyfpeer emédli lag e @ hSeim tggrroddwne
patterns. The cell s grown onPdLl arte s imb | Au
more 1l y@gei Sowczenko eStcaalf.ol d2sO f%)br i cat ed
of graphene nanosheets and sil k -Ifiilbe oi n
di fferent-$M3Y om@Iilimg SeHt. aTlh.e, -l n2ekbudr8oanp p e ar an c
these cells would be useful in studying

origin of these cells also provides more

2.10. Ethylene vinyl alcohol copolymer (EVAL)
Et hyl ene vinyl alcohodecopbl gmeohol ) pobyé

EVAL or (E¢OHwy et ®Bhe,p_OYM®@ér is designa

entire thesis. The polymer comprises two
al cohol. EVAL is a semi chryydsrtoap g ti ynfeg-tphoyl |yenrs
ceoinyl acetate). The commercially devel

compositions according {/® tmo@é Avd)eajyd eat ca
1999; Kenawy EVYAlalhgs 20QmMed an qign-pPCmam (IO7

which is determined by the vinyl adcohol

nn



ranges -5f0ComTHhAE& pOeélsewnt é dfel p the pol ymer

hydrogen (Bondj ng et dhe, via99) al cohol r
hydrophilicity to the fibers generated f
water insoluble. The hydroxyl functional!i

secondary functional itziat Hema wye fetr ed log, ai
EVAL is considered biocompatible and the

membr anes (porous) are(Yoaun@gbeét dlor, n200 1

A Ethylene  Vinyl Alcohol

| |
LI

| 1
—fCH, — CH,}=—CH, — (|3H)n—
OH

B eeceecceeerce

@ — Ethylene
@ — Vinyl Alcohol

Figure 10: (A) Chemical structure of EVAL(B) Random copolymer structure of EVAL

Di met hyl sul foxide and a mixtupeopéanoaols;op
| PA) and water are the solvents commonly
using | PA: water mixture as the solvent t
Ssubtserar disinfected scaffold. So, studi
el ectrospun( Kenawy eavtoufilides, at2t0Bpt made by

to generate unidirecti onvaalyluy i alaingdn eRda myeasrt



points out that it is possible to genera

be useful in constructing nerve guides. T
el ectrospinning makes it more convemi ent
neur al repair scaffol ds.

2.11. Silver nitrate (AgNQGs)

AgNs®@ s an inorgwainbsle | ¢cemp oanrdd ni)tlrnataen ( NC
approach, Mayur i et al have generated
i ncor por altheed seMA/leer i ncorporation increas
pr odalcieghly stabl easjetj dtMagymat blalnadwdd me st
Al on .settudailed neur onal growth on substrate
AgNPs respectively. The study revealed tF

a | arge number of( Aleawmidgtesalfroom2@h4e) soma

2.12. Graphene oxide (GO)

Among the graphene derivatives, GO is th
surface quality of the substrates and du
(Chiacchiaretta et al .GO Zh01s8 ;b e2ma mg destl ya

engineering (aknadn gbieotpraflhei p2g0elsreence of hyd

| arge surface area, topoegrhaepmicadl pfregteurt:e
been given speci al attent(iRammhyny &he at es
Thampi et al. in their study when they in

fibrous matrices found the( mMeampnietdlalrg
Several studi es showed t hat cel | adhesi

i ncreased f ornewruo o@lahl @ mpnildsentonal ., 2020;

nH



Zhang et. aQi.an 2d0t20391 . constructed nerve ¢
mol ding by incorporating GO in polycapro
vivo studies, they found the GO/ PCL scaft
mor phol oghcéal oamd festoration of{Qrahoatg |
al ., . 2O0Fa8ng et al . devel oped neur al r
met hacrylyol / polycaprol actone hybrid nart

performed well as(Ramgerete alep,ai20x3Ck)aff ol ¢

o
HOOC

Figure 11: (A) Graphene an(B) Graphene oxide.

2.13. Scope and Objective of the Present Work
Researchers have done sever al studies to
to support nervejuegendhatireseposhers ha

aspects of fabricating the scaffolds bac



porosity, degradability, suturing prope
i ncorporation, etc. A seconéeapgenoevreadt iaorne ¢
tubul ar cons-genetati dmeNGG/INWs with the
featunedladfearsfrom FDA approval. I n such
fabricate a scaffold from EVAL that <coul
manner with the influence of its topogr ar
t hat tssupnpeourr on a(l Yocuenlgl edgr ochvitt. hi s2@0 5 p possi
aligned yar(nvayfurom aenvdALRd&me sh sca®d@i®) d f ab
first step to constructing a substrate t|

scaffold will be subjected to further st
1T Sohetamenei oned knowledge | ed to a hypo

AWoul d el ectrospun matrices with aligne

alcohol copolymer be a suitbable substra

T The objectives dwetastf alhlecowy pot hesi s
1.To fabricate electrospun matrices 1incc
oxi de.
2. To evaluat-ehéemiecphypgiaeaperties of the r
3.To eval uatae etr he@l ciennltveirtarcot i ons
o Evaluation of cytotioxiwi tefd.ects of
o Evaluation of guided neurite extensi

on fibers of the matrices.

The first obj ecihawved wars tfloe mpi at;edamf I

i norganic salt increases the conducti vit)

nn



al i gne(dMayaurnis and .Ramadh.,er2@Eldgntde dAgsNUFb st r

i ncrease neurite dquWtlgmovwetth a8 @ qwa2s0hiedn c @ m@a

i nto the study by considering its biocom
cell functions during Waergi rlteralor, p R@OLOgr e
and functional restoration of the nerve

scaffolds prepar e(dQibayn ientc oaGmo,rad 2s0oh i) npO o \
mechanical progdhtaimps efThmaé¢pot RRONent sy
f abr iTchaet esdy.st EMAL amat (olngleys G ,t h( 2 )wiEtVIAL ma

onAgN©O and (3) EVAL gJaantdr iGcOes with AgNO

The second objective was -tbemutategropee
the matrices. The second objective evalu
occur due to thesamdoGPoratibe &VARBRgNDhe
di fferences that mi g ht occwrandude&aOt o nt hd
el ectrospun fibers. The mechanicalsz: prope

and GO are evaluated.

The third objective was formulated to as:¢
the EVAL systems. -mbteaelsal evalteabesi bhebe

and neurite response to the fibers.



CHAPTERATI ERI

3.1. Materials
Thmaterials and solvents used for the
TablMatteri als and solvents used in the study
Sl. Name of the Grade/Specifications Source
No. | material/chemical/reagent
1. Antibiotic-antimycotic Contains 10,000 units off Genetix, Cell
solution (100x) Penicillin, 10,000 pg of | Clone, India
Streptomyci
of Amphotericin B in a
0.85 % saline solution.
Effective against
bacteria, fungi, and yeas
2. DAPI Solution Santa Cruz
Biotechnology,
USA
3. Disodium hydrogen Anhydrous for analysis | Merck, India
phosphate (N&IPQy) EMSURE®, ACS reagent
Ph Eur
4. Dul beccods M|With highglucose L Himedia, India
Medium (DMEM) glutamine and sodium
pyruvate

5. Ethylene Vinyl Alcohol 38 mol% ethylene Sigma Aldrich,

copolymer(EVAL) content USA

6. Fetal Bovine Serum (FBS) | South American Origin | Genetix, Cell

Clone, India

7. Fluorescein diacetate (FDA Powder Merk-Sigma,

Germany
8. Goat antimouse IgG Goat pAb to Ms IgG Abcam, USA
antibody Alexa Fluor® 488
9. Graphite Powder (< 20 pm) Sigma Aldrich,
Switzerland

10. | Hydrogen peroxide (¥D2) | For analysis EMSURE | Merk, India
ISO

11. | Isopropanol (Isopropyl ACS r eagent| Merck, India

alcohol or 2propanol)

12. | Live/Dead Assay Kit Double stain apoptosis | Origin Lab,
detection kit, (Acridine | India
orange/Ethidium
bromide)

13. |Mouse ant. b | Ms mAb to Beta lll Abcam, USA

antibody Tubulin

st
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14. | MTT reagent Study of cell and Himedia, India
mitochondrial health
15. | Nerve growth factor (NGF) | b-NGF, murine Sigma Aldrich
recombinant, lyophilised] USA
solid (20 ug)
15. | Paraformaldehyde (PFA) | Reagent grade, Sigma Aldrich,
crystalline USA
16. | Potassium chloride (KCIl) | For analysis EMSURE | Merck, India
ISO
17. | Potassium dihydrogen For analysis EMSURE | Merck, India
phosphate (KEPQy) ISO
18. | Potassium permanganate | For analysis EMSURE | Merk, India
(KMnO4) ISO
19. | Propidium iodide (PI) Powder Himedia, India
20. | Rhodamine Labelled Invitrogen Thermo Fisher
Phalloidin Scientific
21. | Sodium chloride EMSURE® Merck, India
22. | Sodium nitrate (NaNg) Reagent pli8O 9 9 . | Sigma Aldrich,
India
23. | Silver nitrate (AgNQ) ACS r eagent|SigmaAldrich,
USA
24. | Sulphuric acid (HSQy) ACSreagent; 95.0 98.0 | Merck, India
conc. %
25. | Triton X 100
26. | TrypsinrEDTA 0.25 % Contains 0.05 % Trypsin
solution and 1 mM EDTA in
Hankoés Bal a
Solution without calcium| . . :
: : Himedia, India
and magnesium sterile
filtered Porcine
parvovirus and
mycoplasma tested.
3.2. Methods

Graphite powder was

obtain graphene oxide. A gl ass
(18wMy added to it. Under

g) were added

iman ce bath to prevent the

3.2.1. Graphene oxide (GO) synthesis and its dispersion

nT
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swmmpdcteddt lumeac DB 0T
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reaction was sddded)wiwi h hKMx®@r eme care due
of the r eaadcdt K Mgy) tAlH e sviacse mbatldl and t he 1 ec
watsransferred to awatshieln [tatnhl@ nfiders 3a@ amdittn w
After 30 minut eswanmihxee d evaictth odi sntiixltluede w:e
contitrhnieed aacWBi56nor another 30 minutes. T
slightly W@ ainsded hteo r&mmcti on was continued
stirring disti pObvear evaa cede da ntdo 3t0e rosdibHn at e t
After compl eting tclnéd cwuspensonon waddrotwvhe
suspension settles as a slurry when kept
continuously wuntil the slurry reaches a

neutral pH, the sludryewas filtered and

The dried GO obtained was then powdered u
a sieve of mesh size 75 microns. The fini
The required concentration of GO suspens

powdnerdiistill ed water wusing ultrasonicat:.

