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EXCUTIVE SUMMARY

Ya-Samarn-Phlae (YaSP) (in Thai; Ya means medicine, Samarn means healing, and
Phlae means wound) has been traditionally employed for the treatment of chronic wounds
and skin infections. It is composed of Curcuma longa L. (rhizome), Areca catechu L. (seed),
Oryza sativa L. (seed), and Garcinia mangostana L. (pericarp). Our previous study revealed
that the ethanol extract of the formula possessed strong antibacterial activity against
methicillin-resistant Staphylococcus aureus. Moreover, it has been documented to inhibit
biofilm formation of P. aeruginosa and Staphylococcus epidermidis. In addition to its
antibacterial and anti-biofilm activities, YaSP also has remarkable anti-inflammation and
antioxidant abilities. Our previous study also revealed that among its herbal components, only
Garcinia mangostana ethanol extract and a-mangostin were found to possess notable
antibacterial and anti-biofilm activity against bovine mastitis-isolated staphylococci.

During its traditional preparation, the formula is prepared by extraction with freshly
prepared coconut milk and low-temperature cooking to obtain an active oil. Although our
previous work indicated an anti-biofilm activity of the ethanol extract of YaSP, the anti-
biofilm capability of a traditionally prepared form of YaSP has not been proven yet.
Therefore, this study aimed to investigate the anti-biofilm activity of YaSP prepared from
both oven-dried and fresh plant parts. Garcinia mangostana and o-mangostin were
additionally tested as active ingredients of YaSP. This study revealed that a poly-herbal
formula, YaSP, remarkably disturbs P. aeruginosa and S. aureus biofilm formation and
affects its biofilm architecture. The eradication of P. aeruginosa mature biofilms after treating
with YaSP was also demonstrated.

Wound healing, a critical part of restoration of damaged skin, is a complex process. It
consists of coagulation phase, inflammation phase, proliferation phase and remodelling

phase. After the skin injury, platelets generate a blood clot for blood stopping and releasing



MRG60800019

various types of growth factors such as transforming growth factor-betal (TGF-f1) at the site
of wound. TGF-B1 plays an importance role of rapidly inflammatory recruiting of the cells in
the inflammation phase, and involves in the synthesis and deposition of the extracellular
matrix (ECM), re-epithelialization, granulation tissue formation, and angiogenesis in
proliferation phase. The final phase of wound healing is the remodelling, which includes new
collagen production and the change of collagen synthesis from collagen 11l to collagen I.
Lastly, the collagen synthesis slows down and a scar forms at the site of wound. There are a
number of factors that adversely influence wound healing process, TGF-B1 has the broadest
spectrum of actions, affecting all cell types that are involved in all stages of wound healing.
Both positive and negative effects of TGF-1 on wound healing have been reported. Positive
effects of TGF-B1 on wound healing are initiating inflammation and granulation tissue
formation. Its negative effects as a result of excessive and prolonged TGF-B1 in wound site.
These events cause abundant inflammation, decreased keratinocyte proliferation and
migration affects delay wound healing. Therefore, the decrease of TGF-B1 in late phase was
indicated completely wound healing process. Diabetes mellitus significantly delays in
development of granulation tissue and impairs cutaneous wound healing.

Goto-Kakizaki (GK/Jcl) rat, spontaneously diabetic rats (type 2 diabetes), has been
used as model of diabetes-impaired wound healing. This animal suffers from mild
hyperglycaemia and absence of obesity. In this study showed that the topical application of
T-YaSP on diabetic wounds in GK/Jcl rat significantly decreased wound area (mm?)
compared with the control group on 3 and 13 days after wounding. Besides on day 13, the
TGF-B1 levels in wound tissue of T-YaSP group significantly decreased compared with the
control group. On the other hand, the wound area of standard drug was no any differences
when compared with the control group. However, the wound area of standard drug was

smaller than the control on 3, 5, 9, 11, and 13 days after wounding. In addition, one-fourth of
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the wound treated with standard drug had completely healed on day 13, but none of the
control rats had yet completely healed. The levels of TGF-B1 on day 13 were significantly
higher in wound of standard drug when compared with the control group.

In previous study, TGF-B1 had also been shown to stimulate the production of
extracellular matrix molecules, including collagen, and wound contraction. Conversely, it is
also well established in various models that an excessive and prolonged TGF-B1 at the wound
site does not benefit wound healing which cause delay of wound repair. These events
associated with abundant inflammation, decreased keratinocyte proliferation and migration.
Normally, the levels of TGF-B1 increased rapidly upon wounding and reached a peak level
on day 3 post full-thickness wounding. After that it dropped. Thus, the reduction of TGF-$1
in remodeling phase indicated completely wound healing process. This result has decreased
wound area after treated with T-YaSP, which accelerate wound healing. Furthermore, the
levels of TGF-B1 in wound tissue after treated with T-YaSP were decreased.
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ABSTRACT

Project Code: MRG60800019

Project Title: Roles of Thai traditional herbal medicine, Ya-Samarn-Phlae, on bacterial
biofilm-related infections in diabetic wounds

Investigators: Assistant Professor Dr.Sasitorn Chusri and Professor Dr.Supayang
Voravuthikunchai, Prince of Songkla University

Email Address: sasitorn.chu@psu.ac.th

Project Period: 3" April 2017-2"4 April 2019

Bacterial biofilms are responsible for several difficult-to-cure infectious diseases.
Biofilm is more resistant to the host immune system as well as to antibiotic treatments more
than planktonic cells. Therefore, combating bacterial infections by inhibiting or eradicating
biofilm formation of the bacterium is a medically important challenge. The aim of this study
was to investigate the anti-biofilm activity of Ya-Sa-Marn-Phlae and its effective herbal
component, Garcinia mangostana against biofilm producers, Pseudomonas aeruginosa
ATCC10145 and Staphylococcus epidermidis ATCC35984. The herbal preparations include hot
oil extractions of Ya-Sa-Marn-Phlae prepared from dried (D-YSMP) and fresh herbal materials
(F-YSMP) and hot oil extractions of dried (D-GM) and fresh Garcinia mangostana pericarp (F-
GM).

Inhibitions of biofilm development on hydrophobic (polystyrene) surface were tested
by crystal violet (CV) assay and hydrophilic (glass) surface was observed by scanning electron
(SEM) and atomic force (AFM) microscopes. Tested herbal preparations displayed anti-biofilm
development activity of P. aeruginosa and S. epidermidis on the polystyrene surface at the
tested concentrations of 50-0.78% (v/v). Significantly reduction in biofilm formation of P.
aeruginosa on this surface was found after treatment with D-YSMP, F-YSMP and F-GM at 0.78%
(v/v), whereas there is no the growth inhibition effect of the planktonic cells was observed at
this concentration. SEM was used to furnish images of biofilm reduction after the treatment,

while AFM was used for characterizing roughness averages, peak height, and peak-valley height



of the treated biofilms. Even though, treatments with all herbal preparations (50% v/v)
resulted in the reduction of both P. aeruginosa and S. epidermidis biofilm formation by SEM
images, only D-YSMP and D-GM significantly affected the roughness averages of the treated

biofilms.

As there is an urgent need to identify therapeutic strategies that are directed toward
the inhibition of bacterial preformed biofilm, the eradication potency of the preparations was
additionally evaluated. Static P. aeruginosa and S. epidermidis biofilms were grown for three
days on both hydrophobic (polystyrene) and hydrophilic (glass) surfaces and then directly
treated with the preparations. The eradication of mature biofilm on hydrophobic surface was
tested by MTT (3-(4,5-dimethylthiazol-2-yl)-2, 5 - diphenyltetrazolium bromide) tetrazolium
reduction assay. Reductions in the bacterial metabolic activity in the preformed biofilms of
both pathogens were seen approximately 40-70% after exposure to D-YSMP form 3 to 9 h,
while treatment with D-GM only caused a remarkable eradication of a 3-day-old biofilm of P.
aeruginosa. Following an 18-h treatment with the preparations, CLSM combined with
LIVE/DEAD viability staining revealed that bacterial cell death did not occur in P. aeruginosa
maturing biofilms, however remarkable reductions in biomass, average thickness, maximum
thickness, and surface to volume ratio were noted. In contrast with S. epidermidis biofilm,
CLSM images disclosed that treatment with D-YSMP and D-GM caused bacterial cell death in

maturing biofilms, but there is no reduction in biomass of the biofilms.

