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Abstract

The primary objective of this study is to demonstrate the efficacy of purified silk protein-fibroin
gel preparation on wound healing effect and its toxicity in animal model.

It’s been known that silk protein-fibroin offers special properties in animal and clinical uses,
namely non-allergy, tissue compatibility, bio-degradability, and safety profile. Recently, some studies
suggested that fibroin may contain ability to help wound healing by increasing rate and amount of
proliferating cells, inhibiting free radicals, and protecting cell from apoptosis. These evidences, however,
were from in-vitro models. Together with our previous findings, fibroin from difference sources generated
different physical, chemical, and biological results. Therefore, we developed our own process to purified
fibroin from Thai yellow silk cocoon. Our silk fibroin contains high quality, molecular weight homogeneity,
water solubility, heat and wide pH ranges tolerability. This in-house fibroin showed significant increase in
cell proliferation on both cultured primary fibroblasts and keratinocytes, and promoted wound healing in
ex-vivo porcine skin wound healing model.

In this experiment, 38 male Sprague-Dawley rats with 200-250g in weight were used. Animal were
randomly assigned by numbers preset for operating dates, wound treatment patterns, and wound
harvesting dates. Animals were kept in individual cage in temperature-controlled room (25+2 °C), 12
hours dark-light cycles. Food and water were provided ad lib (the protocol was approved by Naresuan
University Animal Ethics Committee). Wounding procedure, in brief, animals were anesthetized by 40
meg/kg Nembutal ip and given antibiotic 50me/ke ampicillin ip, hair at the back of the animals were
removed by electric clipper and surgical blade, proposed wound positions were marked using a guiding
grid, four full thickness wounds (two wounds/ side) were made using a biopsy punch (0.6 cm @) with 1 cm
apart from each other and 0.5 cm away from animal vertebral line. Afterwards, four wound treatment
preparations, fibroin 1% gel in PBS, fibroin 2.5% gel in PBS, PBS (control), and carboxy methyl cellulose
(CMC) 1% gel in PBS (control for occlusion effect) were applied onto designated wounds at 20pl/wound.
All wounds in each animal were secured with elastic TegadermTM film (3M") 6x7 cm to protect leakage of
treatment preparations and contaminations. Neck ring was then put on to avoid wound scratching and
tearing. Wounds were harvested at specified date post wound operation, D1, D3, D5, D7, and D14 (D1, D3,
D5, D7 N=8, only D14 N=6). Animals were euthanized, and each wound was inspected, photographed,
and measured before wounds harvesting and storage for histology and immunostaining studies. Abnormal
signs and symptoms on skin such as allergy, inflammation was closely observed by the experts throughout
the study. To evaluate the wound healing effect of treatment groups, histology and expression of specific
proteins, Ki67, CK14, CK10, and collagen | of each wound were extensively studied.

General physical observation, all animal were healthy, gaining weight, no stress signs. All wounds
showed no signs of infection, allergy, or tissue toxicity event from any received treatment preparations.
Histology study revealed no significant difference among treatment groups after 1 day post wounding in
term of mean% wound coverage (% re-epithelialization). All groups stayed around 11-13% wound
coverage. Three days after operation (D3), wounds treated with fibroin gel 2.5% significantly showed the
highest of mean% wound coverage (or %re-epithelialization, %RE) at 70% compared to CMC 1% (49.5%),
fibroin gel 1% (47%), wag PBS (42.7%) by ANOVA (p<0.01). Complete wound coverage (100 %RE) were
clearly observed 3/8 wounds in wounds treated with fibroin gel 2.5% and 1/8 wounds in fibroin gel 1%
treatment group. No complete wound coverage was observed in wounds with CMC 1% treated or PBS

treated groups. After 5, 7, and 14 days post wounding there were no statistical difference of %wound
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coverage in any groups since more wounds started to heal completely, and were completely healed by
14 days.

The expression patterns of basic protein markers in skin cells used in this study to help evaluation
of abnormal healing process were Ki67 (indicating cell proliferation), CK1/10 (indicating differentiated
keratinocytes), CK14 (indicating un-differentiated keratinocytes), and collagen | (matrix protein). The
immunostaining study clearly showed all wounds in all groups were healed normally in the same
patterns.

In conclusion, this study clearly demonstrated that fibroin gel treatment (single dose) accelerated
wound healing in animal model by increasing wound epithelial migration. Wounds treated with fibroin gel
2.5% provided a better wound healing result than wounds with fibroin gel 1%. The maximal efficacy could
be observed after 3 days. Both concentration preparations used in this study contained no cell or tissue
toxicity, or inhibited wound healing process. The results were further confirm the healing effect of silk
protein fibroin previously reported in primary cell lines and in ex-vivo porcine skin wound healing models.

The next step we will move to clinical trial level.
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fmqﬂixmﬁwé’ﬂmaﬂmamiﬁ suyjaiufnuAnwianudufivseR vl LAEUSEAVBANNANTTLSINTHY
fveauIaLHaTesnsannlusAuaInislny fioroin Tuguuuvewlsunuuaatudninaass (Sprague-Dawley rat)
LLaxﬁmimLqumaquqmﬂuammﬁﬂmwﬁ%@%Lﬂﬂﬁ%ﬁwmqmﬁﬁmﬁaﬁwmL"‘f;lumén'aal,i'qmiﬁuuﬁwm
vnuRalusyudsaly

Fnsrudunansuiudain Wiy fibroin Hruaudfdiulafiusanie ldneliannisw waganuise
govaaelaluinniy fanulaendivas maamuﬁiwENm'waﬂasﬁuizyma‘uaqaﬁaﬁm‘lﬂiau fibroin @19LESNAS 113D
SeansrUIunsiusvesunue lneanunsatisisinsasydulauaniiusnuvesead ﬁqwéﬁué’?ﬂmitﬁma%a
Bas warilostunismeveagadannnisviedsy urdnlngresenuaniunismaaediu in-vitro model
uanansuwuwaRast fibroin fithamaaeunisluusesiadu undsdndiineiu avilnnsnuusiduansg
fusnnisfnunisninuaziadl asenauUsyaninimniseengrismedinm fudidedsldinunAnduiBmaatalusi
Ly fibroin 9nSslnsimdesvedlne uazvhmsiigatnudnuuzvomaniud Ssiiuideuszanaudiialums
LL&maﬁ'mIUiau fibroin A n3slmndesiugingladsa Ifﬂ&Jlﬁmiaﬁ'ﬂiﬂiauﬁﬁ@mmwm YavaslianafauTIe
Aafl Snsazangld@iil pH s wazmuaudous fReladnlusiu fibroin Nwenadnilumeaeuiu cell lines (in-
vitro model) lay ﬂ‘uT,aJmammqaﬂi‘wL‘vmLamwwwmmmaaumamamﬂummaqmmma (ex-vivo porcine skin
wound healing model) #slaunaiiimuntulnefisiseiduiu Han1snAaBsauayuii fibroin anunsaLsanIsHiy
Fnuvenwad uazisansiuvesUANARNTINdumUANeEaTTTad ATy

nneaedlddninaass vun fay Yweingh 200-250 N3 ImaﬁmiwwamLwiazéf’;ﬁwgﬂejﬂﬁwm&lLamﬁa
azmnlun1smuuniunsiuinurawazMSNuUIaLEE aasnauszunsldasnadeulusuisusassiumisue
UIALKA ﬁmi%ﬂﬁ@ﬂﬁ]%gﬂéﬂﬂmﬁﬂ 1 fsonsa maluﬁaqﬁmmmqmmﬁ 2542 9eAlwadyd waviluasaing 12
Flusaduaudin 12 Falus dnslfewnsuathegneuiysal (assnsiiumafiureuanangnssuns
I558UTIUNS I ER Taaes uniAnendeusmsduiiteuten) ludunounsyuiausa dninanesazgnineeaay
e Nembutaliu‘umm 40 mg/kg waw ampicillin 50mg/kg R BN LN mﬂumuuwaﬂammﬂﬂIﬂuLLaumL‘zja
15A m‘wummmmmimmmmmummwu epidermis uaz dermis 80N FWUIMITITMUAILALIUANLKLY
nazgndundsszninaviiuazamas Iagld suiding erid Wusheiemvuasunis vhnsianzuiaunalagld
biopsy punch 41W3u 4 UIALHA (11988 2 UIALKG) VIAEURIALENATS 0.6 cm. UIALKANI99INAL 1 cm ke
WANUUINTEANEUNES 0.5 cm. NNNIINAael 4 nqufe 1. swnSeuaisarindalvy fibroin TugULLUULﬁ]aViﬁmm
\udues fibroin 1% gel in PBS, 2. swm3suansainsalu fibroin Tug‘dLLUULﬁJaViﬁﬂ’gmvﬁwﬁumm fibroin 2.5%
gel in PBS, 3. PBS (nguAIuAw), ua 4. carboxy methyl cellulose (CMC) 1% gel in PBS (control for occlusion
effect) Ingagldansvaaauusazyiin 911 20pl Tuuiaunanuswtiavedn measusasfnun1TEx
dninaaestieiu (D1, D3, D5, D7 Yaay 8 M entiu D14 $31u3u 6 67) waadauInuaresininaaeazgnia
28 Tegaderm ™ film (3M™) aua 6x7 cm. ladesfunisivasenvesasvadeunazdesuuinunaannsinge
vidotuiteutansosueu uarlduaenaedn inaasailetastunsfnungviaidoununa kdnituuiauma Tutud 1
(D1), 3 (D3), 5 (D5), 7 (D7), way 14 (D14) TUNAIYUINLNG LA8NBUNITHIFRLINTUTHNUANWMZUIALEE LAY
MsiufveIUIALNaReY Iﬂaﬂgﬂmimagﬂmmma MsinrunTesUInLNaTianas uazn1sdunmnauY Usadunans
AnfwiAntuiimds wu msdnay nsut Wusu eediBemaysudninnass) asaaaeuma histology ¥84
mmLLwa‘VJn%uLﬁaﬂimﬁumamiﬁuﬁwawmLLwa wazvhnsasvasuNswanseenvadtUsiusng fiiedestunis
Hushwosunuwa Ki67, CK14, CK10, wa collagen | é’m’imam%gﬂv‘iﬂﬁéw?ﬁm&i’mawLLazimL?ﬂm&M
guillotine

HAYINNIBAMNATIVFEBUNNNIEAN d0 IVnaedigunnudused dufaufiadu laifnsuansdennis
ww3om annlagiluvesunnunadivinl Fuundsdnmaaes wuinldiinisinde ldideusdnsuivionnuluiivees
ansnnaEey Lardnimeassiinisiushvesunaunaiiluuni ‘vlmﬂfﬂLLmauué’m’SWG}aamﬂﬁ’;%ﬁmiamuéhﬁmaaﬁw
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Melu 14 U KaannsANYINTN histology VBIUIALNAUUVGIENINAaDY 1, 3, 5, 7, 14 Ju AenaIa1nn1in
UnuNaLaznslransnaaeUlagnsileTgin1sindeudives epidermal migration (EM) lugu %RE (9% re-
epithelialization) %38 % wound coverage WU %RE fimnuuanansegradiuladaauluuinunauunds
#MIAa09 3 TUNYNEIIINNITHIIUIALKE Imaﬂfcjmmml,waﬁlé’%umiwmaau fibroin gel 2.5% (70%), 93l %RE g9
mfﬂﬂajmnﬂLLN@ﬁlﬁ%Uaﬂiwmaauﬁuq CMC 1% (49.5%), fibroin gel 1% (47%), az PBS (42.7%) ag1siitudnAgy
N9ann (ANOVA, p<0.01) LLazLﬁaL'ﬁEJUwaixmf’mﬂfcjmmml,waﬁlﬁ%umimaau fibroin gel 2.5% U fibroin gel
1% nauuuHaildFUaTnaeu fibroin gel 2.5% axlvika %RE ﬁqqﬁﬁaﬁﬂﬁmlﬂiuﬁu (ANOVA, p<0.05)
uaﬂmﬂﬁ?ﬂuﬂajmmﬂLLNﬁﬁlﬁ%ﬁﬁﬂiwmaau fibroin gel 2.5% 9zfiuAukaiiinns re-epithelialization EERRGHITY
(complete wound coverage) agfis 3 Unaunalu 8 viausavesngy Tuvaziinguuinusaiiliiuasmaaeu fioroin
gel 1% Turnunadivin complete healing ies 1 v1aunaly 8 mmma@umﬂzjuwhﬂy'u wazlungy CMC 1% uae
PBS Lifiuraunalaiin complete wound coverage Lag @ %RE Tutiaunauurasdnivnass 5, 7, wag 14 Ju
m&mé’qmﬂmiﬁ’mmLLwaf\thj‘wummLmﬂGi'maﬁhqﬁﬁaﬁ’lﬁﬁgmqaaaiwdwﬂzjumfﬂLLmaﬁlﬁ%'Umimaauﬁgq 4
nau Insuinunaluusiaznguazil complete wound coverage Nt uaxdl complete healing lutan 14 Tu
TumsfinuIvg Immunostaining teUsziduramsuanseenveslusiuiiugiuvesimds wuldsiu Kie7
(Usan1z cell proliferation) Tsiu CK1/10 (Usdan1ay differentiated keratinocytes) Wsiu CK14 (Usian1ay
un-differentiated keratinocytes) wazlusfiu collagen | (matrix protein) 'W'Uﬂ’lmﬂLLmanﬂﬂﬁjuﬁﬂ’ﬁLLamaaﬂ‘uaﬂ
Tushuftuguresinisiduunfvesmsitusvesuisuna uadlifaruuanisiussrinangunismaaes
agulnege MnuamsvAnestansnszyld fibroin gel iftssadaien fnadreisnsiuiesaunaly
FninnandiiAnl@istu Tne fibroin gel 2.5% axlnarindn fibroin gel 7 1% Iﬂaﬂiza‘m%mw%qqqmﬂixmmi’uﬁ
3 AENSINMIANUIRLNE wazwu fibroin gel 1 2 Anududuldnelhinfvsewad viodnanensyuIunsi
Fwesuinuna FadunmsBusunaluiimmafiriufunanmsmnassveslusiy fibroin vesfiugiselu cell lines uas
ex-vivo porcine skin wound healing models %qaﬂuﬁaﬁ’lwamﬁ%’amaﬂmqﬂ'1iﬁlﬂgimimammmaﬁﬂﬁialﬂ
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Executive Summary