3.2.2. Physicechemical characterization GO
3.2.21. Raman spectral analysis ofjraphite and GO
Raman spectral analysis is a commonly preferred characterization method for carbon
compounds.The conversion of graphite to graphene oxide was evaluated from Raman
spectoscopy(Confocal Raman Microscope, alpha 300A, Witec Inc. Germarhg.
instrument was calibrated with the silicon calibration standard before the experiment.

The samples were kept on the microscope table and observed using a 20 x objective.

ny



The sample was excited with a 523 nm laser and the spectra were recorded. The
integration time was 2s and the grating was 600 lines/mm.
3.2.22. Fourier Transform Infrared spectr al analysis ofgraphite
and GO

Fourier Transf orwe roebntfarianreedd fsrpoenct FAl R; T
Scientific FTIR Spect(UBmA)et o0 NMivadluat e51T
groups appearingThe agmalphnhsite Wast edddnaet eus
Tot al Refl ect ancSea mpATeR) wmeerteh oidn Tthhee sfpcercm

were recorded iin00Hhemrange of 4000

3.2.23. X-ray diffraction (XRD) spectral analysis of GO
XRD anwdysdesne for GO with Bruker D8 Adva

confirm the formation of GO from graphit

3.2.3. Solution preparation
3.2.31. Solution preparation of EVAL -neat
EVAL pellets were dissolvedCimol At afd%wk
solution (w/v) and-nedme dc,xaimpr aet,ed .®ds gE b/
were dissolved in 10 mL | PA: watl@rufdemL:

gentle stirring.

3.2.32. Solution preparation of EVAL-GO
EVApel Wweesdi ssolved in | PA: water mixtur e.
of GO was dispersed in distilled water a
i's designad@Cd Tahse EEMANLcent r whodml wtfi EWVAWNa $

% (w/ v). According to the concentration

n o



prepared.-GQ0O1)O1EVYALAL was 9 % (w/v) and
EVA-GOGO. 05 [ EVAL was 9 % (w/v) an6G0O@GO was

[ EVAL was 9 % (w/v) and GO was 0.1 % (w/\

Exampl e; To prep@Q@le Odd Z2®!| mt i BWAL 1.8 g of
di ssolved in 14 mL | PAW@andded nmthiwet, er0.mMmiod
was di spersed in 3 mL water by sonicatio
the EVAL solution and stirred for 1 h. T

(w/v) GO was obtained.

3.2.33. Solution preparation of EVAL -Ag
EVAL pellets wellle idi sIsPAl:vewatetr M0 xtur e.
di ssolution of EVAL pel | #mas, atdhdes dr & ou it rheed
According to the egbheentdr dafeoerat oo AgNDOO
EVA-Bg0. 01 [0.01 %, ( VEAMHOL 0BgNOO. 05 %, (w/ v)
EVABgo. 1 [0.1 % ,(wEBAGPL BgNO. 2 9% ,(wdrvg BRYALO

Agdo. 3 [0.3 % (w/v) AgNO

Exampl e; To preplagde 04 201l mti &EVAL 1.8 g ol
di ssolved in 14 mL | PA al@d Af tnelr waherca
di ssol ution of EVALswaesl Ideitss8 o hduweldof2irng o©h e
AgNs@ol ution was added to the EVAL sol uti

solution will have 9 % (wiw)tB¥YAlwhwil teh s.

pn



3.2.3.4. Solution preparation of EVAL-Ag-GO
EVAL pellets akePA @ndswatved mwmxg uirret.r &duc

into the EVAL solution, thenhhBVARAgE&ED di sp

solution. Three dif f-£gGn ts od arrhp ONist iwerse Q@
al | t hgGBVAlOmposi tions, ENVAdN:vas 9. %1 ( 9%/
(w/v). The GO content in this system was

I n ENAGOO. 01, -ABW@AOL. 05, aAgcGOBVAL respectivel

Example; To pre#g@@ .al 12 0s onhlLu tE WAL, 1.8 g o
di ssolved in 14 mL | PA al@d Af tnelr waherca
di ssolution of EVALzwaesl |laedtdse,d Ot.o0 Ot2h eg EOVA L.
stirred for 1 h.Agdlhsosl ustoilount.i oNie ai nswhB M AeL,

di spersed in 3 mL of water by sonication
EVA-Ag solution and stirm©OednLf col anotome wi 1|
(w/ v) EVAL, 0.1 a%d( v/.VW)1Y%AgAND i Tabhe ®#ho

shows all the solution compositions and

3.2.4. Viscosity analysis of EVAEAQ system
The solution viscosity of EVAL saWwasions
analyzed with a rolling ball mi cro Visco
at @.8 The instrumentanwgae® sneidheer E2mea hc agou tl
was used he wmeasasety osfamphHoe uftd nopmlags . Th
wei ghed to calculate the sample density.

the density:

AHL T EBCEIT T 1T H



Tabl@o®position of EVAL with either silver nitrat

Solution composition

Sl. No. | Solution designation EVAL (%) AgNO; (%) GO (%)

(Wiv) (Wiv) (Wiv)
1 EVAL-neat 9 - -
2 EVAL-GO-0.01 9 - 0.01
3 EVAL-GO-0.05 9 - 0.05
4 EVAL-GO-0.1 9 : 0.1
5 EVAL-Ag-0.01 9 0.01 -
6 EVAL-Ag-0.05 9 0.05 -
7 EVAL-Ag-0.1 9 0.1 -
8 EVAL-Ag-0.2 9 0.2 -
9 EVAL-Ag-0.3 9 0.3 -
10 EVAL-Ag-GO-0.01 9 0.01 0.01
11 EVAL-Ag-GO-0.05 9 0.01 0.05
12 EVAL-Ag-GO-0.1 9 0.01 0.01

3.2.5.UV-Visible spectral analysis of EVAL-Ag and EVAL -
Ag-GO systems

Spectral anal ysi ss pwacst rpoeprhfod ingedt 2410 (SBJHWMU Vha
Japan) zs AlgiNtO o-Ag0 . BYAL a-AdGOBVALL sol utions
considered for the spectr-Aado. OnalaypAdg €VAA s
GOO0. Omlat ri cesdiwerod ved | nmixnuil @Atwatpermrepa

corresponding solutions. 3 mL | PA: water

3.2.6. Conductivity analysis of EVAL solutions
The solution c oennedautc,t-ABMAtlayn A §ECEAKBAYLS t e ms wa
measur edomwdudtiavi ty meter (Thermo Scienti

PH



3.2.7. Electrospinning of EVAL matrices
An el ectrospinning unit that haevod tsaygrei n ¢
power (Zeonics Systech, Il ndi a) supply, e
arraAg@dmL syr i nadpé eimitdietde dn eneidtithafsi( 1118e d awigte
the pol ymer soHwtdi sry.r i Migee spoMeyrmerpl aced o
such a way that the distance bedlweem.t he
Theeedl e and coll ector were given 4+ he po

vol t avge papply., Tlrespecltliecttygr rotated at

solution was 5 mL/ h, and the voltage sup|
drum col |l ector vEdreectlratsgprn npealgedaofaimet er
Tabl e 4.

TablEBl dctrospinning parameters

Sl. No. Parameters

1 Flow rate 5 mL/h

2 Applied voltage 20 kv

3 Drum rotation speed 500 rpm

4 Distancebetween the needle ang 10-15cm
collector

5 Syringe Needle 18 Gauge

3.2.8. Fourier Transform Infrared Spectroscopy (FTIR)
The chemical nature of the matrices was eva
Fourier Tr ansSfpeercmmr d do@ay ed FTI R: Ther mo Fi

Spectrometer, NicoThke &aN@A yModse | waatstSelinounaet euds



Tot al Refl ectanSeampAER) waetehoao t he Tfther m ¢
spectra were recorndé0lcm the range of 40!

3.2.9. Ramanspectral andimaging analysis of EVAL-GO and
EVAL -Ag-GO systems

Ramarspectroscopy (Confocal Raman Microscope, alpha 300A, Witec Inc. Germany)
was employed to analyzihe presence of GO iEVAL-GO and EVALAg-GO

matrices.

After recording singEVAG@ammas selreqtued :
chemical mappi ng. Chemical mapping was d
with a resolution of 80 points and 80 1
scan data was subjected to cl|l utswamre atnal
identify the different chemical clusters
clusters i denti fciod smuwdke rteh ea sssd aggm edda tfaa | veaes
3.2.10. Energy Dispersive Xay (EDX) Spectroscopy analysis

of EVAL -Ag matrix

The presence of silv-Ag matthe WwWadbdbedst ect
Di sperrsayve EXDX) SpectroscopBinvipreordmne meal b!
(FEI Company SiNetehMdgVABnHalyl.the highest ar

it was considered for the analysis.



3.2.11. xray Photon Spectroscopy (XPS) of EVAEAg and
EVAL -Ag-GO matrices

A piece of the EVAEAQ-0.01 and EVALAg-GO-0.01 matrices were subjected to
XPS analysis performed Byhermo ScientifiE ESCALABE Xi+ to investigate the

presence of silver and its oxidation state.

3.2.12. Scanning Electron Microscopy (SEM) EVAL matrices
The fiber mbtophelndmytti mendmatri ces were ev
i mages captured from Quanta 200 Environmi
with an accelerating voltage of 15 kV.

di ameter and orientatienodf I magelli sorf s wai

3.2.13. Mechanical Properties of EVAL matrices
The mechanical performances of the matri c
Machine (UTM; I nstron, model 3345, singl e
tests wererocsdewidt s paead afn JaGnbmme nmi t e mg
di e cutht2€r t-FpPpOwas used to punch out the
|l ength and 2 mm width). A mini mum of S i
considered for the test.

3.2.14. Optical Emission Spectroscopy with Inductive Coupled
Plasma (ICP-OES) analysis of EVAL-Ag and EVAL -Ag-GO matrices
The amount of silver in the matrices and the extracts prepared in PBS were analyzed
with Optical Emission Spectroscopy with Inductive Coupled Plasma-QEBS:

Perkin EImer OESCP, Model: 5300DV). The EVAIAg-0.01 matrix, EVAL-Ag-

pp



GO0O-0.01 matrix, and extracts collected after 24 h and one week from both the matrices

were analyzed in IGR®ES.

The EVAL-Ag-0.01 matrix used as such for ICP weighed about 0.025 g, and the
matrices kept for 24 and-Wweek extraction weighed about 0.023 g and 0.023 g
respectively. The EVALAg-GO-0.01 matrix used as such for ICP weighed 0.016 g
and the matrices consiael for 24 h and-Wveek extraction weighed 0.014 g and 0.013

g respectively. The intention of considering both the matrices and extracts for the
analysis was to evaluate whether the silver in the matrices was released completely

into the medium after a patilar period.