Promising anti-biofilm activity was displayed by D-YSMP and D-GM suggesting further
investigation in order to explore the possible utilization and development of the preparation
as an anti-biofilm agent, especially for wound treatment. This present study therefore aimed
to evaluate in vivo wound healing activity in both non-diabetic and diabetic rats and reveal
the possible mechanism of enhancing wound healing. T-YaSP significantly accelerated the
wound healing process in both non-diabetic Wistar rats and type 2 diabetic Goto-Kakizaki (GK)
rats, evidenced by the faster rate of wound construction, collagenation, and decreased the
level of inflammatory markers compared to the vehicle control group. T-YaSP potently
inhibited several oxidative stress and pro-inflammatory markers including MDA, NO, MPO, TNF-
beta, COX-2 and iNOS in carrageenan-induced paw edema model. The presence of arecoline

(A. catechu), bisdemethoxycurcumin, demethoxycurcumin, curcumin, curcumenol (C. longa)
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and alpha-mangostin (G. mangostana) might be responsible for its wound healing potency

and anti-inflammatory activity.

Keywords: Biofilm, YaSP, Traditional medicine, Wound healing
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1. uni

N2UIUNTETBINE (wound healing process) Al NszuILNIMITTIneniifianududoudauiedesiu
nMdeuueioifondmnmslafuuiaidu (Velnar et al, 2009) Tnsannsautseenliiu ¢ szoy Ao sovms
WLGen (haemostasisphase) J2ULNITONLAY (inflammationphase) szezns it U NYas
(proliferationphase) uagszayn1sUTUFUI1e (remodeling phase) (Shahet al., 2012) AT¥UIUNTIBVBIUNAUNG
wifnduiufideteneldiunndy Teduanssesmsuden elestunsgdeiensonueniume Tag
mMsvhauresndaden nSeureinsmdsasemsesaiivln (growth factor) léuA transforming growth factor
(TGF)-beta imihidushdnihadidaidonuy (mast cell, neutrophil, macrophage waz T-cell auddu) 1
FaUTnuEa uaziingsregnsaniay Faduszeziifirnudfyreansyuinnmameveuna Inegaddadonuiiny
mhiitdanssrharsdslantaeuniaemeuinnume luvaeidnjisenmssniaumes macrophage Tu
sy M1 avfinsndsansdenanslunssniauinagmeg léun nitric oxide (NO), prostaglandins E, (PGE,) wae pro-
inflammatory cytokines (Jung et al., 2009) Wedaasunszuaunsdniay WeusnaunausirndulanUasy
19@a8 macrophage Judansdsunaminszer M1 Tduszey M2 Tagasdiniswds interleulin-10 (IL-10) Fevin
Wiy anti-inflammatory cytokines ionganszUILMISNLAY Lariln13uds TGF-beta aanandILILLINGS
\Hu growth factor fiddnlunsdsuiuainsseznmssniauingsroznisiiindauvessad 39 TGF-beta MM
9ONUNAMN  macrophageM2  lugasvngvesssezn1sdnay  avlnanseiun1sasaiulareuead  keratinocyte,
fibroblast uaznszfun1saiIe collagen yhlAnnisvadveuna wazidhgszozmsuiuguie Tneazifedoeiu
msad1auaraane extracellular matrix (ECM) USvniuna aunseiiaunameduund wimniinaanufinunflusses
Tasvaznils avrliiRnanuunnsesuazadlunssuauntsmevesuna aniafuusaiiess (chronic wound) Tu

13AMNY (Diabetic mellitus) Ao IﬁﬂL%@%ﬁﬁL‘T';Jui'jzymﬁ’]é’zymaﬁmmmmqmﬁ"ﬂafﬂ;u?J A.A. 2015 &
fhefildsunsitadeindulsaummulssanu 415 duauihlan uazeeindtaelsauwmuasfisdudy 642
auaulul a.f. 2040 (Zimmet et al., 2016) luuszwelng 3nTenuNsdITIRaunmlsEInslnelaunsnsam
$umeadeil 5 we. 2557 wuhalneeny 15 BulU Sanuynvedsauvmudisiunniesar 6.9 Tl ne.
2552 \Jusesaz 8.9 Tul w.e. 2557 miﬁisé’fuﬁ’]maiwﬁamqaLfJuL’Jmum szreliifnnaidusonaendenundily
L?ﬁymai’mwms] WlimAansuesiivanas nsnsesfilaanas warnmsinszualszaidey wiefiGunin diabetic
neuropathy Ingiamzuinadmenin iliAneimsmanuaneUssamivinden  wazdslminunadossldine
IﬂmmaﬁLﬁ’maa;:iﬂammmm (diabetic foot ulcers; DFUs) a@nunsanulausennas 25% maa;ﬁﬂammmmﬂgﬂwm
(Boulton, 2013) uaaawnﬁnwaxﬁwmaiwﬁamqq (hyperglycemia) Anulugitheiuvu axdinasensieanes
\was macrophage vihlviAmaudAves macrophage lunsidawad neutrophil fAAns apoptotic anas
(Hesketh et al., 2017) fsnmzuraizodailomnlsaumiuasiisntestusreznssnauiidinaiui Swinann

AuAATENINY pro- WAz anti-inflammatory cytokines 1ae macrophage luwsalumy Agdn1asne pro-

inflammatory cytokines q&ﬂﬁ%ﬁmﬁﬁmﬁmmaﬂﬂa (Weisberg et al., 2003; Goren et al., 2007)



3

nsvhusalagldelduna uBmasnwmenuaiufoisulaerily sdlusduouenh wa o3 A vde
wiuTauna Fedauantirudenuafide funisdnay uasnsssumsaiadedolmivinaume 1wy povidone
iodine FaflnuantififronisiudonuafiFermidanauiidumssnaulneinadenssudinsvinnurenead
ﬁLﬁUU%’aQﬁUﬂﬁiéjﬂLaULLazgugﬂﬁﬂiﬁaﬂmﬂﬁNﬂ 19 tumor necrosis factor-alpha (TNF-alpha) wag NOWazgdl
maﬁu54ﬂ15a§waLau1mﬁ metalloproteinase (MMP) (Beukelman et al., 2008; Bigliardiet al., 2017) wagiin1sh
Solcoseryl jellylun1ssnwung 2103989 Imran wagaug (2015) ladnwinaveinsly 10% Solcoseryl jelly

Aomssnuunaluiynaaes wuinmunguildsu 10% Solcoseryl jelly fissuziiatunismevosna (22 Ju) 157

o o aa A

niegditdudfyniadnidonsuiiguiunguasuan (32 w) wagn1sldlusuwuu Solcoserylointment wuin
anansaLfiunsuanseenves TGF-betal waz vascular endothelial growth factor A (VEGF-A) FauAertestunns
d91a53 TGF-betal waz VEGF-a signalling pathwayIULﬁaLéaLLNa uazddmanansdaAsIz collagen wazasng
vaoadenlmivinaitodeunannty (Nafuand Rahman, 2015) uendmniiinan growth factor ivu
epidermal growth factor (EGPiNUszendldluguuuuiaaniuag genquistaensluduifu epidermal growth
factor receptor (EGFR) ﬂizﬁﬂﬁﬁﬂ cell proliferation Wy 1391138579 granulation tissue Faanansosnuusa
So¥dlvmafuunild (Hardwicke et al., 2008)

