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Development of nanoparticle formulation for skin wound healing from
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[

Usgansnmnmsiniiuansddafe 65.30 = 2.98% lae T-RBE fianuasiiaddutiaa 3 weu
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Abstract

The research entitles “Development of nanoparticle formulation for skin wound
healing from ethanolic riceberry broken rice extract” is the in-vitro study to develop
riceberry broken rice extract-loaded transfersomes for improving the extract stability, and
subsequently enhanced its wound healing property.

Riceberry broken rice is inevitably generated from milling organic rice process in
Thailand for several tons per year with low value. The valuable nutrients of Riceberry
broken rice extract (RBE) has been published such as gamma-oryzanol, fatty acid content,
phenolics and flavonoids with antioxidant activities. These can be applied as potentially
active ingredients in pharmaceutical products, but its mechanisms for wound healing have
not been exploited. In this research, an attempt has been made to develop RBE-loaded
transfersomes (T-RBE) for improving the extract stability, and subsequently enhanced its
bioactivities. The green technology was used to prepare T-RBE with the first to use PEG-75
lanolin (nonionic surfactant) as edge activator via a high speed homogenization process
without the use of organic solvents, resulting in homogeneous spherical nanoparticles with
sizes of 256.60 + 1.59 nm, negative zeta potential in -35.30 + 1.26, polydispersity index
value less than one (0.25 + 0.01 mV), and entrapment efficiency of 65.30 + 2.98 %. The T-
RBE was highly stable over a period of 3 months, not toxic to human fibroblast and HaCaT
cells, and was able to enhance wound healing via the FAK/AKT signaling pathway, decrease
nitrite production levels and inhibit the growth of S. aureus compared to the extract. T-
RBE formulation effectively sustained release of biological compounds and efficiently
enhanced skin penetration over the extract, suggesting a potential use of T-RBE as dermal

systems for impaired and delayed wound treatment.
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A1FEUIUUIARNAYIRINY (acute wound healing) L unszurun1sAisudoulunis
FonusuieweimmdinnlaSuuiaiu lufiamlsund Fumisiinga (epidermis) wazdu
wilawdt (dermis) azvimiinfiadrunszidatostusianieandawindeaunisuen iownse
ﬂaaﬁuﬁgﬂﬁwms%ﬁﬂszmumimqﬁﬁmmLﬁa%’ﬂmmmmaﬁLﬁms‘z'qjjuﬁuﬁ vonaniidlerinnns
vinduresimiiariinszuiumsmadeiiidudouiniuduiuneuiisonsufuegamiiie s
auna FetunsunsmevesuralutuneuLsAEendt phase of coagulation wasmdonLinns
wARY (vasoconstriction) wazil platelets aggregation 11ludn1siiia blood clot vilvildeanes
wazUNARUUIAWNALUTZELIN Tumeuiiansie inflammatory phase dindenvazindeuiian
USauIawNg YlAAne1n1s Uin vin wae Seuusiaung WndenvnazUaseeulydlusiied
(protease) U8 08 cell debris, bacteria thae extracellular matrix W UNALNG UBNINNT
macrophage J0.duiwadfid1fysonIsauILUIALKAILMET srowth factor #in99 Bnuanewiamu
n3gAUNI3in proliferation phase Faduduneudiauvesnisauuuinuna LANNIINIZAUNIT
asemoaanau (collagen) Tneufiunisuusinasnisnisuiivensadinlusuaias (fibroblast)
wazanAsAluled (keratinocyte) N5eAuUNI5ATI extracellular matrix N1sas1adwdonln
(angiogenesis) LAY N34 3 Lﬂ'ﬁ’lzﬁlﬁzﬁaa‘lﬁlaq i 2 (re-epithelialization) Gﬁg’jumauqmﬁ’wﬁa
remodelling phase aziin15.Aa collagen remodelling LazdN15aATIUIULIAT 1199 VD
UIRHAAY (decreasing cellularity) (Guo & Dipietro, 2010)

atslsAmuunaiilalansameldnuunfaznatedunnai e s (chronic wound
healing) Fsenaiinandadsineg 9y unaluggeeny nsguyvs Msaugs) nsAaLEe A1z
Y1513 fwmisvosina Azlsaiidue 1wy lsawmmiu Tsndau Tsauzids 1Wudu Tne
Hadomariarlududamsamnuuaumannnala Wy ilianudanguromasnienanas
daalviniliasaidondssdnuiniie vlvnisinalisuldeauagnsunoonTaunndausiuLKa
anasdenaliunasglunnzuineendiau (hypoxia) inlianuaunsalunisduasizineaaiau
193319n18anasdwalifiduloneaanausoune N5t vewdingenviianasvinle
arwannsslunsuiudolsareadindenvnanasdmaliunailonainiiogs lnenisnde
LAYNITVIABENTIUYDIUHAILNTEAY inflammatory phase THe1uILIAr FULTITY ¥ilHTinTS

na soulesl matrix metalloproteases (MMPS) LW UNINT U LAEHNITINUTEAUYDY reactive



oxygen species (ROS) 1azdsaLdorouna sauﬁasumumaé’aLﬂswzﬁmaé@aqﬁaLLazmﬁa%ﬁq
vaeaideniesdnsg dsmsnuuinunalifotailugnmainseslsauazsesunatiudsennas
$hwmall (Guo & Dipietro, 2010; Sandra et al., 2012; Fitzmaurice et al., 2011)
wiludlagtumeluladnisnsunmgdnuiillegdlivgadsludosnssnvuiaunad
Antu wu nsldwiuauna nsldemunadn (antiseptic products) saustansidiawesanses
wnaLdu %aé’amﬁumi%’ﬂmmmLLmaﬁﬁﬁﬂ%’dwqq Fofumnifstestu S wazauuuIaLRE
vufvlaldesnasinig Tnevhlwsanmeldviadusazanailddng Sansdunmadeniifdng
nsdestfunazuidaymnsiaunazeds Ineanzegedansldasansssumadaduiifonnn
%mﬁmmammﬂszﬁu%maaQ’U%Imﬁﬁmmmwé‘mﬁmsﬁmﬂm'ﬁﬁiiwmadwawwﬂaamﬁ’aﬂ’jw
wAnSustnansduasedildfunuudaia uenanddunanansssumfdnigniduoyya
Basy (antioxidant) uagasmnaTanwdue Aduusslenitensinuuinua Inenilsludunay

2 Avo Y

nsssuANduNsInAurilanae @13aina1nt1a (Oryza sativa L., Poaceae) #4518

Y

vt miiidneamlugaanssuemauazen atussmalnefinnugauanysaifednd
dvanovile wildudniddaduiifennasiinpnuideaivayudfuilunsasinnssedu
umnAAEITUqrBnTFuoyyaBese suTgnEmadanndu 4 fio 413lsdiuess (riceberry
rice) (Teeranachaideekul et al,, 2018) lngludunouni1sds12lsduos T azwuinidan
(broken rice) Lint Ul 20-300% Fraviniivaneds wdadmavindidaueious 2.5 Aty
warlsndaudadnuanidudniifidefindoodlids 80% veaudn unsluusazggnisiuien
axlgdinlsdiuess (riceberry broken rice) annmsas ludSunannds 1,200-1,800 §iu 417
sinlusSmasnniasgnanslusiesnanadesiagn weduomnsdnd viedungAudniur
yuy sindumeiien TusmAdefiriunmwuin asatnaindn ticebery rice extract) fRasau
NIEAUNTANUUIALNG (Amin et al;, 2015) anAsIEgsHeNsIARLISa (Tan et al, 2013) an
NINAATHVBUAUNY kazann1sveenvatdunila (Choi et al., 2014; Choi et al., 2015)
Jagtuimsfnunidelunisiidesinemvseansdidgyaie alwley (liposomes) 1nuny
vanensinwinudi Alnleutiefiunsukuiamivesasadld esindiulszneuuas

1 o

1As9a319v09a InlaunndteadaiuR e 39aunsadunuRIndalafnInssuvddariladu (He

[ I a

et al., 2019) uaﬂmmfé’ammiaﬁ'laiaéffsw’%amié’mzgqummﬁaﬁﬁﬂfgm i lspagiinidu
(psoriasis), AAdos (mycosis), U3naufidiuunan (idiophatic hirsutism) wazUsaiafidinishe
Fodu 1 1¢ osnnaTnleuannsafnitusmo i lugdldluuinagadsdusslonilunisindeh
gmsoansddanizii v vliausaanvuinenat wazannisiine1n1ssEAeLAed

vsaRandsla uenaintlaisarfynanesidadainunssani iy wuled TUTAY uaga1sau

UAT8100n3LatU (antioxidant) 1w InTud wagInndiud dlnlsudretesiuansdrAgymanil



nnsaaredaluaniiziindenls (Bozzuto & Molinari, 2015) lwlauaunsagiedeiunis
sumevosh sananimdilnglusuiidudiuusznevuesdTnlouasuriduiiduunaquiinialy
(Chauhan et al., 2003) luviesnannliingndneifideyniauludussuuiinds Wy DECORTE
Liposome, NanoVital Q10, Cosme Decorte Liposome, RATCHA Liposome Serum Gﬁlﬂa’lmia
thdsansdfayldetefiuszansamanimsunuui Wy adu vive dadu uenaniiswiil
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nansaidinnnuhaulawasdunisdiugaaliiundadusdnde
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wAnS TS nwUIAuRATTIUsEANS A Tuguuudlnleuiussyseasatnaindnsinlsdiuess
n93ded3nnmsinuguimaianmeig 4 faduayunalniifsrdeaiunsnuuiausares
asatmandovinlsduedd Uszneumensinnmnuiduivvesasatniioiinlsdiuesinevad
Aawdadsalules wazlalusuanas §2838 MTT assay wenantudsiinisaneidanisiiiy
dnenmlunsiedeuiiveasad (migration) uaznsimd Iuve LwadTInTzAulavansafind 12
lsfiuess wazgiensasuulassssulsiuiiistesiunisindouiiveawadidedimsdouusy
UIAUNARIETS western blot analysis nadeugwslunsdudadenuaiiiefiamsaneliiinns
fadausnafmlwasidodedeu nadeugns sumssnavluwadinzid ssuualasvia
(macrophage) ¥insAnwgnsesansaindiinlsdiuesslunsdudnsinuresoulnid
anaund (elastase) uastoulusinoaadiua (collagenase) savivhnsnnaeugnssuayyadasy
seisen 4 teldudoyalumsthluliiaungnsifudinlenussgansainandiinlstiuess
selu soanduinnsmageunsUantassfeanmIualnley (evaluation of drug release)
Lagld Franz diffusion'cell N15NAABUN1TT UK TUH LU0 615 A Lnla (in vitro skin
permeation) FaTaAnwIATAsTIATLaEIs B TNTR R SUA s Tedeuty ey

¥

1338 udraulatdusgrannlunistiniaud1ing e wnana1nn1saT 1L WU

1Y

NUITY
Hundnsnsialnlousnuuiausa lumsfuyadiaisansssund uasdsierfussdnimdl
yesmsldansatnaindinlsdiuesilunsaunuuiausadniie
gUIzeeA
D Anwgninadaniaglilfieadinizides (non cell-based assay) Ine@nwiqns
AUBULABATY (antioxidant activity) qnd sudaeuleidarama (anti-elastase
activity) LLazqw'Sf fudueulsinoaaniiudanti-collagenase activity) vosansadatn
vinlsdluedd
2 AnwgrimsTaniagldiwadinigides (cell-based assay) Tnsfnwiqnsfiuide

WUATILSY (antibacterial activity) 1nslilinn1sAABUSIMRINTLaIHDIE DD DU
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MnsAnwnensitudnenwlunsiefounveseaan1il (migration) wagnsiity

U

Fruuveneadiinszdulasarsadadinlsdiuesi nuiinmnauisuulasmes
sedulusfuiiiAsadestunisindeuiiveawadivs naaeugnidiunisdnaulu
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417lsduass (Riceberry rice)

g Y]

Tudsgmalned wus 911971900 kagdels1891931917848 (pigmented rice) &

)

v oAl

ANUAINsaluNISATueYLadaTENgenInUIN Ll (white rice) TeUszinalneiiniugay

Y
1% =

anysallumedniidvarevin wildudfddeduitey Imdwaafininwelunisyhgaainnssy

]
aAa a

Bemnded uaeissamadvaduauitifuilunsavnsseduumnmAiiedugrinssiiu
oyuadase wenyEvedanindun fe 41alatiuesd (iceberry rice) (Teeranachaideekul et
al., 2018)

F1alsduads (riceberry rice) Wudnagn Tlauas wandndeaidirady Lﬁuawaﬂ’uﬁ:ﬁ

gniaTuInnailnen snauduiug sEndne 41 venila uvIngaeinuasAmans (Wugne)

Y 3
s

b)) Toesumaunus ol w.a.