3.2.15. Cell culture
In vitro evaluations of the EVAIAg matrices were done with-229, N2a, C6and
PC12celllines ThelL-929, N2a, and C6 cell linegere cultured in DMEM complete
media [DMEM media, 10 % FBS, and 1 % antibiotic (penicillin and streptomycin)] at
37 °C, with 5 % CQ and 95 % relative humidity in a G@ncubator. Upon 75 %
confluency, the cell monolayers were subtured. 0.25 % Trypsi.02 % EDTA
solution was used to harvest the cell monolayirs.culture of PC12 cells is described

in section 3.2.23.

3.2.16. IC 50 analysis
An |1 C 50 eval wablomnionh wases92&GNOelelds ou€el |
seededwehl ac@bture plate where the seedi !
a Ridgncubation, a st oegskolcwtnicoem twaast inoand eo fi nA

and serial dilutions were prepared in DM



to the wells. The cell s wer eszstohleunt ieoxnp ofsoer:
h i nziasncawuwator. 20 OL MTT (5 mg/mL in PBS
h incubation was given. After 4 h, the ex
was added to each well to dissolve for ma

and the pevricaebnitlagiey cwealsl cal cul ated as per

"R
I-I—D o = 4pco H

T
=]

P ormud <ok

3.2.17. Direct contact test
Based on ISO 10993 guidelines, a direct contact test was conducted to evaluate the
cytotoxic effects of the EVAlmatrices. The test was conducted on aw8 culture
plate. The E929 cells were seeded in each well with a cell density of 5000 cells. The
cell seeding was followed by incubation with DMEM complete media in a CO
incubator. The cells upon reaching the-sobfluent population, the materials were
placed in the wells. 4 mm discs of each material in triplicates were testedisth®f
Tin compoundincorporatedpolyvinyl chloride (TinrPVC) and Ultrahigh molecular
weight polyethylenUHMWPE)werethepositive and negativeontrolsrespectively.
A 24 h incubation was provided in a Gdcubator and the cytotoxicity assessment
was done by observing the cells and capturing their images with a-qirasast

microscope (Leica DMI 3000; Germany).

3.2.18. MTT assay
The effecGO,0f FAMMALandAgEVAImatri x extract
metabolic -a29i ¢cetysoiwad studied by cond

extracts were prepared by placing the m

pT



DMEM compl ete media for 72 h. Mevaenlwhi | e,
cul ture plate where each webilnchuhda t5dr0.0 Wh
the well sschbefclaments uwaxsesmbived medi axtract s
Twdi fferent cfonexint aatt suowlerl eu tuesde d,1 001 )% e
(250 % diluted (50 % extract and 50 % fre

and diluted eXalbrbaect s are given in

TablBedsiignations given to extracts of electrospun

Designation

SI. No. Matrix

Undiluted 50 % diluted
1 EVAL-GO-0.01 EVAL-GO-0.01 100 EVAL-GO-0.01 50
2 EVAL-GO-0.05 EVAL-GO-0.05 100 EVAL-GO-0.05 50
3 EVAL-GO-0.1 EVAL-GO-0.1 100 EVAL-GO-0.1 50
4 EVAL-Ag-0.01 EVAL-Ag-0.01 100 EVAL-Ag-0.01 50
5 EVAL-Ag-GO-0.01 EVAL-Ag-GO-0.01 100 EVAL-Ag-GO-0.01 50

Wel |l s pr ow iDdveEIM ocrolnyp |l e eemednat beraedgadi b
control. The we/(l1ll3s mgd drdctiuhl eti ut rhe pnmeedniodum wer
control. The <cells under t r eadtimemntbawere

Following the 24 h incubation, 20 OL MTT

wells and 4 h incubation was given. Afte
100 OL DMSO was added to each well to
measurb5e7d0 antm and the percentage cell Vi @
foll owing equation.

0. G YQi o

bé'Q&&b'QOW‘ QT
0 0O¢c01 £q

py



3.2.19. Viability assessment of N2a and C6 cells with EVAL
systems

The extracts (omerEtVIAnenatirwesesctobhe8t 2d18
used for live/ldead aswalyl dbhketoceé¢!l pl atuet
density“coefl Ils/xwelld were exposed toathe 72
i ncubator. A control well was considered
t he viability of t he cell s wAGTr i gu alei t
orange/ Et hi dAQ/nE)tIBrweni dleead( st ain (prepare
manufacttuoeoldo)s. pAofl uorescence microscop

was used to observe and capture the i mag:

A quantitative assessment regarding the
using flow cytometry (Flow Cytometer, Be
were cul twerldd pilmatae 6vi th @etceélsl/ waehsifoy ¢
test wells wer&0Otr &E¥hedawdtgEVENRALTr act s (

extracts prepared as per section 3.2.18)

control s. Among t hem, t wo wel | segneetriev ek e |
control s. One wel l wasOt ewmt BEd)Otwd d hX rad U @«
cel | dwad dn airejeorsed i ve control . After the

were trypsinized and transferred to 1 or
suspension were centrifuged and the supe
was kept unst aioneduand twaes tws ed number o
contr ol was Fsltuaad rneesdc eWjiftDhAl)italeded mé¢ € The pos

was stained with Propidium iodide (PIl) al

p ¢



with FDA/PI. The staining was done for 2

were subjected to flow cytometry.

3.2.20. N2a and C6 cell response on EVAL matrices
The cells (N2a and C6) weatsoe i qiwletsungdataen tt
neurite orientation. The -woehlts maéerexahbhsad
cul tur e ;plcatnd ri{dieCPmatri ces and the TCP su

with a seedindcadlelhas/iAMmBof nZukati@ecmbian oa

was given for the cells to settle and a
compl ete media was added to the wells af't
72 h.

Foll owed by 72 h of incubation, the cell

fixed withl5i f. PFAef ®FA was removed and

giverm. mMin2 treatment-1w0twa®d.di Weedri oome IXI :
them. Then a PBS wash (3 ti nlels0). xwlahdei gH v e
of cells was sRhbdaetabebl sd(g®h &ivdoitclkueti e d

in RUB® s)ocfkhe unreacted stain was washed
nucl eus of thestaéhls @wh«dé admidiheermy!| i ndol e
wi t h a conlcesntdga SrilLoTihreo fRRB 1 | ul ar and neur |
vi suali zed and i mages were captured wusin

3000; Ger many) .

The N2a cells cultured on the matrix sur
to evaluate the neuriteblarlr atngleumeint . wad et

staining with antibodies to eval wmdatient he



and perme@athescrziabegnprmhevicoedsllsy )were bl oc
prepared bl ptB®Ag pokpared (PBSPIBga0wdlt¥h Tv
gl y¢i2ne52 . )mgp/rmlL0 min and PBS wash (3 ti me
i ncubated overndbght wubbal mouépr iamaiy ant
of 1:100. After incubation a PBS wash (3
anti body. Aodgcomd-ezmwsammitbi body tagged \
488 with a dilution of 1:100 was all owed
then washed with PBS (3 tstmaisnednwdi tt lheDAI
Og/ mL in PBS)mi Ar6scopestkecea DMI 3000;

capture the i mages.

3.2.21. N2a and C6 cell adhesion on EVARg-GO matrix

The cell adhesion (N2a and-A@G&Ontaetlrlisx) woans
eval uated from SEdV eadread-AydggiOsiat Mihxe afetl ér

i ncubation was (foivxeerdniagnhtthywd s boe @ FAi t h PBS
dehydration of the wet matrices was done
70 %, 90 %, and 100%. Each concentration
i mmersed in 30 %, 50 %, ndn@807@Gné@ L6060 %5f,]
eaclh.e de hsyadmmpalteesd wer e used for SEM anal ys

3.2.22. Spatial response of PC12 cells on EVAAg and EVAL -
Ag-GO matrices in response to NGF

PC12 cells are model <cell |l ines used very
are small, irr-2@uml a&jlzaens hlapesiel(y- B8t tache
usually found.a3hkekkeatehygscweseecsl tured



consists of RP MI 1640 medi a, 10 % hor se

antidinoi mycotic solution. These cell s mar
neuron only in the presence of NGFs So, t
of E-XAL and-AB&@ Lmatrices was evaluated in

suppl emented medi a.

The PC12 cells harvested from the cul tur e
EVARAQ, andAgeVGAmatrices. The cell s7werre s
1bcel I’ m ncubated for 30 min. The RPMI

the well s and:iinnccuubbaatterc reicn SBadWC @C h. The
seeded day was considered as day O0. On d
with RPMI 1640 media Gmvi'theay8 00hagtmL| BGW
with 4 9% 5RFMA, fper meabilizedOOif®BdmiOR 1 &ond
bl oclkle dB& A ; prepared I n(P BPBTS )wvlintdh% gT wyecei nn e
22.52.)mp/rml0 min. PBS wash (3 times) was
wi t h mofulslel atnubul in antibody (primary an
and then wnauhs egolalte xaantHl uor 488 (secondar
for 1 h. wlahse crowaolteewrsst ai ned with DAPI  wit
0.5 Og/mL in PBS. The fluorescence | mage

(Germany) .



CHAPTERESULT MINDCUSSI ON

4.1. Graphene Oxide: Physica&chemical characterization

Grpaghene oxi de (GO) I (sSRoad rg rgaupehse neet daelr.i,v azt0i
202t0hhat i s obtained by oxidation of graph
van der Waals force in graphite. So, grap
of cé&Bhanma et dlhe, oxQadla)ti on reactions i
and epoxide groups into ti&iogorapderdol ay
Rodrigues et al.,.2Gté@aphwaregist eaxld]l uskoe
hybridized carbon @Hamsoraadeti salcond2@t5hby
2018; Sharma et al., 2021;.WahabGefthht,h

andihsypori di zed carbon atoms covalently |

conduCKi meet al ., 2012; T8earhmalrephial i ¢ I
surface area, and topographical features
adhesi on, proliferatiofKamjwanbhtiaomn, Ghmad e
Zhang et. al ., 2020)

4.1.1.Raman spectral analysis
Raman spectroscopy is an important techn
(carbon nanotubes; CNTShgrmphietelatl fius 2&l2
empl oyed in characterizing graphite and |
evaluate the nature of the carbon allotr
(defective) and G (graphitic)?hbyabrdsd.i zBHhle
carbon forms and it (Rpmjeasenés al gr apbhis8

2021)So, graphite which is exclusively ma



G band (graphitic band). Whereas, the D b
and I mpurities) t hat occurred in3the g
hybridizati o Rafnjaar lednThdet. gmmep@ 1t 8 ecti ons
i n GO (oxidized graphite de@HiCO®OH|, vandacCe
oCc( Marcano et al., 2010; Ranjan et al .,

2021; Zhang et al ., 2020)

The Raman spectra of graphite and GO ar
showed a D cbtaanndd aat Gl 3o8aéit.dc iate D and G ban
appeated8lamid590rempectively. The increas.
D band of GO occurr ed?3hyber itdoi ztahtei oanp poefa rQ
reduction in intensity of #hyebrd dbiazned icnad
atoms. ?Bpmei dipzed C at oms OHRKAWOQH, faunndc td c
OC) as axrdatul onof&fmhgybbedbmeMapBGcanhomset al
Ranjan et al ., 2018; Rodr i.gulehse ecth aanlg.e, o2l
i n D and G band intensities was reflecte
I D/'1 G ratio of graphite and GO was O0.04 a
ratio of GO compared to grfapg®har mabet aa

2021; Wang. et al ., 2018)

4.1.2. FTIR spectral analysis

FTIR spectroscopy is an i mportant <charac
derivatives. The graphite made up of carl
GO, a product of graphitic oxidation con
i met graphéeNMaercahaeetst al ., 2010, Mi ng et



Rodrigues. efThal pre286m8® of functional groc

spectra of GO.