Tuthgtudinisthayulnsnldlumsdnulsasmeg sutinssnvuaisesegunias Sadudnmaden
viklumsinwusaluvnamswmdusulneinisldoaulnsnduszosnanuiiofviuma  Tnsdnlngazien
THisudsuszneuseayulnsinnnimilsialunsinuilsmnnniapdnaden mneayulwsesduszneuluen
G’h%“U%ﬁ@mamﬁ’aiumiLa%mqwéﬁ’u Pelrmssnuilsameg  SussAvSamanntuussenuisedlnaing
yagoUNasenTMeTesavasayulnsAsiiy Kfumsfnvmednenmaniveswhivendaieuduiudeld
Hundngrumainermanslumsthanativayunisléou anmsinunounthil 1ianwmiuendnuusalunield
wuiUszansamuesmslimiulunsaseugriingg asfniiivayulnaier Tnewuiansadaivihnsatngie
95% LOV1UBa INAISULIENIULNG (Ya-Samarn-Phlae; YaSP) gommoiutulusminawan weauns 8y
vdana Faduunnduslve Ussdlsmeunanmsumduulng uvinendoasatueiun gl
Usznaudefivayulng 4 via fo wiaiiudu (Curcuma longa L) wWaenstsan (Garcinia mangostana L) i
nun (Areca catechu L) wagd1@1s (Oryza sativa L) lagansannainemuealusiiuefinandussansning
Tunsduie Staphylococcus aureusangfug MRSA, MSSA wag ATCC25923 FauduwuadiSeiinuueeindu
Ao sAntosiilidealiuamedn  Taefianududusaelunisiudade  (minimal  inhibitory

concentration; MIC) agllugae 2-4 pg/ml  uananilddignsiueuyadassuargaiun1senaudneae (Chusri

et al., 2013)

v v
o A va v o o w

AatunsAnulupsslfidedsaulanagivisuenauuunalugiuuuindiu (T-Yasp) mdnwiauaansaly
nsaululefdudadudnadendduaiulnfnunasosargnddunissniay  nasnsulszdiugvonon1sme

YouNalUMUNF MY wagfnwinalnnseengnsvnandyine Mg tesiunse uIUNITMETBILES TIHAT
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managlasuanmsfinunluassll Ae wangumdinemansnazdieesuismatidinsueuldsnwaatilugnis
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2.1 wieUsuiugiaiululefidluseAunasanaasvesiSuenauuunaluguuuutiigiu
2.2 \ieyhnsfnwgnsiunmsdniauuaznalnniseengrsvesgusuuindulunyy
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3. UNATIADNEAT

3.1 quisdululefduvasiivanyulns

nsAnwgnsdululefiduvesayulnsainuszimanieg Tul a.a. 2008-2014 (A1319#t 3.1) 91N 1891Y
wanside nudn fayulnsddlgrdiululefidudsauimun 42 9iin 25 29 wdifiseauniniian 1dud
Fabaceae, Lamiaceae tay Apiaceae 49112 8, 4 Lag 3 ¥ila AUEIAY dnAsildlunsveaouivianun 6 33
TawA crystal violet assay, safranin staining, p-iodonitrotetrazolium violet method, bacterial counts method,
ﬂéjadﬁ;awiiﬂﬂmuﬁaﬂﬂim (Scanning electron microscope; SEM) iag colorimetic method by 5% phenol
23U concentrated sulfuric acid #33EnAdeu crystal violet assay Lﬂueﬁmsﬁwmaauu’mﬁqm wananansiuds
nsadslulefdy 24-95% Tneifidraududuiildlunisnaaey 0.022-4 me/ml 33nadeu safranin staining
wanswansiudansadisluleidu 100% Tnefianududuilldlunisadeu 0.00781-0.625 me/ml Tanadeu p-
iodonitrotetrazolium violet method wanwanisdudenisadaslulefidy 100% lnefldrnnududuildlunis
NAFOU 0.25-0.5 me/ml F3nadeu bacterial counts method wansransdudenisadrslulefidy 95-99% Tneiien
anududuiildlunisnageu 0.78 me/ml wazuanmanisvhatslulefidy = 80% tnedranududuildlunis
yaaou 0.5-1 mg/ml Wnasudondesgansmiziadonsin (SEM) uansuanissusnisadrslulofidy Tnedien
anududuiildlunisvaaey 0.05 me/ml wariinaasu colorimetic method Taaldd 5% phenol $3ufy
concentrated sulfuric acid uanINaanni1sas1asiondleneduinailsd 46-67% lneiaranududuilélunis
NagayU 2 mg/ml

TuvssmAus@a dnsnunsinwmatesansadavesiivayulnsrenisdudannsadslulefidunes s.
epidermidis vuiuRalndaladu Inevhmsanuiegsansatadet nui Arnududy 0.4 me/ml @1safinain

v
LY

wWaansu Commiphora leptophloeos wazasainainna Senna macranthera fgnsduganisasnsluledidu lng

v v
Y a v v

fAnmsdudsnsairslulefidu 67.3% way 56.7% muddu wenanifisedaihmsveaeuiiauidudu 4 me/ml
wuih ansafeinanfivayulnssiuu 8 wile fquidudinsasslulefidu Fuilenaaeuiuansataainiudendy
Anadenanthera colubrine, Commiphora leptophloeos Wag Myracrodruoun urundeuva hanIHa gy Fans
as19luToWdy 88.4%, 84.7%, way 83.9% A1UAIGU @15aNNINNKA Bauhinia acuruana, Chamaecrista
desvauxii, Libidibia ferrea wansnadudanisadrslulofidu 77.8%, 87.4% uaz 70% augidu d1safnannly
Parkinsonia aculeate, Pityrocarpa moniliformis wansradudinisadrslulefidu 52.8% waz 7% muddu waz
ansafnaInAa Bauhinia acuruana wansmadugansadslulefida 81.7% (Trentin et al, 2011)

Tusemednnd fnenunsinvmasesasatafivayulnsdenisdudinsatslulefidures MRSA Tag
yhnsAnwfigagulngs g 100 vl luwsiuiisedlsuesssmadma wuth asasnanivayulng 10 «in

ﬁqm%‘lumﬁé’ué’aawaa%’wlmia?\lémaq MRSA laun Lonicera alpigena, Castanea sativa, Juglans regia, Ballota

nigra, Rosmarinus officinalis, Leopoldia comosa, Malva sylvestris, Cyclamen hederifolium, Rosa canina



.
var. canina, Wag Rubus ulmifolius Feuansnisdugenisastalulefau 50% Aaududu < 0.032 mg/ml (Quave

et al., 2008)

N P =

luusemag e I51e0unisfnwignaaiululefiduvesaisaia Nigella sativa vinnisnaaaulu S.

