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Abstract

At present, transdermal delivery system via polymer based nanofiber has gained much
attention due to the reduction of effective dose and adverse effects. Therefore, we hypothesized
that polymer based nanofiber could deliver the extract of purple corn cob which contained
abundant quercetin to the site of injury of spinal cord and effectively facilitate the recovery of
spinal cord injury. Therefore, this study aimed to develop and to test the effect of polymer based
nanofiber transdermal patch loaded with purple corn cob extract on the recovery of spinal cord
following traumatic injury. The polymer based nanofiber transdermal patch loaded with purple
corn cob extract was developed by electrospinning process. Since 50%alcohol extract of purple
corn cob exhibited high antioxidant effect, it was used for developing the polymer based nanofiber
transdermal patch loaded with purple corn cob extract. Ethanol was an appropriate solvent. The
other suitable processing conditions were the voltage at 21 volt, the distance between needle and
collection plate at 15 centimeters length and the flow rate between 0.005-0.01 milliliters/hour.
The developed polymer based nanofiber transdermal patch loaded with purple corn cob extract
could release quercetin from the patch slowly and sustained the release for a long time. The
stability of the transdermal patch at temperature of 37°C and humidity 65% was not less than 3
months.

We also determined the facilitatory effect of polymer based nanofiber transdermal patch
loaded with purple corn cob extract on the recovery of spinal cord injury in animal model of
traumatic spinal cord injury. Male Wistar rats, weighing 180-220 ¢, were induced injury at spinal
cord level of T10 by aneurysm clip. The assessments of spinal cord recovery were performed by
using Basso, Beattie and Bresnahan (BBB), gross motor score, hot plate test, and von Frey filament
tests at 3, 7, 14, 21 and 28 days of treatment with polymer based nanofiber transdermal patch
loaded with purple corn cob extract. The results showed that rats with spinal cord injury which
received polymer based nanofiber transdermal patch loaded with purple corn cob extract at
concentrations of 5% and 10% improved BBB score and gross motor score. In addition, the
improved thermal sensation was also observed in rats with spinal cord injury which received
polymer based nanofiber transdermal patch loaded with purple corn cob extract at both
concentrations. At the end of study, we also determined the density of survival neurons and
oxidative stress in spinal cord. The increased density of survival neuron and catalase (CAT) activity
but decreased malondialdehyde (MDA) level were observed in spinal cord injury rats which
received polymer based nanofiber transdermal patch loaded with purple corn cob extract. We
also determined the effect of polymer based nanofiber transdermal patch loaded with purple corn
cob extract on the activities of cyclo-oxygenase -2 (COX-2), GABA Transaminase (GABA-T), nerve
growth factor (NGF) and nitric oxide synthase (NOS) in spinal cord. The results showed that spinal
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cord injury rats which received polymer based nanofiber transdermal patch loaded with purple
corn cob extract showed the reduction of COX-2 and GABA-T but increased NGF. However, no
change of NOS was observed.

Based on all pieces of information, polymer based nanofiber transdermal patch loaded
with purple corn cob extract has the potential to facilitate spinal cord recovery after injury. The
possible underlying mechanisms may occur via the elevation of nerve growth factor and via the
decreased inflammation and oxidative stress in spinal cord. In addition, the polymer based
nanofiber transdermal patch loaded with purple corn cob extract also decreased GABA-T activity
so the opportunity to develop neuropathic pain was decreased. Therefore, purple corn cob can be
increased its value as health product to facilitate the recovery of spinal cord following injury.
However, further investigations concerning active ingredient and application safety are required
before moving forward to clinical application.
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40 mg/kg/day Uiunn et al.1999) vinmsdsuansyniuiuae 1 asw@areiu 3 Tu 31U
dninnasy 8 ¢
oA A 1 . I | oav vo J Yo ~ o Y a < [ [
nauil 4 fie nau Zein Fenaudilasungulasumswiisnhliiianmsuialuuedludunduay
SuuiuUaividadulelnduesseauunluain Zein vwin 1.3X1.3 Wwudwnsyiinisiagun
TuTuag 1 AseAare 30 Tu IUIUERINAaDY 8 i
nauyl 5 Aangu Zein plus ansadind1alneing 5% Penguinlasungulasunismieadlviie
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nauil 6 Aangu Zein plus ansaing1ilneing 10% Aenquilasungulasunisimienin v

nsuadureslvdundwazlasuiiulaimdadulelndwassyauunluain

zein

AGEGEP]

afininilneie 5%  wu1Al.3X1.3 wuRwesyimsdsuniuiuae 1 assdase 30 u

FIUIUTRINAEDY 8 #n

Aansuiadureslvdundaasnguinlasuuiuleimiadulelndwesszduunluain zein
HALa At 1Ilnatae 10 % vue 1.3X1.3 wuRnsimaldsunniuiuag 1 assRnse
30 Ju Iudninaaes 8 M

UsgiliunisiuAuanimuesnisuinuledunaslag n19911 Open field behavior test

aszvineu 1 dUasinazd 3,7, 14, 21, 28 Ju nawndnlaeld Basso, Beattie and Bresnahan (BBB)

scale lngdniazggninslundesananafindmviey 80X80 wumuns Juiinnmmenaesduiinain 3 fienis I

ATMUUANUTINTUN SRR UNATLULAIN O lwdaulnd aude 21 wasulyilamiuuni wazvinnsuseiiiv

N33UANNIANMEY hot plate test, von frey filament wazUssliunsNvaan 3,7, 14, 21, 28 Tu

NIAEVRNLATUTEAIMTUAINNSAN (sensory neuron) Wag waaUseamasnIs (motor neuron)

Lﬁa??uqmmimamﬁﬂmé’uwé’ammsmﬂsmﬁumaLﬂﬁﬂULLUaamaa oxidative damage markers
loun superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px) LLayg}iyﬁ‘U
malondialdehyde (MDA), nitric oxide, COX-2, growth factor %aﬂuﬂﬁaﬁﬁwﬁmﬁmwsﬁluﬁuamwmaa
W@uUsEEILazns regeneration wag NMSUTELIUNITNI9IUVDY GABA transaminase (GABA-T) Feszun
Uszanitldl GABA Wuansdeusvanmdsfiunuind1fydanisiin neuropathic pain JasiniAnn1undanas
VAL UTBITEULUSYENEIUNANa ‘meﬁwum3LU%SuLLanmaqwqaﬂimﬁﬂmﬁwf’fu waryinnN1sUsTILY

LLNuq‘ﬁLLﬁ@ﬂﬂ’]iWﬂa@ﬂ

Male Wistar rat 180-220 g

2

A4

v

A 4

Dav 1 Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
a e A a o v A a o v
Y Sham el Positive control + SCHWNUUAR I SCH+UNUUAR LY SO+ LR Ldy
(N=8) (N=8) Dexamethasone 40 Telwdwessgduunly Telwdwessssuunly leTwdwedsyduuily
mg/kg/day Zein Zein+ansannds Zein+asannd
(N=8) (N=8) gmlnm 5% I1ne 10%
(N=8) (N=8)
Day 3 | Behavioral Test Aauyi SCI 1 dUanilmedn Basso, Beattie and Bresnahan (BBB) scale 1 1, 3, 7, 14, 21, 28 u

NAINFIALAE gross motor score , Hot plate test, Von frey filament 919241381 3, 7, 14, 21, 28 JunaInsuI@n

Egt

InjectionThiopental Sodium 60 mg/ kg BW (Intraperitoneal) wiusaegns Spinal cord anaUszdumaie oinen (Histology);

n579Usedly Oxidative damage markers :superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px),
Tnszsu malondialdehyde (MDA), COX-2, growth factor, NOS, Usgtun13¢m1euad sensory neuron Wag motor neuron