I n the FTIR spectra (Figuceda@B)lopoH ahee®
stretching vibrations occurri(rtg plmaktlee £k
2014; Kim and Choi , 2015; Mi ng et al ., 2
2018)The carbonyl and carboxyl (C=0) stre
peall7ai(d¢mpl ak et al., 2014; Ranj.anA et a
peako68Bladmo represented CMOnof et aaTbhoexy?? 0
OH bending vOH rwaatsi osnh oiwin @M3/8 'hempleak at ¢
2014)The epoxy group preskhes(awmpl Ahuprd &

2014; Ranj an Tente &le.n,di @l &)i br at Bdads.conf al

4.1.3. XRD analysis
XRD is a technique performed either on p
is usually ol aiUb@de gorectewe einn 7861 gFr ameedbf a
2020; Ranjan et al ., 2018; Rattana.et al
The XRD analysis of GO synthesized for t|
the presendegoed, off h6O2U n &X®RDr evapso Mdi. g t
i ndicates -ttthayert hepd aymeg dimstaeamce,; d) b e
oxide sheets i%. ~L&.&dt8 alm. (me Bt iAoned t ha

graphite is 0.33 nm. TheyFaolrs oG bikne rXeReDd

al . ,. 2DR8)d ~ 0.78 nm also substanti ates
with hydroxyl. carboxyl( Hsamd epoxy .furRdtl
2023)



The oxidation of graphite to GO was thus

spectroscopy, and XRD analysis.
A B -
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Graphene oxide o) * 917
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Figure 12: (A) Raman spectra of graphite and GB), FTIR spectra of graphite and GO, a@) XRD
analysis of GO.

4.2. GO incorporated EVAL electrospun matrices

GO was incorporated i nt o G0e mAYAL cesl ut
i ncorporation of GO in polymer substrate
adhesi on, gr owt h, prol i f er(arthiaanp,i mitgradt.i,
2020; Wang et al ., .20G™® ;i nZhohampgp  ratt i @ah. al :

mechanical properties (OFhdmmpir oaits glo.l,y med1l



4.2.1.FTIR spectral analysis of EVAL-GO system
Figure 13A depicts -nehaet FalAGR EBWAelct casof TE¥
found #nne aBVALRAIO ENGAILr i ces were similar wit
the influence of -Ohhcetpet ahedgnGaeta Kinwhaesf
observedcmin T®BRBOFtretching wmieart atwieares fofun
2921 and. 2B84Peakmliradp rietSbnicemddiCng vi brati ol
cmMrepres-eintded o @ mMVatyiua n et ADIHC ,st2@1&€)hing

observed 'at 1083 cm

All the peaeks IFITIRVAILpectr asG@l sot awipelar & d
red shift (PHgypreakb3AlraddTie EBBDOmamrices.
Th€H stretchindapeak&4 §n2é9atlEédnhi €0 e28 9 4

cmMmand 2828 EMOALsystehl. b&hdi €g and deforn
were also shiftedlrtesapt409 vOeHnystIBité h@ mg
showed a noticeabll eThedi sbbofpotatilo6b6otm
t h-H streaks8i (g3Hpetdto can | ower wave number
breakage of intramol ecul ar hydrogen bond
hydrogen bondi-Od dfet w¥AID -ddet aoixnyigreghr f unc

groups( YangGOt. al ., 2023)

Polyvinyl alcohol (PVA) is a polymer very
al cohol monomer and the difference is th
nanosheets incorporated PVA films (GONS/F
shodvea similar r edQ@H) fpedks tearkionhdyidicrateiomg ot

hydrogen bonding between the -bgdtaxkglng

CT



functional (BuaogsebfAIGO, mI0dR2 )r edBYATft wa
nanocomposites made by Ma et al , and We
strengthens the fact of disrupting intra

i ntermol ecul ar( Ma detogeln. .bo@lie;,g Wang et a

4.2.2.Raman spectral analysis of EVALGO system
Ramapectr al analysis helps to identify t
|l ocating two characteristic bands (D and
t he GO. The D band represents the defec
charachaend sbif cC compounds (graphite, ful
visible from Figure 13B (Raman spectra)
i ncreasi ngGO nmathrei E&/ALaccording to the ri
become mor e Aé@0O0.elntsiimceEVI t i s the matri X
GO. A peak'laaptpela&3e2d cdpbe ntddo nghe i GHati ons (
are also observed i 0CBOhRYs p¢ecTahiea ;i nHE Be§nds)i e
the peaks aroundag29dDmands840Q0.c®0 mi ght

in -EHea®H stretching vibrations.

Simil ar results were obtained in 4he st
i ncorporated PVA films (PVA/ GO) wer e f at
bonding was fOH mandd be®wlde®H GO wheh PVA.
hydrogen bondbmat iadh emd& ebhamed svoifn Ct he car
So, peak shifts were obtained for PVA/ GO
compared t(oWaPnVA dti.l adshe i20tlé8nsity reduct.

around 29s0t0r ednc hi n€HYi bn-&Biv&mAt of ces comp:

cy



EVA-bheat was similar to the PVA/ GO compos

(PVA). This reduct i-oinntma rgeh@a mbgenedtu ea It.o, t2h0e

4.23. Raman imaging analysis of EVALGO system
The Raman i mages (Figure 13C) clearly shc
in the EVAL matrices as the c@®O oiemprtelse nmat
t he EVAL fibers and the red spots indicat

on the fibers also increased.

A —EVAL-neat —EVAL-GO-0.01 B —GO —EVAL-neat —EVAL-G0-0.01
— EVAL-GO-0.05 —EVAL-GO-0.1 —EVAL-G0-0.05 —EVAL-GO-0.1
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Figure 13: (A) FTIR spectra(B) Raman spectra, aff@) Raman imagingf EVAL-GO system(a)
EVAL-neat,(b) EVAL-GO-0.01,(c) EVAL-GO-0.05, andd) EVAL-GO-0.1 Scale bar = 20 pm

c o



4.2 4. Fiber morphology, orientation, and diameter evaluation
from SEM analysisof EVAL -GO system

The effect of an increase in GO in the E
of the matrices (Figure 14A). As the GO ¢
Whereas, the apegeadr avace whfi t EVALThe SEM i m
EVAheaind EG@LmMmatrices show that al l had
fibers). Besides the random or-meat atandn,
EVAGO) and thiGOner ThEVAL ber orientation
software also comifemmadi ameofr amle mfi ber s
cases, the peaks representing various an

di stribution of angles is due to the rani

The fiber di a@®teysoemtheaEYAled using | m
in Figure 15A. Theneathlewd sIN a0medy eGnre oL 5 EVA I
GO incorporation into the EVAL si@mifica
(submicr om0 inmat E Vdcpepsat hMint et al . have me
pol ymer solution with a decreased Vviscosi
di ameter. I n a | ow viscous solution, t he
forme tahieomsmodmndergoes stretching and fi na
fibers durindg Maulpeoattrhasnmp ietnHakge, t @0 L0 1 nt
within the polymer chains of the soluti ol
to sveetching of the jet. Ma et al . have
with GO (PLLA/GO) had thitmnaereafti WdMaAd if a i

et al . , 2020)



0025,___EVAL-neat 00241 EVAL.GO-0.01 — EVAL-GO-0.05 0.024]—EVAL-GO-0.1

0.022 0.025 s

0.020 :'zfz 0.020
! 0.020

o “ he 0018
So01s E.n01e £ £ oote
3 o014 20015 \h 20014
£ £ 0.012 £ € 0.012
<Lg010 < o010 G T oot
0.008 J‘ 0.008
s 0.008 it 0.006
0.004 0.004

-20 0 20 AD 60 80 400420440 460480200 26 D 20 A0 60 80 400420440450 480 700 20 0 20 A0 g0 80 400420140460 430900 <20 0 20 AD 60 B0 400420440460 480 200

Fiber Orientation (Degree)} Fiber Orientation (Degree)} Fiber Orientation (Degree) Fiber Orientation (Degree)

Figure 14: (A) Images of EVALGO matrices(a) EVAL-neat (b) EVAL-GO-0.01, EVAL-G0-0.05,
(c) EVAL-GO-0.1.(B) SEM analysis of EVAEAg-GO system(a) EVAL-neat (b) EVAL-GO-0.0],
EVAL-GO0O-0.05,(c) EVAL-GO-0.1 (C) Fiber orientatioranalysisof EVAL-GO system Scale bar =
100 pm.

4.25. Mechanical property analysis of EVAL-GO system

A significant decrease occurred in the f
and it was reflected i n-GtOh enat ediecderlsecea gfa oipr
fiber diameter significantly improved t he

15B and C) -GOf mahea iEWSL The t-medtNe 1st r en
MP a) significantly incr@@smat rbiecyeosn d( RBi gMiF
Similarly, Young-Be a3m®BA ul uslPwaafs EaMAslo si gni
i mproved to more than 5 MPa (Figure 15C) .
decrease in fiber diameter of (W&hgfebeabk
2008)The finer fibers form when the et
macr omol ecul ar chains show higher orien

propdMWoingset. aStydi2®d9H8have shown that the



i mprove the tensileGQPriopeetiascse, Athéhapp!
transmitted to the GO platel éToampd ethus
2015)Ma et al. found that in the PLLA/ GO
along the fiber axis and achieved better
fibers. They also observed the thinning
GO (PLODAM&Oet .alSgmeoxt0ydi es say that the
films also have better tensile propert.i
del aminati on, uni form di spersion, al i gne
hydr ogen bo(nMla negt aal TG@ 26Q@6Nanosheets hav
area and many surface functionality. So,

chains. Additionally, the hicopmtremuitlee t®

mechani cal Mphameatdi eeet al ., 2017)
— w
- g° o
EZ.D' E E
=2 = @
& 1.5+ 5, 41 =
b c
[«}] @ T©
€ 1.01 = 2
u 7]
o o 27 n
5 0.5 D 2
2 S 3
- 0.0- F o >
Nl g 4
& ¢ &

Figure 15: (A) Fiber diameter analysis of EVAGO system(B) Tensile strength an@C) Y o u n
modulus of EVALGO systemSt at i st i c al significanwal ued
0.001, and 0.0001 respectively.