'
a

aureus uae S. epidermidis #3838 crystal violet assay Wuin a@nsannued Nigella sativa JR1ANULUTUFAIGR
aunsadudanisiinlulefay 50% (minimum biofilm inhibitory concentration; BIC50) 11U 0.022 wag 0.06

mg/ml Mua1siu (Chaieb et al., 2011)

1%

TudsewaBuiy 5eunsfinumgnsaululeflduvesansadnainiivayulnsde Escherichia coli a7¢
WuguenlaaIngvae vn1smageunieTs crystal violet assay lneldarsadmeniueasingiuluvesiiyiiniiy

g 0.01, 0.025, 0.05, 0.075 4ax 0.1 me/ml Wu77 a1safia Azadirachta indica Sqnssudsnisasrdluledidu

v
YY)

Anviu 22%, 34.5%, 47.5% uay 59% MUy a1sane Vitex negundu Savddudansasislulefidudnidu 12%,

v
[

32%, 43%, 51% WAz 65% MNARU @13819 Tridax procumbens ﬁqméa‘ummsa%ﬁﬂuia%?\la‘uﬁwﬁ‘]u 12%, 21%,

v
(Y

30.1%, 37.6%, 41.9% wazansana Ocimum tenuiflorumi Sgnsdudenisadiclulefauanidu 10%, 16.2%,
23.4%, 29%, 33% M1UAAU (Namasivayam and Roy, 2013) LAYIIHIUNISANYINAYRIAISANA Capparis
spinosa fan1sdudgenisasslulefduves Serratia marcescens, P. aeruginosa, E. coli Wag Proteus mirabilis

v
o

WU ansafnumIeaINNALiITes Capparis spinosa firnandudu 2 me/ml fquisudnsasslulefldunas
Judinsasrsansiendloneaudnanlsd Tnefldnisdudannsadrdluleduwiniu 79%, 75%, 73% waz 70%
auddy drunamstiudinisadisansiendlonedudnanlss wuin ansafin Capparis spinosa uansmadudanns
a$1sansiandlonedudnanlse 58%, 46%, 66% way 67% ANUAIGU (Issac Abraham et al., 2011)

Tudszwdlne fs189unsnyinavesarsann Rhodomyrtus tomentosa Warans rhodomyrtone #o
mié’uégmawi’wma"l,uia?\la‘maqLwﬂﬁL%‘aiuﬂejm staphylococci #8735 crystal violet assay #slunisnageuriu s.
aureus WU31 @15ann Rhodomyrtus tomentosa kazd1s rhodomyrtone Fiaududu 0.5MIC wag 0.25MIC §
gqusdudanisadsluleflduves s. aureus drunanisviranglulefidy wuin a13aifn Rhodomyrtus tomentosa
uazans rhodomyrtone quivhanglulefldumes S. aureus fiftony 24 Falusuar 5 Tu Fsensaaesiniagy

[Wuguiannanusadugin1sasyiivlavewuaiise (minimum inhibitory concentration: MIC) winfiu 0.032-

0.128 mg/ml waz 0.0005-0.001 mg/ml Aud1du wazlunisnageuiy S. epidermidis Wuin finaadudu

v
LYY 1%

0.5MIC tag 0.25MIC @15ain Rhodomyrtus tomentosa Wazd1s rhodomyrtone ﬁqw%aummiai’lﬂﬂa?\léma<1
S. epidermidis 31U 6 waz 5 @1NUS AWAWU MNaeRUGTlEAdeUNLA 6 @i diunanisianglule

Wau w31 ANty 64MIC a13ain Rhodomyrtus tomentosa wazans rhodomyrtone Hgndvinanalulefidy

N o

U904 S. epidermidis Nione 24 F3lus wag 5 Tu lauanasegedided

v a1

WN9EhA (p<0.05) FIa3NIA0IUUATIA

MIC 1Winiiu 0.032-0.256 mg/ml kag 0.00025-0.001 mg/ml Auanu (Saising et al., 2011)



A15199 3.1 Anti-biofitm activity of medicinal plants

Scientific names

(Family: part used)

Tested Methods

Anti-biofilm activity

(concentration; mg/ml)

Pathogens

References

Andrographis paniculata (Acanthaceae:
whole plants)

Anadenanthera colubrine

(Fabaceae: stem barks)

Azadirachta indica

(Meliaceae: leaves)

Ballota nigra

(Lamiaceae: leaves; stems; flowers)

Bauhinia acuruana

(Fabaceae: fruits, branches)

Boesenbergia pandurata (Zingiberaceae:

rhizomes)
Buchanania lanzan

(Anacardiaceae: roots)

crystal violet assay

crystal violet assay

crystal violet assay

crystal violet assay

crystal violet assay

safranin staining

crystal violet assay

87.5-88.6% of biofilm inhibition (-)

88.4% of biofilm inhibition (4)

65% of biofilm inhibition (0.1)

at lest 50% of biofilm inhibition (< 0.032)

77.8% of biofilm inhibition for fruits (4)

81.7% of biofilm inhition for branches (4)

biofilm inhibition (0.00781)

62.18% of biofilm inhibition (0.625)

44.18% of biofilm inhibition (0.3125)

Pseudomonas aeruginosa

Staphylococcus epidermidis

Escherichia coli

Methicillin-resistant

Staphylococcus aureus

(MRSA)

S. epidermidis

Streptococcus pyogenes

E. coli

P. aeruginosa

Murugan et al., 2011

Trentin et al., 2011

Namasivayam and Roy, 2013

Quave et al., 2008

Trentin et al., 2011

Limsuwan and
Voravuthikunchai, 2008

Pattnaik et al., 2013




Scientific names Tested Methods Anti-biofilm activity Pathogens References
(Family: part used) concentration; mg/ml)
Capparis spinosa crystal violet assay 79% of biofilm inhibition (2) Serratia marcescens Issac Abraham et al., 2011
(Capparaceae: fruits) 75% of biofilm inhibition (2) P. aeruginosa
73% of biofilm inhibition (2) E. coli
70% of biofilm inhibition (2) Proteus mirabilis
colorimetic method by 58% reduction in EPS production (2) S. marcescens
5% phenol and 46% reduction in EPS production (2) P. aeruginosa
conecentrated sulfuric 66% reduction in EPS production (2) E. coli
acid 67% reduction in EPS production (2) P. mirabilis
Castanea sativa crystal violet assay at lest 50% of biofilm inhibition (< 0.032) MRSA Quave et al., 2008

(Fagaceae: inflorescences)
Chamaecrista desvauxii crystal violet assay 87.4% of biofilm inhibition (4) S. epidermidis Trentin et al., 2011

(Fabaceae: fruits)

Commiphora leptophloeos crystal violet assay 67.3% of biofilm inhibition (0.4) S. epidermidis Trentin et al., 2011
(Burseraceae: stem barks) 84.7% of biofilm inhibition (4)
Couroupita guianensis crystal violet assay 52% of biofilm inhibition (2) P. aeruginosa Al-Dhabi et al., 2012

(Lecythidaceae: fruits)




Scientific names Tested Methods Anti-biofilm activity Pathogens References
(Family: part used) (concentration; mg/ml)
Cuminum cyminum crystal violet assay 84-95% of biofilm inhibition (0.5-2) P. mirabilis Packiavathy et al., 2012

(Apiaceae: seeds)

Cyclamen hederifolium
(Myrsinaceae: tubers)
Dodonaea viscose
(Sapindaceae: leaves)
Eleutherine americana
(Iridaceae: bulbs)

Euphorbia hirta

(Euphorbiaceae: aerial parts)

Ginkgo biloba
(Ginkgoaceae: -)

Juglans regia

(Juglandaceae: immature fruits)

Leopoldia comosa
(Hyacinthaceae: bulbs)
Libidibia ferrea

(Fabaceae: fruits)

crystal violet assay

plate count method

safranin staining

p-iodonitrotetrazolium

violet method

crystal violet assay

SEM

crystal violet assay

crystal violet assay

crystal violet assay

76-85% of biofilm inhibition (0.5-2)
24-71% of biofilm inhibition (0.5-2)

at lest 50% of biofilm inhibition (< 0.032)

95, 97 and 99% of bioiflm inhtion when observed
after 6, 24 and 30 h respectively (0.78)

biofilm inhibition (0.00781-0.125)

100% of biofilm inhibition (0.25)

100% of biofilm eradication (0.5)

biofilm inhibition (0.05)

biofilm inhibition on nylon membranes (0.05)

at lest 50% of biofilm inhibition (< 0.032)

at lest 50% of biofilm inhibition (< 0.032)

70% of biofilm inhibition (4)