Day 30
2-12
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mawilieniliinnzurad uvedly fumds
Tunsanuadsidminnasnglifumsmienhlifinnsuniursadulssamladundlagisnis
Spinal cord injury model Aneurysm clip mswdgatlinn1izuiaduvedladunds v T10 Tu
dnrivpnesUssvmyusn anewus wistar e ey 8 dUaiindn 180-220 ndu
1. dmiinshgniauazgnivieuiieunniudounasmdsnisinga
2. dnineassagiinlasunsvinlvia@aulay lae Thiopental sodium (60 meg/kg BW) N1UN14
Intraperitoneal ag Isoflurane 5% mg/kg BW Inhaled (IACUC Guideline) dlenaaounia pain
reflex wanundrinaaetlifinnuidndennudviiaudiFaimslnuauusiiuiiundeainseiu
T9-T11 uawweuavenUsnarfndeuRadieueanaged 70% uar niuaauatniulddn
AmAnananznad sterile Ay AewMTHER YimskidaRuTian T9-T11 Tags1daniuuuen)
AULIBa1n midline 989 cord ¥1UTELN 2 LEURALIAT
3. ¥1M3 Laminectomy lagdnnseandunassesiu T9-T10 eanlagly iris scissors
wazmsiinidedelnenisivesnegresziing v

4. Wansegneen (hemi section) evinmsuiluludumnds (Spinal cord) seau T10 aeld Aneurysm
-27

. v a 24
clip usenilu 2 n$u widudunan 15 3

Fig. 1. Intraoperative photograph showing spinal cord compression at T10 by
application of an aneurysm clip. This figure is available in colour at www.science
direct.com.

a W P .26 o ) )
sUN 2-2 uansnsensialagld Aneurysm clip = nilulvdunes

2-13
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. asanuuyinsUaukalagly No.d-0 nylon sutures WaUnukalsgusasialinanuasein

1% (3 a = U v
JOULNAMBLDANDTad 70% Wag ntumauiveUssiun1Ioniay

- Tusgndnansdu anmsssiuanusandnineaesaggnineuy warm heating pad auUNsENs

v 6 dy 18-20 [ quj o a v A 1 d’lj
@9 IVnapey rat nmsundatavaiunsnmelateulafiiiunissinie

. dniveaeazlasuetuniin Tramadol oral route (1.5-12 mg/ke, 90 12 Falie 3w uae

g1UTuelisnuinisiade Tetracycline 50 mg/kg oral route (Morris et al.1994) v 12
Tl 3 Ju

. dninpasmdinsuinuvedludundssyiu T10 agliamsanaulaanizvsegaassedd

Sedrivnaesazgnuaansunzilaansiielidaante 2 adyiu aundndainaassazarunsn
Yaazldeadulinm 2 ml lusewdh FeszeznaUszana 10 Yu ndsnsiafalionis
gouLaztEnT NG uasmuamimiiyniu Tnevmnthudnanasiinistieusaline-glucose
50% yaUnUSinal mU1 nduhwtinfianas daus 1-20 mLATY dleasu 7 fu awinng
il

. nanudnineasania1nsiiulin dnsuialduinnnulurselasunisnsinuegiaty

Tanu50ANU KLaESUUTENIUBINIT ALY ANAUI599PAALIAT VaIINUUNRINNULN
dninaaetliruaglasunsuennswuazAneen ielasuguanaan 24 431us wagnnlifdy
lasUNISAREaNwaYyinn1s Terminate wWipanAunsuuludninaass

AT 2-2 nzunsndauainmswiteninlmfaniazuraduves ludunasnssdu T10

Side effect aneurysm Postoperative Care
clip at T10
Weight loss dnineaedlasunistaninmniu dumtnanasdnineaeay

1asun1sUeu saline-glucose 5% muuinfianasiusnsidiul

mU/1 ndu Tneusinas saline-glucose 5% iy 20 mL/Au™

Rats were paralyzed in dninaaeszgnuisnseamnzlaanuielilaan: 2 ATy uau

. . T v a v 18,21
both hind limbs and also | nand@mineassazanunsalaaglawalsinm 2 ml lunouin
had urinary and fecal

incontinence
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LHUNTUAAITUABUNNTHIARLY Spinal cord injury model Aneurysm clip in rat

ilveaulae Thiopental sodium WA 60 me/kg

ays

YMPNUALDIAUS I RAMIYLHANIULDAND80a 70% WAy NUAIAUY

-

NIPIR N1USHIEY T9-T11 TngNIfRMIULLIE17

-

Laminectomy iz T9-T11

=

a

14 Aneurysm clip wsentiu 2 nsu wfluuSinu T10 Wunan 15 Judl

=

Unuwalaeld No.d-0 nylon sutures

!

YNANMUELEIAUSIARIAAMELNAAIELEANag08a 70% LAy NUUMAY,YINNSUALKAAIELEUTA
Rriadulelnduesseauulunauansann1 lnadis 5 930 10%13e Zein 3u1n 1.3X1.3
WURAWRS 28 Ju ‘1/‘1’1msﬂiz@umiﬁuﬁuamwmaamsmm%uimaﬂsmﬁuﬂﬁ%’ummiﬁmﬁumm
A28 Von Frey filament, Hot plate test wag MsHuAuaNIEUUTZamEe Basso, Beattie

and Bresnahan (BBB test) W@y gross motor score Tufudi 1, 3, 7, 14, 21 way Suit 28

1l

L@Jaauqmmimaawzuﬂmawmmmwﬂwmuwmuawmwm, AU TsLNUNTUAsULU A
Y9 oxidative damage markers Lawn superoxide dismutase (SOD), catalase (CAT),

glutathione peroxidase (GSH-Px), 75£AU malondialdehyde (MDA), COX-2, growth factor,

NOS, Usgitiun13nN8999 sensory neuron Hag motor neuron

2-15
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[

3.5 MIR929TA52AU  total phenolic compounds 1n83% Folin-Ciocalteu method §i4id

A9W38Y Standard curve

149 Gallic acid \Juansavarsunnsgiu mnududusening 0-10 Sadnsuseliaddnsuaz
\fiul Folin reagent 20 lulasdns anntiul@n 20% sodium carbonate solution waulwid1Aunagsell
‘:l' a v oll -] [ A Qll gj o 1 = L%
Pgamaiivies 2 Falus drluinnsganduuasi 765 urluwns nuwihansgandusasty plot fiu

v v . . ' U o & v v 2 1% | o '

AMULNTUYDY Gallic acid WagmAANUduRUSTRIRNMINTY () azfpelimnil 0.99

N1311 Total phenolic compound

azangukulamdadulelndmesseauululitanutnty 1 ms1asufluns/daddns
ntutlutdui 3000 rom LAu Folin reagent 20 lulasans a1ntduLAL 20% sodium carbonate
solution waulvivinfukazAslingungiivies 2 43lue Urluianisaanduuasin 765 unluiuns
MuIARAY OD/Tadans 31NTUAIUIANY total phenolic TaaLiguivu slope U89 standard

! . . . 1 2 1A
curve LaglandA1 total phenolic U Gallic equivalent Tus128 mg of GAE /cm” ¥03unuln
Randadulelndwesseauunlu ingraunss
3.6 MIUsslugnsmueyladasy
3.6.1 Diphenyl-1-picrylhydrazyl (DPPH)
Jumsiesigvianuanansalunmsiueendindu neld reagent fe DPPH

(1,1-diphenyl-2-picrylhydrazyl) 1lu stable radical Weagluglaisazaislu absolute ethanol 9
A = a ¢ a Y a N = )