a

Tasins” manaaeuanubufivsiofimds wasUssAvEnimuamsaisinisitusvesununauesansalin
TusAuangilus fibroin TusUuuuesdesuuuuias (gel) ludwinaans (in-vivo animal model)” i 1#3un1s
AtuARENUNTYINIEINUU TN MUHUANUTEIIY A, 2554 sagRuuativayy 365,000 vm tneilsseeiainis
AU 1 U i’mqﬂizaqﬁuﬁﬂmaﬂmqnﬁﬁ szyjautiudnudnwanuduiivseivils uarUszdnSainuanis
SamsiuiesuausaTesmsatalusiuatn il fioroin TuguuuusiaFesuuuiaa (gel) Tudmivnass (in-vivo
animal model) LLazﬁmi’mLqumaﬂmqmﬂuamﬂmﬁﬂmwﬁﬁ'ﬂﬁgﬂLﬂwﬁ%ﬁwmgmﬁﬁuLﬁaﬁwu%ﬂuméﬁaméq
nsitusresunumalLLyusRely

doswnlulesamsildfinmmausunisnasssiiezdeaasdung Suhlramnsondndomisld
Forinpansiiunnifunudndu uarannsavhnsneassddegnasuiu Lwimivﬁ”]Lﬁumﬁ%’aﬁﬁzymmﬂmLmﬁ
Joafulallivangusznisitu Bunuatuayuardiniimun mmeaesiideddinauazaruausaenziies
FUATRNLAT msifaazauninvesaiesdledfayensiide nassransmaassidoddatlunsiae
Husu ednslsfinunisdndumslassmsifediannsaatafiuiuiiiouiesuasnanisitoussg nguazasdiings

anudifaveslasimst namfeldgninauenanulussiuussimmbuegieios uazanindeonidoay
AariuaztausluiivszyAvnislusuian

AnziiTovouumhe s ilimuaivayunsiseiduened 1wy ausndvmans uazuniinende
WIS grugaudsin wiieufurn1539e Biotechnology and Molecular Biology Research Unit (BMBR) Aguy
ndvmansludoaniesiiouazsiesUfiAnside diinnuaaznssumsisowiend datuayuuide waraudaim
Judaurinnssumaadl (PERCH-CIC) umninendeuiing
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1. Ui

vnusauuRmiaAtulfnvasavnedi 1Ry anmsknga viennlsauidse wu
Tsmuwmu Ssinduuaumasiingess snvildondesnndnsnsiiusvesnaunad nznafnuisumaing
AN TInUsE I TunazAuN W TInvewthe naensunsaydesalivestie uasvessslusunisiuinis
MIAUNTTNY

msfnmInszUIuNMIue LRy Edansansehliva e s e Einfandensfinuni
Idnaannsmaassnividsuyedlaeass winslifmilmywdlumameassiinnudullfenidesan Jywilu
msunasingau dedaudmneman aaziideldfiiunmaaesulszauanudiilunmsadisiusuuns
npaaslagldfimilsans (ex-vivo porcine skin model) smzdsslurosu fiRmaitedusunuulunisvhmsdng
warddonszuaumsiuiiesiaue (eudvstnaanil 6245 astuil 26 wauniau 2554 “gnsermsuagisnis
wnzdsseTorzimdoyuuy exvivo tioduliealumsfinussuuRmiaidunmruniuasdviauma” ) Sansld
Rvidsanaiiton1sfne SideAvansuszns Téun Wumsléingauiiausadamldienigluseme, auso
muauAua i waiaue, nasnavlsisesdidetnalundiaiesssuintumslduyed viedninaaosiiitin
iielluaiAde

ansafalusiuangalum fibroin way sericin fpaaulifmanzanfiozanwiousuuuuaa Weoanilms
Goshiiduszdou uazaneldluianaves polypeptides ﬁﬁﬁwwﬂ’mlwaqagq fdnwauzmbens ez BaRniuney
itusglelnsiouiindaussssrnaimivondauarnyesilu uenndansatalusiunsilninuauofidildaty
$19n1e ladreliAnnsui uavausodesaasldlusneme faruvasndogs fsemunaietussynavesansain
Tusiumnslv fibroin uag sericin flenaiaduadteFaisanszuiunsiuivesiauma Tnsau1s0tieisenis
Lﬁ]’%z:ytﬁuiml,azLﬁuﬁwmmamaé (Terada S., et al., 2005) ﬁqwéé'fué'?m'ﬁﬁﬂa%aéaiz (lipid peroxidation and
tyrosinase activity inhibition) (Takahashi M., et al., 2003; Takahashi M., et al., 2005) wazUaiun1snIeuas
a1V (cell death protection by serum deprivation) (Kato N., et al., 1998)

Tugidemuinwansinet fioroin ua sericin Mhanmagou mnnananialuasseiniu udsiiun viie
fuaniisnetu sxfinudnuaeifunndsfusnaiadunmenimuanied naensulsyavsamyssansanaluwiniseon
q‘wémqmmw wniivhlmAnanuuanesd lifissumiaananuuandslunssuiuniawdnud Sninasdiade
duqiionadimuiietesdnvansgade 1wy slisvesaeiuglv nszuiumsdudeulunisadns mRNA uazlusiu
994 fibroin way sericin saonautlafoananmzwindenvosmsnizidedluy 1udu fufiseiddRnduisnisarn
Tusiul fibroin wag sericin 91n3slmdivaesoslng uazvhmsfigavnudnuurvesdnsiue Seiiugidouszan
Audnsalunsuenainlusiiu fibroin wag sericin 9nsiluumdesiuglvelinsunaslaeivendeannszuiuns
wantieosn uazldansadnlusiunfnnnings vunvesluianadoutianed finsazaneniuazlu buffer 657 pH
saqAeudnaniIe (pH 5-9) numudeud (eyavistnsiauil 6272 asiuil 31 wauaa 2554 “nssuABnsaaasy
19590985 59A T AmEes WWshiuwesdu waslusiulnlusdu mnsdlvumbes” )

AfldiduRmgnsfingdesdivanuveaeunatenisitufvesununavedusiuataainis
s fibroin uaw sericin fiuenaralddnadu nansvnasmuindumaaesiilésulusiulnlusdulvnaisansitugh
‘Uaﬂmmmaaﬂﬂ’mﬁju EGF (epidermal growth factor, positive control) waz PBS (phosphate buffer saline,
negative control) agnaileddnymeada luvnsilusfume3ulinalaiunndafungu PBS uavdsmaliingy
vaukaitldsuanslnlusBuina wadfiavila keratinocytes aganunsaindeusasauaguUIALHAlA TR TN T
ﬂfcju?]'w] (137971 1 uaz 2)

Mnuavesmsidelulunafimdanamnsdesiinuilsiulm fibroin fnatenisidenisitufuesununa
ﬁdﬂy’uﬁuﬁ%%’a?mauaimqmwiaLﬁ'aqmﬂmﬁﬁ'ﬂﬁ Tagagyinsnagaualduiiy (toxicity) AoRmila Lag
UsyAvBammanisissnisituiavesuinunavesasanlusiuanielmililusduluguuuueindosuuuas (gel) Tu
dnimnans (in-vivo animal model) Fsvnldnaiiffiazanansavensnmeaasdlugnsneaesluuyudseluluouan
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Femnlasinismissauamdns fasdulsslomiedadinsiodine esnaunsarhnisiaulubuee
SsmsttusresunuKE Fsazannsaanailtinvestheasenalitdudifny raenauasaiuaaA T InuA
lavesithe wuandunuedsiifaedoduiumsdnwillsmeiuna ansuauuidtisdesedlsmenadosnn
vauNaEETY uaeanunsondululiTinundléiidu Tudumedsmenuiaesfiazansoanalideuay
YAAINTYDIVUILIUAS ?jﬂlﬂﬂdwﬁ?umﬂmmimW@ummiaaﬂqméﬁaﬂdwalﬂgjixﬁuqmawwﬂiiu Feazidunausglov
VNLATHENAVOIVIALALNINT I

Tassnsillussesdt 1 ifoassaduAnunnumanuduiivioimds wasussAvsammanmasamsiiud
YosunuKavesansaialusauanalug fibroin Tuguuuueisiesuuuiaa (gel) ludninaass (in-vivo animal
model) lusgozdt 2 vadlazans mnnunsnwfinaideuin ausiitedathfagimungnsisuiionaundue
Froimstiuieuinunaludnveaes waruyudely

A15199 1. uaneNalUIeuLiisunavas Fibroin, Sericin, EGF, uag PBS an15sWuRIuasuInunavadlinaianiiagnIinisiaee 1as
MSWIZIAEN 1, 2, waz 3 U (N = 6 Tuudaznga)

PBS EGF SN FN
DAY
Mean +SD Mean +SD Mean +SD Mean +SD
1 383.8 52.7 431.9 82.3 3943 47.6 374.7 52.9
2 996.3 69.1 1156.0 165.9 994.4 157.2| Complete healing
3 Complete healing Complete healing Complete healing Complete healing
PBS (Phosphate buffer saline) EGF (10 ng/mL epidermal growth factor)
SN (1% Sericin gel) FN (1% Fibroin gel)

Complete healing = M37aad keratinocytes ¥o4%u Epidermis GaUAIUNARNUINWNATINLA

ﬁl’li’N‘w 2. wansNasyuliisunavas fibroin, sericin, EGF, wag PBS ﬁlamimaaummawu epidermis (keratinocyte
migration rate) 1JnﬂaummLmamaﬂumamwmansmﬂ%am wmmsmﬂﬂam 2 9u (N =6)

Migration rate (um/h) = Distance of keratinocyte migration

Cultivation time (hour)

Treatments Keratinocyte migraton rate (um/h)
PBS treated-wounds 19.64
EGF treated-wounds 22.04
SN treated-wounds 21.16
FN treated-wounds 31.25

PBS (Phosphate buffer saline) EGF (10 ng/mL epidermal growth factor)
SN (1% Sericin gel) FN (1% Fibroin gel)
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2. A1INAQBY

2.1 AMswBULacNAnaNsanaskuY fibroin

o nsdnwleundntasiasatngilu fibroin fuanduzu 1 (nenssiBidudifoAnduiu deaslfarsardn
fibroin fifiAuu3avsgs Auamaiiaue Usiaanide uazlifimsludeulanswinvdoinde)
e nawssuasdmsunvnaedluusiazngu 1ned freshly prepared and sterile technique
0 vwsenansadasdluilnlusdulusuuuuiaaiifinnanduduveddwlusdu 1% in PBS
gunsouansatnslnulilusduluguuvueadifirnududuvesinlusdu 2.5% in PBS
PBS (fielddmiunguaiuny

© OO

g Um38U methyl cellulose 1% in PBS Lﬁ@i“i’fﬁm%ﬂﬂdm’mﬂu (occlusion effect)

Material & Methods
SECTION 1: EXTRACTION, PURIFICAITON AND
CHARACTERIZATION OF SILK PROTEINS (IN-HOUSE)

Thai yellow silk cocoons (A)

Pigment extraction (D)
L 4

De-pigmented fiber (B)
L4 i cocoons

Sericin extraction; Modified-extraction buffer || : a1}

‘ 3

De-gummed fiber (C)
L 4

Fibroin extraction; LiBr
L 4
Purification; dialysis membrane (MWCO 10 kDa)
L 4
Freeze-dried or spray-dried method
L 4
Characterization of silk proteins

De-pigmented/gummed fiber

D

Pigment
-

i & . ' o o o £ . %
JUNL. uaastunaudneq lnsgalunsaiauazyinliuignsvedlusiu fibroin anselualnedivdas
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2.2 MInadaUNaivuasUszaNSA el fibroin gel Aan1sHufdvasianils wsatluiuraiianile
dndnnass

fvhnsmaseadesiu mamageuinans madndeu iemieyaidosiu amitorany raeaauflnnskidin
msdndoutaunmanotis feil

o 1i&ninanoa vy Sprague-Dawley rat 2 sunathmiings 200 fa 250 N3u S1uruas 2 )

o &ninanosazgnidedunsameluviesiiuauanmafi 2542 ssreaifea waslinasatng 12 alasaduariudin
12 3l fmslomnsuasihegaiysainaonmannass drinnassargnidediiasdutvaniuiinewiinig
nnagdegntoy 1 §Uam

® i full thickness wound model fudninmass Inefidninnaesazgnnseraaulasnisdnenaay Nembutal
Tuvun 50 Sadnfusodmindnd 1 Alansu irdesios (intra-peritoneal) wuuwmddniargninuuazaiiie
Tsnlngld 70% ethanol ua betadine Thmsramendufiavtasindu epidermis wa dermis oon (AIWEN
5\‘1%‘14 panniculus carnosus) 314U 6 UIALNE ?Ju']mé’umquéﬂa'm 0.6 LURALUAT (g‘dﬁ 2)

o  UsifuunaunaIARBuALTIdY Tegaderm (3M) 1uin 6x7 cm.