]

o ¥ ¥ L2 ¥ v s

NUY19913R0NULE 105 (T1IMBNULE) MNFNIUUIIEUI (UG
2545 Q4 AUGINYIMARNTTIT UNINGIRLLNBATANENS FNYUIAMIULNILAY 2. UATUTH T179a18
susfediinsiiausaugnldmaoniicd fesugnuuuinumsduns avisosgnluaniweine
B liuiuesdmadedvensdndnn uazasvilinmamalasuinsidedludlsduesial
asufuanysalls Snlsdiwesigaulufmenuamiseimags Taeaalstlovibudananazmy
Ieludorundnin waziing nefinuanifdodueyyadaseldd lnsdulsznoudifguesans
anmanndid laun nsafluedn (phenolic acids), Wailauess (lavonoids), woulnlwefiu

(anthocyanins), Tusieulnlagiiu (proanthocyanins), nladlsaa (tocopherols) way wauule

[
v o

lsguea (Y-oryzanol) uananntiudyenulunisaiseansausniiusslevidesisniednuinung

wanevile Feansomnswaniiaiutiglunisingesanie anmudsaion1siiausise wazyae

%
v v

Uostulsasineale wonaintudsldiutgiglunisasnsreaaitau (collagen) WrwanAULEONUDS

Rvialaanee

Tudumounisatnlsdiuess aznudddnivin (broken rice) Windiulefia 20-30% G13vinil

= ¢ ¥ o da & | = o = 2 W & o Ao & 4
e waadrvinfifiaueninee 2.5 dautul wastisufaudadnuanidudnifiilen
wiioaglidis 80% vaawdn wazluusazggnisiiuiiedazladniinlsdiuess (iceberry broken
rice) 3NNATIILUUTUININGS 1,200-1,800 fiu GravinluuTunamnntazgnuislunewana

mesngniieiduemnsdad vislduinghvdmsurivuy iduiedien



MN5189UNTITNUT1 Tassadefinanvatenazanududauvadlassasng il
a1sUsznevilusaiinuandiluniseongyinistinmiunnune Seilidnnsiunldusslen
Aenuiinvtla fadl (Dziato et al., 2016)

1 asduasuauaimauauauUinisA1ueyyadasy (antioxidant) N15A1UN1S
9ALdU (anti-inflammatory) LLazmiéT’]m%aﬂa%w (antimicrobial action)
2 N13¥zaedy (anti-aging) Ly miﬁuvﬂlfzjaéﬁa N13N3EAUNITATIIABAANIY

[

(collagen) wazdana@u (elastin) ann1sas1awaniiu (melanin) NMsdaaiusaded
Dudu
3 $nwreinisiaunfvesiionde wu Tseaziadu uesaionds Audulsends
(rosacea) WWudu
4 SEITUUIALEE WU uNaRfe wkasess unaliling (Dudy
Tuuddefinuninudn asatnanndaainlsdiuess (iceberry broken rice extract) &
AauaLTANSEAUNTALNLUIALKNG (Amin et al., 2015) anAaldsssonaiinuzise (Tan et al,
2013) aAN1INGATIVOUA UK LavannIsvIanvaddurula (Choi et al., 2014; Choi et al.,
2015; Luang-In et al., 2018) Somted wagAy (2015) ﬁﬂmqwéé’ué’jQﬂﬁiLa%zgsuaqL%@Lwﬂﬁﬁa
Aelsm 6 wln Lawn Bacillus cereus, Enterobacter aerogenes, Escherichia coli, Pseudomonas
aeruginosa, Salmonella enteritis Wag Staphylococcus aureus WaslnNanaN9 4 3ia lAuA
Frvendunn drmvesia 41lsiwess uavdmisadwiusauda 1ngl38 agar disc diffusion
nans3denud ansataweulnleeduandnudediiwsaein grssudinmsadyvente
wuAfiens 6 via TnsFesdduidenfiniunisrasusinnsuds (nhibitory zone) mnfianly
ﬁaaﬁq@ é‘fﬂ‘ﬁl Bacillus cereus, Escherichia coli, Staphylococcus aureus, salmonella enteritis,
Enterobacter aerogenes Way Pseudomonas aeruginosa
Pukdee wavanz (2016) Anwinisanainilsdiuesaseeniuea 50, 60, 70, 80, 90 way
100 Wosidus nelditudds [uan 2, 4, 6 uag 12 Flae wanTITenudn anlstuessana
shetevuea 70 Wedldust 1unan 6 alus fuvsinuasUsznevitusalaesmuaransnguueu
Inlggrduln y3IIUE ' a0 A ® 53.354+1.373 mg GAE/g extract (milligram gallic acid
equivalent/gram extract) W@ e 42.582+2.892 mg C3G/g extract (milligram cyanidin-3-
glucoside/gram extract) Mua1AU LLazLﬁaﬁwmiaﬁmﬁl@fmwmaaumiﬁmawaémsﬁ’sEJ’E%
ABTS wag FRAP wui1 JA1 ICs (50% inhibitory concentration) 11174 0.015+0.0003 daansu
molanany Wag 2,765.766+39.844 mg TEAC/g extract (milligram Trolox equivalent
antioxidant capacity/gram extract) aua1iu Fsaguledn ansafadlsdiuesiidnanmlunng

ludszyndldniseuaziniosdionsla



Teeranachaideekul wagAny (2018) AnwiUsuraatsusenauiluealaesiu Ysun
ansUsznaunalineenlae Il wazgnsmelanim wWiethluussendldlunseuaziaiosdions
Y0403 5 aetiug lawn ddedven 41duy driventla 11ilsdiuess uwavdnduds lagarin
o 2 v ¢ & a o | a =
Naundnsigieniuea 50 Wesidusd nan1s3Tenudn YSunuarsusenavilusalaesiuuay

s [

a15UsznaUNalIURYALAYIINYDIVIING 5 aeWugesludae 128-322 mg GAE/g extract Lag

LT

a

86-341 mg CE/g extract (milligram catechin equivalent/gram extract) Amud1AU iauﬁmqwé

[
v v

Tumsiueysadaszas ilennasuse s DPPH uaz ABTS uenniiedivsyaninmlunissuds
wulwilvlsduua (tyrosinase) Suiianisadne AGEs (alycation end products) ausanaduiede
7 uarfinuuasnsiesowadlnlusuaiad (fioroblasts) vessysd Taemuin Asefuanandutu
400 lulasnsuseliaddng Nssentinveueadgendt 50 Wesidus

Boonpisuttinant uazAmy (2019) Anwgnsnsdininvesansatnannauuagsidn
ls6iuesd Tneld38arin 3 wuu Ae Fudaeth utgesaeeniuen 95 Wosifud uasudeiesn
Saccharomyces cerevisae var. burgundy Kan153denudn asdUseneumuaifinulasdnlng
Tuasanninunauuazsdafildanmsatafianmwuy fo a1snduueulnu (anthones) wagw
alaueea (flavonoids) I@EJa'liﬁﬁﬂﬁ”lﬁﬁ’]ﬂiﬁwa%ﬁﬂuﬁwL%ya Saccharomyces cerevisae var.
burgundy dA1ua1115aluN1TA MY AdaTy DPPH warn 15 uiulane (metal chelating
capacity) ilenageusgis ferrous ion chelating gafian lalIeuiisuiuiniiug uaznsie
naulnezduinnsiesd@na (ethylenediamine tetraacetic acid; EDTA) lagfian ICs L1111 U
0.25£0.02 uay 0.22£0.02 fadnsudodaddns Mua1Ay Lazlll enaaeu1835 ferric
thiocayanate Wy arsafasidalsdiuesiidudienn fanuamsolusudsnsiiaufasen
pandiaduvssluiu (lipid peroxidation) LazaINNIsNAdBU M35 Dapachrome WU @158AA
S8 lsduasIivusae Saccharomyces cerevisae var. burgundy mmaaﬁuéﬁuaﬂ%ﬂﬂi%m

a

alannan lnasian ICs Wity 0.11+0.01 Jadniusieladans

Acute wound healing

TneiluluauUnAfiudeuss nandauiauaa Ensuisdusefaidady dermis) avdl
nalnnismevesunatinduldiedlnesssusd @9zt uneunismevesunadeil (phase of
wound healing) (Cohen et al., 1999; Dang et al., 2003; Guo & Dipietro, 2010)

1. Phase of coagulation Liiefiunaunalindu sxfin1sdnvnveaduden vil#iin
bleeding 19n83zdiUfATewaLdUGDAYIIALAR vasoconstriction wazdl platelets aggregation
Fafnd uldlnwends chemical substance 9niwadTiin injury Lusanszdu tlgniain

blood clot (coagulation cascade) gad coagulation factor 719 ¢ $9uA28 U blood clot 3%



Usgnause fibrin deegluguves meshwork lideamgauazazunaguuinunaluszezusn
wonani feandu frame work Twadasluvuiunisves wound healing i$un &1 fibrin
meshwork lafasysal Aazdinasie wound healing ¢ platelets uonanaziduiwadisuduves
2U2UN15 wound healing udalansiin aggregation AsTULOGEIN15UADE cytokine A199uN
nszAuylinIzuIUNITVBT wound healing Avilusialusiie 1y platelet - derived growth
factor (PDGF), Transforming growth factor (TGF), fibroblast growth factor -2 (FGF-2) 1¥ugu

2. Inflammatory phase BuRatunely 10-30 i nEsNAAUIRLNE Faaziinisiie
vasodilation, increased capillary permeability, complement activation, white blood cell
(PMN, monocyte) migration ¥line1n1s Uan vy uns Sou fiudiauna e white blood
cell mﬁ'LLNa Aazyiane cell debris, bacteria itay extracellular matrix‘ﬁ Injured Tngn1sUasy
enzyme protease 1189 uaﬂmmimwiﬂi%lw%ﬂLﬂumaﬁﬁé’ﬂﬁﬁyﬁia wound healing Fands
growth factor 149 @ NNa18@IUINTEH WAL A proliferation L¥ U angiogenesis,
epithelialization, fibroblast proliferation, migration Lag collagen synthesis Hudu

3. Proliferation phase UIlLNAYZAN19LAA granulation tissue, angiogenesis, wound
contracture waz epithelialization &3aziiwad s gL unud inflammatory cell n15a31
granulation tissue AIUYNIEABAITE new extracellular matrix Antu éﬁﬂﬁﬁﬂﬁﬁ@ﬂ%ﬁ%ﬁ]ﬂ
Fagnadrslaglalusuanad Iaedl cytokine udusinsedusinliiAn fioroblast proliferation,
fibroblast migration waz collagen synthesis wana1nd lunszuIunTas1snoaaan Suilas
A AdeuddysonsyuINn1sE Wy Saniud win wazeendioy Fudu cofactor drdglu
A13L09 hydroxylation 484 prolene wag lysine Dudu