T FeannsadeseiusinalalaensinAin1sgandunadil 517 nm wagidle DPPH $u electron
= . o § vala v O v A o o § val ,
%39 hydrogen radical 3gvinliidansas Asuiasiiiivegeu vinlnaues DPPH 91989 WA

a135UuTgYs antioxidant

W3naEN5azay DPPH (2,2 — diphenyl — picryl hydrazine) Anuaiudy 1
fadluans Tu methanol laeds DPPH 3.943 fiadnsu wazdsSuusuinslviasu 10 Hadans Tu
volumetric flask &1 tiuly vial dvn Josiuuas

wisnukulaRmdadulelndwesseavuly THlanududy 1 ms19gufiumns/
Tadans Wuaisarane DPPH TudSuims 200 lulasans AINNANADA wazldansneaay 2,800
laulasdes Wemanundumnzaulunisnena19d (bleaching) @15avaty DPPH ldiiieanwelu
nshufiseniuansnaaeuiinnudutunld nMevdudivaisazats DPPH asluansnaaounnnaen
Qy Y @ = Y = o [ 1 A a = ~ a
falidunan 30 wii udduihlviamnisganfunasiiaiiueniady 515 unluiuns ieniuiunu
DPPH fimasagiieuiiunasn control Aifkanig DPPH 200 lulasdns laslulaldansnageu wag
o 1 ¥ ¥ o ‘:4' U a ¥ ol = % 1
AwImAmmdLduTesEn satafiansndueuLadasela 50% (ICs,) Wisuiisuduan I1Cy, 189
A19105PIWINTUTIIEITNAADURE T

MsMALazkUaNa NS INTERIAANULNTY (Tadnsu/lagans) Aum

%inhibition
%inhibition = ([ODconirot = ODgamplel/ ODcontrol) x 100
AR ICsp AMNNNTLYBIENSNAARUNANINIATUBYLABATE DPPH 19 50%
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3.6.2 The Ferric Reducing Ability of Plasma (FRAP)
\Wumsinmuaninsalumsimduesansiitinaesdimuoyyadasy Taons
350 Ferric ion (Fe™") %qagﬂugﬂmaqmﬁﬂﬁzﬂauL%q%’ausuaa Fe”" TPTZ (Ferric tripyridyl triazine)
Tduansusznoudediou Fe’'- TPTZ (Ferric tripyridyl triazine) fitdihidu uavanunsansavaeuld

a

fimue1iedn 593 nm aneldnnefidanudu nsa- de s (pH~ 3.6)

N5LW38L FRAP reagent W38l Acetate Buffer solution ‘ﬁmmﬁu%’u 300
mM, w583 Ferric chloride solution 20 mM  ®Sey TPTZ (2,4,6- tri[2-pyridyl]-s-triazine) 10
mM thansazaneamunnsanfuludasdiuduolul Acetate Buffer 200 ml: TPTZ solution 20
ml: FeCl; solution 20 ml

W3B Stock solution ¥BENTINAIFIU Ascorbic acid fiemandadiu 1000
uM uavinms dilute ieglugiapnududy 50- 1000 uM ﬂ’wms:mmgmuazmiaﬁ’msﬁniwmﬁ
anadadusineniluinAinsgandunasiinnuenindy 593 nm

N3 plot graph senieanuduiusyasAmnIsaAnauAs fuAUTNTY
lfaumsdumss y = ax + b 993NsNATg TR

AR FRAP value 1agt1AInTsaanaunatuedansiogiaunue y
Tuaum sdunsweIE TINATsI TeunaluAl FRAP value luming ug ascorbic acid /cm”

3.7 mMsUszlu Reflex foot withdrawal
aglssfiunistnguvivesdninaassmililenszduiagainuiour1u hot plate test

ydanthdninaasunaiennufuingfuiadesdeuszann 10 U1 aznssfuuiinaduiives
dninmaesing hot plate gamgiiuszanm 50 83m wazaztuiinianfidninaasaiudsduiinde
nszlareanain hot plate

3.8 N15UTEHIUNISWUANENIWANSN 191UV EUUSEEN  sciatic nerve W Deminacelli
Tunsusediv motor function TuazUseliugmeds De Medinaceli Method Ieeld sciatic
nerve function index tWusvilddn Aaandluaunisauans

Footprint Equatians
[ t |t- E | S ( Utﬁ| - Ulﬁ(: i't5| - i!.."ic ) x Iﬂ'l:lﬂ,."
& |ots)its =i | ding: = + b
g o % oo spreading ots, its,
E
< - WS
- o\

) ¥ 169%

Bl
Foot print: FP= ( p—

pl h

SUN 2-3 UAAININTOEWINVRIFINAABILAYISNIIAUIN sciatic nerve index
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3.9. N15UslY Basso, Beattie, Bresnahan (BBB)
o 1 3 o % v v aal o a
WryNsUUNaeuuIata 80x80x30 cm” ynsTua nmenaedinlonazitn1suseiiiy
AmziuulaggnUssiiulinsundnivaaesegngula wUsAIALLUUAIY Basso, Beattie, Bresnahan
functional scale (de Barros Filho & Molina, 2008)

3.10 MsUseliy Gross motor score
inynuungeuIala 80x80x30 cm3 YiMTTuMNMmEnNaaInlenayinn1sUsEilu

AmzhuulpegnUssiulinsundrivaas egngulawuidAzhuuf w1319 (Anand et al, 2011)

AN519 N 2-3 ANALLUY Gross motor

For gross motor score
Score Behavior
0 points No movement in hind limb, no weight bearing
2 points Mild movement in hind limb, no weight bearing
4 points Frequent and/ or vigorous movement of hind limb, no weight bearing
6 points Hind limb can support weight partially and weak attempt in walk
8 points Walking with only mild deficit
10 points Normal walking (near normal)

3.11 M995227AU38U malondialdehyde (MDA) Lagn15¥1191UV84 scavenger enzymes
- a593nUSina malondialdehyde (MDA) *°
n71995993AUSIa malondialdehyde (MDA) @uduswiiuans lipid peroxidation $e2-
thiobarbituric acid-reactive substances#3aTBARS method lngazin sample Tlduwanauia s
10% TCA (Trichloroacetic Acid) 91uau 125 lulasans, 8% SDS (Sodium dodecyl sulfate) 200
lalasans, 5Mm EDTA (Ethylenediaminetetraacetic acid), lawdl TEP (1, 1, 3, 3-tetramethoxy
propane) 1@t standard weslidrfudisly 10 wift W 0.6% TBA (thiobarbituric acid). iy
fau flgamndl 95 ewnwadsauiu 30 wnfindliliduiluduldeslidunduin dndu 1
JadansAmsy 4,000xg U 10 U9l Wdlalusad anuenuas 532 uiluuns
- psretamsvieuveneulu catalase (CATY
11 sample 1vUfn3e1iu hydrogen peroxide 50 lulasans A5 1w anduld
nsadaysn 25 lulasdesld WWuwnadeuasuaaniun 100 lulasdns viimsin 7 515 wiluwns
-~ anatamsviauveaeules superoxide dismutase (SOD)™
ih sample 1¥UfATe7U xanthine oxidase  lawawth sample thanwaufudsi 50
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mM potassium phosphate, 0.1 mM ethylenediaminetetraacetic acid (EDTA), 0.01 mM
cytochrome C, 0.05 mM xanthine Tdlu plate 200 ul Td xanthine oxidase 20 lulasdns Wnluin
ﬁﬂquﬂqﬁlﬂa‘lu 550 UWIULﬂJmﬁ

- anadamsiauveseuled slutathione peroxidase

1 sample ldlu plate 91nfuldansusznoudeds mM sodium phosphate, 0.38

mM EDTA, 0.12 mN B—NADPH, 0.95 mM sodium azide, 3.2 units of glutathione reductase,
1 mM glutathione (GSH), 0.02 mM DL-dithiothreitol, 0.0007% H,0, 31U 200 ul Yl ad
V’]'J']llﬂ']'ﬂﬂ'gu 340 u’]I‘ULﬂJWi

3.12 7579 endothelial nitric oxide (eNOS)
falodumds 1d Lysis buffer 300 ul Yrldiuft 10,000 ¢ utu 15w anduthaanlan

lgvihnsnaaey eNOS ¢e elisa methods lagtseg1winuiisenfiu Biotin-antibody waz HRP-
avidin WnlY 1 dalsfigamnf 37°C. 1Hiu TMB Substrate 7913 15-30 unit 7 37°C Ay
Stop Solution U1lUInAITiAME1IAAY 450 u1luAs #a8 microplate readers from the
readings at 450 nm.
3.13 Msynuveseulyd Cyclooxygenase-2 (COX-2)

ilvdundsuinagount COX-2 lnudnulasisans Smith et al (1998) Taan15vi
Ufn381989 0.1 M Tris-HCL buffer pH 8.0, Heme, COX-2 , Arachidonic acid, 0.1 M Potassium
hydroxide, TMPD iauiiu Idomethacin (20, 40, 60, 80 waz 100 UM) uaasAdu nmol/min/ml