JUT 2B waneiurisuuvaany rat Mlanza3avasuiauia 6 Uauna laesuniaiiaizasiinsld grid Wudausdumia (Uuw)
Aauazununalagld biopsy punch urirgudnansvuin 6 Tadwas (gUnang) uazuziiudae Tegaderm film (3Ud9)
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hmsassinadosiuteuduiinismanens Slduadsdl

270 histologic study Wudw%y’uﬁmﬁaﬁahwé’wamy rat Quiitu epidermis Wionaurifiunaninveseu
wazansann (5-6um Tumy rat uag 50-200pm lugnsuazau) laglumylngasidu epidermis fiusgnoudodu
epidermal cells Usearod 2-3 Suviiu duanduzuil 3 vinumafanzuundmylngjasiienuinfeiundmie
BeutuuedldimiiiBendt panniculus camosus (PC) Feiieidumuinvesunaunaiangay (ndunifodii
Livsingluuywed viieans) fuandusuil 4

Rat skin (back) Porcine skin (back)

Epidermis (E): 5.8+0.4
Dermis (D): 814+39
Ratio (D:E): >100:1

231+40 (50-200 um)
191881
10:1

35U 3. Histology uansMsiUSeuliisuAuuIvastuRmilsidundvamylng (Mwdudie) uazgns (Muduen) lay
H&E staining

Histological evaluation of wounded skin of rat

g 4

6 mm wounded sKin

E= Epidermis
D= Dermis

H= Hypodermis or subcutis
PC = Panniculus carnosus

35U 4. Histology uansuiiantlsdiuuiaunandiundsvasmylugiviinisang lnssinnudnvasunaiissaudu panniculus

carnosus (H&E staining)
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UDNAINTU FINVINNITVIVIALNG 6 UW@LLN@UUW&QWH rat ﬁUﬁﬂ?']llbLijLﬂiﬂgﬁiJ Wea1nagiinisainm

N9utIveIuInLRanldvniurinlmdieldansarany vsewa avvilanssananivasanlusudnausiuasRnuEy

Tegaderm film udAn M wazdn inaasELsadIRIYNaIguNY Tegaderm film wazidvasazalevsoiaasen
Tldnununagmuasgals Aulun1snaaeasusimMaazuIawmaiiies 4 Vinukea wasinslven

ampicillin antibiotic 50mg/kg WAFAINAADY LazaRULINYIE@AUANRTD 40 me/kg kageniann1sld betadine Lo
NANLALINANTZNUIINYT betadine

nsnaaesasdneiitunousesl (9 flow chart wagn1muszneu)
14 imnans (Sprague-Dawley rat) i vuntwting 200 f1 250 n3u Tnednmaaowustaziaazgnauls
wneaw (R9, R10, R11, ..., RA8) loayaanlunisfmun funIsyuInuHanas I mua TUY0 IS AUUInLKE
paRRIUNIIANUANISITaNSNaaaUT UM LTLSLAREALAUUBIUIALKE (pattern 1, 2, 3, W38 4) @gﬂﬂ?‘i 5
Usgnau
dnivannsazgnifiedlunss 1 fasensa neluriesiinaunugamndl 25+2 ssruwaifua uagiluasadne 12 $2lug
aduaudin 12 $2la fmsliemauazinogaysainaennismanes driveassazgnidediiaeduiy
aonufinewhnismeaassegisies 1 dUnv
Tudfuneunisviuinua full thickness wound model fudninaaes
0 dniveassazgnineraaulagnsineiaay Nembutal Turing 40 me/kg wag ampicillin 50me/kg
1903194 (intra-peritoneal)
0 auvundsdniazgnlnuuazaindelsnlngld 70% ethanol
o ﬁmumqmﬁ%ﬁwmimﬁﬂLaﬂdauﬁwﬁﬁm%u epidermis Kag dermis 990 (rdndetu panniculus
camosus) FesiumisiifmunazsuumaumuInszgnduvdassninamiiuazymds tagld suiding
grid {HuFITIBAMAUATILILT (UIAUNEWIIINAL 1 cm wazyineaInNkLnsendumas 0.5 cm.)
0 wWizvnunalagld biopsy punch 31U3U 4 VIAKKNE (T198% 2 UIALKE) VUIRLELRNANENA1R 0.6 cm.
0 sewimsvhuiauRamndsinaassiennisiuazinasld halothane telagliifinisda Nembutal
Wisfis wazld adrenaline 0.1me/ml in NSS IuﬂﬁmmﬁamﬁmﬂLLmammT’lLflu
naumMInAaesl 4 ndunismnaesil
0 vuseuansaiasdlum fibroin luguiuuaidmuiduduyes fibroin 1% in PBS
0 vusenansaiasslum fibroin luguuuuaifimududuyes fibroin 2.5% in PBS
0 PBS islddmiunguauny
O wum3zu carboxy methyl cellulose (CMC) 1% in PBS Lﬁ@i#’fﬁ’m%’umjuﬂwau (occlusion effect)
ihnsldansmeaeuwsiazailn Suiu 20pl Tuniaunavesdainaaewmiunisdudninaasdeiu (Ynas 8 M
gALIU D14 U910 6 F17) WATALRLIUBIUALKE (111 PL, P2, P3, P4)
VIALNAYBIFR IAaeIzgnUnsie elastic film Tegaderm (3M) Yu1m 6x7 cm. Wietlosfiunsivasenvesans
‘vmaa‘uLLazf]aqﬁumﬂLLmamﬂmiamL%@%%@Uut,ﬁaui’a@imuau warlduaonmedninnasuiietesiunisin
UNZNIDLABUIAUNS
idmfuunuee Tuiuil 1 (D1), 3 (03), 5 (D5), 7 (D7), waz 14 (D14) Sundwihunwua tnereunsiidnasdl
nsUssiudnuazuinueg wazmsiusiveunuwNanou Iﬂaﬁgqmidwgﬂmmma MITAVIAVBIVIALKET
anas warmsdanedun Ussifiunanafnfiuiiindufiovge wu nssnau nsust udu (Imﬁlﬁv?immiyﬁ’m
dnineass niednlumng)
M3IFDUNN Gross histology Wag Immunohistochemistry %ummmavqm%u Lﬁaﬂimﬁumamjﬁuﬁ’maﬂ
vinuralusTiuead wazihmsaseseumsuanseenvastsiuigiiieadosiumsiluiveunnung 1wy
Ki67, CK14, CK10 tJusu

Note: dnrinaassazgninlidauiinegsaaunarsindalagld suillotine (Raunsiviuuinung)
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Rat Wounding Protocol

Sprague Dawley ® rat: Name marking and weighting (g)
N2

Anesthetic; 40 mg/kg (IP) & Antibiotic; 50 mg/kg (IP)

Nembutal = X ml+0.2ml NSS
Ex. 250g rat= 0.18ml +0.2ml NS§

\l/ Amp. Injection (ul) = weight (g)/2

Shaving; electric clipper and surgical blade (plus shaving soap with antibacterial agents)
N
NSS wipe; 3-5 times (remove the residual cream)
N

70% alcohol wipe; 2-3 times
N

Carefully, add blocking ring and trim nail
N2
Anesthetic; % dose (IP) or Halothane
V' Move to wounding section
NSS wipe; 2-3 times
N

70% alcohol wipe; 2-3 times
N

Wound (grid) marking; 1 cm? I :
NE m|@
6 mm& wound generation (4 wounds) l
(Prevent bleeding; 0.1mg/ml adrenaline in NSS) m:@
N S
Topical treatments; 10 mM PBS, 1% CMC, FN1% and FN2.5% (20 pl) :
(see experimental design) I
N2
Cover the wounds with Tegaderm;3M (6X7 c¢cm)
J
Take a photo; day 0 post-wounding
J
Housing
J

Harvest in various time points
(Day 1, 3, 5, 7 and 14)
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E. ounding
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Treatment design

@ @ ®3) Q)
Pattern 1 Pattern 2 Pattern 3 Pattern 4
PBS CMC FN1 PBS FN2.5 FN1 CMC FN2.5
FN1 FN2.5 FN2.5 CMC CMC PBS PBS FEN1

U7 5. dulvivaneias (R9, R10, R11, ..., R48) dainaassusasdanisiiveazainlunisivuniuvamsiiuuinunauas

astmuanisidarsnadaulumuniunasiunisvasuiauna (pattern 1, 2, 3, wse 4)

2.3 nsenwiaUssfiuna Immunohistochemistry (IHC) k&% Immuno-fluorescent (IF) staining

nsAnwussiliunaluseduead uagseaulilanaresuInLaIINNITVAGEY LAgRnRIUNITHARIBaNYDY

TUsfurtinaneganzianzasiuead 9139 1aeldis Immunohistochemistry staining (IHC) Waz/%3® Immuno-

fluorescent (IF) staining faugndn sl flowchart a4l

Immunohistochemistry staining; IHC (VECTASTAIN® Elite ABC kit)
Cryostat sections (8 um thickness)
L 4
Acetone fixation at -20 °C for 10 min
L 4

Endogenous peroxidase quenching: 0.3% H,O, in TBS (pH 7.6) for 30 min
A 4

5¥ia 13915 R2554B053
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TBS washing for 3 times (10 min each)

\ 4
Blocking step: 3% normal serum in 0.1% Triton-X 100 in TBS, for 10 min
\ 4
Primary antibodies: Optimal ditution*, 1h at room temperature
-Ki67 (1:50)
-K14 (1:5000)
-K1/10 (1:250)
TBS washing for 3 times (5 min each)
\ 4
Biotinylated secondary antibodies: 30 min at room temperature (RT)
4
TBS washing for 3 times
\ 4
Avidin-biotin complex incubation: 30 min at RT
\ 4
TBS washing for 3 time
4
Incubate sections in peroxidase substrate solution (DAB) for 2-5 min
\ 4
Rinse sections in ddH,O for 10 min
\ 4
Counterstain (Haematoxylin) and mount
4

Analyze under BX50 OLYMPUS conjugated A640 digital camera Canon®

Immuno-fluorescent; IF staining
Cryostat sections (8 um thickness)
4
Acetone fixation at -20 °C for 10 min
L 4
Blocking step: 3% normal serum in 0.1% Triton-X 100 in PBS, for 10 min
£
Primary antibodies: Optimal dilution, 1h at RT
PBS washing for 3 times (5 min each)
¥
Secondary antibodies (Molecular Probe): 30 min at RT
AlexaFlour® 488 (2 mg/m) (1:1500 in PBS)
AlexaFlour® 594 (2 mg/m) (1:1500 in PBS)
\ 4
PBS washing for 3 times
£
DAPI (1 mg/mU) 1:5000 in PBS for 1min
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A 4
Rinse sections in ddH,O for 10 min
4
Mount and analyze under fluorescent microscope (Scope. Al, Carl Ziess, AxioCam HRC CCD camera)
Filters: DAPI, GFP, and Texas Re

3. WaN1sNAaBeLazITalNan1ITNAaDY

3.1 nswseuLasHAnansannseluy fibroin

¥ ¢ '
Yaw a Y = =< o

o IngldnsndsniugideAnAuan agldansadalilusdundanuuiansas aunmasiiate Usaannide waylid

U q
o/ A A

nsvudeulaveniinusande (Fauanduzun 6)

e  mawssuasdmsunInaaedluusiasngy Ines freshly prepared and sterile technique WunewTENATS
afin3sluy fibroin sUkuURATEAMILTLTUYRY fibroin 1% way 2.5% in PBS laansavatewvalalaidd numu
mseaelagldniolls autoclave wazemseu carboxy methyl cellulose 1% in PBS laiansazaneiaalalill
a A v o v & ' a aa v .
duvelddwiuldunguaupuidsunuvannzuiaunaninisliansussianiaa (occlusion effect)

EMT= 10004 Scanspeed =8 SigalA=SE1 Fil= 2679A
Mag= 50X WD= Bmm Spet Size = 260

JUT 6. uansnandnailusiy fibroin USgMSvataINTaluu (A, B) Agarose gel electrophoresis uansvuialuanaves sericin gil
2 uag fibroin g# 3 (O) uazgUdie SEM vaswuan fibroin (D)
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3.2 N1SNAEDUNANELATUIZANSNAINYDY fibroin Lafan1sHUAIva9RMIe wiallunyaaR1rla
dninnang

WNANINIBATNAIIEDUNININIYATN

o ineansdiguninudoused dhwiindaudiviu lifinsuansisennsedon uazlifinsmevesdninaaos
sywiensiaes anmemenlneiluresuaumaiivhliuunddninnass @usazunualdsunisldans
nageu 1 ¥in 910 4 vilaAe fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %39 PBS 9112u
20 pl tiesndaden) wuildiinsings Lifideudnsuivtennudufivues arsvedeu uardninaassiinisiiui
yosunuNaiduUnG (93Ul 7-11) wiu Tegaderm film azAvyvanoana NI InAassEluuf 3 ndsnsvi
Uaua wazvganuaynianielutuil 7 n1sliiy Tegaderm film Hiingussasdietostiulilvmmnasuillaly
vaukalraeen iodninnasadefianelu 24 Falus naeaaumstostuuaunaliliuiioutasesuouniods
Fusheandnineass seunsldiviy fitm vledsdianumnzadlunsveassd nsUsziumyagnmuImn
mmmauuﬁm’immamwnﬁa (1 code Tum'mq 3) agfinmsauusiimeainaiely 14 T (mﬂw 7-11 LLa“’i‘U‘V] 12)
Taehly sunuiuiiviauameainiusstufurunvesuiauna WaAUNINTVBIEN INARDIsRLH7 (MsnAaostl
VIALKATYIALEURAUENA1S 6mm.) ) pgalsfmuslianunsavsvenanuuanansldlaeaeniunwailesy
ansvedeuLRaslnuurdEn Iaas s filsns N s e sUIALRALANAN s umSo Ll

715197 3. WEM9 code VaIERNINAARY (rat) WAZIIIAZLIIAVDIAILULINIST IR SNAFBUVBIUIALNALAAZATUALIULNAITAS
A9 Va4 fibroin gel 1%, fibroin gel 2.5%, CMC 1%, waz PBS (N = 8 gniiu Dayl14 N = 6)