A5LAA angiogenesis %qgamzéjuimaumimmlw WaEN1E tissue hypoxia InguuAlAT
W1a § aduiwad i Junumdrdylunnnszuaunisues wound healing 95 va 1a15WIn
transforming growth factor mﬂizé’ju endothelial cell a%fmﬁmﬁamimﬂﬁwﬁu

n1510 A wound contraction t9ad N IUTUATIAF UBNIINILEAT 1NADAAILIY WA
extracellular matrix 3uqud Safiunumdrdnlun1siin wound contracture Tnedasiulesag
wasulufiveuveuna wazidsudu myofibroblast dsazdindslunisfsvevunad iy Tu
urafivaeslimeiosasil wound contracture wnninluwsaiiviiule (primary closure)

n151A0 epithelialization wagasiflules #3e epithelial cell %Lﬂ?{auﬁmﬂﬂﬂqu
granulation tissue Tnefin15iAdoufinarn1suusiizNUsNveULNE wazludinuas skin
appendage ( hair follicle, sebaceous gland, sweat gland) ﬁé’awa«mﬁaaq"’luuml,wa Tauns
N3EFUTBY growth factor #1199 fivAsaInusAlAT1Ng L9 fibroblast growth factor, insulin-like

growth factor, epidermal growth factor Wudu uanand epithelialization §4AnlaRLULNAT
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3 moist wound environment kagiinlag1a1d necrotic tissue Lag scab “U’J’Naq' epithelial
cell azuUafuazLAd oufinnnAgy granulation tissue AUMNA F99ENYANTLUIUNITT AT oN
AsEUIUNNST contract inhibition

4. Remodelling phase #3@ maturation phase \JuszezgAv18U9INTZUIUNIT
wound healing #isuUszann 20 Yu ndsnsiauiaurasazauseluls Fausvanerieuly
udanaed ﬁ'ﬁuagfﬁummmmfuﬂ WU AUUUY, TEULLIAINITNIYVBILNG, ATUTULTIVEY
UIALLHE swzﬁLLNa%ﬁmmLL%QLmﬁu (increase tensile strength) Inatin1siia collagen cross
link LaZIN1TAATIUIULLARAI)UBIUIALKNARY (decreasing cellularity) Farreiunadu (scar)
wfidonundoianas n1sadiesreaaauanal kariinisiaievesneaaauIIngy N
auﬂaeuaamﬁa%’mLLazﬁwmaﬂaamL’«JuﬁﬂﬁLLmaLﬁuﬁuad, LULAY, 58U Laziidans Seuuiunis
md’lﬁgﬂmuaﬂﬂﬂL%éLLﬁJﬂIﬂiWW dmsuunatlud mature wés Auudaussiliiviu 80% veq
Awtiasund wasidudqudilifl sebaceous, sweat gland, hair follicle SevildnisuRanazuan

ENIMRILIUNR

Chronic wound healing

Chronic wound healing #5® non-healing ulcer AReNT wnalya1u15an1eny
N3%UIUNT8Y acute wound healing li s 9zdin13mgadi phase la Phase il e fail &
prolonged %39 repeated 984 inflammatory phase Feorainaand infection, 4 repeated
trauma 38l necrotic tissue deag iliin1anszau PMN tazigadusalasming ndaoules]
lUsAteangnaaniiar yliin13v11a18v09 extracellular matrix (ECM) #1199 waglinnas
degrade w3 growth factor ¥ilinnuRnnainuazinUnfivesiuney proliferative phase
#0150LAA granulation tissue formation %13 epithelialization ¢ uaﬂmﬂﬁu chronic wound

= wa

fluid AflaaudRuana19nssiuduiy acute wound fluid Aty acute wound fluid ¢l pro-
inflammatory cytokines (TNF-2 ag IL-1) gegalu 2-3 Ju naaniinuinikawazIzanadag e
unluszezson Janszuiunismevetunaiazaiulunuund duly chronic wound fluid
9gi58AU pro-inflammatory cytokines agﬂuﬂ%mmﬁqaagimaamam waglu acute wound fluid
fagdl growth factor Wy PDGF, IL-6, TGF-2, TGF-B $1uausin wie ﬂﬁzﬁuﬁi’?umau proliferate
phase n59iug 1Y chronic wound fluid & il growth factor wanii Usunadives wazdsdl
wouleal matrix metalloprotease (MMPS) F9luvhane extracellular matrix wazvinae growth
factor #ae lsinszurunsmevesimainunf fedun1saauey exudate Tu chronic wound 34

frudAglunisinwiune (Cohen et al., 1999; Dang et al., 2003; Guo & Dipietro, 2010)
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NSV VRILNaNURETINYIVaaeUTENS

1.

v

31y QqqmqﬁmwL?imm’amsﬁmLs'f‘}uaLﬁ'aamﬂﬁwmmaqﬁqqmq ALHBUAUDIADNNT
snwaulaanas nlavaeniiannuidi mudangureimasniionanas vlinislnaieu
LHALALNITHI8ENTLAUNNTIUS IULHAANAY Lag ANEINNTAlUAISEUATIEYinBaaN
RuvesIneanas Mlrduloneaaauseune vliiuamudsddunisinie uags
Tnsmeveukagas
azlasuinis nshisuansemnsiidulssleriografivane wu aslulawse Tushu
Ty Amdiu indeous vy liwadasgvesisneriaulaegsdusz@nsaim s1eneidl
Qﬁoﬁ’mmm%@lm waztapanasliutameiEy arsomnsivaslunsduasunsme
YBIUNE LT
2.1 Wsiu JuesdUsznevddgueiede dvduaiunsadaifodeiidnvse
wazidudiulsznavveadiadenunsiivieondiaulussudinauna 81979
TUsAuazylinisdansivsineaanananas ALLTILTIVBILNARNAY LAY
nsneUdemMNiAuiudelY mssuRudelsaveadadenyidenas v
Tnnsvimeindives leucocyte anas Wilvumadnidedne uaznsmevouna
1189
2.2 mslulawmsanaglviu iuuramdnureasaanieg 1wy waddindenun
waalWlusuatan a1519n181na1581msUssianasiulawmsaiay lodu
S1npazRusiutiazanliunld ililusauiarldlunsdaasunismenes
LHeanad FlEnNSMeveINaT watiEs o siAnnIsAndaNNTY
2.3 anfiuliazindons WutladeiliAsatestunsmevasuna 3n1dud day
Judulunsadeaoaanay wasdunumadnanelunismeveauna Inndiy
1o Paelumsairadeyin Paslunismevesuna danzduazsinman Haelu
Nsas AR NI @3eiidunulsn Frglunisvimihilvesdadenunsy
nsiheendauluduidode d1v1niandunazindoussanan azvinlwues
waendendesdnindy msvimiihfiseusindenvnanas nsdaasziEy
Tynoaanautiosas vilinsBeslnlvesnoaanauldnanuiy vildns

MEVBILKATIAY wazilatdonasialnulindalss

3. Msguuns asiivluurs wu ey Asuauteutanlys 2 TUNIUNTLUIUNMITNIEVES

e Ingdlafuvinlvvasnldaniagi vinlaen lula geusIuLNaanad hassudganis

v o

duAsieriganid ayHauTIANUIALNG A1susuBuNenlefazIuAuElulnaduIuLLy

Beni1Asuanddlulnady vinlidlulnaduldaiunsaUasssandauliwniiiaiiola
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puUni vinausaidldSueendiaudes ildunamedn nsguyndidutiadeidsad
ddnyiviliAnanzunsnday enfunismeveduna
n1sRade vihlvsununszuaumsneveusa seifitadeiifedes wu elauazduan
voudelsn n11znfdnumeesineniy
Tsaiidusguaznisinw 1y
5.1 Tsamzi3e guhelsauzifeildsunssnunlnesidsnvinaziaiivnda azvinla
nasadenunignyiats 1eadanndssuinaunaanas uagiin1shans
dedound suvissudinisuusinveseadlnlusuanas wagnsdunsizs
poaaa linsadadedolmignsuniu pidhunmilsavessumegnna
SEEYMISNIAUTIRATILILTY Vil Funamedh
5.2 Tsmuwu flhelsammudissduihmaludengs silvianuanansoly
msfuiudelsnveuiindonumnanas wiailenadaidegs vilsisumunis
EVDLNA IABTUNMIUMIANATIZIABAAIIY kaLN1TAS1IMaBAdonANeY

MiannaaaNageaULD ANV1ASTEY

=Y

msldsudenuazeandauvasiadausinauna nsfiiodeldsuidenldifodis
disane Wudsddglumsihaisemsiudsaiods augddunulse duased
AeaaLaL ai1udeyia WledouusudwNdnrsoviegn vinane fUaefiiinnzideiden &
hypovolemia AzaHailANITIBVDIHATIAS

AuALvaINa SianuisadesiussznainIsmevesNa Wesndunisdianstuay
fUSunaudentdsine iy 1y wausnateuin dawn Jeren iusuniiiiidenun
Beeiosninusnadu waruinadnanins wasulmuin 335UniunsyUIunITIG
YN U3nafitidenu s ainn wu luni diae wnaszmeginiy
AauvanUasuluwna wu fdsudanUaeunndg silnduunasemsvesuadise vl
Fouuafi3ornsaivialdd sununssuiunsmevee Wesennisrauveade

HoRYIYNTAYING SEEEIAMTENLEUULNNTY Y lHa et

NNSAALYAUSLIURINLLAZLLDLE DU

NSRRI BT RINTkazii a8 aaau (skin and soft tissue infections, SSTIs) wulnuse

TumanwUfus dnargannuazraisainisuans n1shnliafainandulansuadundeiing

(epidermis) YUY (dermis) Wakln (fascia) LioLEalARI1 (subcutaneous tissue) WAzt

nanuile (muscle) §9AugunsI9zi uT un1ua1a v W e nuiduaunndiulug laun

Staphylococcus aureus, Streptococcus pyogenes L@ ¢ LT 0T¥U AD U "‘]Iu A aq' FURIIOIN
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Staphylococcus Wwag Streptococcus a’mwua’lprnﬁl’mLLUﬂﬁﬁ&JLLﬂiuaU 19U Pseudomonas
aeruginosa muﬁwﬁyasuﬁﬂgu"] WU Enterococcus spp., Clostidium spp. L%yaiﬁ (fungi) (Ki &
Rotstein, 2008) wa g Bacillus cereus (Michelotti & Bodansky, 2015) uana1n ﬁyavﬂ NUIN
Staphylococcus epidermidis FadudeUsyandu (normal flora) Udaimiluazidedlon Hu
Fomelona (opportunistic pathogens) annsansliiinnsinielulsmenuna (nosocomial
infections) i binaliiinAI1uguwss (Otto, 2009) lnguuafiisuRenaauIsanelminn1she
Feusnaimilwaziiofegou 1wy vues (abscess) wnalum (diabetes) wadiiiewdo
§navu (cellulitis) TsauuailSefiui e (necrotizing fasciitis) unadaLd sa1nn e Hudu
wuATISEuASIAY WU Pseudomonas aeruginosa \Juideanelonaiiaialuanneiidesndiou

=

nolfAnnsindorisunss uandunddluanmiinuinniiaavesniiznisiode lnsuueiize
fandausaneliiianisfad ousnuRmtwendodesen 1wy TsauuaiiSefuie
(necrotizing fasciitis) uHaRATa9nMIRIA WDudy (Leons et al., 2018)

#51899u3TenuI arsngunaliueeauwide 1wy Walauea (flavonols) Wanlau
(flavones) Wawau (flavanes) Inenaveanalaw (chalcones) figvslunisiudonuaiiGousend
gluvipsmaiafiinuinasiinesgIL 6 i uazeyiusdungivesasnguailauesdunadal
N3 dud auuaiii o 01N TNUINLAZLNTNAY FINAY Escherichia coli, Pseudomonas
aeruginosa Wag Staphylococcus aureus LLNmfﬂmsluﬁmmmﬂ‘ﬁ'mummaﬁmmgm 20-80 ¥

(Farhadi et al., 2019)

ONBAUNNTONLEU

4

\waduualasnia (macrophage) unumddglunszuiunisdniau lngaggnnzdu

9

[y

lngnsaanigelsa (recognizing pathogens) nselalalail (cytokines) Mniwadiuszuugiduiu
waduualasiaignnseduazndweuledluavalstnudinisdniau laun inducible nitric oxide

synthase (iINOS) d@wsunisasnsluninesnlan (NO) Laz cyclooxygenase-2 (COX-2) dusunis