3.14 msvinuveseuled GABA Transaminase (GABA-T)
iladundanuely buffer fiusenaudie Triton X-100, 0.5%; dithiothreitol 5
mM,; pyridoxal phosphate 1 mM and sodium phosphate buffer 10 mM, pH 7.0 mﬂﬁ?uﬁﬂﬂ u
WBa 2000 g AT 20 Wit Tigamndl 0 ssrwadea udlfiawzain supernatant 1vinUFATeEN
U GABA-T buffer Usznaudiag GABA (20 mM), O-ketoglutarate (10 mM) 91ntutfia NAD (0.5
mM Tu sodium phosphate buffer 0.05 M, pH 8.0) i’ﬂms@@ﬂﬁuumﬁ 310 unlulung

3.15 msvinnuveaoulyd Nerve growth factor (NGF)
Tade elisa kit 970 sigma Singapore

3.16 @A IEN

a L7

UTyumsuravasRulamiadulelndiesssiuunlulasnquatuauld ANOVA

Qe

nsildsuudasitoinitvdfAgnisadffoniud p-value < 0.05
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uni 4
NAN1SYAABY

4.1 MSWSUNANTANATIILNALNG

3

Wasnuansfinwndesiunuinaisadadetiilnairefignsdueyyadassaninasdu

Uselevdlunsantlaym secondary injury vesnnagludundsunnduled sedunmedidedadnans

Y
v v Y

aftpdednaTnashanfanuntuguduuiuleimdadlemndue sssiuulunavan safadadinlnasiag
Tasthdsinlnahanadade 50% way 95%uLoanesedsngds maceration Fsazntdsdnlnasiigly
fvhazanefoneanaseds0% uay 95% Wunan 72 Falus ndmntwhmsnseshenszanuued 1
udvhliuss nudansadailldd seyield 245 wag 2.55 audadu aandurinisnaaeugussiy
aUadATYAILTS DPPH Uay FRAP

3199 2-Auanen total phenolic compound, msduds 2,2-diphenyl-1-picrylhydrazyl (DPPH)
waz A1The Ferric Reducing Ability of Plasma(FRAP) 83an3afindet1alnmaiag
lusvinazanuPousansgeds0% Waz95%

a15dim 50% a15anm 95%
LPANBTa LPANBTA
Parameter FaY1 AL FaY1INAL

Total phenolic compound (mg of GAE /100 g of extract) 997.5+41.75 | 811.43+21.99

DPPH (1C50 (lulasnsu/dadans) 28.52+0.22 1433.064+1.38

FRAP ( 1C50 (lulasnsu/diaaans) 21.24+0.43 3.11+0.07

4.2 mwssuukularmdadulalndmesseauunly polymer based nanofiber transdermal

patch
wdntTuasataLeanesed 50% vesiialnadihanwisuduniudafndadule

Tndwed seavulunana sadad st 12 lnadsd msudaaindedioinadndidninsaduds
(electrospinning) Tasthansazaneiinioals indmiuvansidulansiues 22 Aldusiiugudnans
0.7 fadwns uazsetuunastdaliihfisneanussdng 21 Alalas szziiesznitsansiduiu
LU uFwenuasRuvemastdaliihfe 15 wulwns Tavazusuldsuilasedsfifinane
msPugtvesduloulufuandumsed 2-5
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M5N 2-5 waasanizvestadteseidlunswssuveskulaiandadulelndiuesseduunlu

Flectrospun | a’rialﬁ’m%ﬂﬂwm mjz?ﬁ’msﬁniwm
Zein #dUN 5% dU1 10%
Total of mix solution for injection 5ml 5ml 5ml
Zein base (g) 1.35 1.2825 1.215
Additive substance(Zeamays) (mg) 0 0. 0675 0.135
Solvent 70Eth (ml) 5 5 5
Initial Flow rate (mU/hr) 0.1 0.05 0.05
Electric potential (KV) 20 20 20
Distance from nozzle to collector (cm) 15 15 15
Collector angle (°) 85 85 85
Preparation time of solution (hr) 8hr 8hr 8hr
Spinning time of solution (hr) 6hr 6hr 6hr
Temperature (°c) 22-28°C 22-28°C 22-28°C
%Humidity 50-60% 50-60% 50-60%

400

300

200

100

Diameter of electrospun nanofiber
(nm)

#15aNA1NAHU 5%

#158NAU1INAEU910%

H Zein HZMS5% mZM10%

31]17; 2-4 MNLAAIVUIAVDY zein based nanofiber, 5% quercetin loaded zein based nanofiber
kae 10% quercetin loaded zein based nanofiber
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4.3 Usziiuanaudavasuiularmdadulelndwasszauuily  (polymer based
nanofiber transdermal patch)
iurulaiindadulelndwesseivunlunauansanandialnniig 5% uag 10% u1iausuna
total phenolic compound uag total anthocyanin wansnageuNUILNLTARINTLdUlalndiues
sgAvUluNaNansanat11lnaig 5% JUSuu total phenolic compound 181.05+3.12 mg of
GAE /cm” §iUSinastotal anthocyanin 215.74+3.25 me/l /e’ winlafniadulelndwessefuun
Tunganasannv1luadag 10% AUSuna total phenolic compound 193.27+12.08 mg of GAE
Jem” SU3ina total anthocyanin 236.32+2.06mg/| Jom’ Fananslumsnad 2-6

A59N 2-6 LAAIAITEAU total phenolic compound wag anthocyanin YodunulaRnladuly
Indwessysuunlunauansanadedilnmsmiuanadu meantSEM *p-value<0.05
Wiguiiguiungu SCI + 5%PPCE nanofiber patch

SCI + 5%PPCE

polymer based

SCI + 10%PPCE

polymer based

nanofiber nanofiber
Parameter transdermal patch | transdermal patch
Total phenolic compound (mg of GAE /sz) 181.05+3.12 193.27+12.08
Total anthocyanin (mg/l /sz) 215.744+3.25 236.32+2.06*

dlothuiulaimiadulendwesseduunlunauansadndad 12 Tnat195% waz 10% 113AnIs
AuBUYABATEMIEIT USunal 2,2-diphenyl-1-picrylhydrazyl (DPPH) wag Ferric Reducing
Ability of Plasma (FRAP) wanisnadeununukutarmdadule lndimesszavuilunauansanadgs
Flneshs 5% flUsuamAduds DPPH 54554075 % SUSunaifn FRAP activity 71.3349.15 ug
ascorbic acid /cm” wHuefviadulelndwesseiuulunauan sadndaalnndae 10% Usuna
Andudis DPPH 57.5841.09% TUSu1aufn FRAP activity 129.6742.44 ug ascorbic acid /cm’ &3
wandlumseil 2-7
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mM3ed 2-7 uansnmsuds 2,2-diphenyl-1-picrylhydrazyl (DPPH) wag @1 Ferric Reducing
Ability of Plasma (FRAP) vesunuUsniavtadulelndiuessyauunlunaua san adgs

91lnnsa*p-value<0.01 Wiguiguiungy SCI + 5%PPCE nanofiber patch

SCI+5%PPCE SCl+10%PPCE
polymer based nanofiber | polymer based nanofiber
Parameter transdermal patch transdermal patch
DPPH ( %inhibition) 54.55+0.75 57.58+1.09**
FRAP (ug ascorbic acid /sz) 71.3349.15 129.67+2.44%*

5U# 2-5 n9mlkaninisnsuantdesvesunulainiaduleinditesssiuunlunauasainuo aneged
50%F 013l nAaie

80 4

£

B 70

=1 ]