Day 1 Day 3 Day 5 Day 7 Day 14
R9 1 PBS R48 1 CMC R25 1 PBS R33 1 PBS R41 1 PBS
2 CMC 2 FN25 2 CMC 2 CMC 2 CMC
3 FN1 3 PBS 3 FN1 3 FN1 3 FM1
4 FN25 4  FN1 4 FN25 4 FN2.5 4 FN25
R10 1 FN1 R18 1 FN1 R26 1 FN1 R34 1 FN1 R42 1 FN1
2 PBS 2 PBS 2 PBS 2 PBS 2 PBS
3 FN25 3 FN25 3 FN25 3 FN2.5 3 FN25
4 CMC 4 CMC 4 CMC 4 CMC 4 CMC
R47 1 FN25 R19 1 FN25 R27 1 FN25 R35 1 FN25 R43 1 FN25
2 FN1 2 FN1 2 FN1 2 FN1 2 FN1
3 CMC 3 CMC 3 CMC 3 CMC 3 CMC
4 PBS 4 PBS 4 PBS 4 PBS 4 PBS
R12 1 CMC R20 1 CMC R28 1 CMC R36 1 CMC R44 1 CMC
2 FN25 2 FN25 2 FN25 2 FN25 2 FN25
3 PBS 3 PBS 3 PBS 3 PBS 3 PBS
4 FN1 4  FN1 4 FN1 4 FN1 4 FN1
R13 1 PBS R21 1 PBS R29 1 PBS R37 1 PBS R45 1 PBS
2 CMC 2 CmC 2 CMmC 2 CMC 2 CMC
3 FN 3 FN1 3 FN1 3 FN1 3 FN1
4 FN25 4 FN25 4 FN25 4 FN2.5 4 FN25
R14 1 FN1 R22 1 FN1 R30 1 FN1 R46 1 FN1 R49 1 FN1
2 PBS 2 PBS 2 PBS 2 PBS 2 PBS
3 FN25 3 FN25 3 FN25 3 FN25 3 FN25
4 CMC 4 CMC 4 CMC 4 CMC 4 CMC
R15 1 FN25 R23 1 FN25 R31 1 FN25 R39 1 FN25
2 FN1 2 FN1 2 FN1 2 FN1
3 CMC 3 CMC 3 CMC 3 CMC
4 PBS 4 PBS 4 PBS 4 PBS
R16 1 CMC R24 1 CMC R32 1 CMC R40 1 CMC
2 FN25 2 FN25 2 FN25 2 FN2.5
3 PBS 3 PBS 3 PBS 3 PBS
4 FN1 4 FN1 4 FN1 4 FN1
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Day 1 wounds

Uil 7. amwneusnsuiausaULNEninaaes (rat) 1 3u aeudsainmsrinuiaunauazlviansvagdeay 4 vlla Ae fibroin
gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, #3a PBS (1 vfiasdauiauxa) N=8
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Day 3 wounds

Ui 8. nmansusnsUInLNAUUMAIEATNAABA (rat) 3 Fu Aendsannsiuiaunauazliarsnagey 4 viia Ae fibroin
gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS (1 siasauinuna) N=8
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Day 5 wounds

“Legy,

U 9. amansusnsuInuNAUUMAIERTNAABA (rat) 5 Fu aendsannisiuiaunauazliarsnagey 4 viia Ae fibroin
gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS (1 sliasauinuna) N=8
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Day 7 wounds

U 10. nmsneuansuauRaULTEEainaaad (rat) 7 Fu mendsannisinuiaunauazliansagay 4 vila Ae fibroin
gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS (1 sliasauinuna) N=8
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Day 14 wounds

U 11. pmneuansuaurauunddainaaad (rat) 14 Su mevdinmsiuiaunaualiansmageu 4 vila fe fibroin
gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS (1 wliasaunnuna) N=6
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Rat Wound Healing

Day 1

JUN 12, AMNENBUEAIUIAUKNAVUVAITAIVAGDY (rat) AMENEINNITNIVIALKE O, 1, 3, 5, 7, uaz 14 Tu

NAN9NNEANTIAEAIIASIVEDUNIS histology VBIUNALKE

HARINNISANYT AMNENY histology VBIUALKAUUNAIER INAGes (rat) 1, 3, 5, 7, 14 Tu enasrInns
vInlKalaznsiEIndeU Ae fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, #s® PBS (1
wilasiauiauna N=8 sniiu Day14 N=6) Inglusuil 14-18 azuanaamziunuluwsaznguiu (1, 3, 5, 7, 14 3u)
N8 histology suaqmmLLNaLwiaz%u%Qnﬁmﬁmm epidermal layer migration (EM, micron) tteynanduiu
711A1 % re-epithelialization (%RE = [EM/3,000]x100) Faen 3,000 micron 151’mmﬂisawminﬂ‘uammaﬁ\‘ﬁm
Asnansununaiivilise biopsy punch ¥u1m 600 micron (0.6 mm. )Iui‘tJ‘Vl 13 LanfIae19InAn epldermal
layer migration (EM) ﬁ]u"l,mmmmmsmaauwuwuu epidermal (keratinocytes) layer PNVOUUIAUKASUUIN
(wound edge uanalaggy >) lUauils epidermal migrating tip (andlngsy *) LLauﬂﬁmmumamswmuiumw
mm‘mm‘um‘lju epidermis fIUsUIALNE (wounded skln W) mmm‘mm‘uu epidermis soUUIAUHATITIRMIT
Un# (peripheral intact skin, P) NaagﬂLLaﬂﬂﬂums’Nw 4 Fauanswansin uagfuIuen epidermal layer
migration (EM), % of re-epithelialization (%RE), P/W ratio uwag complete healing (CH) YDIUALNA LU
dninmans (rat) Lwiasﬂejuﬁléf%’umimaau fibroin gel 1%, fibroin gel 2.5%, CMC 1%, %30 PBS (N = 8 aaliu
Day14 N = 6) lufuil 1, 3, 5, 7, 14 Junendan1svhuinug wagkandtan1sinszivnteddgymeainlag
ANOVA Tneguians histogram 71 19 uae 20 uazlup1snail 4

dnwaiglnemly vinumauurdsdninnass 1 Sunendsminmsvhuiausa (U7 14) ssnuiiinsiadeu
ety dermis mﬁu’%nmmmma @einssindiniendu dermis sonluuda - m‘dﬁ 8) néanifedu PC fims
uwAnnsEevesinnduile u,auqummuﬁuuamamulmﬁumwaLmumamLuamumﬂmmaaﬂiﬂmummmLLma vn
ImmmLLwammuﬁuumaaﬂmulmml,am wisinyuuuaglifinszaedudnuTMupE u epidermis 3ufinsindouil
WguUTAUIALEA Falunslinsginisindouiives epidermal migration (EM) @ E‘U‘VI 19) Tugu % re-
epithelialization (%RE) 38 % wound coverage (¢ JU1 20 Tunguiudl 1) s ANOVA laiwudransuumnsinsetns
HledAeyves %RE suaaﬂajumﬂl,maﬁlﬁ%’umsmaau fibroin gel 1% (11.3%), fibroin gel 2.5% (13.5%), CMC 1%
(12.6%) , #30 PBS (12.3%)
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A1 %RE fauuanasegraiuladaiauluuinunauundsdninnass 3 JunendInNIsuIALNG
(miwﬁ 4, gﬂﬁ 15 uay 20) ﬂzjummmaﬁlﬁ%'umwmau fibroin gel 2.5% (70%), 23l %RE gjqﬂd’mzjummmaﬁ
I§Suansnaaeudug CMC 1% (49.5%), fibroin gel 1% (47%), uaz PBS (42.7%) agnsiitiuddaymnsada (ANOVA,
p<0.01) LLaSLﬁ'aL'ﬁaumaiwdwﬂajmmﬂLLwaﬁlﬁ%Jumiwmaau fibroin gel 2.5% 71U fibroin gel 1% ﬂfcjummmaﬁ
lasuansnaaeu fibroin gel 2.5% aglving %RE ﬁqaﬁﬁaﬁwﬁ@ﬂiuﬁu (ANOVA, p<0.05) uaﬂmﬂﬁ?ﬂumjmmmma
l¢guansvadeu fibroin gel 2.5% awflutnunaiiinns re-epithelialization e Ayl (complete healing,
100% wound coverage) 81 3 Unausaly 8 Uausavengy luvarfinguuinunaildiuasmaasy fibroin gel
1% fiuaunafiin complete healing Wies 1 ViauNal 8 mmmamam@jmﬂnﬁ?u waglungu CMC 1% uaz PBS
lafiurauwalaiin complete wound coverage Lag

A1 %RE TUUALNAUUAIERIVAaDS 5, 7, uay 14 Ju NenaRInnIsyuInLNG (gﬂﬁ 16, 17, 18) qzil
ﬂ"lﬁhjﬁmmLmﬂm"ma&i’mﬁﬂ'&ﬁﬁ@mqaaaiwdwﬂfcjummLLmaﬁlé’%'UmimaaUﬂgd 4 ngal (FULARS 20 LaTANT1ST
4) Ingununaluusaznguazil complete wound coverage NP warazll complete healing avumluian 14
Fu Tuguit 18 ssdunaledinnends 14 fundamsiiviunasenyuvuazlsifinsindeuiidinguinumineiiuea (scar)

ﬁqﬂy'umamimamﬁﬁdmmimquéﬁ’l fibroin gel Wiesndaien fnatieissnsiuiveunaunaly
Fninaaesliinldi2tu Tne fibroin cel 2.5% axlduainii fibroin gel 7 1% TaguszavsnmazgeanUszanaiui
3 mendinsifauinue uansdsnsidszezinanlunseongrdiit (delayed) vesansmaaou oradunaiiesann
nsitusvesuaurasludesdinisadranaamauwnudniidell Sendudeddinarlunsadns wasnuh
fibroin gel Wilumududu 2.5% uay 1.0% LideliAnfivdewad viiedauranszuiumsilusivasuiauna uay
navasaumieduaslifinadonszuiunsiuiavesununs Sadungldnnguuiaunailiansidarumiay
1% CMC

90 o337 4 wawgUil 21 Tudaudn W/P ratio Fudushsidrumnumunvesiu epidermis fusion
VInLRasefiusaRvUnfTeuInLKE ‘W‘Ud’nqﬂﬂfcjummLLwamaqmaawzﬁmiLﬁuﬁquaqm W/P ratio Tufudl
1 (55W39 2.6-3.4 191), Jufl 3 (589319 5.5-7.6 W), Jufl 5 (52WI19 6.3-6.9 1), Tufl 7 (5eWine 4.1-8.5 i)
wazAeeq anadll Juil 14 (swing 2.2-2.8 wh) Fafudesnfivesnsyuiumsiuivesuinug wad
keratinocytes awiinsuvsiaiiatu LLawm%y’uﬁuiuU?nmﬁmauLLmaLLazLﬂﬁauﬁuiﬂﬂﬂﬂqummma e
nsTUIUMSIES BESaEUAT W/P ratio szdiuund (Waunavdsann 14 Yu Sudin complete healing ud Lagsadldy
naluszazues wound remodeling) iofinnsanluiudl 3 ndsmsiuinunavznuin A1 W/P ratio lunquuiauxa
filssuansmaae fibroin 1% (ratio 7.6) WAz 2.5% (ratio 6.0) AArgeeehiitudfauilanSsuifioutungy PBS
(ratio 5.5) wagngy 1% CMC (ratio 5.6)
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T; 3M Tegaderm™

E; epidermis

D; dermis

HD; hypodermis

PC; panniculus carnosus

#; wound edge 32.646.4 pm 100+23.3 ym
e R Viable epidermis

gﬂﬁ 13. udnsiae8193aAn epidermal layer migration (EM) azléaniansindeufivestu epidermal (keratinocytes)
layer 21NYBUUIALKALSULSN (Wound edge uanslnagyu =>) luaudis epidermal migrating tip (Waindlaggy *) uazn1s
AU ASEIUTERIN ALY B Y epidermis fiusaiunawaa (wounded skin, W) faAuMUTY epidermis 59U
uauRaiifiiaviisund (peripheral intact skin, P)

Day 1 post-wounding

PBS Gnc

EM; 367.5+39.3
RE; 12.3+1.3 EM; 377.6134.1
RE; 12.6+1.1

FN2.5

EM; 340.1+£37.1

RE; 11.3+1.2 EM; 404.0+32.5

. RE: 13.5+1.1
U 14. mndne histology UaARIBENIUIALKNALUUNEETA IMARES (rat) 1 Tu MendeNmMsiuiauwna newdanislians

nadau A fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS (1 ¥dasautauna N=8)
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Day 3 post-wounding

EM; 1218.5+123.2 EM; 1485.11156.3
RE; 42.714.1 RE; 49.515.2

FN2.5

EM; 1411.9+239.3 EM; 2100.5+306.4
RE; 47.047.9 RE; 70.0+10.2

gﬂﬁ 15. nMe"E histology LEAIAIDEIUIALKNAUUNAIANINAABY (rat) 3 FU AMBWAIIINNTHIUIALKER NBNRAINTSIRETS
79daU Av fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS (1 ¥linsiaunauna N=8)

Day 5 post-wounding

EM; 2814.6+126
: EM; 2758.1+118
RE; 93.8+4.2 RE; 91.943.9

FN2.5

EM; 2898.7174.6

RE; 96.6+2.4 EM; 2681.61£158

RE; 89.315.2
U 16. Mnene histology UaARIBENIUIALNAUUNEETA IMARES (rat) 5 Tu MendeNmMsiuiauwne nendanislians
nagdau A fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS (1 ¥lnasautauna N=8)
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Day 7 post-wounding

PBS

EM; 2864.1+135.8

: 5 .
RE; 95.414.5 EM; 2573.21217.1

RE; 85.717.2

FN2.5

EM; 3000.00.0 :
RE: 100.0+0.0 EM; 2557.6+222.1

RE; 85.2+7.4
U 17. mnene histology uaasRIagIUIRUKALULTEERIMAGR (rat) 7 Tu Mendeanmeiuiauaa aeundanislians

nagdau A fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS (1 ¥dasautauna N=8)