A 19INSBANTBLNUA U, tuMOr necrosis factor-alpha (TNF-QL), interteukin—lﬁ (II_—1[3),
interleukin-6 (IL-6) wa interleukin-8 (IL-8) Inglun3neanled Faduarsdonatanissniaui
adnlunszuiunsdnay Tundneenleddnarlviinanenaendenvened dWiuanuaunsaly
nsBururesmaenden sliAnensualuusnaiiinisney dafunmssudenisieny
vadlup3noenlyd duiluwumedAglunisauauuazussininissnau msldemseansiadl
dedudsnsdniauunuilagtudinlvgidusingu NSAIDs wag steroids (Alderton et al., 2001;

Chumseng et al., 2010)
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HaCaT cell lines

\Ju immortalized human epithelial cell line %ﬂgﬂﬁwmﬁumﬂﬁj;ﬂﬁm Tnelud w.e.
2542 Boukamp wagAmy 1 epithelial cells Inwadil oyftanvouvoni ssend1umds
suvuniheweeny 62 U fiundesnisduiadunacunalnenss Ing HaCaT cell lines 3
AnandRndEnAiUwadATIAlUledue Ny we Weaan HaCaT cell lines axdilusAuuuiaiead
U KL, K10, Involucrin uag filagrin @slusfuwmaniifudusiveseadaniluleduosyud
YanaNLEaNUIn DNA fingerprint ¥89 HaCaT cell lines ﬁg‘dLLUUIJJLU?{sJuLLUmLﬁaLgsN HaCaT
cell lines luszaren fufudadufivensulunisld HacaT cell lines loldusunuressadis,
Alulailunaennaass (Boukamp et al., 1988) fifiog19iiisecudnu3deild HacaT cell
lines 1asRdouNsLiunuanTRveuvadduinidndsAluledifiosnwianuamsalunis
a%ﬁﬂmiLLazﬁluwuL%aa‘ﬁmﬁfaﬁuaqmimﬁaau (Taboonpong et al., 2017) Laz@saiAINUNGYTAS
(Chowjarean et al., 2018)
nsiedauiiveswadiiavis keratinocytes Tagn1siauvadlaanatid dyin

nsaneloudyyramianisulsdyaa (signal transduction) Tutwad unszuiunis
maaiivienenenm Insdudwunisyhnuviedsumanisalluszduluana Aluanads
Fuayrau (signaling molecules) 9ei31v1a1UNYMLIB5U (receptors) Fafinalvivadnevausmie
WasuNIvhaw Anudsuudasiinnannisduresdunus (igands) funiiedu ssnegisu
nsaedeyey1ad (signaling cascade) %’ﬁLﬁuﬁﬂﬁmmmiaimqmﬁ%’gmwmaﬁﬁmﬁéﬁ@mm
(signaling pathway) #1139 13U N1588 58AVBNLEAE (cell viability) n1suuaiivesead (cell
proliferation) N13tAd sufivesisad (cell migration) 91n91u3Fenuin nsiad suilveaad
AmfaRsaluledlunssuiunisaunuuiauuaiianuierdostulusiuindsdayain (signaling
proteins) 2 ¥ila Ao

Focal adhesion kinase (FAK) Lﬁuiﬂiauﬁlﬁﬁﬂagﬂuﬂdmm tyrosine kinase receptor
yhyhfmdenhdygnuneluwed fnsuaneonluadvatsvie Wedlnmsnseiuimiieiu
szdamanszunTiauYes FAK iilkAnnszuiunsmsdnine Wy mandeuiiveasad ns
Wi nuead nsegsenvesiad MsinzAnueaead (cell adhesion) 1533 MUVBNTAR (cell
invasion) wananil FAK fediunumdrdalunssuiumsdennsuiodendsladuuingu fins
oSunefianthives FAK FallamiAsitesiunismuaunisaiianediuesues Factin uaznis
yyuisuvesluiana focal adhesions (FAs) Bsdndudmiunisaiisgusrauaznisindouiives
Wwaanue (Serrels et al., 2007; Zhao & Guan, 2011) INFIPNUIFLNUIN FAK Tn150anaoan

39V UN UV UTUATIATULYA T AN ILAA BUT LUNITNABBIN ULYAR LWIZLA 89 UUY UbLA &7



15

(monolayer) (Gates et al., 1994; Romer et al., 1994) ﬂ’liﬁﬂw’lﬁlﬁﬁﬁmumﬂgﬁyuwm"l FAK
nsed wliiian1sviauluaidudaly Wy nsedu ATP-dependent tyrosine kinase (Akt),
mitogen-activated protein kinase (MAPK) %3onssugulunay Ras wju Member A (RhoA)
A Ras-related C3 botulinum toxin substrate 1 (Racl) S’Juﬁg\‘iﬂizﬁ:uiﬂiauﬁmwﬂummﬂﬂ
lwad w3e Cdcd2 adudiumumlunsusugusne wagmsiadeuiiveawad (Zhao & Guan, 2011;
Sulzmaier et al., 2014) n3¥UIun1sAIanind wilewadinsndeuil Tnenudn Racl 9z
nsgdunsasslelanaady (cytoplasm) fussnuneuenad (lamellipodia waz filopodia)
Wedusdulieadaninsandeudild (Nobes & Hall, 1999; Etienne-Manneville & Hall, 2002)
d7u RhoA flduiAeadastiunisadne FAs waznsuadvendule actin (Etienne-Manneville &
Hall, 2002)

ATP-dependent tyrosine kinase (Akt) 13815808 neoe 191 991 protein kinase B
(PKB) 10U serine/threonine kinase dsfiunummiedesfiunsyuiunsvaisegenielusad wu
1594 59AY0TAE N13LUUNUBATHYBUTAE (cell metabolism) N15LNTIUILYAG wAEANS
\AADuTiveaadiiy PI3K/Akt signaling pathway Tng Akt ONANTIUTIUNAFUNULLUTY
(plasma membrane) wazgnasedulivinauaIensiunHeann (phosphorylation) Akt ﬁgﬂ
nsgfuagyimihitiuinandunsnssduuardudiluanatmnesiafiegmeluead fnenu
nsfnwInaYesansana Centella asiatica Tun13nszAunisind euii vosAsAlulesd Wiums
FAK/Akt, ERK llag p38 MAPK signaling pathways Wu11 @15anma Centella asiatica Tnin13
Wnvyweanlviun FAK wag Akt WU ERK Wag p38 MAPK TnavhlAnnnsndeuivesd
579uled (Singkhornet al., 2018) $1UW3T8Ve4 Jai Yu wazmne (2010) 52y31 PI3K-Akt pathway
firnanAgatesiunismunm actin cytoskeleton warn1siAdouiivesad LAz MicroRNA-

205 duesunsasdyannues Akt anvisiinaliasaluladusnunssanadoniniulamsiniu

alnlwy (liposomes)

alnlwa (liposomes) Apaymafifivwiadnniiseduluasou (submicron) fdnwaeiiu
fanaugvesasludu Tneanslusumariiduaseiaueuimin @mphipathic) ﬂﬁ’l’)ﬁaﬁf]’jﬂﬂﬁiu
fid (polar) woutuaznguiilaiautlulaiana (hydrophobic) Fsdaulnajdulutulseinn
phospholipids WaaInsIIUT IR LardILAsIERT U LTy phosphatidyl-choline (lecithin),
phosphatidyl-ethanolamine, phosphatidyl-glycerol Wag phosphatidyl-ionositol Dudu e
navasluansazateti luianavesanshudulseiam phospholipids annsodmspadduduady

Autuluanavesluasazaeuilmnsiglassasisluanausenaunigisdiuiddl (polar) You

1
o

11 (hydrophilic) wazauitlaiita (nonpolan lalweui (hydrophobic) Lﬁaagﬂuﬂfwwé’mﬁmﬁa
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] [
aa v

Tnethawiiddvdeivszarusenmiuanai lusnsdefuasendudlaidaud wndwill
ftamedluanaminifeniu Insazegludnuazuesnmaissinfuwnmedanalufudousudy
nifsdestunie lipid bilayer winalwlendl lipid bilayer Wiostuiion azdmdudinlaudsznn
unilamellar bilayer vesicles (ULVs) san@lu land lipid bilayer uAnIme sy (Imaﬁ%uﬁuaa
msazmm}]ﬁuagjawdwmﬂfqaaﬁu) edadudlnlendseinn multilamellar bilayer vesicles

(MLVs) fgmseansdfgildauaudfivevuiaziniivedludiunestun i dudiemie

A

asaAynilauauddldveuuiazunsneglu lipid bilayer Ingialudremisarsddgynd

AuautRveulaggninuludinleuldunndmniiiauauialiveuin

nsuszgndldalnlauiiatasiiuanuainreata s A nIaYEens
ansddmavdiensussiadanuasdan wu toule lUsiu uagarsiuufizen
pendiatu (antioxidant) Wy In1fiud wardnifiug Alnleuraedetuasdrfywmaiiainns
aanafaluaniizuInaey (Bozzuto & Molinari, 2015) loele Wazmuz (2005) ANwWIN1Taa1E57
1NW&ES (photodegradation) ¥4 retinoic acid (tretinoin Wag isotretinoin) ﬁLm'?EJﬂugULLUU
yasansaratslosuoauazalnley Inglduaannasndueou (xenon lamp) Tutisninueindu
300-800 U1lwiiAs 910N15ANBINYIT tretinoin TugUiwuuvesansazateiosiuea aatesawdu
13-cis-retinoic acid Wwaz isotretinoin acid @aefaLu 9-cis-retinoic acid 981959157 Wa1 13-
cis-retinoic SeAos uUasudu 9-cis-retinoic acid 8819919 WAl tretinoin waw isotretinoin Tu
sULuUAlnlrudiauAnAnd
nsUszndldalnloaiadagiun1sgurinuRavvesan sandmy
MndmuUsznouuazlnsiadivedinluufindieadsiuiomis Seanunsofuniuimials
Andsguuindsuiindu (He et al, 2019) Padamwar wag Pokharkar 103 sudlnlaudiiudn
vitamin E acetate lag35n153ns18L057140a (ethanol injection method) waltnlunisusely
sULUUAE INMSANYINTSaauYe vitamin E acetate Tuiavidanylagly Franz Diffusion cell
wuin gasiuiiseneusealnlualinisarantes vitamin E acetate Tufidsnnnitgasilal
fiaTnlosdis 7 i1 wazidlewSoudivualnluames vitamin E acetate w3eslusuuvuiaaiuioa
1Wan wag vitamin E acetate Tugtuuuaindifvisluviosnain wuinalnlsaluguuvuiealiaig

Avauvad vitamin E acetate TURIMTANALINNTN 6 WAy 4 WINANUaNsU
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nsussgndldalnlemiladainifuilufmds
Alnlguanunsatasiestumsssmevesioonanimdslagluiufifudulsznauued
Tnlesazusifuiiduunaquilaniisly (Chauhan et al., 2003) Betz uavAnz@Anwinavesalnlaui
fifenssnuanuguiuesimds Tnsnsieudevdlnlsufiviouaniealnadadldanly
Lardmaes insmaaeufivisauvuretotanaing 10 AU 91g5ENINg 24-32 T 99An15ANY
wuialnlsuidounwealnaleildanlsdussansnmlunssnyanuduuuioimyusi
genidleiSeuiisuivalnlendisSouanealndUnilsainduvaes uaznisannealnalelua
TnlgaszanUszAnsninlunsdnumamuduuuimilyed vonanddmuialnlsufinies
nnlealnlalndilsannlduazdmdesiitinnududuvesdiasiu 1 uay 2 Wesidudiiussansnmly