- 60 -

8 I 3 B ks

= e i Had K i

o] 50

c

e M

“ 40 pma B -

ek - = - -

G 30

o) HH

)

S '4

w 20

=

"

= 10

£

(@) 0 T T T T T T T Time (hr)
0 10 20 30 40 50 60 70 80

# Zein nanofiber patch M 5%PPCE loaded zein based nanofiber patch A 10%PPCE loaded zein based nanofiber patch

WeUsziuarasiiveawkutairiadulelndwes seauulunauan sanadad1 lna g 5%
uaz 10% laeinAn total phenolic compound asuHuUamInlduleIndiuesszauu lunauans
anngItnnneiigan 0, 1, 3, 6 oy wrulsiiriadulolndwesseauunlunauansanagatin L ne

iaiauAuasadanUaevansinieidiulieg1sti quavisegidunaiuiy waslan1izaadi

'
a

gl 37 a3 ANNTU 65% Junaliddesndy 3 Weu dwandlunisnei 2-8
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M519N 2-8 LAAIANSEAU total phenolic compound vasuHulaRIntadulelnduesszauuly
wanansafndadnalnaiading 0, 1, 3, 6 Wewnufigamall 37 ssmiwalded ANTY

65%
SCI + 5%PPCE SCl + 10%PPCE
Total phenolic compound polymer based nanofiber polymer based nanofiber
(mg of GAE /100 ¢ of extract) transdermal patch transdermal patch
ANy 181.05+3.12 193.27+12.08
1 hou 143.66+0.95 159.85+0.38
3 lfou 136.15+5.16 159.71+0.81
6 \fou 68.59+0.56 76.83+1.53

dlevhmsmasihvewiulaimisdulelnduessesuulunauansatadad1alnage 5% uway
10% lngine total phenolic compound wasuHulsiniadulelndwesszruu lunana sannds
Flwnshefisnsnsdagrugamnliil 40 esmwadoa 48 $alusuazgunnil 4 esmlaoa 48
Flue S1uan 3 seu wuiwiuleiladulelndmessesuunTunauaisatadadialnnatag 5% @
total phenolic compound anasioras 33.39 wazudulaRmiudulalndmesseavunlunauans
anngg12lnwAtg 10% & total phenolic compound anassesay 41.37

M3 2-9 LanIA15zAU total phenolic compound vadunulaRanadulelndmesszauuily
wasan sanadailnadnsusdaginugumain 45 ssmiwaldea 48 aluuay
aaumnil 4 asraltya 48 $alus 91uIu 3 e

SCI + 5%PPCE SCl + 10%PPCE
Total phenolic compound polymer based nanofiber polymer based nanofiber
(mg of GAE /100 ¢ of extract) transdermal patch transdermal patch
ANy 181.05+3.12 193.27+12.08
ARVRIRRIEN 60.45+0.95 79.85+0.49

4.4 UszdiuneseugvisveswslainviaduleinwdiwedseivunTunauansaindedilng
sirerensHuAuENNIINAIz U A Uvesly Funds

mﬂmam5wmaaﬁm¢hﬁugmmaqé’mimmaaqﬂ'aumﬁmﬂﬂﬁﬁﬂmwmmﬁwaqimé’uué’q
WuAFuIANNIANNAGE UMY foot withdrawal reflex hav n15UsEEiunIsSHuALaN YR INS

valulaeUseidiunsiiunie De Medinacelli method dubiuanasiusgnsddodnfgyni1ainee
uandlums99 2-10
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M13199 2-10 wanae baseline M3suiaamgiilagiameanuiouiisuiiulay foot withdrawal
reflex time wag N15UsHIUNSAUALANINURINSUIMRUTAsUSSEUNSIAUAIY De
Medinacelli method A7Landdu mean+SEM

foot withdrawal De Medinacelli
nau reflex time method (SFI)
Sham operation 2.87+0.28 9234030
Scl 2.33+0.10 ~522+3.37
Positive control + SCI 297+0.26 2.20£4.3
SCI + Zein polymer based nanofiber
transdermal patch 2.40+0.09 -5.55+4.01
SCI + 5%PPCE polymer based
nanofiber transdermal patch 2.17+0.06 -6.35+3.2
SCI + 10%PPCE polymer based
nanofiber transdermal patch 2.17+0.04 -553+2.4

n§rnenilfinnznadurededundinazdiinisussdunisiuiuanineesns
vinuladundslngld Basso, Beattie Bresnahan (BBB) wanisnaasswuitnynguitlésunis
mﬁmﬁwmasmm?ﬁmaﬂimﬁ’wé’aLLazléw’%’Um5@LLamimm5waﬂ1mﬁwé’qf?hEJLL&Ju%ﬂwﬁué’u‘La
Tnawessziuulufifdunan zein sgnafiendian BBB score anatotedted1fynananisnaaes
(pvalue< 0001 WavuaUFeuifisufungu sham operation) nynduitléfunisdiousn
Dexamatazone fimsiluauanimvesmsuiaguludundeedadidoddaiuil 3 waz 7 (pvalue<
0.01 uag 0.05 mudFurSsuiisufiunga SCl+Zein nanofiber pacth) nyngusun1sn1sguants
uaduvedlvdundsmeunulefamladulelndmesseavu lunauai sanndsd1alnntie 5% wasg
10% ﬁmiﬁuﬁuamwmmm3111m?juisuﬁ'uwé’qaéwqﬁﬁaﬁﬂﬁ@i’uﬁ 3, 7,16 wag 21 (p-value<
0.001; 0.001; 0.05 waw 0.05 MudwuLUSsUguiungy SCl+ Zein nanofiber pacth)
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b
[Tiee
N, 84
1o __T_
N, 84
[Tie®
Tiee
[Tiee
a Ny 64
2 Tiee
o A [Tiee 3 [ 4
o [Tiee S
0 [Tiee 16
N, 84 . NS¢ [
o 1o [P L &&
faal [Tiee Ipe ro4
>o <3 o
aa} < Hiog 164
0 4 Hioe o d
4 )& 164
b CIpe 16
b 23 16
b <+ 16
b —I— <+ 16
4 ) + >4
b =l + 16
= b T + 16
5 4 T 4 L od
b <+ 16
< T ENige. + Lo d
b Hige. S ¢ 14
b T 22 + 16
b LTI e 23 16
b LTI e <3 16
e - TIree p & H) o6
i - A . od |1 /- 44 P& 4 L
Baseline Day-3 Day-7 Day-14 Day-21 Day-28
O Sham operation | el SCl+Zien nanofiber patch
E15C+ Dexamethasone B SC+5%PPCE nanofiber patch X1 SCI+10%PPCE nanofiber patch

JUN 2-6 uangrsusularmiadulelndwesssivunlunasasaiadatnilnnsiede BBB
score Iumgﬁmﬁmﬁﬂﬁlﬁmmw spinal cord injury m7unanadu mean+SEM
o value<0.01 wag 0.001mudwulUIeuliguiungy SCl+ Zein nanofiber pacth

aa,aaa

p-value<0.01 kag 0.001musAuUSeuWiEUiungy sham operation

¥msUszdiunsiuAuaninvesnisuiaduladundslngld eross motor score mans
naaeswuImynguilisumsmileninzuiaduredvduvdauaslaiun sUausiudaimiadule
Tndwedseuunlufifdiunas zein eg1afieaiinnse gross motor score anatee1aiiiodfynasn
nsneaes (p-value< 0.001 VvuASsuifisutunga sham operation) ynauitlésunistiousn
dexamethasone ﬁﬂﬂiﬁuﬁuaﬂwwmQQﬂwiuwm%l%éfuwé’aafjwﬁﬂsﬁwé’fzyf’a’uﬁ' 7 (p-value< 0.01
Wisuifisuiungu SCl+ Zein nanofiber pacth) synauiisunistausulafoviaduleTndiuessesiv
wlunauasatindilnahs 5% fmsiufuanimvosmsuiamivledundsegaiveddnfudl 7
wag 21 (p-value< 0.01 wag 0.05 aua1dulTeuisuiungy SCl+ Zein nanofiber pacth) My
nauiisumsYaukudefmtadulendmessesiunTunauasaradnnlnahs 10% dnnsluduanin
suaamsmmﬁuimﬁuwé’qasmﬁﬁaéwﬁqﬁuﬁ 3,7,14,21 hag 28 (p-value< 0.001; 0.001; 0.001;
0.01 uaz 0.05 pudFurSoulitsuiungy SCl+ Zein nanofiber pacth) fauanslusui 2-7
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Gross motor score