P. aeruginosa

S. marcescens

MRSA

Streptococcus mutans

S. pyogenes

P. aeruginosa

E. coli

MRSA

MRSA

S. epidermidis

Quave et al., 2008

Naidoo et al., 2012

Limsuwan and

Voravuthikunchai, 2008

%

Lee et al., 2014

Quave et al., 2008

Quave et al., 2008

Trentin et al., 2011




Scientific names Tested Methods Anti-biofilm activity Pathogens References
(Family: part used) (concentration; mg/ml)

Lonicera alpigena crystal violet assay at lest 50% of biofilm inhibition (< 0.032) MRSA Quave et al., 2008
(Caprifoliaceae: woods)

Malva sylvestris crystal violet assay at lest 50% of biofilm inhibition (< 0.032) MRSA Quave et al., 2008

(Malvaceae: stems)
Mentha piperita

(Lamiaceae: -)

Mutellina purpurea

(Apiaceae: essential oil from aerial parts)

Myracrodruoun urundeuva
(Anacardiaceae: stem barks)
Nigella sativa

(Apiaceae: seeds)

Ocimum tenuiflorumi

(Lamiaceae: leaves)

Parkinsonia aculeate

(Fabaceae: leaves)

crystal violet assay

safranine staining

crystal violet assay

crystal violet assay

crystal violet assay

crystal violet assay

38% of biofilm inhibition (1)

100% biofilm inhibition (0.625)

83.9% of biofilm inhibition (4)

50% biofilm inhibition (0.022)
50% biofilm inhibition (0.06)

50% biofilm inhibition (0.085)

33% of biofilm inhibition (0.1)

52.8% of biofilm inhibition (4)

P. aeruginosa

S. epidermidis

S. epidermidis

S. aureus
S. epidermidis

E. feacalis

E. coli

S. epidermidis

Sandasi et al., 2011

Sieniawska et al., 2013

Trentin et al., 2011

Chaieb et al., 2011

Namasivayam and Roy, 2013

Trentin et al., 2011




Scientific names

(Family: part used)

Tested Methods

Anti-biofilm activity

(concentration; mg/ml)

Pathogens

References

Pityrocarpa moniliformis

(Fabaceae: leaves)

Quercus cerris
(Fagaceae: leaves)
Quercus infectoria
(Fagaceae: nutgalls)
Rhodomyrtus tomentosa

(Myrtaceae: leaves)

Rosa canina
(Rosaceae: fruits)

Rosmarinus officnalis

(Lamiaceae: leaves; stems; flowers)

Rubus ulmifolius
(Rosaceae: roots)
Senna macranthera
(Fabaceae: fruits)
Syzygium cumini

(Myrtaceae: seeds)

crystal violet assay

crystal violet assay

crystal violet assay

crystal violet assay

crystal violet assay

crystal violet assay

crystal violet assay

crystal violet assay

plate count method

77% of biofilm inhibition (4)

63% of biofilm inhibition (0.2)

biofilm inhibition (0.25)

biofilm inhibition (0.5 and 0.25MIC ; MIC = 0.032-

0.128)

biofilm inhibition (0.5 and 0.25MIC ; MIC = 0.032-

0.256)

at lest 50% of biofilm inhibition (< 0.032)

at lest 50% of biofilm inhibition (< 0.032)

at lest 50% of biofilm inhibition (< 0.032)

56.7% of biofilm inhibition (0.4)

> 80% of biofilm eradication (0.5-1)

S. epidermidiis

S. aureus

MRSA

S. aureus

S. epidermidis

MRSA

MRSA

MRSA

S. epidermidis

S. mutans

Trentin et al., 2011

Hobby et al., 2012

Chusri et al., 2012

Saising et al., 2011

Quave et al., 2008

Quave et al., 2008

Quave et al., 2008

Trentin et al., 2011

Patel et al., 2013




Scientific names Tested Methods Anti-biofilm activity Pathogens References

(Family: part used) (concentration; mg/ml)

Tamarindus indica plate count method > 80% of biofilm eradication (0.5-1) S. mutans Patel et al., 2013

(Fabaceae: seeds)

Tridax procumbens crystal violet assay 41.9% of biofilm inhibition (0.1) E. coli Namasivayam and Roy, 2013
(Asteraceae: leaves)

Vitex negundu crystal violet assay 65.0% of biofilm inhibition (0.1) E. coli Namasivayam and Roy, 2013

(Verbenaceae: leaves)




2

3.2 nalnVaINszUIUNISONLEU (inflammation) WATUNUINVBINTZUIUNITONLEUTNEIVINUNITHIEVBILNE

nalnuaenNTzuIUNITENLEY (inflammation)

Ms8nLau (inflammation) Wudunilsvesnszuiunisnevaussesszuugiiduiulussniesedsiivils
Aamsuinduresifodonu nslunrtedudatiuasiall nsindelSardouuaiide wavnmsiauwsa WWud (Wu
and Chen, 2014) #83991nn15tAALKEA 38V liiaandaninyin dsNanenIsuaRIvaIiasnan (vasoconstriction)
APunainaInn1ineuLes nerve reflex %aaq‘u%L’;mwaéﬁauwﬁfwaamﬁam (endothelial cell) levzaensiva
vauden Mntundniden (platelet) ?ﬁaa&ﬂwaamﬁamwauauaﬂmamiﬁmmxﬁ’u%’u subendothelial layer
Yo uimasaideniianuin Inge1fefa3u (receptor) ﬁagjuuﬁwaamﬁmﬁam (platelet membrane) oA
glycoprotein (GP) receptor @siinanewin wiiafifiaud falun1sdainie Ao GP la/lla wag GP Ib/IX Tng GP
la/lla 92L9719UAU subendothelial collagen wag GP Ib/IX azi1dudulusiu von Willebrand factor (VWF) %ﬂag_j
Tu plasma vhuhiilu cell adhesion molecule tne vWF assfiusaidousiaszning subendothelial collagen fiu
GP Ib/IX 494 platelet membrane ¥l platelet inn158aiU subendothelial layer At Sonnszurumsiia
platelet adhesion (Thomas and Storey, 2015) w§aandy platelet 9e1&3 chemical mediators U adenosine
diphosphate (ADP), thromboxane A2 (TxA2) #35® serotonin 91A granules Lﬁaﬂizéjﬂﬁ platelet @h?‘juq L3
i’mé’f’sLLasmeﬂajmﬁ’umm%uﬁ]uLﬁmLfJu olatelet plug #38138nN58UIUN13H37 platelet aggregation
(Golebiewska and Poole, 2015) n§sa1nTuazIinNIzUIUNTaS19aNEDn F01dedadanisudsnveauden
(clotting factor) L¥u Fl (fibrinogen), Fll (prothrombin) %5® Flll (Thromboplastin) L ufwu lasagiinnis
Wasuwaaan prothrombin Ty thrombin Glanauti@lunisiudesu fibrinogen Tuidu fibrin waziihsauea
fungu platelet viwmtidulasstng (mesh-like matrix) 19 platelet wdtantuazianisideuse w3e cross-
linking %114 fibrin vlvandenudausanniu enn fibrin clot (Palta et al., 2014) Lﬁammmﬂ%amauﬁam
uaﬂﬁlﬁﬂﬁ platelet Fahmifiaduaznds cytokines %38 growth factors Leiln thrombin, transforming growth
factor (TGF)-beta, platelet derived growth factor (PDGF) wae vascular endothelial growth factor (VEGF) R
ﬁmﬁwﬁﬂué’f’s%’ﬂﬁﬂﬁwaﬁﬁmLﬁamsunLﬂﬁauﬁaaﬂQWﬂwaamLﬁamLsﬁwgiU%L’JmLLmaﬁﬂé’w Tursifeitudofauna
dadousnafmlsfildfuuinigu was mast cells axiinsadrauazmdans histamine dwalfiAnnisvenesves
vaoalden (vasodilation) finn1sdus1ureswasadon (vascular permeability) wagdninwad neutrophil T4
\ndoufioonuenrasaideniinguinauna anmsAnwIves Fgozi wagamy (2003) wuimyiidauunnsewes
mast cells (mast cells-deficient WBB6F1/J-KitW/KitW-v mice) 2zilAiianuiuues neutrophils Usalluaanas
usinsunIndumas macrophage waw T-cell {uUnd uonani nuduyfifianuunwsoswes mast cells laiinasio

msasradieidelml n1sduasiet collagen nian1sasravasaldonlng Fanan1snaaostainsadlmdiuil mast

cells fnanon159nin neutrophils lUgsuiakaanas 91nN15ANYIVee Tellechea Wazamy (2016) ladnwina