4.2.6. Direct contact test with EVAL-GO system

The matrices were evaluated for their cy

viability asse&G& meanttr iocfe st,h et Ee&VWALwer e subj
test. Here the matrice®2Wweael ke pfreero hhda hnc
cel | response. The phase contrast | mages
cells seen around the negative control (
UHMWPE), -nE¥AL -GBVAQ1l, -GBVYADS, a G0 .EIVA L

mat er i ail e weM®e @dl | death or morphol ogica
cells maintained their original mor phol o
cells were viable with these materials a

with theepecointrol (Tin compound-PiVviCor por
were mostly dead and had shrunken morpho
the Tin compound affected the cell healt

death. SelyqgubGOEM&ALIVIi ces can be consi der

4.27. MTT assay with EVAL-GO system

It is necessary to quantify the cytotoXxi
test i mages convey their nontoxic nature
mat erial quantitatively, MTT assa@Owas c:
matrices collected after 72 h. After inte
vi able (Figure 16B). It indicates that th

| t was al so found that the del Ut edabdbxti a

EVA-GO matrices. Some studi es have repao.



prol i f(eragtaizoret al ., 2021; Mohammadi et

et al., 2017)

1215110

1128113 110217

100+

Viability %

Figure 16: (A) Phase contrast imagesirect contact tedfa) negative control (Ultra High Molecul
Weight Poly Ethylene; UHMWPE)(b) positive control (Tincompoundincorporated Polyvin'
chloride; TinPVC) (c) EVAL-neat, andd) EVAL-G0-0.01, (e) EVAL-GO-0.05. and(f) EVAL-GO-
0.1 (B) MTT assay Scale bar: main images are 200 pm and cropedes are 30 pm.

4.2 8. Cell viability assessment of N2a and C6 cell lines with
EVAL -GO system

The study was mainly focused on the neur

necessary to assess the viability of t

the extracts of the matrices wer evawssed

based on neuronal and glial cell respons
cell), and C6 <cells (considered instead
experiments. The N2a cell s-GOrematedcast v
viapbplhealthy, and maintained the morphol c
was Vvisible in Figure 17A (c, d, and e),
fluorescence. Similarly, the C6 <cells

i ndngathe cell viability. Red fluorescen



cells that have | ost the <cell me mbr ane
fluoresced cells in Figure 17A and B i nc
qguantification done with C6 cells using
80 %eofceths were viGObleaxtafacter trleat mMéAlL (
it was confirmed from the |ive/ dead assa!

a favorable substrate for the neur onal al

Control {Unstained C6 cells)

e SR

1010 10 10t i 1 i 0 i i M e L
s o e e W e e

Test (FDA stained C6 cells)

EVAL-GO-0.01 EVAL-GO-0.05 EVAL-GO-0.1

TEST4:P1 TESTS P

86 % 89 % 21 87 %

20

Figure 17: Fluorescence imagex Live/dead assagiability assessment) done @¢A) N2a cell line an
(B) C6 cell lineafter treatment with extracts of EVAheat and EVAELGO. (a) Control (TCP)(b) EVAL -
neat,(c) EVAL-G0-0.01,(d) EVAL-GO-0.05, ande) EVAL-GO-0.1 (C) Viability assessment of C6 ¢
line using flow cytometryScale bar = 100 um.

4.29. Cellular/neurite response of N2a and C6 cell lines on
EVAL -GO system

Cel | adhesi on, f ocal adhesion formati on

matrices were evaluated fr-oaomedded maeliti ce:
spati al response -60 mawunri ces was {fadrs s I/ A E (

siainfl lalindtsutmulniimg i mages. When a neur on:

Tp



cell adheres to the fiber by forming foc

response on contnrealt (fT®R) samdkeskheAlLt i vel y.

extended their neurites in multipltesorier
on the TCP surface was due to its homooc
continuous i1Isotropic surface. A cell adhe
multiple |l ocations. So, the neurit-es ext
acnt ipl ays a critical role in FAs and help

theachRin via staining determines the FA di
adher ed -ntecat EVaARAGIO EnVaAtLr i c e s extended their

d rectionsE)Y Fi Due esuBBace of these matric

to their fibrous nature. The cell s on t he
their neurite extension is resteigbedsto
bet ween the fibers. So, the neurite exte
neurite orientation on ra+#tdgom fibers is



Figure 18: Fluorescence images Bfactin staining oN2acells cultured orfA) control; Tissue culture ple
(TCP), (B) EVAL -neat andC) EVAL-G0-0.01, (D) EVAL-G0-0.05, andE) EVAL-GO-0.1 Scalebar
main images are 10Q0m and cropped images are [3®.

The cellul ar orientation efct@Ca csdlalishiwas
cells were considered instead of Schwann
an elliptical mor phol ogy and were orient
i sotropic flat surface of the TCP all ows
FAs | ead to the random orientation of the
orientatiomean ttnaée rEXAL Figure 19BC6hows

cells in multipl enedatr efcithieornss. olnn ttehree sEMArmng



EVA-GO fibers had a spherical mor phol og)
mor phol ogy -H)Fi gTuhree NU9H3CT3 fi brobl ast <cel |l

al so responded similarl ysitzeedr d&n demlsy. drhie

t hat talreeacelalspect rati o, and | ong axis
fibroblast cells that wer e Baadshheurre de tt oa ls.u,
The | i mited cel | -ssipzreeda dfiinbge rosn nsiugbhnii cbreo nd u
FAs are formed from integrin clusters tfF
coll agen, etc.,) that are adheredamnho the
FA is usu@Bagami letOmal ., .2®®6; ilti woealtl dalb.

for a fiber with submicron di ameters to
submicron size of the fibers would al so
fibers and that-fwblrlonkcthiBmmsbhbedinmngTahje. i, n :

fiber di améO©emabrfi E&ALIi s | ess than 1 Om (

di fficult for a cel |l to make its FAs on t

bl | 1 tubdlei meur onal mar ker t hat i s exclu

targeted for staining to evaluate-D)he ne

shows the fluorescence i mage Ol |l hetubués
i n N2a cells -cedt uaer@O BMWaAtE MAcLe s . 't 1 s e
figures that the cells extended their ne

The random orientation of t he fibers I a

guidea.n



Figure 19: Fluorescence images Bfactin stainingof C6 cellscultured on(A) control; Tissue cultul
plate (TCP){(B) EVAL-neat andC) EVAL-GO-0.01, (D) EVAL-GO-0.05 and(E) EVAL-GO-0.1
Scale bar: main images are 0@ and cropped imagese30 pm.



@11l Tubtilin <
.

Figure 20: Fluorescence images ahinunostaiedb

oftNRalreil$ cultured o(A) EVAL-

neat andB) EVAL-G0-0.01, (C) EVAL-GO-0.05 and(D) EVAL-GO-0.1 matricesScale bar: ma

images are 10Qm and cropped imagese30 um.



4.3. Ag incorporated EVAL electrospun matrices

4.3.1.Viscosity analysis of EVAL-Ag system
Vi sictoys i s one of the factors that coul d
and beading in electrospinning. The Vviscc
the charged jéMuppamhamr et cTihilengvi ZCM®AE)i t vy
density viscoAgtygdl of i o me O ckinft freart @ mtn
shown in Figure 21A. It was observed tha
AgNs@oncentration incr easneedati nhatdh ea svoilsuctois
N 2 mPa and increased significaas| gdded 1
to the solution. The viscosity rosse beyo
became 0.3 %. Such an increase indicates
engaged in some intwerBhltits oinst avi & it itchre MY
formati on*ane@Hveoefn tAlge pol ymer . am-@Hht er ac

of EVAL would restrict the polymer chain

4.3.2. Solution conductivity analysis of EVALAg system

The solution conductivity could influenc
solution. It i s reported that the increa
whi pping and result in the coll ection of

solution condu-Agisysyemfi shehBWALmn@ati gur
( EVAL al one) solution had a solut-Agn conc
0. 01, considered for the analysis had a
Severtalldi es have reported that the incor |

solution COmduett iarli.tyy 2016; Mayuri .and Ra



The addition of even a small amount of
solution charge density a(hnMayduertieram cheRan

2016)The addition of salt to the polymer

of the elec(Moappan hmant etcas ., 2004)
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Figure 21: (A) (a) and(b) Viscosity analysis(B) Conductivity analysief EVAL-Ag system Statistice
significance: ** -vd&l*uded an dO .nG-Signifidancarasfieetivdyrd @

4.3.3. UV-Visible spectral analysis of EVAL-Ag system

Since t-Ag E£WHLem contains silver, it was
of AgNPs in the systieemorploent ahdgtsiycn ewm
increase the solution conductivity-, whi c
Vi si ble spectroscopy is a commonly used t

The presence of AgNPs wusual l(yagi eés aa . sh

Huang et al ., 2014; Resmi et al , 2021,; °

EVA-Ag0. 01 sol ution wasVicsoinbslied esrpeedc tfroarl tahne
22B). A small portion of the matrix was
subj ect\idsitlol d&JVspectral aswalsy®ibs ai hlea @ea
The iAg AsgM® eracts with the waAdg¢ao mpllex.ul

This interaction spiodad itome ag GBakm die 80 &A gMO

Y H



Resmi et. aTlhie, n A2g0h2el )pol ymer sol uvOHoof atl b®

pol ymer. So, -ABRCe. Ople avka so fo bEtVAAiLhed as a shc

Similarly, Gan et al. obtdiidend a (stamul BOr
et al. ,CRRdu 68t al . al so obt'ziomepd ex olauad
at 3qQ%xXhmom et. al ., 2014)

4.3.4. EDX spectral analysis of EVAL-Ag system
EDX analysis was done to find t-Agd.@Breser
(matrix with the hi ghensats ccoomcse ndterraetdi dmoro f
presence of sAgveystaemtwas E&/dbfirmed fr ol
at 3 keV in the spect rnuemat wWhFicghu rwea s2 2afb)s. e |
al so obtained a small pPeé anlpr @agoamn & d3 ENAle’

indicating théMpyeaeasenaadaoRamebher 2016)