| ¥4 0Ok
F3¥
aaa aaa aaa aaa aaa
] \ *% [
10 — F¥¥ — — —
iy 1o
(144 ] x
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14
8 - e
144 Fkk
+4
(144
(144
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(144 be & ¢
6 144 e >4
44 b o
(144 b b
e b
(144 [ [ [ pe
14 L e z [T pe
44 b BE 5
4 - 14 b TR
(144 b b
(144 b &
(144 b &
(144 b o
(144 b &4
i 144 e >4
2z 144 be b
(144 * b o
14 + b o
44 + b ¢
144 + : & ¢
+4 + . >4 B
164 + i >4 .
0 i - HH -7 : 2 SN EE ool 778
. 4 51 D)
Baseline Day-3 Day-7 Day-14 Day-21 Day-28
O Sham operation | el SCl+Zien nanofiber patch

SO+ Dexamethasone

B 5C+5%PPCE nanofiber patc

X SC+109%PPCE nanofiber patch

JUN 2-7 uanagrsusulaiviadulelndwess sivulunauasaiadniluetise gross

Mechanical stimulation threshold ()

motor scorelunyimileniliinn1ie spinal cord injury A7iuansiu meantSEM

0 value<0.01 wag 0.01muaduUTeuisuiungy SCl+ Zein nanofiber pacth

aa,aaa

Baseline

O Sham operation

SCl+ Dexamethasone

aaa aaa

B SC+5%PPCE nanofiber patcl

TN UANY T

p-value<0.01 Lag 0.00lLﬁ@LﬁﬂUﬁUﬂﬁim sham operation

aaa

Day-21

aaa

Day-28

E]SC+Zien nanofiber patch

B4 SCI+109%PPCE nanofiber patch
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asa
aaa

foes
in

aa

]
un

in

Mechanical stimulation threshold (g)
N
>

in

£8222888238888488888¢

n L CEETATRR
Baseline Day-3 Day-7 Day-14 Day-21 Day-28
O Sham operation W Q) [DsC+Zien nanofiber patch
SCl+ Dexamethasone B 50+5%PPCE nanofiber patch E350+10%PPCE nanofiber patch

B.

Ul 2-8 uansgyisusiudafoviaduleTnduess siuunlunaua safadadnlnmh e
mechanical stimulation threshold (A) WAugy (B) WNAU IuMHﬁLwﬁaﬁﬁﬁlﬁLﬁm
A% spinal cord injury mdinanadu mean+SEM
**p-value<0.01 LU%EJULﬁEJUﬁJUﬂQ'm SCl+ Zein nanofiber pacth

aa,a

“p-value<0.01 uay 0.00lLﬁEJLﬁEJUﬁ’UﬂEjﬁJ sham operation
Slevhmsussiiunssudmnuianlaeia hot plate test wamsnpasamUIMYNduALFSUA1S
mswileninzuiaduredvduvduazldiunisUaudiulaiimdadulolndwessedvunludis
dunan zein pghaRalinssuimnusAndadlnelian reaction time st uag1efifodnFylutui
3 (p-value< 0.001 W3guiiguiungy sham operation) Myﬂduﬁlﬁ%ﬂﬁ{]aum dexamethasone
losumsUaukulaimdadulelnduesseaivulunauar sanadilnndig 5% uag10% In153v3

[

AusAnsTulaedie reaction time anasegnafidud1Agyluiui 3 (pvalue< 0.001; 0.01 wag

o

0.0013suisuiungy SCl+ Zein nanofiber pacth)
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Hot plate reaction time (s)
(o)

[S]

seeeel)

Baseline Day-T Day-14 Day-21 Day-28
O Sham operation | Kl SCl+Zien nanofiber patch
150+ Dexamethasone B SCI+5%PPCE nanofiber patch B3 SA+10%PPCE nancfiber patch

JUN 2-9 wansgnsusularmiadulelndmess srvunlunauasanadnil e
withdrawal threshold Tunyfiwileaniliiinn1ie spinal cord injury Afiuanady
mean+SEM

XK KXK

p-value<0.01 waz 0.001W3suMsuiungy SCl+ Zein nanofiber pacth
““p-value< 0.001EeWiEURUNGU sham operation

defuaaniseasdlivhmsinmgriuiulafmifaduleindwesseduunlunava sadn
117InA19 Aon15v191uTeLeulell oxidative damage markers lawA superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GSH-Px) wag 5¢AU malondialdehyde (MDA) Tu
ldunds namsveaeswuin wyildsuuwsiulafvidadulendwessvivunTunauar sadndadrlna
1295 WAy 10% anTeAu109 MDA (p-value<0.05 wenuaL3suifisufunguitlésu sci+zein
polymer based nanofiber transdermal patch) waznuududaiiniadulslndiussszavuilu
wemansarndadnalnatng 10% AiNN159191u8 CAT (p-value<0.05 W3suLiisuiunguilisy

SCl+Zein polymer based nanofiber transdermal patch) wsildnunisiUasuwlasnisiiuaas
SOD g GSH-Px.
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0. Sham operation H=C El SCl+Zein nanofiber patch

SCl+Dexamethasone H 50+5%PPCE nanofiber patch X SCI+10%PPCE nancfiber patch

JUN 2-10 uandgususularviadulelndwesseauunlunatansaindsdnilnasisianisvinau

¥4 malondialdehyde (MDA) Iulsué*uué’qsuaqmﬁmﬁmﬁﬂﬁﬁmmw spinal cord injury

mfiuanafu meantSEM *p-value<0.05 Wiguiguiungu SCl+Zein nanofiber pacth

aaa

45 - 58

SOD activity (Unit/me protein)

O Sham Operation W SCl SCI + Zein nanofiber patch
[1SCI + Dexamethasone B SCI + 5%PPCE nanofiber patch B SCI + 10%PPCE nanofiber patch

sUN 2-11 grisuiulermiadulelndwesseauulunauansaiadadnilnaiiwien1svinauves

2-30

wulwgisuperoxide dismutase (SOD) 1‘141605‘141/15\‘160@\‘1%1%1171'mﬁ&nﬁﬂﬁﬁmm’ss spinal
cord injury A1fikanady mean+SEM
***p5-value<0.001 wWiguiieuiungy SCl+ Zein nanofiber pacth; "o value< 0.001 dle

Wieutiungu SCl; " pvalue< 0.001 Wiewfisufiungy sham operation
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[ Sham Operation WsC SCl + Zein nanofiber patch
[ SCI + Dexamethasone B SCI + 5%PPCE nanofiber patch B SCl + 10%PPCE nanofiber patch

sUN 2-12 guisuwiulnivdadulelndwesseiuunlunauansaind g lnaii wian1svinauves
wulwy catalase (CAT)  Tulvdundwemyiwileniliiinn1ig spinal cord injury

A kanay mean+SEM **p-value<0.01 L‘LJ%‘EJULﬁEJUﬁUﬂ&jiJ SCl+Zein nanofiber

pacth
aa
08 P,
BEH

=, *kk
£ 07
7]
2
o
a 06
o
S .
L = 05
3
2 04
2>
=
& 03
%
a
& 02
0]