Day 14 post-wounding

el
EM; 3000.0+0.0
RE; 100.0£0.0

FN1 FN2.5

EM; 3000.0+0.0 EM; 3000.0+0.0
RE; 100.0+0.0 RE; 100.0+0.0

;nJ‘T?'i 18. AMENY histology LEAIADENUIAUKNAUUNAIANINAABY (rat) 14 TU NMBNAIRINNTIIUIALKE ABUAINTIN
#@15nagau Aa fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS (1 ¥dasauauna N=6)
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A58 4. WERINANTTIA waZAIUIUAD epidermal layer migration (EM), % of re-epithelialization (%RE), P/W ratio wag
complete healing (CH) vasuaunaludninaaes (rat) udaznguitldsuanmasgau fibroin gel 1%, fibroin gel 2.5%, CMC
1%, %38 PBS (N = 8 aniiu Day14 N = 6) Tududi 1, 3, 5, 7, 14 TUAENAINITHIUIALKE

Analysis PBS CMC FN1 FN2.5
Day Measure Mean SE CH Mean SE CH Mean SE CH Mean SE CH
1 EM 367.5 393 8(0) 3776 34.1 8(0)  340.1 371 8(0) 404 325  8(0)
%RE 12.3 13 12.6 1.1 1.3 12 13.5 1.1
VEP (P) 329 21 35.0 19 357 22 339 25
VEW (W) 104.9 9.7 110.3 11.0 932 9.5 87.3 8.2
PIW 34 0.2 3.1 0.2 26 0.2 26 0.3
3 EM 12815 1232  8(0) 14851 166.3  8(0) 14119 2393  8(1) 21005 3064  §(3)
%RE 427 44 49.5 52 47 79 70 10.2
VEP (P) 39.5 22 388 2.0 374 18 36.0 25
VEW (W) 217 272 216 20.1 285.9 41.8 208.1 21.7
PIW 55 0.5 56 0.4 76 0.8 6 0.5
5 EM 2814.6 126 8(6)  2758.1 118 8(5) 2898.7 74.6 8(6) 2681.6 158 8(5)
%RE 93.8 42 91.9 39 96.6 24 89.3 52
VEP (P) 39.5 2.0 36.1 17 393 1.2 358 1.3
VEW (W) 255.4 34.1 259.9 454 253.2 316 246.3 171
PIW 89 0.8 8.3 1 6.3 0.6 6.9 0.2
7 EM 286414 13568  8(7) 25732 2171  8(5) 3000 0 8(8) 26576 2221  8(5)
%RE 95.4 45 85.7 7.2 100 0 85.2 74
VEP (P) 35.4 1.0 35.1 1.3 353 1.5 35.0 1.8
VEW (W) 180.4 12.8 138.3 11.7 2245 309 258.5 423
PIW 5.1 0.4 4.1 0.3 6.3 0.7 8.5 1.6
14 EM 3000 0 6(8) 3000 0 6(6) 3000 0 6(6) 3000 0 8(8)
%RE 100 0 100 0 100 0 100 0
VEP (P) 328 1.1 346 1.5 326 20 337 25
VEW (W) 103.6 12.5 739 6.0 78.3 7.0 80.6 57
PIW 238 0.4 22 0.2 25 0.2 25 0.2
n=8
Epidermal migration mPBS
o CcMC
3000 - O FN1
_ BFN25
E 2500
{ =1
=]
£ 2000
=
=l
E
o 1500 -
@
=,
g 1000
£
&
g 500
BN BN |
0 - . .
1 3 5 7 14

Day post-wounding

3‘1]17'; 19. AW histogram L&AS epidermal migration VasYuR%Us (epidermal layer) YaUaUNAUUAAIENINAABY (rat) 1, 3,
5, 7, Wald U MENAIINNITIUINLKE N1BRAINTIREISIAGRU Aa fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC
1% in PBS, %38 PBS (N=8 aniiuiufl 14 N=6)
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Healing effect of silk fibroin in animal (rat) model

. L EPBS
* Reepithelialization

BCMC
BFN1
EFN2.5

100 { T

80 -

PSS9

60 -

I
SR8

40 A

Ay

% wound coverage
-
Joiels

R
o

ete el

,.".,””,.“
RS
totes
XX

20 A

ettt ettt bt sttt bttttttss
ettt bttt sttt ttttittttttss
it e e s s it .

SR,

Ko

R
anan

[
i

X
KX

B> R

f—

X

B

ANOVA, * P<0.05, *%P<0.01 Day post-wounding

n==8

3‘1]17'; 20. NN histogram W&nA4 re-epithelialization AvasTURMLY (epidermal layer) YaUALNAULRAIANINAABY (rat) 1,
3, 5, 7, uaz1d U MMgNRRINMINIVIAUNG AENAINTSIREITNAdaU A fibroin gel 1% in PBS, fibroin gel 2.5% in PBS,
CMC 1% in PBS, #i5a PBS (N=8 aniuiufl 14 N=6)

Epidermal thickness ratio of epidermal layer at wounded/peripheral skin

12 1 EPBS
BCMC

101 FNA
mFN2.5

Epidermal thickness ratio of epidermal layer

at wounded/peripheral skin (W/P)
i

Day post-wounding

ANOVA, % P<0.05 N=8

3U# 21. 7 histogram WEAEATIEIUAMUNUIAIVBIYURINIY (epidermal layer) VBIUITIUUIALHATUUTIINTBUTUIALKE
(Rvdsuniin) vunasdRinaaad (rat) 1, 3, 5, 7, wazld U AMYRRIINNITHIUIALAE N18VaIN1TIREsIRgRU Aa fibroin gel
1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS (N=8 aniiuiudl 14 N=6)
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3.3 nisenwiaUssfiuna Immunohistochemistry (IHC) 38 Immuno-fluorescent (IF) staining

Weannlun1sneaes immunostaining tuiideldaenmlaadulugaiidAgluwiazusinuvesnnuna
satuiorudlaladeTuluusar N MIZLAA P ULIUNUIAUKAYDINNTLY Aduandlugui 22

JUT 22. mwdaasuansiunlvasIULLIALKAULTEIER Inaaas (iiu) Taesunis A = intact or peripheral skin area,

B = edge of wound, waz C= middle of wound

nsAnwiaUszdfiuna Immunohistochemistry (IHC) TUsAu Ki67

TUshu Ki-67 Lﬂuiﬂiauﬁaqiu nucleus ¥mtiisauiu ribosomes S¥#319 RNA transcription (Jomn, et
al. 2006) Wiy Ki-67 azfinisuanseen Wewadeglutismstiiusunazashifimsuaneenluvnsfivador
Tughaitn (520 GO, resting cell) (Klein, et al., 2000) fuiudensatinansuanseenvadusiu Ki67 unldidu
Fusdanne cell proliferation fm&uAntulusewinssiuivesnuNalaR (Onuma, et al., 2001; Usui, et
al., 2008)

INMIFUTIRETRINAaes 1 /1 luusiagnguivvesnisveass (1, 3, 5, 7, 14 Jundawihuinuug) 11y
immunostaining #3e antibody slelusiu Ki67 (nauansluguil 23-27 uazagulu JUl 28 uar 29 uazlumsned 5
uay 6) Faweaguléh Samdnmesiumadlutufionils epidermis ifinsuansoonvedusiu Ki67 sewing
Hanilausnauiaika (W) AuRandsunfseusguinuna (P, Bamilaunin) vurasdnineass (rat) 1, 3, 5, 7, wagld u
AYURIINATIIVIALKE AIBNRINISIAENTNAEOU AB fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1%
in PBS, w30 PBS Liflnuunnsinseeefideddymeadin (5197 5 uazsuil 28) Tnennsldgmsiiuay sudns
snviulutudl 5 Fswudnnga fibroin 2.5% fsuuuinauaunadiwadiieglustes proliferation (Ki67) 1nninngy
esuamnaoudug mnAmansSesarsuugadlutuiands epidermis idinsuanisenvedlsi Ki67
FamdsuTnnuiaune (U 29 uagasei 6) aniunadidnauiu Tnsnananstsieiosazvonsadlutu epidermis
fusmuinuraiiegluszey proliferation phase aglilumnssfuednaiiteddeluridiusvosunaunaliines
#5uasmasoulag udagBuogfuiiiusiumaditomauiila dslundu fibroin gel azilUiaisadanni
Tagwamneduil 3 (3UT 20 ua 21)

% mean ratio VBUYARLUTURINT epidermis NLINSUANDBNVBILUTAU Ki67 S¥nINRInlausuuInkEanu
Hantdaun®@ = [((Wound - Intact)/Intact]*100
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PBS

CmC

FN1

FN2.5

Ui 23. nmisng immune-staining vaslUsAu Ki67 UuuIauKAUUMAIERIIAGY (rat) 1 U Meudsenmsiuinusa nevas
Aslansnagau Aa fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %39 PBS
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PBS

cmMC

Ui 24. nming immune-staining vaslUsAu Ki67 UuuIaLKAUUMAIERINAGY (rat) 3 U MeudseInmsiuIaLaa Anevas
Aslansnagau Aa fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %39 PBS
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3Uil 25. nieng immune-staining vaalUsAy Ki67 vuunuNaUumasEainaaaa (rat) 5 fu MMendsInmMmiuIauRe A1
A5IREsNAEaU A. fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS
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FN1

FN2.5

Ui 26. miing immune-staining vaslUsAu Ki67 UuuIaLKAUUMAIERINAGY (rat) 7 U Meudsenmsiuiausa Anevas
Aslansnagau Aa fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %39 PBS
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Ui 27. nmiing immune-staining vaslUsAu Ki67 UuuIaLKaUUMAIERINAABY (rat) 14 Fu Mendminnisituinua
AeuaINsIiaTnagau Aa fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %32 PBS
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Estimation of % mean ratio of protein Ki67 expressing cells (w/P) in epidermal layer
between wounded (P) and peripheral (P, intact) skin

500 - mPBS
* @ CMC
FN1
EFN2.5

Day post-wounding

ANOVA, % P<0.05 N=1 3measurements

§1J1'7i 28. AW histogram uansuansAlneUszanandusnaiuvessuIueaslutufisnts epidermis filin1suantaanyas
TUsfiu Ki67 seudrsfiantdeusinuiauna (W) fuRindsunfisauquinuaa (P, Rudsuniin) vunasdninaaas (rat) 1, 3, 5, 7,
HAZ14 U AMUAIINNITYIUIALNG A1EUAINTIEITNAGEU AB fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1%
in PBS, %38 PBS (N=1, 3 measurement)

a15199 6. uanealpeUssanandudesasvasdruruwadluduiionis epidermis fifinnsuanseanvaslusiu Ki67 fARmtausan
UIALNA

Estimation of % protein Ki67 expressing cells in epidermal layer at wounded skin

Cell proliferatin (Ki67)

Day 1 Day 3 Day 5 Day 7 Day 14

Treats Wound +SD Wound +SD Wound +SD Wound +SD Wound +SD

PBS 58.6 15.2 56.6 4.9 59.0 5.0 63.3 1.5 56.3 2.8
CMC 61.3 10.2 56.3 10.6 39.3 22.0 69.0 7.0 39.0 14.7
FN1 67.0 13.0 61.0 11.5 63.3 20.5 67.6 3.0 53.6 5.1

FN2.5 60.0 12.7 60.0 7.9 67.6 7.5 57.0 11.3 62.0 11.7

N=1, 3 measurements
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Estimation of % protein Ki67 expressing cells in epidermal layer at wounded skin

100 mPBS
80 -
s 60 - // I mFN2.5
| |
1 3 5 7 14
Day post-wounding

ANOVA, %P<0.05 N=1, 3 measurements

JUT 29. 7 histogram wansuansAlagUszananiudosazvasdiuauwadluguianil epidermis Aifimsuaaseanvaslusiu
Ki67 fRNUSIUIauNG (W) Uunasdninngas (rat) 1, 3, 5, 7, 4ald 94 A189E991NNISHIUIALKNEG AMENaINITIAENS
yAgaU Ad fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS (N=1, 3 measurement)

nsAneaUsEfiuna Immunohistochemistry (IHC) TUsfu CK14, CK1/10 way collagen

U5 cytokeratins iulusAufiasnalneivad keratinocytes vosRamils lngaggnainauazsimihiteglu
cytoplasm lngunii cytokeratins dnangguuuunInndl 20 JUKUU (isoforms) WagagJugiuwuy hetero-dimers
581119 cytokeratin fIfNagUMUURULUUIANE DS 1w cytokeratin1d (K14) ¢dugiy cytokeratin (K5)
cytokeratin (K1) a¥dugfiu cytokeratin10 (K10) tlusiu cytokeratins Vi dulassadliinnmsatiesves
iy (epidermal stability) (Moll, et al., 1998) s3uBeN15vIUAseN (interact) ﬁuiﬁiﬁu‘nﬁﬂﬁuq Tuany
Rauntlsun@nisuanseanaeslushiu cytokeratin 1/10 (K1/10) %Umﬂgiusﬁzu spinous LAz granular layer
(suprabasal layer) 989 epidermis Junsvsvendsanmznisidsunauy differentiation vedwad
keratinocytes Iu%y’uﬂy’us] Tumanduiiu nsuaneenuadlusiu cytokeratin 5/14 (K5/14) ludu basal layer veq
epidermis 1un1susueniisan1iy un-differentiation vewaa keratinocytes SLuﬁwﬂ’ﬁias;.uiiwdwmiﬁyuﬁmq
VIAUNAENUNSWAR0aNvaslUSAY K5 uay K14 7 epidermal migrating tip

1Us@u collagen Wulushuauusznauves connective tissue lngianng fibrous tissues 131 tendon,
ligament, Al sy wad fibroblast au1duwadfiadne collagen &4 collagen axUsznausieanslsiu 3 ae
(triple helix) wazazil common motifs Y84 amino acid sequence o glycine- prolme X ag glycine-X-
hydroxyproline (Iag) X ag1du amino acid aus]) 981910y cotlagen f11nn31 28 %umwwuuaauaa 5 vila Ao
ccollagen LI, 1Il, IV, uag V Ing Rantlsazwu collagen type | mm/lam

NWANII8Y immunostaining ¥4 CK14 (i"dw 30-34), CK1/10 (i‘U‘w 35-39) Way collagen type | (§ Uil
40-45) ‘wmwmLLwanﬂﬂqummiLLamaaﬂ‘uaﬂ‘Uimuwugmﬂuaqmwmmﬂuﬂﬂm
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PBS