3
GiEJﬂ’]i‘Vi’lEJ‘UENLLN@IU%HLU’]W’J’]%LL&BWHﬁiﬂLﬂuLUWﬂ’J’luﬁﬁﬂ’J'IlJ‘UﬂWiIQJ"U@Q MC (MC-deficient WBB6F1/J-
Kitw/Kitw-v mice) tW3suitsuiunynguaiugu (wild type; WT) nuiimyfidusarlidulsaummiudadan
UNNSBYaY MC In1svmgvesunatinivyngy WT sgsdideddgmieada UONNTIARTIIMINSUERDDNTD S
VEGF mRNA uag MMP-9 mRNA 9niifeifounaluiufl 10 ndanisifauna wudn vylunda Kitw/Kitw-v mice i
n15UandeeNn VEGF mRNA anaseg1silfeddqgmnsadfiilosouiiisufunynduaiunu uiinisuanioonves
MMP-9 mRNA L'ﬂlwﬁu uaﬂmﬂﬁ mast cells é’ﬂﬁmaﬂizﬁumia%ﬂd selectins #4181 adhesion molecule ¥4
endothelial cell dn8(Eming et al., 2007) dlenaomidenvenod Laviin1sade selectins UStaas endothelial
cell a81AnN153UR NI selectins ligand waz chemokines receptor UKt @aduas neutrophil duduiia
Fonvnvdausniiiiiguinmuna ndudanisuindulurig 6-24 vy, usn AU selectins way chemokines U3tIal
endothelial cell vinlslAAN5M3U (rolling) taAeudalUT19 vunTanaoaiden 9 ntu neutrophil 9z danny
(adhesion) ffu endothelial cell waziinn1sAunau wdoufiuntiasniden Inseide integrins d9ldun
CD11a/CD18 (LFA-1), CD11b/CD18 (MAC-1), CD11c/CD18 (gpl50, 95) kg CD11d/CD18 (Tan et al., 2000;
Sumagin et al., 2010) 7 a&uiuumﬁﬂ Wwadues neutrophil 9UAU integrins ligand U endothelial cell 114
neutrophil unsniusenuenwaeniion wanndeuiiluduinauna WeduiudwlanUasusie (Soehnlein et
al., 2017) 1ne 38115 phagocytosis Feo1/un15a379 reactive oxygen species (ROS) LAZNITNAS enzymes 211
granule iefdnuaseosaatwaduuaiiide §1 eranule protein #i neutrophil ndseenun azinasenisdnili
a8 monocyte wdeufiundausnauna lny granule protein %azamagju"%nm endothelial glycocalyx ag
ﬂizéjuiﬁtﬁmmil,l,amaaﬂ“uaﬂ cell adhesion molecules 158 CAMs (vascular cell adhesion molecule 1; VCAM-
1 v intercellular adhesion molecule 1; ICAM-1) vinlilAnnsduniuiy beta2-integrin Via&uiuuﬁ?‘uaﬂ monocyte
uazAnnsiainzuy endothelial cell MntuargninierilmAnniaindeufiosnuenuaonidenlas azurocidin 7
4379119711910 primary granules U84 neutrophil wagLL-37 Fadu antimicrobial peptide fia%reann secondary

granules U84 neutrophil (Soehnlein and Lindbom, 2010) R monocyte %Lﬂﬁauﬁaaﬂuaﬂ%aamﬁam%’lq
UWhaunandniaily 24 . wasiansideundadluiiuead macrophage smthitlunsiuiudelse
#1979 110937 neutrophil ﬁmqé?u warazinnng apoptosistadudniladenisiianunsadniliwad monocyte
Lﬂ?ﬂlauﬁwﬁ@mammﬁu \was macrophage H&ulun13AUANUININVEY neutrophil UTLILKA Tnefinadudans
uN3nFU8a neutrophil 9NuasaLden waznds cytokine Lilanszdulsi neutrophil 1iAN13 apoptosislusy ey
4nv18LYaa macrophage 3¢ N19ALAYYINUDY neutrophil #in91nN15 apoptosisiaudiiaAlradues
macrophagedl receptor aneiin ﬁawmm%’uﬁuawauauam’aamwmé’auqamﬂﬁmaa‘mﬁaag W Toll-like
receptors (TLRs) ka complement receptors (Eming et al., 2007) ae TLRs 1 ulUsAudsuandiguuuy

(pattern recognition receptors; PRRs) g1 mﬂaqszuuqﬁﬁu uinuaALlla (innate immune system) #4310

n1sfnwnudnludndiiesgniteundl TLRs 13 ¥lia (TLR1-13) Tuaud TLRs 10 vlia wazlunydl TLRs 12 vila



a

(Spirig et al., 2012) Inglunylinunisuanseanves TLR10 TuAuazwy TLRs USiniaveueadlann TLR1, TLR2,
TLR4, TLR5, TLR6 waw TLR11 wagwu TLRs uSnaunteluiwad Léun TLR3, TLR7, TLR8 uag TLRY (Spirig et al.,
2012; Portou et al., 2015) lunszuiun1sdniau TLRs fid1fareusad macrophages Ao TLR2 wag TLR4 (Huang
et al, 2007) Feflunuimdrdysenistestunisinide Ty TLR2 92909130l UUYBY peptidoglycan way
lipopeptide vuKTlgadv0ILUATILSBLATUUIN d9U TLRA %ﬁ]ﬂﬁﬁgﬂu‘uumaﬂ lipopolysaccharide Fadu
d@1ulsEnauved outer membranes TunuAilsaunsuay (Suga et al., 2014) H51891UNNSANYIANMNFURUSVD
TLRs Aun1sdniaustslunszuiunsmevesuraUniwasiraumay einDasu uaz Jialal (2013) Anvinasions
Mevaduna luyUnAlUSsuisuiunuluIniu 1nen13nsIanIN1sHandeanyad mRNA Uag protein U89 TLR4

1ngl435 real-time PCR uag Western blotting techniquednniilaigavatunaluiuf 10 nudmyuming 1013

aa A

WAn99BNYBITLRAMRNA Ua TLRAprotein Windueesiliivddyniaiflleisouiisuiunyund uazlafnuwina

feN1TMBYBIUNALY TLRE knockout (KO) mice (TLRA™) saufumamilsnhliiAnlsauimu wisuiiisuiuny

o

wWnuUnd nudmglumnulungs TLRG InsmevesunainitegrdifeddydAynisadnidewIeuiiisuiu

o

UNY
Y

=3)

wgumulungy WT waznudmyiiliidulsaivmvnunismeseswnaliunnssegredfidodAgnisad
wanaulungy TLRG wenandldnsraniu3uaass interleukin-6 (IL-6) Waz TNF-alpha Fadedniu

biomediators ve TLR4 signaling Tagl438 ELISA wuilutud 10 waansiiaumavgiuvulungy TLRA Ay

o a P

yneaddeSeuiguiunyiuvungs WT uenannieag

a o

L[WNTUVDY IL-6 WAz TNF-alpha anategneiliydn

macrophagelunumsiaszuuniiAuiy warfidnduuanUasuseninanssuiunITMEuadUNaLel macrophagedt

q

@ ' v

flunumddeysianisadns erowth factonu TGF-beta, TGF-alpha, FGF, PDGF way VEGF dfidilunisduasulii

o

o

Aensudaradiinsivinnaznsdanseiasiiussiussnauves extracellular matrix (ECMluiwadimids
(Eming et al., 2007) lABNTEUIUNITENAUILNYAR fraudloudnaunausaandwdanvaoulag Fen15uds
growth factor 30 cytokine agsimiAlu anti-inflammation LilevganszuIUN1TENLAY LazdnanTedu
nszUuMsTeuLTLLieLEerely (Soehnlein et al., 2014)