ANFANAMUTUUURIINEI1NAS LY

nsuszgndldalnlvuiiieannisszataifasanatsdfynianvdens
msfnfvansddyiideliianisseaededliludlnleuazdisannisduiaesansiv
Aawfa (Chauhan et al., 2003) kazaruAuMsUanUdesansdifnlvoglusdudilinelinnis
SEALLADY (Kaur et al., 2007) 333918ann1352A8LABIANLA Perugini LazAnzAnN®IANNEINNTa
TunisannisszaeiAesta slycolic acid il amuilveglugUvesdlnlounazlulasailed
(microsphere) lngainnisanewinudi dlnlauanunsanlvaumsvaniasy slycolic acid 1vgas
16 Tnedmauszning glycolic acid waglusfuiiafian de 5 ¢io 1 luvaesnadu Tuas (molar
ratios) lalasaifle f7wIenainlalangu (chitosan) liaansnaiuninisUanyaesves glycolic

acid 1o
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uni 3

A5AAUN15IY

1 nsatatnavinlsdiuass

Tnensiadavesinlsdiuassuiunanuuin uwiatameiefiawsanssed 50 Wesidus
Tusnsidudnlsduesaneteiiawsanagedwiiiu 1:9 InevminseUsuins) ¥ins sonicate
ogsselondiunan 1 $lus Agamgll 40°C thansadndilsuwihliuks Tnensszivesoinies
rotary evaporator funmUsinaEsatnaindinlsduessaile (% yield) (Peanparkdee,

Patrawart, & lwamoto, 2019) waziinansannvinlsduasantaundnwisaly N1SAUINMT %

ee

yield fagaN"3 % yield = ihminvesansatadnainlsduesd x 100

YINUNWIAIBIU1N LT UDSS

2 AnsrevimUsunaiiuedngau (total phenolic content) #2835 Folin-Ciocalteu

method

Anszimusinafiuednsiuvesarsanad1ainlsdiuess 1ne3s Folin-Ciocalteu
method tnginansatad1ainlsdiuessunasanelusviazanefiviunzay iy Folin-Ciocalteu
reagent asluluansavanevesansiiegnafinandudusing 4 seudin Na,Co; anudiudu 10%
(w/v) e b iy f e O duen 1 9l ﬁ”]miazmaﬁ'iﬁlui’mﬁmi@mﬂaduum
Sanshlewaniiauenandu 765 nm munaeUiinaasussneuiivednsu wWisudieusnis
gandunasifalatunsmiimsgiuvesansazany gallic acid ulanauansluvefiadniuauyad
294 gallic acid AU N NN THVDIE 56208 19 (mg GAE/g extract) ¥iI1n15nAaad 3 &1
(Kanlayavattanakul, Lourith, & Chaikul, 2016)
3 NsAUANINAsEIUYBsEsatadvinlsduati

MMsENEIRALITIAIZI WemnuSunaansddey (marken) Tuansafadawnlsdiues
?ImaiﬁmﬁﬂmmimmﬂﬂLLUUsuaqmmamiauzqq (HPLC) (Chen et al., 2016; Lee et al.,
2015) LazyIN1INTIEBUAINUYNABIVBITTITLATIZVIAU AOAC international guidelines for
validation of botanical identification methods

(1) nsmuananasgulaglinsiameimusinansalusinamydn (protocatechuic

acid) lngldinaialasininnsniliuuvesvaiaussaugas (HPLO)
@) mshasizdmusiailuasatndiinlsdiuesslinensiamsnaaeis Karl

Fischer (Karl Fischer titration)
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4 mMsAnegusMeTannvasasanadnaTnlsdiuess

4.1 Anwgusmedinmlnglalldisad (non cell-based assay)

(1) guissuaeuls elastase

nsvpaeugrsdusueulul elastase vosasatadinlsdivesslunasannansinulas
93T nsnAdeUYes Thring wazane (2009) InsUszudiun1sdudanisdn substrate Ao N-
succinyl-Ala-Ala-Ala-p-nitroanilide (AAAPVN) mgteulesl elastase 2NAaAUYRIMNY AU
“UENﬂ"]ﬂ’]ﬁﬁ]ﬂﬂguLLﬁﬂﬁaﬂaﬂﬂﬂU@ﬂﬁﬂﬂ’ﬂﬂﬁ’lﬂ”l’iﬂﬂ?ﬁgugﬂﬂﬂﬁﬁﬁﬂ’lu%@ﬂLauisﬁﬁ elastase &l
FeMsususeil wssuasazane tris-HCL buffer mandudu 0.2 M, pH 8.0 tileazane substrate
W3 BNEITaZaNNT U (stock solution) Uosteulysl porcine pancreatic elastase (PPE) A3
Wt 10 pe/ml Twthusiaeannide wissuansazans substrate AAMPYN avaidudy 1.6 mM lu
ansazany tris-HCL buffer in3onansazaleidoanevesansiiogeiiaauidudusig o lusvi
avanefimunvay udnhansazansansiegeuniueuled elastase Wuan 15 uniilugiewia
96 Mau NOULAY substrate 1N 813 1UFNT 81 Varduan 20 uait Yar1n1sganduuad
gansalalalan (UV absorbance) fiA08712RE Y 390 nm wazld epigallocatechin-3-gallate
(EGCG) Wuansmunuuilnuan (positive control) duasauauriinau (negative control) 14
Fviazate sunakarTufinAInIsaanduues nsudaraluosifuinstudaeuled elastase
(% inhibition) Msfuiniasidudnsdiudaeule] elastase feduns

— A
“ « 100 control [
Y%inhibition = —= - T T

control

Aconirol B AINITAANAULEAITBIGIINGEAY

Asomple 7B AINIIAANAULANVBIENTALAIEM0E19 YIS0 EGCG

Founsuansaudanusssninsainisgandunas uazofidudnisdudaeules
elastase aMnTuLhaun3LEduns1veeaIsea8t1ef i muwamanududuvesasiiaunse
Fudan1sviraruvesieules elastase 16 50% (IC50) it osU3 s uriisugnd luntsdnuoulesd
elastase 109815970819 WALENTUINTFIW EGCG

2 qwéé’ug’mulsaﬁ collagenase

mimaauqm%‘é’ugamﬂ%ﬁ collagenase lannuLUasanIsn1svagaue Thring uag
Az (2009) Tneuszidiunnsdudanisde substrate Ao N-[3-(2-Furyl) acryloyl]-Leu-Gly-Pro-Ala
(FALGPA) saeteulaal collagenase type IV @11 clostridium histolyticum TUsAudiAs1g%
FALGPA fsnumnzianzasiunsiadeiouls] collagenase wintu ANULTUYBIAINITAANTULES
fianasUsvendemnuanunsanisdudinnsiaursaevles collagenase wii3snnsin3eusl

W3LLENsaYany tricine buffer AINTW 50 MM, pH 7.5 wnsenansazaneioulwal collagenase
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type IV 270 clostridium histolyticum asLdueu 2 U/mL Tuasazany tricine buffer a3 ol
a198za1e substrate FALGPA A1uluty 2 mM Tuansazany tricine buffer la3uuasazans
Fenwesasiegnafinnududusing q lusvihazarefivingan Ynansavane tricine buffer
25 pL ansaratedieegne 25 ub wasteuley collagenase 25 pL Tdluniavguuin 96 nau dily
vandunan 15wl Ymansazans FALGPA 100 pL Tanuastluviay fisliuiu 20wt 9
Taan1gandukasdansitilolan (UV absorbance) M A211819A4 U 340 nm wagld
epigallocatechin-3-gallate (EGCG) \Ju positive control @2u negative control Ta@avinazany
guNaLarTUTNAINITAANT ULAS wanardulesidudnssudaoulesl collagenase (9%

inhibition) Inafwianduesiduinisdudaeulay collagenase faaunis

A — A
. e o, ~ontrol S le
%inhibition = —=2 P %100

control

Acontrol 18 ANNNIRANAULANYRIAIINAYANY
Asormple F18 AIMIAANAULEIVDIANTAZAUAIDE9 38 EGCG
Founsminaninuduiusszrindinisgeandutasuagiiafiduinissudaoules collagenase
Mnuhaunsdunsesasfegeildinmuamanuuduresasfediaunsaduds
nsvieuveneules collagenase 1é 50% (IC50) 1t aLUs UL sugns Tunisduoules
collagenase Y94AN5HIBEN LAYAITUNTFIU EGCG
(3) mﬁ‘wmaaquﬁdmiﬁmaugaémdmeﬁ?%‘ 1,1-diphenyl-2-picrylhydracyl (DPPH)
assay
nageulnewBNasaranedeaesasatatnlsdiuesiniaududusig 9 e
uoatludviazany uazin3suaisazans DPPH Aaidudu 100 pM lneazais DPPH 0.0020 g
melan1ueaIuasU 50 mL Tunad1sagangvesansanntay 100 pL ldawguly microplate 910
Tutlweasazane DPPH 100 L Tdniuaslu th microplate iveonansiousesudsldeud 370
C Wuaan 30 w1l ’«J’]ﬂﬁ?uﬁﬂiﬂ’ijﬂﬁ?ﬂﬂi@@ﬂﬁULLﬁﬂﬁﬁ@ﬁﬂﬂaLam (UV absorbance) fimmiega
Ad 1 520 nm ﬁﬁmmﬁamﬂﬁmmﬁlé’mLﬁauLﬂuLU@%L%uﬁmsé’J’u5@n15Lﬁmaaﬂ%Lm%’u (%
inhibition) W&t U gunTINLAAIANNFURUS TENIAINITAANAULAINAE % inhibition
M ndunswesansataildnmuamanuiduresasataiianuisadudinisin
oendiaduld 50% (IC50) Ll elFsuiisugnd lunisiuoyyadassvosarsadatianazeans

1IM3§1U81984 (Tachibana et al., 2001)
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(4) m'ﬁmﬂaauqm%‘(n']séfma%aﬁasﬂmsﬁ% 2,2'-Azinobis (3-ethylbenzothiazoline-6

sulfonic acid) (ABTS) assay

WILUANSaYany ABTS (2,2’-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid)) A4
Fudu 7mM Tngazaneans ABTS 7ideag1auiiue 0.0188 ¢ ¢ DI water auasy 5 mL Ingld
volumetric flask u1a 5 mL L@ guasaza1y K,S,05 ANWLIUTY 2.45 mM lagasanedns
K,S,05 Ti9aenausiugn 0.0066 ¢ #me DI water 2uAsu 10 mL tngld volumetric flask w10
mL W@l ABTS 4 mlL U K,S,0s 6 mL fulAludisiaifunan 18 v, antandeansansazaiodie
evnuea 25 win My ABTS working solution iwSeuansazaneidevnswesarsaiadiafiaan
Fudusing q 1w 100, 50, 25, 12.5, 6.25, 3.125 way 1.56 pe/mL Iagldiiazanefiuuizan
Twnansavangvesarsannt1ianududume 9 20 pL ldluaiavila 96 wau wasliun
a1savans ABTS working solution 180 pl ldnmuadluluannwila 96 viau ¥1nim 96 nauingen
asBeufesudaluta (incubate) ignmgiivios 25°C Tufifiaduian 5 Wit Yarnsgandunad
Fanslalean (UV absorbance) Tuia3aseuufAzeruulalasinan (Microplate reader) fin
gAY 750 nm Auiandefifuinissusenisiinesn@iadu (% inhibition) 1eunsmuans
ANNFUTUSIENINNAINIAANAULAILAE %inhibition nduannisidunsadildunduanm
aududuresansatadnfiannsesudinisineandaduld 50% (C50) ilewSeufieugnidly
N13AUBYL AT ATYYDIAITANATILATA1TUINTIIUE198Y (Harikarnpakdee & Chowjarean,
2018)

4.2 Fnwguismsdinmlaeliiead (cell-based assay)

(1) mswnzidsusad

¥msinnziaseasvesianiilagldimadlatadn HaCaT (human keratinocyte cells)
ag human primary skin fibroblast cells 1‘14@’1‘1/1’15LW1$L§&J\‘156‘13® dulbecco’s modified eagle
medium (DMEM) il 10% (v/v) fetal bovine serum (FBS), ansavansenaniidadu (100 U/mL
) azansUladedu (100 U/mL) Uumul,wmgmLsziaﬁLmeuLﬁmLé’umquéﬂmwmm 100
mm dltalugeunuuldansueulneenles figamad 37°C lusnmedifisusulasenladnim
dudhu 5% (i) devhnisanusiely