01

%,

[0 Sham Operation | Btal SO + Zein nanofiber patch
[0 5C + Dexamethasone 0O SC + 5%PPCE nanofiber patch ® STl + 10%PPCE nanofiber patch

sUN 2-13 gusuiulaivtadulelndwesseiuunlunauansaindagnilnaii wian1svinauves
wulwslslutathione peroxidase (GSH-Px) Tulvdundsemynmienilviinnie spinal

cord injury ***p-value<0.001 LU%EJULﬁEJUﬁUﬂQ'N SCl+ Zein nanofiber pacth;

HHH# d @ i ] Y i
pvalue< 0.001 Waileuiungu SCI; “pvalue< 0.01 dawlsuiungu sham

operation
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yhnsanugrduulaimiaduleindwessesuunlunatasatndsdlnnedoni sy ey
vououlesl Cyclooxygenase-2 (COX-2) ag GABA Transaminase (GABA-T) Wudﬁwy)ﬁlﬁfumi
wilgnilnAsnsuinduredludunds Wunsinuves COX-2 way  GABA-T egnalifad1faynig
aif (p-value<0.001 ﬁy’wmuﬁauﬁauﬁumju sham operation)  nguil#yun1sdousn
dexamethasone tazunularantdadulelndwesszauulunanasadiadar11lnnt195% wag 10%
ALNT08ANITVIUTEY COX-2 (p-value<0.001 fanuaUIoulfisufunguilldsu SCl+Zein
polymer based nanofiber transdermal patch) wag GABA-T ag13lided1Agyni13ada
(p-value<0.001; 0.05 Waz 0.05 AN FuIsuLisURUNgUALATU SCl+Zein polymer based
nanofiber transdermal patch) é’@LLamalugUﬁ (2-14) - (2-15) WUREIAUNITUTELLU nerve growth
factor (NGF) wuiwyfléidunmslions dexamethasone wagusiulafamadulelndiuesseduuly
navasatadeinalnese 5% war 10% a1u1sasiin NGF eg19iedfynneadf(p-value<0.05;
0.01 ez 001 AINAIAULUTBU LI FJUﬁ’Uﬂ@jNﬁIﬁ%’U SCl+Zein polymer based nanofiber
transdermal patch) é'QLLamﬂugﬂﬁ 2-16 usliimunsaeuutaduas nitic oxide synthase

* %%

10 - aaa

*kk

*kk

|

(o8

COX2 activityl (nmol/min/ml}

0 Z

O Sham Operation WsC SCI + Zein nanofiber patch

£ SCI + Dexamethasone M SCl + 5%PPCE nanofiber patch ~ BISCl + 10%PPCE nancfiber patch

sUN 2-14 griswsuleimdadulelndwesseivunlunauansaininlnasiswanisviauvedoules
Cyclooxygenase-2 (COX-2) lulvdunawamyimilenilviinnig spinal cord

Injury **p-value<0.001 W3guWiguiungu SCl+ Zein nanofiber pacth;
" bvalue< 0.001 Wewtsuifungs SCI; *p-value< 0.001 Walfisuifungs sham

operation
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150 -

100

50

GABA-T activity (nmol/mg protein)

[ Sham Operation | N SCl + Zein nanofiber patch
E1SCl + Dexamethasone B SCI + 5%PPCE nanofiber patch B3 SCl + 10%PPCE nanofiber patch

sUN 2-15 gisurulnimdaduleinduesseivunlunavansaindsdnlnniiswiansiauve
wulwsl GABA Transaminase (GABA-T) Tulvdundswemynmieniliinnie spinal

Cord Injury *p-value<0.05 MaanSeusiguiungs SCl+ Zein

kK

42

4.0 -

3.8

NGF level (pg/ml)

3.6

34—
[0 Sham Operation | Kl [ASQ + Zein nanofiber patch
(50 + Dexamethasone B S + 5%PPCE nanofiber patch X Sa + 10%PPCE nanofiber patch
U 2-16 qriswsuTnimdadulelndwesseiuunlunasmsadndsinalnmndensinures
Nerve growth factor (NGF) TulvdundsvomyiimieniWiAnn1azspinal cord
Injury **p—value<0.01ﬁgdwm®Lﬂ§EJULﬁEJUﬁUﬂfjm SCl+ Zein nanofiber pacth;

aaap—vaLue< 0.001 LﬁaLﬁEJUﬁJUﬂEjﬂJ sham operation
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eNOS (ngl/ml)

O Sham Operation W sC
SCl + Zein nanofiber patch [ 5CI + Dexamethasone
B SCl + 5%PPCE nanofiber patch [ 5CI + 10%PPCE nanofiber patch

sUN 2-17 uansgisusudnivdadulelndwessravunlunauansaintinlnngie densvininues
wulwdl Nitric oxide synthase Tulvdundwemynviieniliidnn1ispinal cord Injury

wyildsuuiaduredludunduaglasuwinlafmiadulelnduessedvulunauansadin
T1Ilnesae NI 5% Uar 10% JUSiasveuilewediuusiin dorsal column fignyinaneanas

wagnduingnizilndifesiuung (p-value<0.001 iwanssuiiuiunguinlasu SCI)
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2) aaa
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2
[0 Sham Operation |_N@ SCl + Zein nanofiber patch
(1 SCl + Dexamethasone E SCl + 5%PPCE nanofiber patch I SCI + 10%PPCE nanofiber patch

Ut 2-18 mmdnglindesgansaen uanmaAsuuasuTinasdodedignrhaeluludunde
yyusnmagfimienilfiinn1ig spinal cord Injury fdswene ax
(A) Sham operation (B) SCI (C) SCI+Zein polymer based nanofiber transdermal
patch (D) SCl+Dexamethasone (E) SCI+5%PPCEpolymebased nanofibertransdermal
patch (F) SCI+10%PPCE polymer based nanofiber transdermal patch
*p-value<0.05 LU%‘%JULﬁ%JUﬁUﬂEjﬂJ SCl+ Zein nanofiber pacth; aaap-value< 0.001 il
Wieuifungal sham operation; " p-value<0.01 wag 0.001 Wisuifisuiungs SCI

P a '3 (% [ a Yo < [y (Y] Vo 1 a a Y
WelssliuwadUsravlulvdundslunilasuuiaiuvedludundanazlasuunuUniinis
Wulolndwesseauunlunaua sanatnlwadag Y199U1a 5% wag 10% wuanlufinisiasunyas
wadUsramnylinsuauian (sensory neurons) kANUIINSTEAYBY WARUTEAINHIN1S (motor

neurons) 3Nn31AETIlFTY zein (p-value<0.05 waz0.01 mudrfulIsuiiisufunguitlasu
SCl+Zein polymer based nanofiber transdermal patch) ﬁ\‘iLLamﬂugUﬁ (2-19) - (2-20)
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OSham Operation [ Eal 4 5C + Zein nanofiber patch
[15C + Dexamsthasone 0 SO + 5%PPCE nanofiber patch @ SCl + 10%PPCE nanofiber patch

Ut 2-19 mwdneldindesganssm wansnswasuulasmnamuniivvessadusyam sensory Tu
Tu lodundswemyusninagimieniliiAnnie spinal cord Injury fdswenes 20X
(A) Sham operation (B) SCI (C) SCl+Zein polymer based nanofiber transdermal
patch (D)  SCl+Dexamethasone (E)  SCI+5%PPCE polymer based nanofiber
transdermal patch (F) SCI+10%PPCE polymer based nanofiber transdermal patch
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O Sham Operation W sCl

SCI + Zein nanofiber patch £15C1 + Dexamethasone
B SCI + 5%PPCE nanofiber patch B SCI + 10%PPCE nanofiber patch

URt 2-20 mweneldndesganssml wanimsUAsuuasmmuLiuTesadUstam motor lu
Tu lvduvdswesmmyusminaifimdoniliiinniz spinal cord Injury fdsweney 20X
(A) Sham operation (B) SCI (C) SCl+Zein polymer based nanofiber transdermal
patch (D) SCl+Dexamethasone (E) SCI+5%PPCE polymer based nanofiber
transdermal patch (F) SCI+10%PPCE polymer based nanofiber transdermal patch
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unil 5
dyuNan1INnaeg