UNUIMYBINTZUIUNITOINEUNNGIVDINUNITHIEYBIUAA

£ o 1

NEUIUNTIEVBILNE LTunszuIunsneTastunIstauwautdadandaannnisiasuuiniunsawina

v
o A

wiHa (Velnar et al., 2009) Fawaeandu 4 syay il
“szeEi 1 1W9319n1elasuUInEU wazinn1sanN1nveIasnta an N1SINNLEaNALLARTUTUTLAENIS

¥auwes plateletdafinnssiusaiu fibrin nanesfududen (fibrin clot) (Reinke and Sorg, 2012) way platelet

o ' o

aguaslusauneg lneanwig thrombin Fsvhmihduansdenansiausniivasesnun lnefinuddynenisdni

o

Wintdonvudnundsusnuka (Patel et al., 2016)

- syuEdl 2 Ae szuzmsonau Jeldnaninalalidnsdiuiu Inefinsunsnduves neutrophil Faduiwad

v
a =~

dindenvnviausniunsndudiguinmusa imvihnduiugelsasie a1ntuazin apoptosisdinanonisdnii
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Tiwad monocyte Wndusiaunaduddudnly weNaINi neutrophil Seanansaadrauaznds pro-inflammatory
cytokines fifinasan1siUasunUaweuad monocyte TUiluiwad macrophage luszay M1 &sldun interleukin-
lalpha (IL-1 alpha), IL-1beta, IL-6 k&% tumor necrosis factor-alpha (TNF-alpha) R monocyte Wlesenuen
‘waaﬂLﬁamﬂﬁwéﬁa@aﬁnmmaLLa:LU?{auLﬁuwaé macrophage luszoz M1 wesvimiisuiudelsa siowle
ABHe USLIULNE swedURuad neutrophil #4inn1s apoptosis (Sindrilaru and Scharffetter-Kochanek,
2013) Wleusnauna UsieandswdanUaoy wad macrophage audesuluifuszey M2 Tagaziinnsnds TGF-

beta wag IL-10 vl anti-inflammatory Wienganszuiun1sdntay n1siUasuwlasves macrophage

' o

nsvez M1 Idusser M2 1 Jusiuaanddyresnisdugnszeznisoniaulag macrophage Wuwadisuduiil

)

@ ' =

AMUAIAYABNITUIUNITANTUIBTDILNG TeazhUamunsyimtinioanidu 2 wuu e classically activated (M1)

o

wag alternatively activated (M2) (Novak and Koh, 2013) classically activated %38 Mlﬁ]xgﬂﬂizﬁﬂﬁlﬁmmi
wanoanlae interferon-gamma (IFN-gamma) Fea¥1au191n Helper T-celll (Th1), lipopolysaccharide (LPS)
PNwaanUAITuILag TNF-alpha wifives macrophage M1A® @314 pro-inflammatory cytokines, ROSWa
growth factor +91 VEGF whay fibroblast growth factor 2 (FGF-2) (Ogle et al., 2016) alternatively activated
wio M2 agvhwtiiinsatudiuiu M1 Tnen15uds anti-inflammatory cytokines Tl IL-1 receptor antagonist,
decoy IL-1 receptor type Il %30 IL-10 WAL N growth factorl@un TGF-beta, VEGF Wwaz Insulin-like growth
factor 1 (IGF-1) (Koh and DiPietro, 2011) Fadladefifinasienisivdeunuasannead macrophage M1 lWiluiad

macrophage M2 leiufi N13nseAuYes IL-4 uay IL-13 finds197n Helper T-cell2 (Th2) uazn1siin apoptosisues

v

neutrophil (Hesketh et al., 2017) uaﬂmﬂﬁwuiﬂuamwﬁﬁﬁﬂmalmﬁamja (hyperglycemia) 3z lnasans

'
=

M191uv019ad macrophage nanafie vinlvinuauURves macrophage lun1smidnwwad neutrophil Miinnis
apoptotic anas (Hesketh et al., 2017) Fannzunalieduiesnlsaumuanieatestusyesnssniauiild
LIAUIUY %ammmmamaiwdw pro- Wag anti-inflammatory cytokines 1ag macrophage Tuwwatuvnu agd
N198379 pro-inflammatory cytokines qmﬁ%ﬁmﬁauﬁmmaﬂﬁ (Weisberg et al., 2003; Goren et al., 2007)

Khanna warAne (2010) lafnwinsvinnuvedead macrophage Tusgernsdniauramuuvuiliinuna wui

o o A

wnalunylumvuiliead neutrophil MAAN1T apoptotickiinuegreiitdudAniloneuiisuiuunalunyund uag

o

o W

nUIdsEAuved pro-inflammatory cytokines ldun TNF-alpha uag IL-6 iingetusg1eiidodAnluiun 1 way 3

o

o o A

waansinuradlolSauisuiuyund us IL-10 Fadu ant-inflammatory cytokines anasogafliudndeyluiud

1)

o

7 naamsiaunaileeuiisuiungunyund nsnevauewioniseniau deldindunszuiunsusniiiesdo

c

MImeveNa lnenmsunsniureasadidiadonvudiguinailasuuniusafiauinwsaduiuaidAyves
WwadnenIneUaUsIBINITInduiisliAnnsYeuLsuLlelauTnaimlwely lnawadidadonuidliiieus
iuihnlunisiideduvanlasunioelsnn1e UsauNe widinasonisasisuaznisaaieiiioadnsiig

(Patel et al., 2016) FINSLAUNTDAANITHNINTUVRLTARIAGaRY N SsUS el aiiannudemetu agd
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Kasian1s migration, proliferation wag differentiation veuwadierfesrilinszuiunismevesunaindias
91nN"15AN®1Y04 Mori wazAny (2004) LdAnwuIouifisuszvitany mice AdANUANT03UD4 beta-1,4-
galactosyltransferase-| (betadGalT-) fumy mice aeiugunAnenismeveuna nuin nyidanuunnseswes

o o a

betadGalT-l In1smevesunatiasetilieddynaifileiUiouiisuiunyund Ineinadenisanasvesnsasng

17

'
o o P

ol madansnght collagen uazanmsairmasaidonlmisgaiifvddymsadfdlowisufieutunyund
wonaniifmui finsunsniuvessadidindenunludiuinaunaanas dwmasonsiudeseiures macrophage-
derived chemokines, TGF-betal waz VEGF 31ns1891uaztiuledn winfinsunsnduaeavaaifiadonunaluds
Whaunuaanas xinatensanaiodouazrasaidenlmianas ilduramediniind wazannisAneves
Kitano wagagug (2017) lé’ﬁﬂ‘mL’LJ%SJ‘ULﬁsmiwdﬁmﬁﬁmmunwa’m inducible nitric oxide synthase (iNOS) fiu
yaneugUnfsensmevesa nuimyfidarsunnioses INOS SraviliAnnisuineaduarnisadrailode
Tsidaslu excision wound model wagnuindinnsdufsnisunsnduveaad macrophage LazaANITLEAIDDN