(2) MsnadeuaNlufiuralwadlanegds MTT assay

nsnaaeuanuiufivvesansatndiinlsdivess tneldiwad HaCaT wag human
primary skin fibroblast cells #ingUszasAlunsdadonanududuiimnganvesarsatni
#nlsdiwess Aliidufivdewad uagilunaasugnisu q deld lnewieuwadldadluau
wzidsagadvia 96 viqu $1uau 1 x 10° wadsenqu Aiflemamisidss vuludeuuuuld

asveulaeenledfionmgll 37°C WWuan 24 43lus Wisasuszeznadsusmsinzidendy
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pansdssinauasatndnlsdiuefinaraniieuiienududusiie o diluvusiedn 24
F4lua W easumuunivansazane 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) A21andudu 0.5 me/mL Uaas 100 pl sengu vuseiduszezinan 4 dalus
dloasunantansazats MTT eonuavazatendniesungnu (formazan crystal) feansazans
dimethyl sulfoxide (DMSO) U311615 100 pL i’mﬂ"]mi@@ﬂﬁuuaqﬁmmmaﬂ?{u 570 nm 11A"
g @Jmﬁuuﬁﬁé’mlﬁmu:dawaLﬁ“fJuLUast%uﬁsuaamasa@%”?mmLsziaé (% cell viability) lag
Wedldusivesnssendinvoamadazinfumnmsgandulasesmquitldansadindnnlsdiuess
wavansiisusiernsgandutasesviaumuauilldasnaasule 9 (untreated control) i
MsNAABs 3 81 (triplicate) MsFuamesduivenissontinvoaad feaunis

% cell viability = A of treatment x 100

A of untreated control
A of treatment AeMsgAnAuLABINgNTHaLasatad il siueds
A of untreated control Aennsgandunaswesnguauauilildmsmagoulng

(3) M3AnwgVBNIzduNITIAABUT (migration) vesiadlayansarniinvinlstiueds

AnwngAnssunsiedeudt (migration) vesiwad lagansadadrivnlsdiuess dadu
nsAnwluradiovtumnzdewiaasilules waz human primary skin fioroblast cells Tngd]
TnguszasAliloyszidulssansawlunisnsedunisindouniveawadiineteaiunsdouusy
Amels nevd NS suadLnia ssudaAsiAluled wSe human primary skin fibroblast
cells $1u7u 5,000 wadronas Tuamunzdessadoln 96 vau Unadfignmgl 37 °C ane
fismensueulaeanles 5% lu CO, incubator Wuwan 24 #lus eandulddane tip YALAUN
IMEUNAaNTes AL NYad Wila]HLARYDIIN (artificial wound) draoiwadiivigaoen
mnmsdneenty wdithwadingdedivsiuasasadiainlsduesifiaududuiiidufivie
wad tufinamieadinnzidssmeldndesqanssatiiingn 0, 6, 12, 18 uay 24 2l qisnszdu
naindeuiivenvadlasansadadivinlsdiuesd wlsaiuannisanamosiiudidaduiieenmy
sepdnsnonsiiSeuiisuiunguniuay (ngudllildasatadisinlsdiuesd) Ineldlsunsy
Image J

(4) AnwipnuanunsavesansanadisinlsdiuesidenaiiussdulusAuiiAsaiunis
\nAouTlveswadanmilulensemaia SDS-PAGE uaz western blot analysis

deiunsiasuulasidaaulunisnszdunismens sauuvesunailA eadunig
indouiiveavadanilulyd visnfiwadldsuasataininlsdiuefiud fidevhmsanwins
Wasuwdasseiulusiufiietunmsiadoufiveawad 6833 western blot analysis TneTusfiud

NeIeme AKT way FAK laewnsouwad HaCaT ldaslunumizideusadviln 6 vau 91uu
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5x10° iwadsiongy Uslugeunuuldasuoulasenles gauvnil 37 ssrealdoa Wunan 24
Flue Weasusvernanvdouemamnsidsaduomsmnsdesinauansatadinlsduess 7
anududuiilidufiviewad vusaduszozinaiui 24 $3lu densuszeznandiavadsig
phosphate buffered saline (PBS) ud1unwadundeeluansazaretines (lysis buffer) 7
Worhlimaduan Tnevnuuiudouny 45 widl dilusiuiiiunsgesudruninssimusunn
1UsAUAIY BCA protein assay kit ¥nn1suenlusiunieid SDS-PAGE (sodium dodecyl sulfate
polyacrylamide gel electrophoresis) #ad31nuanlusiuaziinn15g1elusiu (protein transfer)
ﬁ]'mLﬁlagfLLB\iuLmJLU’iu nitrocellulose YUA 0.45 um NTUTINS blocking edastunisiin
non-specific Wsfiudu 9 Wunduiuwiuiuuiusy 638 non - fat dry milk ﬁqquﬁﬁm Hu
na 1 F9lue wazdnisfnanunalnenis probe wausy WemlUsiu AKT, phosphorylation-
AKT, FAK, phosphorylation-FAK ua beta-actin #euoufivefitaniziangastulusiudna
usiazain 1Wunan 12 alusil grumgil 4 ssmwaldya demsunaniumusuindsdesndaie
drsavany TBST Wuaan 10 w1 wasyudaeueufved viing 2 (horseradish peroxidase-
coupled secondary antibodies) 1Uutaa1 1 il ﬁqmwﬂ“ﬁﬁaﬂ uazld super signal west pico
chemiluminescence substrate 1AN13L30lasUslUsALLARAZTIN wazviINITIATIZRUIUIU
muutuessideuawedusiuusiazeia vinsnnaes 3 4

N1TUTELTUNANITUENID9NTYDILUTA U AKT, phosphorylation-AKT, FAK,
phosphorylation-FAK agisuiiigusgninanguenuauildldgmsmaaoula 9 funguiildans
afadnlsdvesifienududuing 4 dunaniswasuwlainisuanseenvesiusiiu dransade
Frnlsduesaiinuenunsaluiiunsuansesnvedusiuanumuies band avdudu wlawa
JuszauvaalusAuduing (relative protein level) TnaAuiadnsidiuvasszaulusfiurengy
fldasatndrovinlsduefirosyiulusfuvesnguaruauitlilaasmaasulay

(5) msAnwmavesEsatnsensiudinsadslussneenles (NO) neluwadinzdes
wuAlasa (RAW 264.7) ﬁgﬂﬂizﬁuﬁwmi lipopolysaccharide (LPS)

thiaduualasng (RAW 264.7) iidssluninmneifionead 96 viau filewnaidonead
RPMI 1640 TnglvitiUSananeadivindu 1x10° lwad devguiduiian 24 Falus Tu CO? incubator
il CO? 5% wazoamad 37°C Mnfuldsuemsidsugadeiaiueen uaziUdsuduoms
Aoavadifiansatnazasegluaududusing 4 fu drunguaivaulduanizars DMSO
(0.5% v/v) Tun1snnaesii 9zl9a1s LN G-nitroarginine methyl ester (L-NAME) 7iaanadudu
2uM (Juansunsgu Ingluutasmquasiuans LPS Tildanududuaaiineluemsidenead
WA 100 ng/mL Lﬁ'aﬂizﬁumia'gw NO a1nteulesl inducible nitric oxide synthase (iINOS)

ntuilulaeslu CO? incubator tutan 24 47lud Lazyinn1snsatausuiwes NO Nasa
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Junnisaduualasia lugUves nitrite InsthomsidsaeaduyufAzentu Griess reagent
ntuiluinAn1sgandunasiiacnuenadu 550 uilumns tneldiaTes microplate reader
WisuifisuAimsgandunaswosnguilldsuansadaiianuidudusing q fu Aunduauauiilds
131 vehicle (0.5% DMSO) Tngurauddilalugy % of control Tnglnguaruauiiusanm
nitrite 10y 100%
5 Anwnisnadeuninulaneansaiavandauuaiiise (antibacterial susceptibility
test)

wupfiSefldveaau: Staphylococcus epidermidis ATCC 35984

: Escherichia coli ATCC 25922
: Pseudomonas aeruginosa ATCC 27533
wnzEsuaiseluems Tryptic soy agar (TSA) ﬁuﬁqquﬁ 37°C Wlunan 24 Hlus way
wAulilug oy

5.1 nedeugnslun1sEUE WiowuaTiBesedE disc diffusion (A1u33ves Kirby-Bauer)

(1) iwSsuasavanefaegnfinududusendng 0.1-10 me/mL lneifeansasndeay 2
Widheth

(2) WS BULHUNTEA1¥NTBY (paper disc) VuImtduUEUAUgNa1s 6 mL ilug g e
gamall 121°C 10uaan 30wl

(3) Vdmdennaeuilifevisudrsiuau 100 pL asuufiie s Mueller-Hinton agar
(MHA) Wnaeliiameuriauianuwaey wasidliliufasyana 5 wid

@) [ UnAudaendefu paper disc sunenmsiagliuiu paper disc ety 15-20
mm 1A NIINTOUIIUSIHIT 15 mm

a

(5) DiUnansazanefieg1391UIL 10 pl MenasuY paper disc waztldyuiigumyd
37°C
Duvran 24 dalug

(6) 81uuazuiinualagld vernier caliper fadurugudnatsvesuiinuduss sou
paper disc Tiavian 3 Ass wagAnumanLdeuULnTEIY FnsnaaeseaNn 3 9

5.2 marududushandiannsodudatold (minimum inhibitory concentration; MIC)

1ne735 broth microdilution

(1) wisnansazareiegeiinududusening 0.1-10me/mlL Tneideansndeas 2 wih
Faenh

(2) Uinansaranedieg1991u3U 20 L aslu 96 well plate uagiin MHB asludnuiu
80uL
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a

(3) WndoiFonaudasiuau 100 pL suasluuazshlutufigamgdl 37°C Wunan 16-
18 4la

(@) deasunalifuasazats resazurin (AIEUTY 0.04 % (W) $1UaU 20 pL &3
Tuusiazmgu uazthluvssiofigamgil 37°C iunan 4 3l

(5) Srumauartuinenarududuiidesfiaaiiliinsaiyveads Tnsdunamaasua
94 resazurin SeiAdu mniin1sainyeniedues resazurin agiAsududuuy

(6) ¥msmadeu 3 51 (Inewdond MIC iwiloutuagratios 2 41)

53 maaummmLéﬁ’uﬁﬁuﬁwqmﬁmmiamﬁﬂé’ (minimum bactericidal concentration;

MBC) ¢#75 drop plate

(1) VUnensiiliiinsasyiiulnread oanmsman MIC $1u3 5 L aquueTms
Foate MHA uazUdesiis3lauis

(2) thluusdigaumgil 37°C 1unan 24 T

(3) Srunauazuiinarnnduduiidesiiandliflaladvoudevuewmns naaeudi 3
ada e
6
AnwAUAIAINILANiNIeATN (physicochemical property) ¥ada15azanuasann

Hravinlsdiuasanle

¥msnsaREeuAInIsaratevesasaiadailsgiueds lufhavaesng o wu
polyethylene glycol 400, glycerine, propylene glycolitag butylene elycol SafsdUNaLUDS
Fvhazanewan Tuiilusasdiuing 9 iedmdonivhavaneniesviaranenauivnzan
WiothansaratevesasadadnunAnwanuasiamaninaenin lnsazidendaviazaned
aunsnazarsansatniinlsdiuesilauniian iidaiiararefiiiunsdnidenuueiemdy
asazaneasatiatnvinlsdiuesilunuiduduiigmenazainingnsisuildlinelmannns
szAN8LABRaRautl (arbitrary concentration) Yansarated ldumadeuaIuAIRINIBAT
EAMEFIETT heating-cooling cycle igaumgil 4 ssmwalToa utu 48 dlus aduivgamai
45 pemwaldoa Uy 48 Falue anuddu leasu 6 seu thunUssfiuauaa n1sUseiy
ANAIAINIINIENTN oA & Auntls wagnsanagnau daunsusziliuanuasiamiaiioz
n1susediiu Aranudunsanng (pH), Ansizvimusunauansiieu (marker) aaewmaiian HPLC
TnsazSeuiisuiuansudiu insdadendvhazaenanuwasanududuresansatadrain
lsfiuesinlinnunssimaninonmitings uvinudugasiivalnlsudmsuimieans

anmuinlsduess
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7 Wangnsisualnlonussyansaradnavinlsdiuess
lpenisfinuUsunamesduuszneuludulugnsiiu nedwlsenoulufiulugnssisu
191 lecithin surfactant wag mineral oil Wlemsysuanudnduvesanslriinumnzanlugns
m3ualnley samadnwnszuaunswsenalnlay Tnemswauseudu wavnaniildlunisdu
NANFIBLA3 09 homogenizer ivianyan oW ldalnloudidvuianudonis tasazateans
afintvinlstiuesinnnde 7.5 sussglugnsisualnleniiedouls USudsuanududues
asadadnlivunzay Mnisdaidongasiisudimuizaulaega1nvuiavesalnleud La
%entrapment efficiency A1 pH 983580 Lﬁaﬁwgmﬁmumié’mLﬁaﬂmﬁﬂmeﬂ'aiﬂ
8 nsAnednwauzuazAuauUAnIualinenmvesdlnlenussansanadrvinlsdiuas
3