FN1

FN2.5

3U#l 30. aweng immune-staining vaalUsAiu CK14 vuuaurauundsdainaaad (rat) 1 Ju Mendsannnisriiuinuwa
AeuaInslanagau Aa fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %32 PBS
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Ui 31. nmisng immune-staining vaslUsAu CK14 vuuauRaULEdainaaad (rat) 3 Ju Mendsinnisrituinua
AeuaInsIaTnagau Aa fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %32 PBS
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PBS

CMC

FN1

FN2.5

3Ufl 32. mMweing immune-staining vaslUsAu CK14 Uy nuNAUUWASEAInaaed (rat) 5 Yu Mevdsannsiuiauna
nenasn1sasaaay A fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS
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PBS

CMC

FN1

FN2.5

3Uil 33. nMieng immune-staining ¥aslUsAu CK14 UuunuNAUUWASEAIvaaed (rat) 7 Yu mmevdsannsiuiauna
nenasn1sasaaay A fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS
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PBS

CMC

FN2.5

3Ufl 34. aMieng immune-staining vaalUsAu CK14 vy auNaUuWaIEAIvAaed (rat) 14 Su nevaseInnisituinusa
nenasn1sasnagay A fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS
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Ui 35. nmisng immune-staining vaslUsAu CK1/10 Uuuiausauuwasdnivnass (rat) 1 u neudnmsiuinusa
AeuaInsIanagau Aa fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %32 PBS
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PBS

FN1

FN2.5

U 36. Mmieing immune-staining ¥aslUsAu CK1/10 UuuaukauuWadnivnass (rat) 3 u nMendnmsiuiausa
nenasn1sasaaay A fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS
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U 37. nming immune-staining ¥aslUsu CK1/10 Uuuiaukauuvasdnivnass (rat) 5 fu nMendnmsiuinusa
AeuaINsiaIsnagau Ae fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS
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U7 38. nmising immune-staining vaslUsAu CK1/10 UuuiauHauuAIdRAIAaes (rat) 7 u neudsnmsiuinusa
AeuaInsIanagau Aa fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %32 PBS
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FN2.5

Ui 39. nmising immune-staining aslUsAu CK1/10 UuuIauKaUUWAIERIAGDY (rat) 14 Fu AendsInnisviiuinuwa
AeuaINsIaTnagau Ae fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %32 PBS
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FN2.5

gﬂﬁ 40. NMNE8 immune-staining Va4lUsiu collagen | VUUNAUNAUUNAIENINAABY (rat) 1 TU ANBVAIAINNITVINUIALNG
nenasn1sasaaay A fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS
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gﬂﬁ 41. nMNa® immune-staining Ya4lUsiu collagen | VUUNALNAUUNAIENINAABY (rat) 3 TU ANBVAIAINNITVINUIALNG
nenasn1sasnagaay A fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS
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gﬂﬁ 42. nMNa8 immune-staining Ya4lUsiu collagen | VUUNAUNAUUNAIENINAABY (rat) 5 TU AMBVAIAINNITVINUIALNG
nenasn1sasagay A fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %38 PBS
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PBS

cMC

gﬂﬁ 43. 7NE18 immune-staining ¥a4lUsAY collagen | VUUIALKNAUUNAIAAINARABY (rat) 7 AU AMERAIINNITUIALKE
AeuaInsIaTnagau Aa fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %32 PBS
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PBS

CmMC

UM 44. aneng immune-staining YalUsHY collagen | UNUIAUNAUUNAITAINAGBY (rat) 14 Tu AMERARINNITTIUIALKG
nenaensiasnagay Aa CMC 1% in PBS, wisa PBS
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3UN 45. Aeng immune-staining Ya9lUsHY collagen | UNUIAUKAUUKAITAINAGBY (rat) 14 Tu MERaRINNISTTIUIALKG
AeuaInslalsnngau Ae fibroin gel 1% in PBS %38 fibroin gel 2.5% in PBS
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4. ayuwan1sAnen

fmqﬂixmﬁwé’ﬂmaﬂmqmiﬁ sgyjaiufnunAnwianuduiivseRmils LazUsyavEnmHansIsansHY
fveuIakHaTesnsannlusAuaInTeluu fibroin TuguuuuenIsunuuiaa (gel) ludninnass (in-vivo animal
model) LLazﬁmimLwauaﬂmqmﬂuamﬂmﬁﬂmz;3351’&1@?&Lﬁﬂﬁ%ﬂ’wmqms‘h%’wﬁaﬁwmLﬁumﬂhmiqmiﬁyuﬁa
vosununalulyudialy

Tassmsi lassmsauidlesnnnanisiseneunthvesiisisy ﬁzjmﬁuﬁﬂmﬁﬂmmmLﬂLLaxﬂixﬁw%ma
nsisamsiushvesuauNavesEnsatinlusiuansslv fibroin Smstuilunaieniuiuudyin Wsiu fibroin i
AuandRidiulaftiusene lineliiAanisud uaganansadesaanslaluianie danudasnsiuge naeniull
iﬂamwaﬂa%uizuwa‘uaqmiaﬁﬂiﬁiﬁu fibroin D19t NE WD INsEUIUMSHUSvesUAuNE TnedansaTae
ansssdulauasfinsiuuveead ﬁqw%‘%gﬂmﬂﬁma%aéaiz wazdlosfunsmeveseadainnsungsu
widlngivessenuazndunmeasdly in-vitro model wonantiu §Adenudiwansast fibroin firuvaaey
mnuananslvmsseiinty uamdniiiaty wxdaudnuasitunndstunniadunisnnuaned naenau
UszAvBamnseengrisnistanin Lm‘uaqmmLmﬂﬁiwﬁawﬁmmeﬂmmLLmﬂshﬂuﬂizmumimém nietlady
u 1wy vinvesaeituglvy Jadernannewedeuvemamededn udu evdnidsmanszmuadneiy
udRdedslaiaunAnAuisnisadalusiulng fibroin Mnssluudmdesedive uagvinisiigaunndnuusves
HARSU %qﬁu@%’aﬂixawmmﬁ’lL?ﬁﬂ.umm&lﬂaﬁ’mmiau fibroin anssluumdesiugineladnie lneldansaria
TUsAuifnuniwgs vuevestuanadoutisasil Insazaneléd pH i wagnuanuieud fiaelfminlusiu
fibroin Twenafiniumageuiu cell lines (n-vitro model) waz ﬁ‘UIZuLﬂaﬁiﬂﬁdﬁjﬂiﬁlLW’]ngﬁJGﬁWGLJU’m’MWﬁBUNa
sensHiufireUInLKE (ex-vivo porcine skin wound healing model) dlumatitanniulnefiudsowuiu nans
neaesatuayud fibroin ansaimaiivdiuventad wassimsiusvesuausaRiniINguAIUANeEd
Toddy seiuitedunsBusuianusald ex-vivo porcine skin wound healing model wnunsyhntsmaaeshu
dnivanoaviouyud Fafinviniidevedasins in-vivo animal model yaiituifiofiayldtoyalunisaduayulild
Tunaiununslidn fmanowdouyuslunmnaedusuan uasiiollddeyauine anudufiy Ussavsam
yosansana fioroin titeiduunmeianndiuvedusiu fioroin g clinical trial sioly

nsnaaedlnededis 14 inaass (Sprague-Dawley rat) Rl dhaning 200-250 n3u Tnedninaaeus
axﬁwzgﬂ?jﬂﬁummamLﬁaaxmﬂiumsﬁmumi’umiﬁwmmLLmaLLazmaﬁmumi’u&uaqmnﬁwmLLma AADAIUNTT
MUUANS M TNAFDUTUAIUAUILARZALTLNTOIUIA LN é’m’imaawxgﬂlﬁaﬂuﬂiq 1 ghsenss meluiosd
AuAugMNgd 25+2 esrisalded uaziuasaing 12 Falusaduenuiin 12 $2lua fnsliomauarihogadysel
é’miwwaawzgﬂL?ﬁyms[.ﬁt,ﬂa%uﬁ’uaaWuﬁﬁauﬁ’lmimamaei’mﬂa&J 1 &Uanst (asensirunsifiureuain
ANIENIIUNIITTUTIUNS IR Inaaes uninendousmsduiiieudes) luduneunmsyhuinue dnivnassay
amwmaau‘lmmiammaau Nembutal Tusun 40 me/kg LLau ampicillin 50mg/kg meaqwaa (intra-
peritoneal) ‘Uuuuwaﬂﬁm’lﬁ]uaﬂiﬂml,aﬂﬂL‘U@Iﬁﬂ m‘wummmummimmmmmumwmﬂmu epidermis uay
dermis 99n SINmLmuwmwumv‘umummLLmﬂiu@ﬂawammwwmmLLauﬂumaﬂ 1neld guiding grid 1w
PIWMNUAFIUILL VIAUNENIAINAY 1 cm WagyaINLWINTEANFUNAT 0.5 cm. N5tz uausalagly
biopsy punch WU 4 VIALHA (T1988 2 UIAUKR) VUIALEUHIALENAN9 0.6 cm. NgUNIINARBl 4 NFuN1S
Vnaeesal 1. eussuansatasslu fibroin IuiULLUULaammmL‘umu‘uaq fibroin 1% in PBS, 2. 8 L@38ua5an
Feluy fibroin IugmmmaammmL‘umu‘uaq fibroin 2.5% in PBS, 3. PBS LW@I‘U&’M'}TUHQNWAU@&J, 4. g RSl
carboxy methyl cellulose (CMC) 1% in PBS Lﬁ@i#’fﬁ’m%ﬂﬂduﬂ’mﬂu (occlusion effect) Inwagldansnaaouus
azylin 91 20ul luvnunavesdninaaeinunisdudninaaesinadiu (ynae 8 d oniiu D14 Td1uIu 6 67)
WAZALMLIUDIUINLNG UINWHATEIERINAaedazgnUnsie Tegaderm film (3M) Aw1A 6x7 cm. etastunislva
ponvosaIadeukaresfuInusaTnnsindenieuuilloutagsesou uasldaenaodnimnasadiotosty
mMsfaungviodeuinuna idafvuiaua luiudl 1 (D1), 3 (D3), 5 (D5), 7 (D7), wae 14 (D14) Sundavh
viaura Tneroumsrifrasinmsussiiudnuaruinwe waznsiusivesuinuwanou Imaﬁmﬁd’mgﬂmmma
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Ms¥nruavetuInLNaTianas warnsdanmndug UsufiunanisiefiuiAnfuiovils wu n1sdniau nsuil Wudu
(Imwjv?immfgﬁmé’mimam Vvizadmunme) A5I9EeUN gross histology WA Immunohistochermistry
U’]G]LLNaV]ﬂ%u dieuspidiunamsiuivesaualussiuead wasvhnmsnsaaounsuanssenveslusiumned
AentasfunsiufveuauNG WU Ki67, CK14, CK10 Hudy 5@15%maawzgﬂﬁﬂﬁ?:u%%masmawLLazimL%ﬂﬂﬂ
14 guillotine (founaifiuguunusa) nansfnwanansathagudal

HAYINNIBAMNATIVEBUNNEAN dnInnaesdiguainudeused dondndauiuty Taifinsuansdeenis
w3en wazlifimsmevesdainaassnitenisaes anmmemeniaeiluvesuiaumaiivhl Tuundsdn naes
wunldfinsiinde lifiteudnsuwivdomuilufivees arsmaaeu uavdninaaesiinisiiusvosunnunadiiu
Un usit Tegaderm film azepgquganenanmdnivaassnieluiuil 3 udsmsviuinuss wagvgauane
aelutudl 7 n1sléukiu Tegaderm film i fngusrasdifiotostulilvasmaaeuildluninunalvasen uie
Fninaaeadeienelu 24 $9lus maamumiﬁmﬁummLLmahﬂﬁUuL*ﬂ?aui’ammuauﬁa?aﬁum&mnﬁm’imam
arfunsldusiu fitm afiaissdmumnzadlunsnaassd ﬂ’]iﬂiuLMUG]’JEJ&’]EJGHWU’J’W]ﬂ‘U']G]LLNa‘U‘uﬁWMWaE]W]ﬂ
Frazfinsaunusifimeainanely 14 Tu T,fﬂsm’ﬂ,ﬂ SnuTuuARaM BTN U IUALNG ez
JUNNVRIER naaIusiaysa (miwmaaqummLLmammmaumquaﬂmq 6mm.) agnslsAnaslianunsausuen
muuansnslalneanenin vinunaildsuasnadeuwsazeinuunddninnasusazsaiisnsnsuives
VIALKALANAAUAID Y