4.3.5. XPS spectral analysis of EVAEAQ system
Thexi dati on st atAg0ofdlsiwlavserevian uBVYARld usin
analysis. According to someghst adioesndt 36 8
(Ferraria et al ., Thel d; nGhAm ee melpvgB df O 6 )
EVA-Ag0. 01 was obtained at 373.5 and 367.5
show that the bindAgn3ghenargaB8§8obt/aBaeédc:
the presandeocwbrAg68(HY endakafre2B@0; Kur
Li et alThi 20d8@Wwnshift i n -ARQC. 1l nidn digc aethe
interacti dan-®elt weenhAgpolymer. A similar
et al ., where AQb8ddi MgBNEOF . )6 nead/yggyd owfwns hi ft

PVA/ AgiM\yObr i d3 @7 .19nsée t o the interaction

y o



hydr oxyl gr(cGlams edf. aPWhe n2 REe & )mi et al . Y
using alginate dialdehydmaast BEBRBr diVhegt e
al .,. 2R821mentionegfhoenl kgerbttah e e Heb oevte 3

al ., 2010, Kumar et al ., 2015)

4.3.6. FTIR spectral analysis of EVAL-Ag system
The inter*awdttihon hef EA\AL was analyzed by ¢
o f E-NA Rt anAlgo EYALmatri ces (Figure 22D).
vi brati omeaitnaE¥AlaBH fotlrl otwshi Mgy peak was
cm -HC stretching vibrations ltweAHehfemun chga't
vi bration was olasar vdeedf oatmat4@Mayeurr i 1 27 a

2016)A peak at 10®OH seprecaditCadvicihe aCi on

The FTIR spectAga soyfsttelme aE¥YALs howi®OHiIi n Fi
stretching vitshatfitens!t ©F@BHE st rgemtreeldi ng pea
cm( EVAleat ) wasshiafltseod rteodF@H 14t rcemt chi ng pea
cmshowed a negligi lge. Is hmd tt r-Hi xb etridhde n B3/ AalLn
def ormation vibrations al sPog0showeélo waveeg
COH stretching Vi ENV#&teiad) -avmisl 0&&l o 1076
EVA-Ag0o. 1. Thé oedsthH ianmr@dH iGt ret ching vibr a
to the coordi natwiotnh-Othhgrroawcps omfSa tolf e tAEY A L
2016)ThheomMmp |l exa-OHodi wr tpts the intramol ec
in EVAL.*"hdhdsAghe polymer chains closer

movements of the polymer chains. This re
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Figure 22: (A) EDX analysis(B) UV-Visible spectrgC) XPS spectra(D) FTIR spectra of EVAEAQ
system, angE) Schematic representation of Agpmplexed EVAL.
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Considering the inform&tsesobl EroXP®i s€0dsR
anal ysi s, t he "owo mpiOdbhatfi otnh eo fp oAgy mer was
represent ed( Sumam gaurde Ra&rEa meswar an, 2023)
4.3.7. Fiber morphology, orientation, and diameter evaluation

from SEM analysis EVAL-Ag system

The appearandg ofattrheeEVA csxrodicreqittrat i loe
the system is shown in Figure 23A.3 It is
content in the madlroécreshe nmateansess bheo

i ndicates the comPpHeafiti b@Yeqrm!| egtméavie.r, wl %9

It was understood from the SEM i mages th
(Figure 23B). It i's very welAg cfliebaerr sf rwoer
aligned compared t o trheatr afnidbbeml sy. oTh e nftie
analdyocsnes with | magelJ software also subst

Figure 23C, a wide range of npaak diugt fiob
EVA-Ag matrices, the peaks were concentr g
narrowi ngempif espeenatkss fri ber a hvii gn md ret,. aTide
analysis (Figure 22A, B, and C respectiwv
silver i-AgthhestE&AL-vErsomltehe X\, and FTIR

form was al so coeD)f.i rinmtedi s( Fkingouwne t2h3aBt t he

(eg; 3AgN® the polymer solution wil!/| redu
ali gn{m@erot et al ., 2016, Mayur i .anTdh eRafmebseh
alignment occurs due to increased conduct

analysis (Figure 21B). The net charge der



stronger whipping occurs. However, under
the stretching force is so | arge and thi
straight pat h. This |l eads to the tcoorl |l ect
(Song et. aHe.r,e 2t0Ohlel)r epul si ve forces are i

| arge stretching force.

The fiber alignmentzcoasenedatednas ntheaAr
(w/ v) . JchoentAggmNtO i ncreased, and the -viscos
Ag0. 3) also increased (Figure 21A). As th
tip is blocked and the dISeomntgr cestpiadninno g2 0f
AgN:Ds aonoant i ( lagot ut @nd aRmadmei sths, c200mp6l)e x at
-OH( Sumam and Par aonie stwrag apo | YmMe&r3)and wat e
reduce the solvent evaporation. Such a so
at the needle tip. However, the high ap
resulted in the butstiong ohushejbobkdefr
randomly on the rotatingAgdoBl)edhtaadr .a Su ,xt
aligned and random fibers (Figure 23B f).
the fiber orientAgo3onsiam@al ymagedfsa&VAWwar e
not concentrated to a short range of ang

di stribution.

Fiber bundling whg mndbtsrirvoedsf | hi Wa/lhg B28Batk
very well described in their wor k- about
bundling of fibers via (1) a grounded me

t he erpdtn)n and ( 2) using a highly conduct



needle (negatively charged) will conver g:¢
from the spinneret. This occurs due to t

negative charge of the groundéed nmdéfe dlge .o

fibers occurs. Il n the second case, when
splay stretched fast and fell on the col
fiber also discharge fast, the negati tvhec

positively charged spinneret attracts the
broken part of the fiber on the collecto
i nducesbunrmdl isneg foWahbgeeti bBArcorRdWEBt)i vity
1.2 OS/ cAg0( BYAL was suf fi ebiuenndtl ith wsHdwct
EVA-Ag system.-nelehte sEMAWLti on with a 27 N
generated random fibers indicatrtifg-behate

bundl ing.

The fiber di akgteysbémthe ENAWN in Figure
significantl y -Aign crraetarsiecde si whEeWAlt®anp.ar Elde v
fiber di amee¢a@trl wih sKkEVOALS eODmasAgbhel EWAE 3. 1
0.8m The slow evaporation of the solvent
fiber @gMayetierand Rdrmestl, sZbk6)ty anal ysi
rise isnnNnAgN® solution increased the visc:
Agwi tOH of EVAL. An increase in viscoel as/
pol ymer chain entanglement and thereby t
increased f{Mupmpadihamete®@ hsllow s200l0vdelnt ev a
al so |l ed to the f 1l at tAegnisnygs toefm tahse tfhieb ecrosn

AgNsOncreased in the pohkhiymereasoéutitome AG

yy



fiber surface evaporates fast, but the bt
wi | | h awvrei cpho | sykmenr whi l e the i nfRayportaimwad
Ramesh, 2016} the complete evapofditon,

uppatham et Salch, 204 erned fi be+Ag0 .wkh,e mc

EVA-Ag0. 1, armd30 E¥ALFi gure 23B) .
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Figure 23: (A) Images of EVALAg matrices (a) EVAL-neat (b) EVAL-Ag-0.01, EVAL-Ag-0.05
(c) EVAL-Ag-0.1, (d) EVAL-Ag-0.2, and(e) EVAL-Ag-0.3. (B) SEM analysis of EVAEAQ-GC
system (a) EVAL-neat (b) EVAL-Ag-0.01, EVAL-Ag-0.05, (c) EVAL-Ag-0.1, (d) EVAL-Ag-0.2
and(e) EVAL-Ag-0.3. (C) Fiber orientatioranalysisof EVAL-Ag system(D) Fiber diameteanalysi:
of EVAL-AgsystemScal e bar: 100 Om. Stati stdlcwmdd sd

4.3.8. Mechanical property analysis of EVAL-Ag system
Theerve repair scaffolds should have sin
original nerve to(pPersohenl datiTlhg!l dd6th20D &)
flattening, and discont iFAguinmayt riinc eesl ewcittrho
concentration of more than O0.-880.9% 1( w/ovr)
furthe®i madardtyhg &¥ALem had aligned fiber
were carried out with dumbbells punched

y @



~

designated with ALO (representing longit

based on the arrangement of the fibers ir
rotation direction. The | ongitudinal dun
drmu rotation direction. The transverse di

coll ector drum rotati on di r-Agl.i ®In. weSroe
designateAdg0a® 1EVARAGA. EVAOD according to t|
i n the duanbibred | she Pduwmbbell s in ei4+her d

neat was irrelevant because of t he randol

The tensile sittae¢ehg@sMPad. ERM¥YALO0O1L L and EVA
Ago. 01 T had a tN6 nagnidNOel (65 rMPag trhe sopfe &8t i v el )

i ncrease in tensile sAgdefAdg¢th WdeambbbbEkesve:l

EVA-heat. The fiber orientation in the |o
of tensile | oading. sWheerrseea sd,u nibhbee |flisb ewesr ei
to the tensile | oading. A significant [

| ongnaluddumbbeAgds 0 EVAL tnheaant . EABBMAQL T
dumbbell s had a significanAdgyOlledsandt ENA
neat dumbbells. A similar result was obt:
increase ocewdr@d KNI EB4) aAmgd. EVAIL (8

MPa) t harealEWL32 2MPa) .