(1) NMsnTIvdEpUANYAEFUII (morphology) Yasdlnley

AIIRERUANYAT3UIN (morphology) Besalnlay MundeiganssAudidnasauluudes
WY (Transmission electron microscope, TEM)

(2) MyUsuiilunmanyasn 9 vasalnlay (characterization of Riceberry broken rice
extract loaded liposome formulation)

NMIINVUIA N13NTEABVUIN LazUszauesdinley Teednvuineunia (size) N3NN8
U9 (polydispersity index, PDI) kagAnd@n1s (zeta potential) Tnelda3 09 Zetasizer Nano
7S Srunuiedsay 3 91

(3) MIIATzimUSINaasadey (marken) luasatndinlsduessAnnaulualn

lelned8 HPLC (entrapment efficiency)

Rwsou nethalnleusnivansadndninlsdiuess wavatadie 0.1% Triton® x-100
nalidiulngldiadenngn vortex® wdariludumissioauiss 10,000 rpm w10 Wi
ana1vazatgla A1uuy u131As129 I US ua57281A3 049 Hish Performance Liquid
Chromatography (HPLC)

(4) nMnegeunsUanUasadeiainmsualnleu (in vitro of drug release)

Fwou thalnleufidnifvansadadinlstiuess gasiiaiian naaoulagld dialysis
bag (molecular weight cut off, MWCO 3500 Da)

(a) W dialysis bag luthnduiigaumgfivondunan 12 $2lus 9rnifuthluded
Snadadeindu
(b) Tdfe81931u2U 1 5L wag phosphate buffer (pH 6.8) aslu dialysis bag

wathandaivgunsaldmiunegey
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(c) U339 phosphate buffer (pH 6.8) 91Ut 200 fiaddns adlu chamber way
Hupasanaiiieausa 50 seudeundl AsszRugunlif 37£0.5 o3
WA yE

(d) iusegnediuau 2 fiaddns At 15,30 wif 1,2, 3, 4, 5, 6, 8, 10 wae
12 §lus wiourisld phosphate buffer (pH 6.8) AundululuuSinasiviaiy
figneenan

(&) WegaTiiu o A q lUmuinaansddey Tnesiunuizluide
N1IAIVANLINTFILYBIEN AR

(5) NMINAABUNIITNNTURINTVDIA1TURLNL (in vitro skin permeation)

Fason halnlsuidniAvasatndrinlsdiuess gasiiafan wmaaeunsTuRIUmG
Aavidadeiaios Franz diffusion cell Tngldwifan (porcine skin) iusunuvesfinmistuan
sumediion duiiudod1mn 0,2 4, 6, 8, 10 kag 12 T2lus eseviuTuimasddgyd
UanUdossieinsos High Performance Liquid Chromatography (HPLC)

6) msUseifiugrsnisaninmesansihFualnlaa (evaluation of bicactivity)

Wwsen thalnlaundnnvansaiadinlsdiuess ansidfian umadeunnsn1eginin

De
De

(a) AnwanudufivnowadAsAluled uazwaslwlusuaias
(b) AnwgmBnszdumsiadeud (migration) vesigadAsIAlulad
wazwwaalwlusuaan
(o) AnwguinsedunaLUsiveswad (cell proliferation) vadwadasAlules
(d) Anwguisudinsaislussnesnles (NO) meluwadimeifsuualasne
(RAW 264.7) ﬁgﬂﬂizﬁuﬁwmi lipopolysaccharide (LPS)
(e) Anvnmadeurnslegassiurandeuuaiie
(antibacterial susceptibility test)
(7) Anwianuasiamenieninuazini vesgasinsualnlanussyasaindnvinlsdives
3 grsniaign TaeAulifiaamgdl 4, 25 uag 40 ariwaBea unan 3 ey Uszliurunsi
finan 0, 1, 2 way 3 1oy IneUsuiiunudnuvazang 9 vosdlnley Ifun @ Aoy (pH) A
nilp NTANAZNDU YUINBUNIA (size) N13NTE8YUIA (polydispersity index, PDI) wardng
@913 (zeta potential) vosdlnlaou uazitasizvimUsuiaansdidy (marker) saematn HPLC

TngagiUSguiguiuasusy
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1.The analysis of Riceberry broken rice extract (RBE)

- Analysis of phenolic acids in RBE by HPLC

- Determination of total phenolic content by Folin-Ciocalteu method

The study was conducted to develop an analytical method to quantify
protocatechuic acid (marker) in RBE using high performance liquid chromatography (HPLC)
technique. Chromatographic conditions were used as shown in Table 1. and the HPLC
chromatogram of protocatechuic acid (PA) is shown in Figure 1. The study found that RBE
contained protocatechuic acid of 2.426 me/g extract.

The study found that RBE contained a total phenolic content of 324.50 + 4.62 mg
gallic acid equivalent (mg GAE/g extract) as shown in Table 2.

Table 1. Chromatographic conditions of HPLC

Chromatographic conditions

Column Inertsil” ODS-3 (i.d., 5 pm, 4.6 x 150 mm)
Column oven 25°C

Flow rate 1 mL/minutes

Injection volume 10 pL/mL

Wavelength 260 nm

Elution Gradient elution

Time (min) Acetonitrile 0.1% v/v Formic acid

0 10 90
20 20 80
60 10 90
Retention time 15 minutes
Run time 60 minutes

Detection UV/DAD
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Figure 1. HPLC chromatogram of (a) RBE and (b) standard protocatechuic acid (PA) at

wavelength of 260 nm.

2. Study of the biological activity of RBE without using cell culture (non cell-based

assay)

- Inhibitory effect on collagenase and elastase enzymes

- Antioxidant activity. by ABTS reducing activity

- Antioxidant activity by DPPH radical scavenging activity

Table 2. Total phenolic content, antioxidant activities and enzymatic inhibitions of RBE

Sample/Test | TPC?® | DPPH® | ABTS® | Anticollagenase | Antielastase
c c
RBE 32450 + | 8259 + | 391.0 + 142.71 + 0.96 33.61 + 0.59
4.62 0.42 0.07
Ascorbic acid ND 9.23 66.67 + ND ND
+0.09 0.47
EGCG ND ND ND 28.20 + 0.00 23.10 + 0.00
Quercetin ND ND ND ND 61.86 £ 1.07

Total phenolic content (TPC) was reported as mg of gallic acid equivalent (GAE)/g.
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® DPPH radical scavenging activity and ABTS reducing activity were represented as
50% of inhibitory concentration (ICs) in pg/ml.
¢ Anticollagenase and antielastase were represented as 50% of inhibitory
concentration (ICsp) in pg/ml.
EGCG = Epigallocatechin gallate
ND = not determined

This study found that RBE has collagenase enzyme inhibitory activity with ICso value
of 142.71 + 0.96 mg/mL and EGCG standard substance has ICsy value of 28.20 + 0.00
meg/mL, while elastase enzyme inhibitory activity was found to have ICs, value of 33.61 +
0.59 mg/mL and EGCG standard substance has ICsy value of 23.10 + 0.00 mg/mL as shown
in Table 2.

RBE had DPPH free radical scavenging activity with ICs, value of 82.59 mg/mL, while
vitamin C standard had ICsy value of 9.23 mg/mL. For the antioxidant activity by ABTS
method, RBE compound had ICsy value of 391.0 + 0.07 mg/mL and vitamin C standard
compound had ICsy value of 66.67 + 0.47 mg/mL as shown in Table 2.

3. Preparation of transfersome formulation

To improve RBE stability and its appearance, Riceberry rice transfersomal
formulation (T-RBE) was performed using all ingredients demonstrated in Table 3, resulting
in a yellowish liquid (Figure 2). The T-RBE displayed a miscellaneous and soft Riceberry
rice scent. The physicochemical characterization of formulated T-RBE was investigated and
shown in Table 4. The particle size had a range of 253.0 + 37.4 nm, with a low
polydispersity index (Pdl =7.0.23-+ 0.07) and negatively charged surface due to
phospholipids. The pH value of obtained transfersome was relatively neutral and viscosity

was quite a low value. The entrapment efficiency was approximately 63.68 + 1.45%.

Figure 2. The appearance of T-RBE formulation, resulting in a yellowish liquid



Table 3. Chemical components of formulated T-RBE
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Components Amount (%)

RBE 0.5

Mineral oil 0.6

Soybean lecithin 0.6

PEG-75 lanolin 0.06

PG 10

Deionized water gs. to 100
Table 4. Physicochemical properties of formulated T-RBE

Parameters Initial

Size (nm) 256.60 + 1.59

Polydispersity index (Pdl) 0.25 + 0.01

Zeta potential (mV) -35.30 + 1.26

pH 5.89 +0.14

Viscosity (cP) 2.64 + 0.06

Entrapment efficiency (%) 65.30 + 2.98

Physicochemical characterization of formulated nanoparticles

showed

a

transmission electron-microscope (TEM) image of T-RBE as a spherical particle,

multinuclear structure, non-aggregated with uniform and homogenous distribution which

).

is characteristic morphology for vesicular systems (Figure 3

Figure 3. TEM images of Riceberry rice transfersomal formulation (T-RBE)
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4. Effect of RBE and transfersome (T-RBE) on the viability and death of human
keratinocyte (HaCaT) and human primary skin fibroblast cells

The cytotoxicity of RBE and T-RBE was first investigated in human keratinocyte
(HaCaT) and human primary skin fibroblast cells. RBE at a concentration ranging from 10
to 50 Hg/mL has no cytotoxic effect on both cells. Taken together, blank-T and T-RBE (10
- 50 Meg/mL of RBE) show no toxicity to both cells. Moreover, cells were subjected to
staining with Hoechst 33342/PI fluorescence dye for apoptotic or necrotic screening. There
was no chromosomal condensation, and necrotic (Pl-stained cell) has been found. The
results confirm that RBE and T-RBE at 10 — 50 Mlg/mL were safe for human keratinocyte
and primary skin fibroblast cells (Figure 4). Therefore, this range of concentration was used

for further experiments.

5. RBE and transfersome (T-RBE) enhance wound healing in human keratinocyte
(HaCaT) and human primary skin fibroblast cells

The scratch migration experiment has been employed to assess the wound healing
characteristics of RBE and T-RBE. The RBE at 10 — 50 lg/mL enhanced the migration of
HaCaT cells at 18 and 24 h relative to the control group. The T-RBE at concentrations of
10 = 50 Mg/mL enhanced the migration of HaCaT cells at 18 h in-comparison to RBE. A
similar response has been observed in human primary skin fibroblast cells after 12 and 18
h of treatment. The results demonstrated that RBE enhances wound healing in human
keratinocyte and primary skin fibroblast cells. T-RBE possesses superior wound healing

properties compared to RBE (Figure 5- 6).
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Figure 4. Evaluation of cytotoxicity and cell death following RBE and T-RBE
treatment on (a) human keratinocytes (HaCaT) and (b) human primary skin
fibroblast cells. Cell viability was assessed by MTT assay following treatment
with RBE (10 — 50 Jlg/mL) and T-RBE (10 - 50 Hg/mL of RBE) for 24 h. The data
is expressed as the mean + SD (n = 3). *p < 0.05 indicates a statistically significant
difference from the control group. Detection of apoptosis and necrosis was
conducted using Hoechst 33342 and propidium iodide (PI) staining following
treatment with RBE (10 — 50 Jlg/mL) and T-RBE (10 — 50 He/mL of RBE) for 24 h.
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6. RBE increases migration marker protein expression in human keratinocyte (HaCaT)
cells

The FAK/AKT pathway serves as the primary mechanism for cell migration;
consequently, the expression levels of FAK/AKT proteins were assessed in HaCaT cells.
The phosphorylation levels of the active forms of FAK (p-FAK) and AKT (p-AKT) were
examined. The RBE treatment at concentrations of 25 and 50 Mg/mL resulted in an

elevation of p-FAK levels in comparison to the control group. The level of p-AKT was

elevated following RBE treatment at concentrations ranging from 10 to 50 Heg/mL. The
results indicate that RBE enhances wound healing via the FAK/AKT signaling pathway
(Figure 7).