NANINIBAINIABAITATIVEDUNN histology VBIUIALNE HAAINNITANWIAINNINGIY histology V4
VINWNAUUNAIERIMAaDY 1, 3, 5, 7, 14 Ju nendinmsituiaunawaznsiwasvagsu fe fibroin gel 1% in
PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, %30 PBS (1 sllasiouauNg N=8 uniiu Day14 N=6) uagninang
histology ‘UEN‘U’WWLLNaLLmau%u%uaﬂmmmm ep|dermat Layer migration (EM, micron) Iﬂmmmimaauwnawu
epidermal (keratinocytes) layer mﬂ‘uaummLLNaLiuLLiﬂ Wethanuumnen %RE (% re-epithelialization) LLau
AMAUMENTIEILTE NI IIUYEITA epidermis TUSIIAIUIRLNARBANLIMIITY epidermis SBUUALNATE
Fwiisun@ (P/W ratio) uae complete healing (CH) va3u1nunaludn ivnaaiusiasnay WaswanNan1sIATIEn
wiledndnyynsadilag ANOVA dnuaiglneiill UakHauwmdsd@nineass 1 Juniendannnnsyiuinupaenuii
fimsirdeuiniduvestu dermis inftusnauauna ndwiledu PC insuannsvansvesinndile wazidiu
mmumuamqmulmmwaLmuwamuLuamuwmmaaﬂlﬂmaummmma wﬂwmmmammumumaaﬂmulmmwu
meammuﬁlvluma”m&Jmmmmnmuwa Fu epidermis LiuumiLﬂaaummaummmmwa Falumsdasen
MsiAdauiives epidermal migration (EM) Tu3U %RE %38 % wound coverage lag ANOVA lanuinannuuwanging
oeelitedAgvo9 %RE ‘uaﬂﬂajmmﬂLLwaﬁlﬁ%fumiwmaau fibroin gel 1% (11.3%), fibroin gel 2.5% (13.5%),
CMC 1% (12.6%) , %38 PBS (12.3%) A1 %RE finuunnatsegradiuldvaauluuinwmauundsdnivaase 3 fu
AEVEIINMTIUIALNG NEUUIALKATLHFUATMAABY fibroin gel 2.5% (70%), 3¢l %RE ganInguuInLKaT
léf%mimaauﬁuq CMC 1% (49.5%), fibroin gel 1% (47%), Wwaz PBS (42.7%) pgailtiudAgnsaia (ANOVA,
p<0.01) LLaSLﬁ'aL'ﬁaumaiwdwﬂajmmﬂLLwaﬁlﬁ%Jumiwmaau fibroin gel 2.5% 71U fibroin gel 1% ﬂﬁjummmaﬁ
lasuansvageu fibroin gel 2.5% awlika %RE ﬁqqﬁﬁaﬁﬁmtﬂiuﬁu (ANOVA, p<0.05) uaﬂmﬂﬂy’ﬂuﬂzjummt.ma
lé¥uansvageu fibroin gel 2.5% aeflutnunaiiinnns re-epithelialization e 19auyal (complete wound
coverage) B84 3 UIALKALY 8 UIAUNAYBINGY Glumr:uz‘ﬁ'ﬂ&jummmaﬁlﬁ%’umimaau fibroin gel 1% flunAuHad
\in complete healing e 1 UAuNaly 8 U’]G]LLNaGLIENﬂEleLVi’]ﬂ?u waglungu CMC 1% uag PBS Lufiunaunala
\in complete wound coverage 188 @UN1SAIUIUAT %RE TUUIALKAUUAIERINAa0 5, 7, way 14 Tu AUra
f\nﬂmi‘v‘hmmLLmaﬁlzlszUﬂaﬁuLLmﬂﬁiﬂqa&i’mﬁﬂ'ﬁlﬁwﬁiquaaaiwd’mﬂejuumLLwaﬁlﬁ%’UﬁﬁWaaUﬁq 4 nqu lng
unuHalulsaNguazil complete wound coverage WNTu uazadl complete healing weueluoan 14
uazazdangliimends 14 Jundsmsiivaunasionguuuaziifinsiedouiidnguinaiinediusa (scar) Tudud
W/P ratio fafusnanduarmuivestu epidermis fiudauinumarofiunafmisniseuuinuna wuimn
ﬂﬁjummLLma‘uaﬂmaaq%ﬁmiLﬁwﬁquaﬂm W/P ratio TuSuil 1 (52wing 2.6-3.4 191), Jufl 3 (52wi19 5.5-7.6
W), Jufl 5 (5¥Wi9 6.3-6.9 i), Tufl 7 (583 4.1-8.5 i) uazAoy®) anasiy Sudl 14 (53319 2.2-2.8 i)
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Fafudosunfvemnszuiunsiuivesuiauna wad keratinocytes szfinsuteiuiindy wazmndutiluuiind
YouunauazindoufLiUnAguUIALNG densvuumsiadaadadua W/P ratio axduund (Launandsen 14
$u §ufin complete healing u&s wigadldinalusyazvas wound remodeling) lofinnsanluiud 3 ndsnnsi
UIAUHAIENUTY A1 W/P ratio Tunguunausadiléiuansmaaey fibroin 19 (ratio 7.6) uay 2.5% (ratio 6.0) 95Ag
ogaitifoddnydiewFoudloutungu PBS (ratio 5.5) wagngu 1% CMC (ratio 5.6) falfunanismaassiisannsn
seylain fibroin gel Wiesndaudien Snataessmsilushvesuaunaludnineasdiinldidtu ne fibroin gel
2.5% a¢lsinafin fibroin gel i 1% lagUszavBnmazgeanUsznaiuil 3 mevdansifinuiausa wansfanisld
svezalunseangsiian (delayed) vesansnadeu oradunaiionninnsiiusvesunaunasniudesdnisass
waasnaunudidely Fesndudeddinarlunisadne uaswuh fibroin gel siluarundudy 2.5% waz 1.0%
Lideliinfivsieisad wietavnenssuiumsiiusivesuinue waznavesrunioduealifinasonszuaunsity
FIUDIVIALNG ?jqﬁuﬂﬁlﬁmﬂﬂduumLLwaﬁTﬁmiﬁﬁmmwﬁmm 1% CMC

Tunsenwiiteuszidiuna Immunohistochemistry vaslusiy Kis7 ddldifusausdaniie cell
proliferation fitdadntulussminesnsitushvesuiauna NNsguMegsdninaaes 1 67 luusasnguiuvenis
naaes (1,3, 5, 7, 14 Junawinuiawpg) 11911 immunostaining fe antibody sialusiu Ki67 weasulain
Sasduvosuueadlutuims epidermis Aifin1suanseanvedlusiiu Ki67 seninafamisudnauinuraiy
HIMUNATOUUIALNAUUMAIERINAa0s (rat) 1, 3, 5, 7, waz1d U AMEUSIINNITYINUIALKNE ABWaINITIAaNT
NA@au Ao fibroin gel 1% in PBS, fibroin gel 2.5% in PBS, CMC 1% in PBS, 39 PBS lLifiauumanansoened
Tudndymaadna onuluiuil 5 Janudingu fibroin 2.5% ﬁﬁhmw’%nmmmLLmaﬁLsuaéﬁaJLuiym proliferation
mﬂmmawlmumimaauauq mﬂﬂmLawniaaaummuwaaﬁlu‘numwm epidermis wumsLLamaaﬂmaﬂUmu
Ki67 Ravtausnauaurasdiunaiitaauty Inenauanssddovavvesadluiu epidermis Fushnmuaunai
agluszey proliferation phase szlilumnsetuethaditeddluradiusresunualdieyldSuasmeaeulag
utartuogiuhiivinagadiomaila ddundu fiboin gel sxfiviinausadunmitnsamsuil 3

msAnwfieUseiiuna Immunohistochemistry vaslusiu CK14, CK1/10 way collagen Wsfiu CK1/10
%Ui'mgsf,u%u spinous LAz granular layer (suprabasal layer) ¥84 epidermis {un1sususniisanazns
\WasuuUaaLuy differentiation Uadwad keratinocytes GLwi?uﬁ?uq Tumsndudu nsuanseanveslusiu CK14 9y
Srivmannzlutu basal layer v®4 epidermis {un1susueniisaniaz un-differentiation veiead keratinocytes Tu
ﬁwﬂ’qﬁasﬂiizijmi‘ﬁluﬁwmmmLLwaf\Jxwunmmmaaﬂmm‘[ﬂiau CK14 71 epidermal migrating tip d@ulusfu
collagen \Wulusfuduusenauves connective tissue laglang fibrous tissues WU tendon, ligament, Ravila
Hustu 1wad fioroblast axithuwadiiaiis collagen Inefiiaviisagny collagen type | 1nnilan 91nHan1sdon
immunostaining Y89 CK14, CK1/10 Way collagen type | ‘W‘UﬁﬂmmLLNa‘VJﬂﬂﬁjuﬁmiLLamaaﬂ%aﬂiﬂiﬁuﬁugm‘uaﬂ
Avidsiifuund warlifmnuunndsfusmminaingunismnaes

agulnege MnuamsvAnestaunsnszyld fibroin gel iftssadaien fnadieidsnsiuiesaunaly
FninnandiiAnl@istu Tne fibroin gel 2.5% axlnarindn fibroin gel 7 1% Iﬂaﬂiza‘m%mw%qﬂqmﬂixmmi’uﬁ
3 MEndInsAaUInLNG waznu fibroin gel ielumnuidudulineliinfiviewad wiethvnensyuiunsiiush
yasunuia dudunsudunavedlusiiu fibroin maqﬁu@%’aé’uwuﬂgﬂu cell line kaz ex-vivo porcine skin
wound healing models %mmwaﬁwmaﬂWﬁ%’&JmaﬂmqﬂW3§1U§ﬂﬁiwmaaq1AWQﬂSﬁﬂsialﬂ
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Science and Development of Natural Medicine” f 4113me188 Kangwon National
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® The role of silk protein extracts, sericin and fibroin, on wound healing using ex-vivo porcine skin

model and in-vivo animal model.

® Application of the ex-vivo porcine skin model for the study of wound healing effects of herbal

extracts coated scaffolds.

® Application of the ex-vivo porcine skin model for melanoma study.
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Application of the ex-vivo porcine skin model for screening of wound helaing promoting agents
from herbal extracts.

Development of cell-based model of NFAT nuclear-cytoplasm translocation for screening of
immunosuppressant and immuno-enhancing agents.

Acceleration of the wound healing rate by fibroin gel with targeting connexind3 antisense on ex-
vivo pocine skin wound healing model.

Isolation, identification, and characterizatin of active compounds as wound healing promotor from
black and white jelly fungi.

Searching for molecular targets and mechanism of actions of saponin glycosides from Bacopa
monnieri on cardiovascular system.
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Tsduludninaans” szaznan 1 Y suuszanaunuiul 2554 $1uuidu 365,000 Um 1ASINSITBLES9
Ay

Fnthlasaimsidedes “nsusnafinuaznmvaeunudnuaivesansongrsisan TNy IfUeIIALHADIN
WinyUIkar” seeziian 1 U suuszanauniuAul 2555 $1u3uRU 500,000 U Mdsiiliunisiasa
Ay

wnthlasaimsidedes “msfumithmnensesnguilussiiluanavesanssldulndlaledannmsmi
seeziian 1 U auUszanausunul 2555 3WUEY 450,000 U wantnlasenisive (35%) maeaniiu
1A54N73
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ABULLTY 43 ImsflﬁﬁmLmaﬁwﬁquﬂimmgw” sreeian 1 U sudssanaususu U 2555 91Uk
407,300 UM AMaIALEUlATINIg

milaseinsideEes “n1sWann cell-based model dwfun1s@nw NFAT (Nuclear factor of
activated T cells) nuclear-cytoplasm translocation LLaxmiﬂizqﬂﬂ‘ﬁumimmaaumiaaﬂgﬂﬂﬁugﬂ
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AANTUITEAWUN

Saelim, N. et al. Nontranscriptionsl modulation of intracellular calcium signaling by ligand
stimulated thyroid hormone receptor. J Cell Biol. 2004 Dec 6; 167(5): 915-24.

Suwanakitch P, Jeenapongsa R, Saelim N, Tohda M and Watanabe H. Altered mRNA expression in
ischemic rat brain. Thai Journal of Pharmacology 2005; 27: 52.

Suwanakitch P, Jeenapongsa R, Tohda M, Saelim N and Watanabe H. Expression of Alzheimer-
related genes in rat brain (Abstract number A1-031P). Federation of European Biochemical
Societies Journal 2005; 272: S1.

Hayashi H, Tohda M, Saelim N, Murakami Y and Matsumoto K. Influences of the mRNA expression
of amyloid precursor protein and the related factors in primary cultured cortex cells. Journal of
Pharmacological Sciences 2005; 97: 261.

Saelim, N. Isolation of amyloid precursor protein (APP) gene from NG cell line. J. Health Res.
2007 ; 21(3): 185-194.

Saelim N, Holstein D, Chocron ES, Camacho P, Lechleiter JD. Inhibition of apoptotic potency by
ligand stimulated thyroid hormone receptors located in mitochondria. Apoptosis. 2007; 12: 1781-
1794.

Suwanakitch P., Jeenapongsa R, Watanabe H, and Saelim” N. Comparison of Alzheimer disease-
related gene expressions in differentiated and undifferentiated NG108-15 cells. ScienceAsia 2008,;
34:35-42.

Sudchada P, Oo-puthinan S, Kerpin O, and Saelim" N. ABCBI gene expression in peripheral blood
mononuclear cells in healthy Thai males and females. Genet. Mol. Res. 2010; 9(2): 1177-1185.
Sudchada P, Saelim N, Oo-puthinan S, and Kerpin O. Relationship between the 3435C>tT and
2677G>T/A polymorphisms and ABCB1 expression in peripheral blood mononuclear cells
extracted from Thai males volunteers. Thai J. of Genet. 2011; 4(2): 143-157.

Chocron ES, Sayre NL, Holstein D, Saelim N, Ibdah JA, Dong LQ, Zhu X, Cheng SY, and Lechleiter
DJ. The Trifunctional Protein Mediates Thyroid Hormone Receptor-Dependent Stimulation of
Mitochondria Metabolism Molecular Endocrinology 2012 26: 1117-1128.

Khamlue R, Naksupan N, Ounaroon A, Saelim” N. Skin wound healing promoting effect of
polysaccharides extracts from Tremella fuciformis and Auricularia auricula on the ex-vivo porcine
skin wound healing model. International Proceedings of Chemical, Biological & Environmental
Engineering IPCBEE 2012 43: 93-98.

Khamlue R, Ounaroon A, Saelim” N. Purification and characterization of polysaccharides extracted
from Tremella fuciformis and Auricularia auricula. MFUIC-2012. 2012 in press.