1% traumatic spinal cord injury TuarhliRamensanwaolydundeiaainnisiiane
Ugunil (primary damage) wagn@o il (secondary damage delvdundaldsuuiniuainnis
nszwnnvsenaviuvi AN svianeUguadl (primary injury) Fennsviransvesludundsiiniuas
FuraanilademuBainanisnaviunsensnssunn ndmintuaziianisind et lfiinnnsviiane
LLUUﬂqaaQﬁImamimumuﬂmﬁmmiﬁumum31/m'mﬁuawaamaam (vascular perturbation) A4
AULMAIYBIULULNUBATY (metabolic failure) AIuRAUNRLlUNTTAIUANATHUTEY (ionic
dysregulation) wag anuuiivainnisnsziuseauwad (cellular excitotoxicity) wazlade DEEbh
sz A AnNISLiY permaeability U84 blood-brain-barrier, n1sULveLielEe (tissue edema),
n1sasneeyyadase (free radicals formation), N15LAANT¥UIUATT peroxidation voudolwad
(peroxidation of membrane), miﬂsvﬁumsﬁwﬁwaﬂmi cytokine WagnN1IoNLAY
(inflammation)”’ ‘lumvmumimqqmnanmuuwm'}ﬂ'sm,ﬂssmaaﬂémmua]mﬂu{]aa]smmﬂmiu
msvliAnnsuindusuuyfegl (secondary injury) vesmsuiaduresludumnds 151 garuINile
lodunaslasuunmiuasil superoxide anion (027), hydrogen peroxide (H,0,), wag hydroxyl
radicals (OH) Lﬁ@%%&iﬂiﬁ@ﬁf P ganwanenszuIums W 990157 arachidonic amﬂaaumu
prostaglandin #3091nN15¥Uveeulesl monoamine oxidase (MAO) 311 auto-oxidation U84
mi?iaﬂizmmmju amine transmitters, 310 mitochondrial leak, 31AN1591197UVBY xanthine
oxidase, oxidation 989 hemoglobin La¥aNNNITNIIUVBY neutrophil LAz macrophage

foyaainmsinunadsiuanddvifiuinansng glucocorticoids 3o dexamethasone @14y
n15ann11Ensenauvedly dundinddld Suuimiulagaiunsadudanisiiaureseulesd
cyclooxygenase type 2 (COX 2) Tuludunds gonrdostumsinuniitiiuen™ > fiunaulasnnfowdy
Unimdaduleindweissiuunlunaua saadeinalnnsheiawuin 5% uaz 10% @1u15a5udanis
Snaurumsiudimsvhnuveeulel COX2 wanfiunsvhauvesoulesl catalase (CAT) 193
s EnoendntudwhlfiAnnsmeveswadUssaineus (motor neuron) Tuludunds’ anas
lannsyiansvesgaduseaveudlulrdunasanasinlinuinmn BBB score Wag gross motor
score mawuﬁlﬁ%’um@L%waqlsué’uwﬁul,aviﬁ%LLsJuTJmﬂmﬁmé’uiaiwéLua%ﬁvéfuuﬂumamm5aﬁm
Fadalnnsheiawunn 5% uay 10% pu wuwlmummwmaﬂ%waqua%muLLmuUmmuuuauiﬁ
Tndwedsyiuunlunanansaadnlnngag eaunn 5% was 10% Jiiusunasveniedediuusiim
dorsal column mgﬂmmaamaqLLazﬂaumgmazmﬂammﬂ‘uﬂﬂmmuumwmﬂmimauauawawg
Flesunaduredladunduarldfuuiulaimiadulelndwesseiuulunauan safad1alnngae 8
NNINDUAUBIMBNIINTEAUMIENTAUTERNIY von Frey filament test naumgun® n135usdegamg
FuauAntulagrumaiuUszain lateral spinothalamic tract ﬁ?jﬂagjﬁnm lateral funiculus U84
1 white fiber vasludundslaunansevutiosasnuinfifiosn 3 Yuusnwiduilésunanseny
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Tnmsuaiuredladunds denpdasiunsiasundammaiiadoinendisimuirludruremi iy
Uszamuaznisiudeuniasves dorsal horn aasludundsestlinuminuwnndn9seninaniny
nuLUuTRLaaUsTamlu dorsal horn wasludunas
YonanMsanAAIeneondntuduiliiinnsvianehediuaes white uay grey matter
vodlvdundranaudrfmuinme dexamethasone wiudniviadulelndwesseauunluildlusiy
zein Wulndwes LLa“LLsiu?Jmﬁ’mﬁqLé’uiaﬂwﬁLua%fi”ﬁumiumaumiaﬁ’msﬁniwmma Mlsgauves
nerve grovvth factor (NGF) Faduansfisndudenisitinsenveswaduszain’ Iulmé’uwﬁﬂaaﬁﬁu
Frfumsimnumuuuwensaduszaineuily ventral horn vedladundafindunasnaunisi
white fiber vasludundmieuinafignvhaisanasdnmiainasdunasnmaiia NGF
%aga%wﬂmiﬁﬂmﬁmumé’mudﬂmwi’wmsuaq GABAergic system finazanasuwasdiniin
A12% neuropathic pain ﬁaﬁ?u;ﬁ'iﬁalﬁﬂimﬁumiLU?%EJULqumiﬁNmSU'eN GABAergic system WU731
uHudpRamTsildlusiu zein Wulndwesdnsusunisvraulaeiin GABAT virlidiunsvinle
GABA mﬂqm%‘ﬁqﬁ?ﬁaﬁuuﬂﬁﬂumsﬁﬂﬁlﬁaau@amaamsﬁwmuswdw excitatory Wa¥ inhibitory
influence Tulvdunds TuvasfiuiudaRndadulelndwesseduulunauarsadadialnniag
ANINI0AANTSANNSTINNUTEY GABA-T fwilenilag zein polymer wazdini15v191uvee GABA-T
Laiumnsi99Inngy sham operation
mﬂﬁagaﬁﬂéﬂamﬁiuLﬁaaﬁuazl,ﬁu’j']Lwiu%ﬂwﬁuﬁu'lsﬂwamai"ﬁzé’fuuﬂuﬁ AIUNANANT
afndsdalnmshnadifnenmlunisssmsiufuanmededunds Tnonalnnisesngnidutiozdiu
M3iNN15a379 growth factor warmsanauaieneendedu wazn1slduiulafimtadulelnd
wesseiuuTufitdrunauansanadedilnahadinasunmunsviauves GABAergic systern Tuladu
nasteedtlonavinlimlinnng neuropathic pain anas éﬁ’qﬁy’u%’q'i’miwmmmmﬁwmLﬁ'uyaﬁuﬂu
wanfasigunnlfiduegied egrdlsfmudndudedinisAnwiiufudearseddalunisesngns
wazanulaensslumsldanuseld neudrlud@nwlu clinical trial phase
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uriudafovidiunlufldiunauasatadlnasheiifaundundddnenwlumsissmsiuiu
annvaslvdundmdunaidu ﬁqﬁ'umiﬁw%’ﬁn‘[wmmmLLUigULﬂumﬁmﬁmsﬁqmmwL'ﬁ'qmiﬁuﬁu
anmwesludund mdaduuenanaziiisyamdsialnmhudafaisifiuaun 1wiinvesli
lufundsiuAuanmannmsuaduiitu fafufahsthufaundeld1dlugvasiinsuindu
vodludunds andeyalunsinuneadsd fudiusulnfmdanTufidiunanarsadadinlnadedis 2
yumadlinasanmsituaninmesludundild wivnaihiaddferun 5% viedleudsinunisldans
afindlnnshsaringie 50%ethanol fie 3.17 Tadnfuderlansudnidng SeffioufuuTunadild
luaufie 190.20 Jadnsu

ogdlsfimuddudedimsfnuiieiuiulaimdaduleindwesseduun lunauar safads
Fritwnshafianuasihuiuty Anvansddlunisesngvs wazanuvaeadelumsldaudely deu

ihlufnulu clinical trial phase
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