The tensile properties of Il ongitudinal d
must be better because when the proxi mal
repair scaffold, the aligned fi besruschmust

a scaffold could the regenerating nerve

dn
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Figure 24: (A) Diagrammatic representatiari (a) Punching orientation of dumbbells according tc
collector drum rotation(b) punching orientation of dumbbells from the matrix, ér)diber orientatiol
in dumbbells. ALO represents [(BypTemgsiestenyih of &VAL
Ag-0.01 matrix(C) Young és mo d uAg-0.81 matfix.Statiétisdl significance: ** and ***
i ndi mvaaleuledh ang 0.0001 respectively.
4.3.9. ICROES analysis of EVAL-Ag system
Thamount of nmeaitlrviexr ainnd trhed eased from t he

| GBES analysis. Whenever dcomédstirmteontnac

a wi#tasred medi um (-bbiiooll coggiictaad h ,olre hneoenh @ as e d

G ™M



medi um. I f it occurs in theohbhsokoglidal nm
with cellular functions and cause cytot ox
was used as the extraction meOE8mamaaldy $ hs

EVA-Ag0. 01 was considered id itrhef uvarntal e/rs i sst |

The EAQL 01 matri x weighed 0.025 g and he
The EAGL 01 matrix that weighed 0.023 g w
in PBS and had 0.124 ppm sil ver-Ag0armtlent

matri xd wk.i@h33 g awedewWasexkeptttfiom [ cumul a

NS

the silver content in the extract was 0.
amount of silver was released from the
i ncor pnortalteedpol ymer might be compl exed wi
mi grating into the medium. Such a respons:s

the substrate comes in contact with the

4.3.10. IC50 analysis of AgN®@solution

| CHMHamafx i mal i nhi bitor yascoolnucteinotnr apri eomnar eod
was analyzed using the MTFIT2 % sfsiabyr. o bllhaes ts ta
cell s were t gseaaltuetdi owni trha MAg@@iNDP Oflr &m (Ow./ OvO 1
the I C50 value. Approximately 50 % cell

of 0.0004( vwHh VAgNOFi gure 25). So, it is ev
0.0004 % would be favor abbkien ttoh edgleWBellnt ¢ «
solution is O.-OES%aftfwly3isThedi €ERted t ha

matrix releases negligible silver in the



can be inferred that the | eached silver

me mbr ane in biological medi um.
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Figure 25: Graphical representation ¢€50 (Halfmaximal inhibitory concentration) of AgN
solution prepared in water

4.3.11. Direct contact test with EVAL-Ag system

The materi al toxicity was assessed with
cellul ar mor phol ogi cal changes were obs
i maging. The p®¥Y¥C)ivaeusedtselVe(&ioell dea

(Fi gtuA eb )2. The Tin released from the PVC
death. The negative contr ol (UHMWPE) <cau:
was not observed. Similarlyweat heanAdge [EIVALLt
0.01 al so @lhiowedcaeanolre after interacting

enl arged | mmgats OFI WAL -RdDA 0d) (Fn JuEVVAL2 6

o



the cell has maintained its morphol ogy.
that the cell viability is above 70 % at
released from the matrices might be | es

concentr arteloena soefd Afgrom t he matrices.

4.3.12. MTT assay with EVAL-Ag system
The viability of L929 <ceAg0s. Odpoemxtirmaces:
guantified from MTollecdusrpay me@dbéeydMTMTowi ck
viable cells wascodedur@mreinent abbe plUopihmazan
observed tdaltiomthen iutryplvwas high i #gthe we
0.01-ek&k2rhcts when compared to the posit
calcul ations showed that more than 90 % c
undil uted (100ut% de x(tbrOa c% )e xatnrda cdti lwi t h 50

EVA-Ag0D. 01 (Figure 26B). The cell viabilit

Viability %

Figure 26: (A) Phase contrast images Direct contact tes{a) negative control (Ultra Hic
Molecular Weight Poly Ethylene; UHMWPE[b) positive control (Tincompoundincorporate
Polyvinyl chloride; TinPVC) (c) EVAL -neat, and (d) EVALAg-0.01. (B) MTT assay Scale ba
main images are 200 um and cropped images are 30 um. Statistical significance: **** and ns
@-v a | u0e0601 and nomsignificance respectively.



Both the Direct contact teb&nelaeas eMIT Tf racsns
EVA-Ag0. 01 matrix does not cause damage to
4.3.13. Cell viability assessment of N2a and C6 cell lines with

EVAL -Ag system
A llidveegdi ni ng assay was done to assess th

treat ment-Agli.tOhl EWAiLr act s. Acridine orange

|l ive cells and ethidium bromide (EtBr) w
was pupgkkey the |ive cells and emitted gr
membr ane integrity was permeabl e to EtBr
the dead cells emitted red fluorescence.

Control EVAIT-neat

&

*
s ': >
ot e

Live B8 2 ‘~‘ ¥ ”1 P
o W L o ’ o0 v
Dead L RN, e 4 1 @ 100um

Fgure 27: Fluorescence images Live/dead assagviability assessment) done ¢A) N2a cell line
and (B) C6 cell lineafter treatment with extracts of EVAheat and EVAEAQ-0.01 Control ar
untreated cells cultured ArCP surface. Scale bar: 100 pm.

Pp



The |ive/l dead assay (Figure 27A-Agh.d0OIB) cz¢
kept the majority of t heAglelOlls dvida mlog. cTal
death in N2a and C6 cells (Figure 27A an

ceéls was negligible.

Quantification of the cell viability was
cells treated wit h-AgOh.e0 17 2f ohr e2x4t rha cwesr eo fs t
and subjected to Flow cytometry. The res!
weer vi able after extract treatment (Figur
integrity was fine and the viable cell s

and Flow cytometry confir medAdOh & 1n amad yrti o

A Control (Unstained C6 cells)
UNSTAINED : P1 UNSTAINED : P1
P2
E 5 P4(0.08 %)
3 - Sg [
E=1 = bl
0 10' 10 10° 10* 10° 10° 0 10" 10?2 10° 10* 10° 10° 10
FITC-A -
B Test (FDA stained C6 cells)
EVAL-neat EVAL-Ag-0.01
20 % 1 89 %
- I,sm 2% - i P2(89.12 %
8 b5
e ] T Ty Lo BRALLL ] T “I.\!r L e ]l RRALLL BALLLU LR LL L BRRLLL BRALL ] K&:ﬂ ARLL
0 10" 102 10° 10% 10% 10° 0 10' 102 10° 10* 10% 10°
FITC-A FITC-A

Figure 28: Viability assessmemtf C6 cell line using flow cytometryA) Control C6 cel$ (unstainec
and(B) Cells stainedaftertreatmentith EVAL-neat and EVAEAgQ-0.01 extracts.



4.3.14. Cellular/neurite response of N2a and C6 cell lines on
EVAL -Ag system

Asuccessful nerve regeneration needs

process. I n the natural scenario, to achi

a critical role by prolifetWwWamngneta.ndl for

The basal |l amina secreted by these AdABand

axonal Ssprouts to regenerate. Despite

al so secrete growth factors that attract

egnts successfully occur only if t he

di fficult for the Schwann cell s to arranc

and provide guidance cues for the regener

neur oma formation and | oss of organ funct

are fabricated to bridge proxi mal and
substrate provides guidance cues fionr t

an aligned manner. These properties of

regengrHaotf ifkomam et al . |, 2010; LeAdl eghea@anti |

are the substrates that mo(sChloy erte saelmb,| €20

et al., 2019; Orkwis et al., .2020; Thampi
The N2a cel |l l i ne was considered to asses
The cells cultured on t-dcet imatg-d etersn ngess eE
cytoskel et al fil ament associated with
The substrate topography influeneaed itnhe
orientati-aamti sost aihei kg coul d gi ve an

neuri te (orecelnecaht iaoond Wi gQluaed2920808pws

BT



contr ol (TCP) were oriented randomly. Th

surface) allows the cells to form FAs r a
their neurites in random dimeati ¢is guTlee
alsandomly extend their neurites. Howeve
than the cells grown in cont rnoela.t Tahdihse ries
the fibers and the availability and di an

neus i({tkFigure 31D). The-ANRaOtedé¢dtsemadbderthe
i n an aligned fashion in response to the
aligned neurite arrangement i ndAglatOels t h

wer @ alls gned on the fibers.

f
— E=——=13
30 ym

Figure 29: Fluorescence images Bfactin stainingof N2acellscultured on(A) control; Tissue cultul
plate (TCP){(B) EVAL -neat andC) EVAL -Ag-0.01 Scale bar: main images is 100 um and cropped
images are 30 pm.

The C6 <cell l ines were considered instea
cultured on T@Rasyr fadrglke. DVMAVA4dt ri ces t o s

response according to fiber orientation

Py



I mportant i n pmeuriint e teaxtnd msgyi oma,s Flone on
EVAheat , aAhgd . DBMALathenFstaining i mage of
EVA-heat, akgd).BMAmatrices is shown in Figlt
thae €C6 cells cultwead orrECBramrantEMAL n
(Figure 30A and B). WheidAglsQl tfhiebered | e rae

on the (fagufe eBbe fiber digamet 8@ 3mE EVAL

could promote proper adhesion of cell s.
di ameter gOmpartoemo ttensant hle cells to anchor
SpreadBae@etnial ., 2006; Liu et al., 2009)

a
e
30 pm

Figure 30: Fluorescence images Bfactin stainingof C6 cellscultured on(A) control; Tissue culture pla
(TCP),(B) EVAL -neat andC) EVAL-Ag-0.01 Scale bar: main images is 100 um and cropped imag:
30 um.
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The neurite alignmemltl Iwatsu baud Isiom @ viah uld2 & dr
[0 tiusbud i meur onal mar ker since btlli s ex
t ubwltian ni ng could help to confirm the ¢
orientation. From Figure 31A anded®8t ate.:
oriented in randocAg0diOrnlecthi @ams aamd nEMALf as

wer e giomitdhcatrifh st aining results of N2a ce

Tubulin ]

T
Nucleus

i

C 50 Il EVAL-Ag-0.01 % 8 o
) 541
&\"’ 404 § 6
>
g 30 B4 241
5 &
g’zo- ‘5 2 10.5
o ]
104 0 < &
<& $&° 99\
L o e T e e T A
-80 -60 -40 -20 0 20 40 60 80 é Avy
Neurite Orientation Angle (°) \Z
Figure 31: Fluorescence images afimunostaiedb | | | oftN2alrelld cultared ofA) EVAL -

neat and(B) EVAL-Ag-0.01. (C) Quantification ofneurite orientation on EVAIAg-0.01. (D)
Neurites per N2a cell on control, EVAteat, and EVAEAg-0.01.Scale bar: main images are
Om and cropped i mages are 30 Omv alSu0000L.s t



The neurite alignment was quantified fr
observedodrtlat athen of more th2al@and0C+%0o0f
angles (Figure 31C). These results subs

concerning the fiber alignment.