Naksupan N, Saelim*N, Pornarin Taepavarapruk P, and Taepavarapruk N. Toxicity testing and
wound healing efficacy of fibroin gel in animal model. MFUIC-2012. 2012 in press.
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NA41WI9E Poster, oral presentation

Oral presentation “Characterization of silk protein extracts, Sericin and Fibroin, from Thai yellow
silk cocoons for medical material application” Uixﬁﬁﬁﬂmiummﬁ%’aﬂ%ﬁ 5 UMINYNRYULIAIT
wwaglant 2552

Poster presentation wazthiauasagsuansinet lunisussgaindunssuusieni adsil 6 Foa “Isolation
and purification of silk proteins, sericin and fibroin” o Tsausulnalau AU ngunnY 27-28 Uns1AL
2553

Poster presentation “Cell proliferation effect of Thai medicinal plant extracts on primary porcine
dermal fibroblasts” Usgga3nnIsulsmsituasan 6 uning1aeusms valany 2553

Poster presentation “Skin wound healing promoting effect of some Thai medicinal plant extracts
on ex-vivo porcine skin wound healing model” ﬁizﬂ;ﬁ%ﬂﬂ'ﬁulﬁmﬁ%m%ﬁ 6 UANMINYIFUULIAIT
wwaglant 2553

Poster presentation “Isolation and Cultivation of Primary Skin Cell, Keratinocytes, Melanocytes,
and Fibroblasts from Porcine Skins” a4 T53ususz8093a05 Janinszeaslasansiauinddulnesu
Inrmansiadiuavindas Lag NRCT-CPS Conference V. Drug Discovery: Development of Drug Design-
based Pharmaceutics 3alngaud PERCH-CIC AngIngnmansumine douding fugeu 2553

Poster presentation “Isolation and Cultivation of Primary Skin Cell, Keratinocytes, Melanocytes,
and Fibroblasts from Porcine Skins” f gugidewalulagigeulazigadauniile Inlaeuniine1dy
wAlulaggsun Jminuassvdun nsngiau 2553

Poster presentation “Development of cell-based model for NFAT nuclear-cytoplasm
translocation for bioactive immuno-modulator screening” PERCH-CIC congress VII: Chemistry,
Environment and Society o l3ausuaauiiiey sinen Smingays ag Center of Excellence for
Innovation in Chemistry (PERCH-CIC) 4-7 May 2011

Poster presentation “Skin wound healing promoting effect of some Thai medicinal plant extracts
on ex-vivo porcine skin wound healing model” PERCH-CIC congress VII: Chemistry, Environment
and Society a4 I5ausuaauiiey g1 Jarinvays Ine Center of Excellence for Innovation in
Chemistry (PERCH-CIC) 4-7 May 2011

Poster presentation “Preparation and charracterization of silk protein, sericin & fibroin, isolated
from Thai yellow skil cocoons” $TuUsEANNTUaringsens “ninensine: Aglannitedis
il u svvinendemaluladsunadany Smiaunssvdn naiau 2554

Poster presentation uavthiauafieganansinet lunisussuindunssuusieni adeil 8 Foa “From
Silk to Wound” au 4vInendeusens iwaglan 30 unsiau 2555,

A1SRUSUIBINTT LAazITUFITH

United Nations Industrial Development Organization “Global Workshop on GMP in the
Pharmaceutical Sector” Montreal, Canada. 19 — 30 June 1995.

11188 Toyama Medical and Pharmaceutical University, Toyama, ﬂixmmﬁﬂu September -
November 2004

U8 University of Hamburg, Hamburg, Usgineleassiu (September - December 2005
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nangnssesTsilunyye nangns “International Course on Research Ethics” 3nn158Usy

a8 WHO-TDR Clinicsl Coordination and Training Center, Thammasat University, Thailand 531314
Suii 27-30 September, 2010

nangnstesTslunywd vangns “vann1asessun I luLyed wagnsmuniuiaTulasINTide
Tunywd” Innnseusuleg vusuatesssunsideluauluuseindlng (FERCIT) Sy uninendeusais
Naresuan University, Thailand SewineTudl 13 September, 2012

Mé’ﬂqmﬁaﬁiﬁﬂ,uuwwﬁ Mé’ﬂqmi “International Course on Surveying and Evaluating Ethical Review
Practices” the Faculty of Medicine, Chulalongkorn University 3an1seusulag FERCAP-SIDCER-
NECAST sewineJuil 28-30 September, 2012

N15U58Y1U1N1T

miﬂiz‘qﬁ‘mmi “the 4" World Congress on Regenerative Medicine 2009” gu. 153154 Bangkok
convention center and Centara grand hotel NN~ sewinatudl 12-14 March 2009
miﬂiz‘qﬁ‘mmi “the 4" SUT Stem Cell Workshop Proceedings: Stem Cell Innovation: a Milestone
beyond Life Science Roadblocks” gu. 15453 Suranaree University of Technology 3sninuATIIEN
seniatudl 24-30 July 2010

miﬂiz‘qﬁ‘mmi Bio-Asia Project: PLANTASAFE 2" Seminar, From Pharmacognosy to Pharmcology:
Interative approach of natural product research ¥U® ”Ex-vivo porcine skin wound healing
model” 13 - 19 Februery 2010. Pitsanuloke, Thailand.

miﬂiz‘qﬁ‘mmi Bio-Asia Project: PLANTASAFE 3 Seminar, Forum on international herbs research
and development %318 ”Ex-vivo porcine skin wound healing model and its appication” 25 July —
8 August 2010. Urumgji, Xinjiang, China.

miﬂimg:u?mmi “the 2™ Current Drug Development Internatioanl Conference 2012” aJ. 153Uy
Phuket Graceland Resort and Spa Hotel 3wingin SewineTud 24 w.p. 2012

Invited Speaker
° Iuﬂﬁﬂix‘*qfnﬂmi Bio-Asia Project: PLANTASAFE 2 Seminar, From Pharmacognosy to

Pharmcology: Interative approach of natural product research %98 "Ex-vivo porcine skin wound
healing model” 13 - 19 Februery 2010. Pitsanuloke, Thailand.

(] Iumwiwgfnﬂmi Bio-Asia Project: PLANTASAFE 3" Seminar, Forum on international herbs

research and development 119 ”Ex-vivo porcine skin wound healing model and its appication”
25 July — 8 August 2010. Urumgji, Xinjiang, China.

° Iuﬂﬁﬂix‘*qu “International Conference on the Advances in Natural Products Science and

Development of Natural Medicine” %98 “Wound Healing Efficacy and Wound Toxicity of Fibroin
Silk Protein” a4 1113818y Kangwon National University UszinalnIng seuingiui 18 - 20
nWgeAneu 2555 InaAdyuas Prof. Dr. Cheol Ho Park, Director of Institute of Bioscience &

Biotechnology, Kangwon National University, Chunchon, Korea
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Nuttawut Saelim, Pharm.D., Ph.D.

Office Address: Home Address:
Department of Pharmacy Practice 16/2 Tee-lek Street
Faculty of Pharmaceutical Sciences, Muang District
Naresuan University, Pitsanuloke Suratthani
Thailand 65000 Thailand 84000

Tel 04-6207980 Fax 055-261057

Email: nutd456zz@yahoo.com

Current position
Lecturer and researcher, Department of Pharmacy Practice, Faculty of Pharmaceutical Sciences, Naresuan

University, Thailand

Education and degrees

Post doctoral 2005 University of Hamburg, Hamburg, Germany (Sep.-Dec.)

Post doctoral 2004 Toyama Medical and Pharmaceutical University, Toyama, Japan (Sep.-
Nov.)

Ph.D. 2003 University of Texas Health Science Center at San Antonio (UTHSCSA),

San Antonio, Texas, USA. in Cellular and Structural Biology
under supervision of J. D. Lechleiter, Asso.Prof.
Pharm.D. 1998 University of Wisconsin, Madison, USA.
M.S. 1995 University of New South Wale, Sydney, Australia in Food
Sciences and Technology
B.S. 1986 Prince of Songkla University, School of Pharmacy, Songkla, Thailand

Academic appointments and previous positions

1996 — present Lecturer and researcher, Department of Pharmacy Practice,
Faculty of Pharmaceutical Sciences, Naresuan University,
Thailand 65000
2007 - 2009 Assoc. Dean for research and public services, Faculty of Pharmaceutical
Sciences, Naresuan University
Current research
® The role of silk protein extracts, sericin and fibroin, on wound healing using ex-vivo porcine skin

model and in-vivo animal model.
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® Application of the ex-vivo porcine skin model for the study of wound healing effects of herbal
extracts coated scaffolds.

® Application of the ex-vivo porcine skin model for melanoma study.

® Application of the ex-vivo porcine skin model for screening of wound helaing promoting agents
from herbal extracts.

® Development of cell-based model of NFAT nuclear-cytoplasm translocation for screening of
immunosuppressant and immuno-enhancing agents.

® Acceleration of the wound healing rate by fibroin gel with targeting connexind3 antisense on ex-
vivo pocine skin wound healing model.

® |solation, identification, and characterizatin of active compounds as wound healing promotor from
black and white jelly fungi.

® Searching for molecular targets and mechanism of actions of saponin glycosides from Bacopa

monnieri on cardiovascular system.

Publications

® Saelim, N. et al. Nontranscriptionsl modulation of intracellular Ca2+ signaling by ligand stimulated
thyroid hormone receptor. J Cell Biol. 2004 Dec 6; 167(5): 915-24.

® Suwanakitch P, Jeenapongsa R, Saelim N, Tohda M and Watanabe H. Altered mRNA expression in
ischemic rat brain. Thai Journal of Pharmacology 2005; 27: 52.

® Suwanakitch P, Jeenapongsa R, Tohda M, Saelim N and Watanabe H. Expression of Alzheimer-
related genes in rat brain (Abstract number A1-031P). Federation of European Biochemical
Societies Journal 2005; 272: S1.

® Hayashi H, Tohda M, Saelim N, Murakami Y and Matsumoto K. Influences of the mRNA expression
of amyloid precursor protein and the related factors in primary cultured cortex cells. Journal of
Pharmacological Sciences 2005; 97: 261.

® Saelim, N. Isolation of amyloid precursor protein (APP) gene from NG cell line. J. Health Res. 2007
; 21(3): 185-194.

® Saelim N, Holstein D, Chocron ES, Camacho P, Lechleiter JD. Inhibition of apoptotic potency by
ligand stimulated thyroid hormone receptors located in mitochondria. Apoptosis. 2007; 12: 1781-
1794.

® Suwanakitch P., Jeenapongsa R, Watanabe H, and Saelim N. Comparison of Alzheimer disease-
related gene expressions in differentiated and undifferentiated NG108-15 cells. ScienceAsia 2008,;
34:35-42.

® Sudchada P, Oo-puthinan S, Kerpin O, and Saelim N. ABCBI gene expression in peripheral blood
mononuclear cells in healthy Thai males and females. Genet. Mol. Res. 2010; 9(2): 1177-1185.

® Sudchada P, Saelim N, Oo-puthinan S, and Kerpin O. Relationship between the 3435C>tT and
2677G>T/A polymorphisms and ABCB1 expression in peripheral blood mononuclear cells
extracted from Thai males volunteers. Thai J. of Genet. 2011; 4(2): 143-157.

® Chocron ES, Sayre NL, Holstein D, Saelim N, Ibdah JA, Dong LQ, Zhu X, Cheng SY, and Lechleiter
DJ. The Trifunctional Protein Mediates Thyroid Hormone Receptor-Dependent Stimulation of
Mitochondria Metabolism Molecular Endocrinology 2012 26: 1117-1128.
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® Khamlue R, Naksupan N, Ounaroon A, Saelim” N. Skin wound healing promoting effect of
polysaccharides extracts from Tremella fuciformis and Auricularia auricula on the ex-vivo porcine
skin wound healing model. International Proceedings of Chemical, Biological & Environmental
Engineering IPCBEE 2012 43: 93-98.

® Khamlue R, Ounaroon A, Saelim” N. Purification and characterization of polysaccharides extracted
from Tremella fuciformis and Auricularia auricula. MFUIC-2012. 2012 in press.

® Naksupan N, Saelim*N, Pornarin Taepavarapruk P, and Taepavarapruk N. Toxicity testing and

wound healing efficacy of fibroin gel in animal model. MFUIC-2012. 2012 in press.

Patents
® Petty Patent No. 0903000191 (2011) Extraction and purification processes of yellow pigment,
sericin and fibroin proteins from Thai yellow silk cocoons.
® Petty Patent No. 0903000493 (2011) Development of £x-vivo porcine skin model and optimizing

ex-vivo skin tissue culture conditions.

Trainings

® United Nations Industrial Development Organization “Global Workshop on GMP in the
Pharmaceutical Sector” Montreal, Canada. 19 — 30 June 1995.

® Toyama Medical and Pharmaceutical University, Toyama, JAPAN. September - November 2004.

®  University of Hamburg, Hamburg, GERMANY. September - December 2005.

® Human ethics training course “International Course on Research Ethics” by WHO-TDR Clinicsl
Coordination and Training Center, Thammasat University, THIALAND on 27-30 September, 2010.

® Human Ethics course W%Ejm “Principle of research ethics related to human subjects and human
reearch protocol reviewing” by FERCIT and Naresuan University, Naresuan University, THIALAND.
13 September, 2012.

® Human Ethics course “International Course on Surveying and Evaluating Ethical Review Practices”
the Faculty of Medicine, Chulalongkorn University, THIALAND. Host by FERCAP-SIDCER-NECAST 28-
30 September, 2012.

Invited Speaker

® Bio-Asia Project: PLANTASAFE " Seminar, From Pharmacognosy to Pharmcology: Interative
approach of natural product research. ”Ex-vivo porcine skin wound healing model” 13 - 19
Februery 2010. Pitsanuloke, Thailand.

® Bjo-Asia Project: PLANTASAFE 3 Seminar, Forum on international herbs research and
development. "Ex-vivo porcine skin wound healing model and its appication” 25 July — 8 August
2010. Urumg;i, Xinjiang, China.

® |nternational Conference on the Advances in Natural Products Science and Development of
Natural Medicine. “Wound Healing Efficacy and Wound Toxicity of Fibroin Silk Protein” Kangwon
National University, Korea 18 — 20 November 2012. Invited by Prof. Dr. Cheol Ho Park, Director of

Institute of Bioscience & Biotechnology, Kangwon National University, Chunchon, Korea.
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