7. Anti-inflammatory activity

Nitric oxide (NO) is well known to be one of the major regulators of wound healing.
However, excessive NO production was demonstrated to play a critical role in the
pathogenesis of inflammation and can lead to cellular death and tissue damage in high
amounts by reacting with reactive oxygen species. Therefore, inhibition of NO production
is an important strategy for the screening of anti-inflammatory formulation. The effects of
RBE, blank-T and T-RBE on NO production were assessed by Griess-assay for evaluating the
decrease in nitrite production levels. In the present study, these formulations exert anti-
inflammatory effects in LPS induced RAW 264.7 macrophage dose dependent manner. T-
RBE decreased NO levels by 0.61 times as much as TA in LPS-stimulated RAW 264.7 cells
and showed the strongest anti-inflammatory affect at the highest dose administered (1.0
mg/mL). T-RBE had a significantly higher anti-inflammatory effect than RBE at every

concentration (*p < 0.05), whereas blank-T showed the lowest percentage of NO inhibition.
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Figure 5. Effect of RBE and T-RBE.on the migration of human keratinocyte cells. Cell
migration was evaluated using a scratch wound healing assay after treatment with RBE
(10 = 50 Me/mL) and T-RBE (10 — 50 Kg/mL of RBE) for 24 h. (a) The wound area was
imaged with an inverted microscope at 0, 6, 12, 18, and 24 time intervals. (b) The
percentage of wound area at each time point has been computed in relation to the
area at 0 hours. The data is shown as the mean + standard deviation (n = 3). *p < 0.05
denotes a statistically significant difference from the control group. o < 0.05 signifies a

statistically significant difference from the RBE at the similar concentration.
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Figure 6. Effect of RBE and T-RBE on the migration of human primary skin fibroblast
cells. Cell migration was evaluated using a scratch wound healing assay after treatment
with RBE (10 - 50 Jlg/mL) and T-RBE (10 — 50 Mg/mL of RBE) for 24 h. (a) The wound
area was imaged with an inverted microscope at 0, 6, 9,12, 18, and 24 time intervals.
(b)The percentage of wound area at each time point has been computed in relation to
the area at 0 hours. The data is shown as the mean + standard deviation (n = 3). *p <
0.05 denotes a statistically significant difference from the control group. "p < 0.05

signifies a statistically significant difference from the RBE at the similar concentration.
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Figure 7. Effect of RBE on the expression of migratory marker proteins in human
keratinocyte HaCaT cells. (a) Cellular migratory protein markers FAK,
phosphorylated FAK, AKT, and phosphorylated AKT were assessed using Western
blot analysis following treatment with RBE (10 - 50 Heg/mL) and T-RBE (10 - 50
Mg/mL of RBE) for 48 h. (b) The relative expression of p-FAK/FAK and p-AKT/AKT
was quantified and depicted as the relative protein level. *p < 0.05 indicates a

statistically significant disparity from the control group.

8. Microbiological studies of RBE, T-RBE and blank-T

The potential antibacterial activity of RBE, T-RBE and blank-T against pathogenic

bacteria was evaluated and shown in Table 5. These substances produced significant zones

of inhibition only against S. aureus ATCC 25923, with no zone of inhibition against
Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27533. These results

exhibited antibacterial activity against S. aureus ATCC 25923 with inhibition zones ranging
from 8.67-9.0 mm. The MIC and MBC values of RBC against S. aureus ATCC 25923 were 50

and 200 mg/mL.
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Table 5. Antibacterial activity, MIC and MBC (mg/ml) of RBE, T-RBE and blank-T against

pathogenic bacteria

MIC/MBC
Organisms Inhibition (mg/mL)
blank-

RBE T-RBE T RBE
Staphylococcus aureus ATCC
25923 + + ; 50/200
Escherichia coli ATCC 25922 a B a nd
Pseudomonas aeruginosa ATCC
27533 y B a nd

9. In vitro release study

In vitro PA release of RBE solution and T-RBE was evaluated via dialysis membrane
with Franz diffusion apparatus using pH 7.4 as release medium. The releasing profile (Figure
8) demonstrated that RBE solution was released simultaneously of 97.18% within 5 h,
whereas T-RBE provided prolonged - controlled release pattern with 41.60% burst effect
within 30 min. Nonetheless, improved gradual release of PA from T-RBE was achieved as
72.30% within 12 h. The release of therapeutic agents from pharmaceutical dosage form
is important for therapeutic efficacy. The absence of lag time and the rapid release of
therapeutic agents in the initial phase will greatly promote healing. Subsequently, the
controlled release will further enhance the efficacy of the treatment (Potisuwan et al.,

2023).

4 RBE solution
® T_RBE

% Cumulative release

- W

o 1 2 3 4 5 6 7 8 9 10 1 12 13
Time (h)

Figure 8. In vitro PA releasing profiles of extract solution and T-RBE within 12 h using Franz

diffusion cells.
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From the past research, Transfersome has been reported a burst effect during the
first hours upon administration. Considering that a small breakage of the lipid bilayer was
occurred due to the vesicle deformation taking place during the permeation, allowing a

partial release of the drug located in the core (Omar et al., 2019).

10. Porcine skin permeabilization

In order to investigate the potency of T-RBE on transdermal delivery, skin
penetration was performed using ex vivo porcine skin. Imaging mass microscope (IMS)
analysis was employed to observe a cumulative amount of PA that transported across
porcine skin of PA standard, RBE and T-RBE. Figure 9 showed that PA standard can
penetrate well into porcine skin. It was also observed that T-RBE showed a higher amount
of accumulated PA on the skin compared to RBE.
Additionally, the permeability of T-RBE was g¢reater and deeper than RBE at 24 h. This
result indicated that skin penetration of formulated T-RBE was noticeably enhanced
compared to those of extract. According to the ex vivo skin permeation study, T-RBE
possibly enhanced the efficiency of the extract by increasing permeability. This result is
due to the presence of PEG-75 lanolin acting as an edee activator in the formulation. PEG-
75 lanolin is a nonionic surfactant which provides flexibility to the vesicles, prevent
rupture, and allows the vesicles to deform and penetrate skin pores (Nayak and

Tippavajhala, 2020).

100

50

PA standard RBE T-RBE

Figure 9. The IMS image showed the cumulative amount of PA (blue) permeated through
porcine skin, which was treated with PA standard, RBE and T-RBE for 24 h. PA was detected
at 153.02 m/z.
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Previous research suggested that the penetration of the formulation through the
skin is forced by a osmotic gradient that is caused by the different water content between
the relatively dehydrated skin surface and the aqueous viable epidermis. A lipid
formulation applied in the surface of the skin avoids evaporation and, consequently,
dehydration, allowing transfersomes to reach deeper layers of the skin (Fernandez-Garcia

et al., 2020).
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Figure 10. % entrapment efficiency (%EE; A), mean vesicle size (B), polydispersity index (PDI) and

zeta potential (C) of T-RBE after 3 months storage at 4°C, 25°C and 40°C. (Results presented as a

mean + S.D, n=3).
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Figure 11. % protocatechuic acid of RBE solution as controlled formulation after 3

months storage at 4°C, 25°C and 40°C. (Results presented as a mean + S.D, n=3).
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The stability study was performed at different temperatures as per the ICH
guidelines and to identify any possible change in the vesicular structure of transfersomes
and leaking out of active substance from it. Optimized transfersome formulation (T-RBE)
was selected for stability studies. The vesicular suspension was kept in sealed vials (10ml)
for 3 months to study its stability in terms of %EE, vesicle size, PDI and zeta potential at
refrigerator temperature (4°C/60 + 5%RH), room temperature (25°C/60 + 5%RH) and
accelerated temperature (40°C/75 + 5%RH). The pH and viscosity of the obtained vesicles
were also investigated. T-RBE formulation stored at 4°C and 25°C showed no color change,
no sedimentation and resist the aggregation and fusion. Furthermore, it showed a non-
significant (p > 0.05) change in %EE, vesicle size, zeta potential and polydispersity as shown
in figure 10A-10C. However, T-RBE stored at 40°C showed slight precipitation which could
be easily redispersed on gentle shaking. In addition, it showed a significant change from
initial time (*p < 0.05) in %EE and vesicle size. It was observed that %EE decreases at these
time intervals, and %EE was seen to decrease with each raise of the temperature, as in
accelerated temperature (40°C) when %EE was determined at 0, 1, 2, and 3 months, then
it was found to be 65.30 + 2.98, 56.51 + 1.94, 54.84 + 4.53 and 50.75 + 0.50, respectively.
Significant decrease in %EE was detected representing leakage of major constituents from
transfersomes. It was also found that vesicle size was increased with the raise of
temperature and time intervals. At these time intervals in 40°C, vesicle size was found to
be 256.60 + 1.59, 273.73 + 4.05, 270.70 + 6.50 and 285.37 + 6.53, respectively. Increasing
the size of T-RBE stored at 40°C could be possibly attributed to the aggregation and fusion
of vesicles at this temperature. Therefore, T-RBE formulation stored at the 4°C and 25°C
showed an enhanced stability as the %EE and vesicle size did not change during and till
the end of the storage study. No considerable change was seen in PDI and zeta potential
at accelerated temperature (Figure 10C). Additionally, there was no significant change in
pH characteristic (5.05-5.93) of T-RBE in stability testing. However, the viscosity of T-RBE
was slightly decreased at 40°C (1.43-1.83) compared to 4°C and 25°C (2.05-2.64), which is
probably due to the presence of precipitation in the formulation. Moreover, the chemical
stability of RBE solution (controlled formulation) has also been investigated. Major
constituent of RBE (PA) was used as marker for the quantitative analysis by using HPLC. It
was noted that the PA content in RBE solution significantly decreased from initial time at

all temperatures after the stability study (*p < 0.05) as shown in figure 11. These results
8
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probably caused by the beneficial of transfersome delivery system, therefore, a
nanocoating of those herbal ingredients protects the active chemicals from degradations
and thus enhance the stability and efficacy (Opatha et al., 2020; Pradeep & Kumar, 2018).
These results all suggested that the obtained vesicles were physiochemically stable. It
could be concluded from the stability study that keeping vesicles at 4°C and 25°C is the

best to minimize problems associated with instability issues.
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The objective of the present research was to develop RBE-loaded transfersomes
(T-RBE) for improving the extract stability, and subsequently enhanced its molecular
mechanisms and bioactivities in order to increase the value of Riceberry broken rice. RBE
showed high total phenolic content together with increasing expression of migration
protein marker (FAK/AKT), and exhibited important biological properties such as
anticollagenase, antielastase and antioxidant activities. These findings refer to a potential
alternative natural agent for wound healing products. The green technology can be used
to produce transfersomes from PEG-75 lanolin as edge activator without use organic
solvent. When compared with the extract, it was found that T-RBE formulation exhibited
significant anti-inflammatory effect in RAW 264.7 macrophage cells and effective wound
healing in human keratinocyte (HaCaT) and human primary skin fibroblast cells.
Furthermore, formulated T-RBE are highly stable and have a prolonged release. Then, T-
RBE can also enhance the potency of RBE on wound healing. On the basis of this study,
we suggest that T-RBE could potentially be applied as a promising active ingredient in the

treatment of impaired wound.
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