4.4. Ag and GO incorporated EVAL electrospun matrices

4.4.1. Solution conductivity analysis of EVAL-Ag-GO system
The solution conductivity is a relevant
whi pping. The solutinemtc wadd®&i7icviN. tOT. h5e f A E
i ncorporation increased tAgEQ0s.o0lutti®mn4 T oR
OS/cm (Figure 32A). Since the GO is insul
Mayur i et al . havei nepppoedtitdmati m hEVAIg N
i ncrease thef cloMawwrtii van g .R &nhees hi, o n2i0cl 69) a |
pol ymer solution would influence the pol
usually creates fiwWhirpggiCGirgetethi alg. an201e&:s

Ramesh, 2016; .Song et al ., 2011)

4.4.2. UV-Visible spectral analysis of EVAL-Ag-GO system
UWiisbl e spectroscopy was done to evaluat
(AgNP) in the system. Since the r€ac¢ction
the chAagNMR fodr mati on -AgGI0stsy.st Eme'cBYAl®i ns

reductitfoant ooAgland itnhteo aAgramat ie@am dfo A

formati on. Many studies show that the pr
at around X06i bmdiGCmamb&&ttr al ., 2016 ; Huang
et al ., 2021, VYhber-AB®WAlad yst €M 9rigoerdns iann tAhge

solution, -Mihseirbelfeo rsep,ectM oscopy coul d conf

I n t heAgBWAbByst em;Ag6@®k. EVA4d 0l uti on was cor
UWi sible analysis (Figur-AgGBB)Y.1 Aagar txi o

di ssolved in an | PA: water (7:3) mixture &



not show any peak around 400 nm. This ¢
systemzs AlgNtOi on (control) showed a peak
appear ed-Ag@® .DVIALar ound 264 nm. The di sap
around 312 nm and the appearance of a shi

I's i nteracting with the polymer.

Gan et al 3idopetdyAgNOGyl alcohol) (PVA) f«
materi al . Thedgopxad akP €Al fAIgINDs p PV¥YAHOAINWI t
without ther mal tr gsaotimeetniton Awgse adkb tf anirn eAdy |
t heO-Agcompl ex. Thef i P\s/ AQANtO subj ected to
showed only a shoul(dGarn peeta.kalaT joei2n@l 68J0I0a rn
obtained in the pre’sheanst cwompkl es®dddwoviti httat et tl
EVAL. TwiesiUVl e spectrum of PVA/ Ag nanofib

showed a peak at 30%5c onepglr@édxpeinteit.n@lt he 2P\L/

4.4.3. XPS spectral analysis of EVALAg-GO system
XPS analysis was performed to conAgrm t hi
GO system.-AgGHO8 . EVYAlwas consi deAg8dafnar XPS
Ag3dpeakfs EXAROO. @ppeared at 37rles/pearnd veb
(Figure 32C). Accordi nAgg3tddnd eppdd sApNO Ga
ar3ef4. 6 and 368. 6Ty raelspe ca nlenyednmyied fPIVIAMA ¢
expr dg8eddnd AQ8dk3s73at9 eV andh3e7dowe¥hif
peaks was ddenabi bhei'mwthermhadthieomyafr oAy | g

(Gan et .al ., 2016)



Ferraria et al. sadfsoAgxsdMGaercuiitra3 @& hedAgs3
2012)It is reported thateft hfeg bu snudd Inlgy embet
bet weedn6836e6V avner AB6He et al ., 2010; Kum;
Similarly, Li et sa¢f °vMigpoatt eRl6iq .héatt eaflh.e, AZ
The AgNPs synthesized by Resmi et =smbh. usi
peak at 368.3 eV, cbindiimRens mig e¢thehisigw@gpad
of the information mentioned above, tow
EVA-AgGGG0. 01 wdbBoim &gd not’ r®a,ucthlle t foorAma
AgNP was ruled out .

A downshift waégathsar vAepdd dfBE¥GAOh.e01 when

compar ed-Aghb. EVA¢EEHRend AQBdEXNAL. 01 were 37:
and 367.5 eV. The downshi f-AgGddbs @nlvedghor [
due to the presmingkt omalG®O. c dmled €ggeocsu pwsi t dhf
both EVAL and GOAg 3ther dd g HEltkisf tag ei mt t ri b

compl ex formation ( coo‘rwditrha thiyodnr oixrytl e raancdt

Aze, .. B C

£ Ag3d

o 49.3+2 —AgNO3 solution el

u\) gNO3 365.6

n 5|\ EVAL-Ag-GO-0.01 solution L Agyd,, !

= s @ 371.7
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Figure 32: (A) Solution conductivity analysigB) UV-Visible spectral analysis, an(€) XPS spectr:
analysis of EVALAg-GO systemSt at i sti cal si gpwiafliub@bnce: **



oxyge@asn et .aHere20hb6pdAbe complex with tt

present in GO al so.

4.4.4. FTIR spectral analysis of EVAL-Ag-GO system
The EAGEIO system was subjected to FTIR sy
the inflfwmemdc & 0fonAg he EVAL. Thenpaaksar eh.
as follows (Figure 33A)epAecpeB@KHiappetebdn
vi brations. Two pelalkpratéthds2 eatncdr i 2n8g4 9v i cbr
peak r epekHesbeenntdiinngg CappeéaMayurmnit dt4 ASICcm 2C
def ormation peak wa(May wsroi fetudle.apeAB®RE)L

cmwas attr-OHusedeGohiCag. al ., 2016)

The EAJGEO0. 01 al so had t hes®hisfatmed peRikgUy T r e
Th®H stretchkihnd twas troeF@®H 93t rcant chi ng peak
without much changk® &tHe 20®2n6d i anngd d2i 8d4 9n oct m
and appear &gdMayunri4 3@t Tdie.d®@ f200rinda)t i on peak
at 13AMagmr i et Heolwe,v & 1) reet €hi ng peak
resshi fted toThe7eOHmsamddH t& toffet chi ng peaks
EVA-AgGgGOG0. 01 al so "sow®o mph aeax-OMgofwi t hethel y
A similar observation wasshnyabdrei db yf i Gams entl
peak at-shD9BGO&BdUW i cat fongmplheex Af[géa maet on

al .,. 2016)

4.45. Raman spectral analysis of EVAELAg-GO system
ThE and G bacnhdasr aacrteertivsot i ¢ peaks that app
cmMrespectively. The presence and intensi

Mp



I n ENAEO matrices according to the increa
D and G band i-AgGQ0s iOtly wlascr | E¥AL since the
(w/ v) FARgG BOVAQ 1 . The band intensAgGY incre
0.05 [GO /V9)0. @ d%waw-Algc@Qth.els t ma tnr iEXVAWIi t h

GO (0.1 % w/v).

A —— EVAL-neat ‘ : GO , :
2 = EVAL-neat EVAL-Ag-GO-0.01
3 W : EVAL-Ag-GO-0.05—— EVAL-Ag-GO-0.1

1436 4~ M\/ A
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Figure 33: FTIR spectra ofA) EVAL -neat andB) EVAL-Ag-G0O-0.01.(C) Raman spectral analys
of EVAL-Ag-GO system

The band arbiundENaRA0 reepOdssntre¢ Cobhadaay et
al ., tha®4di sapphkgsOe dnaitm i E\eAL Theamdesenc
GO in tAgGEVALstem interfered with the in
of the polymer. Awasalk oamnenueiatt FALBPLr ecsne Nt i
CHbending VChormey oats latls. ,i nlt9e9Ms)i t \BAgd i mi ni

GO matrices when the GO cont enrAgGOhCcI eas e



The presence of GO in the matrices- might
CH. The band amoEWwWédh?29@0 tCcHnlsutreed cthd ng vi
al so di minished according to theepnesenate
th®©®H stretching vibration in EXAGO whi ch
matrices. The disappefmgGOnenatofi cebe mpgak
the interfantdi o0 owbDHA@ ntdhet he di sruption
hydrogen bonding.

4.46. Fiber morphology, diameter, and orientation evaluation
from SEM analysisof EVAL -Ag-GO system

The appearance of the EVADhdIdm&GIOr icoms eamdc or
i n Figure 34A. I't is cleacofofhmthéemamanqg

was darkening according to a3coinmcemdasad iic

was the same in all/l cases. Wher eas, t he (
matrices was due to the increase in GO c¢
Thfei ber morphol ogy, di ameter, and orienta

SEM i mages are shown in Figure 348B. Fi be
evaluated from the SEM i mages by TBhiéj ect
i mages indi cradatd d4dAdgGBDEA/NYNEt ems wer e havi
fibers (Figure 34B). Fi gmreat 3B daltdo nsHo
EVA-AgGO0. 01 fi bers wernee atth.i cTkheer A gBa@r SE VOAfL
0. 05, a-AEGOB VAL had t huinaK,orfm dti beo s . It w
the i mages t hatnetalte wleirteerrsanadfomE WALor i ent e

random fi ber AgG@nfdi hdhres EWALe uni axially ¢



Mayur i et al ., Cho et al ., and Song et

Il ncorporation of iTonic salts wWidhlo reets uadlt.
2016 ; Mayur i and RameshTh201&eni 8os@al ¢t a
solution wildl i ncrease the (€Cbodwdt iavi.t,y
Mayur i and Ramesh, 201M%c;co%anmgmget oalSong:
conductivity will increase the net charg
stronger jet whipping. However, a | arge
voltage. So, the repuktanvecbmpaeebdetomehi
force. Thus, the stretching of the jet oc
gener(aSdmgn et. aThi,s 2mMildht al so happen du
unstable jet, that tries to discharge soo¢t
pat(lfBlong et. aMay,ur20llt) al . report edn tthhaet t
polymer solution wil/ decrease the vol at
(no whipping) throughout ({(Mayyrmniuraeyg Ran
2016)As a result of fiber alignment, unl:.i
of the collector, the aligned( $obgret aak
2011)

The fiber orientation analyzed usi-ng | ma
neat had random fibers (Figure 34C). Th

EVA-heat were widely distributed indicatin

t heAIAGGO system, the peaks representing t
gaolangl es. This indicates the systemods
concentrated at a particular portion or

t h

e fibers arEeChsaiadt tol be 20i@g)ned



Fiber diameter was also measured from t he
34D). The fiber -AgGOMstyst eonf sti lgpemi EVALant | y
EVAheat. TheatVhAad a fli.Be rN . divéhnesDieears o ft he
di amet er-AgGGOEVAILBWE20Om Th&i §Vble spectr a

spectra,anandsXBS have "wdo wano mpladg xGth ew iAtgh

the polymer. This complexation might hol c
fiber diameter. The fi ber -mdataeneitalr ihratse ra
(Liu et. al., 2009)

Figure 34: (A) Images of EVALAg-GO matrices(a) EVAL-neat (b) EVAL-Ag-GO-0.01, EVAL-
Ag-GO-0.05, and (c) EVAL-Ag-GO-0.1 (B) SEM analysis of EVAEAg-GO system,(C) Fibel
orientation of EVAL-Ag-GO system(D) Fiber diameteanalysis of EVAL-Ag-GO systemScale ba
100 Om. Statistical wsagonedi eaBcO8OOL*** | n

EVA-AgGgGO0. 05 anAlgGBVAL matrices were excl uct
di ameter analysis due to the high wvariat
showed fiber fusion and had flat fibers =
GO in -AJgBOL makes hydr og@H dfontdh e gp avli trher
mol ecul es. GO at concentrations O0.05 and
volatility due to the hydrogen bonding.
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