Y89TGF-betal mRNATsanAMSANwILERsTiIuIniinsdudanisunsnduveasad macrophage agiinasinle

nswlsgaduaznsadnilelaniitaniionseuiunisonauduanas sdigsee 3

- 538E?l 3 ARTEEENITWULTAa W38 proliferation phase 1ny TGF-beta 1118399111911 macrophage
M2lutmdwesszegmssnautiu danuddadusgrannlunssuiunsmevssuna lneilnasenisildsunlas
Yoauwas fibroblast Uiy myofibroblast Fanszfunisade collagen viliAnn1snadiveduna (Bielefeld et

al., 2013) NFLAUNITUUNTATLALNISIATOUNYDULAE keratinocytes IINVBUUNALIIGATINAUKA UBNIINTES

duasunisdaasigiviaenidontnaldnaig (Sinno and Prakash, 2013) Lian15tAA8UNI RN UYBUYAE

'
=

keratinocytes 91NYBULNAUTIIUNU Aagneanszuunsulsead uazidndssey

- snedl 4 Ale syprn3UTUTUIIe v3e remodelling phase dslussosiifuszoraniinevainszuaunis
mevowuna tngldnannuiign o1vandudlanivioduiou Tuediurunvesna lussosiasdosdinuauna
YosnsaiIuazanty ECMUSauna tagordenisvinnuues T-cell Saazgninilfsenanvaenidondgiiode
wralag cytokinefiad1991n macrophage dvzdnulugawinevesssarnssniay wazaiinasesyey remodelling
phase Tng T-cell Mdhguinnunaszfuvia Helper T-celll wag 2 (Th1 wag Th2) Inesiunsmilenininead
macrophage M2 uag M1 AMUaIRU a156199 7ivde08n1191n macrophage M1 wag M2 Suiinudn ARYFDNIT
AIUANENAAYDY ECM (Tredget et al., 2006) 0y M1 927as metalloprotienases #38 MMPs Vmthilunsaane
matrix protein @1 M2 vimthilunisaina matrix protein waziitenismuanlailiiAanisaats matrix protein

11nAuly mesenchymal cell aza314 tissue inhibitors of metalloprotienase #se TIMPs 116UE9A15W19UVD



.
MMPs uazluszezundaves remodelling phase 9 WUINHTIUIUYDULAE macrophage anad dnalin15as1s ECM

anas Fsnsivdsunlasnanll Wuiudiainisanvuinung wasnsmeveunaiianysal (Delavary et al., 2011)

Ay = v 9 o =] o

L%aéﬁmawﬁmmm AN IVOIAUNTLUIUNTHILVBILHE LEAIAIAI5199 3.2 laedidnaunis

I a [

WAFOUNNFUTIMUNARIFUN 3.1T0gadNiiunumddguiniian As macrophage IngagisuidnuiunuImnaws

syegn1sontau nMsaiulureenszuiunseniaunIuun® macrophage @msaduiudsiianuasuusiiaunale

A wAWAMINIANSIWAsULUaBAwad macrophage 910 M1 WU M2 @sgdaru growth factor lalA TGF-beta

o

fifiauddayseszes proliferation nsTUINNIMEveNasintusaiodlUaudsres remodeling AUN5Y)
wHameegsEuysal wivniinauiaUnfAluszern1s8niau neutrophil kay macrophage W& cytokineu’m%u
wavmacrophageliinnsiuasuuvadludu M2 azdmaliinanuunnsesunisadis ECM wagfinnsaals ECM
mﬂ%umﬂﬂﬁﬁ'mu%amauMﬁ MMPs $1uauIn 39%de97n M1 annisuaeaduarnisindeudives fibroblast
e keratinocyte AszUIUMIEvesallansasiunsaeiiedludzes proliferation &% remodeling 1]

£ a < & o
AWNAUULNALTDI



A151991 3.2 TUAVDUYAATLNLIVBINUDNLEU YL havasdenatsinasaanunlunszuIunsinevaawialkoh and DiPietro, 2013)

Cell type Mediators Functions

Mast cell Histamine, Chymase, tryptase - Control vascular permeability
- Control influx of PMN
- Regulate tissue remodeling
PMN ROS, cationic peptides, eicosanoids, proteases - Phagocytosis of infectious agents

- Macrophages activation through phagocytosis

TNF-alpha, IL-1b, IL-6 - Amplify inflammatory response
VEGF, IL-8 - Stimulate repair response
Macrophages TNF-alpha, IL-1b, and IL-6 - Phagocytosis of PMN and fragments of tissuedegradation
IL-10, TGF-betal - Amplify inflammatory response
PDGF, VEGF, bFGF, TGF-alpha, and TGF-beta - Anti-inflammatory function

- Stimulate repair response: angiogenesis
T cell; CD40 ligand; IL-2, TNF-alpha/ IL-4, -5,-10 - Regulate tissue remodeling

Th1/Th2

bFGF, basic fibroblast growth factor; FGF, fibroblast growth factor; MC, mast cell; PDGF, plateletderived growth factor; PMN, polymorphonuclear leukocyte; ROS,

reactive oxygen species; TGF, transforming growth factor; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor
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JUT 3.1advunswedeuiiveawadilaidonuadiguiianuna (Koh and DiPietro, 2011)
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3.3 nalniieadasfiunszurunismevasuraunumuasdunazasdaluanaudassdafiieadasiunsmeves
WHa

wdnnslasuuindundeinuna auiinnisasdy e andwIndousous wad (signaling
molecules) ilonauaussionsuInii Fsazgniuslneduiumdu (recepton) veawad uaziinnisdsdayny o
solunielulead (intracellular reactions) vinlviAnn1snevauesvetgad (cell behavior) L¥u N154AA

differentiation, migration, proliferation Way apoptosis Yodiwaawting1ee en1sasuisibslmivesmmis lag

1%

Tuszwinanszuaunsmeveuna awiBunazanstaluanasieg iddgduifeideduszvunisdauazivs
Heyeunau (signaling pathway) 1Aun Wnt/beta-catenin signaling pathway, Notch pathway, Hedgehog pathway,
Toll-like receptors (TLRs) signaling pathway wag growth factor/cytokine pathways (TGF-beta/Smads, VEGF,
PDGF, TNF-alpha/NF-kB 138 Interleukin) nalniiiieadesiunssuaunsmevosua dsi
Wnt signaling pathway

Wnt fia glycoproteins AfiAMUAIAYADNTEUIUNITNUFIUVDUYAALUTENINNITHAIUILALNITTNY)

= Ay \

annzAnuALgaveTadlin lnslanzisadiinisd fldmaelunisadrafamfeduntoust (dermis) waznis
a319v0aduvUAI99 Wnt signaling pathway wiseenidu 3 wuu fe

1. beta-catenin pathway (canonical Wnt pathway) ﬁ?jdﬁ’mﬁﬁﬁﬂ‘isﬁuguLﬂmmamﬂuﬁamaEJa

2. Planar cell polarity (PCP) pathway Wigadestunsimiedasiadsnivesead

3, Wnt/calcium (Ca2+) pathway Feilunuimdnfysenisad1afageu (embryogenesis) wazn15iin
Lﬁaﬁaﬁi’m (De, 2011)

nnsfnwmuilusisneuyudll Wit protein funndtsiu 19 ¥iin waglda3u Frizzled (F2) receptor
10 vila Iy pathway fimuisadostunssviumsdeuusuilodevesinntsde Wnt/beta-catenin signaling
pathway (Archbold et al., 2012; Houschyar et al., 2015) beta-catenin Ao transcriptional co-activator ‘17{
Aeadeafiu transcription cofactors ?J"u"] wu T cell factors/lymphoid enhancer factors (TCF/LEF) Faviring
muaunsuanosnvesduluwadudazuia Tunsalitlaifl Wit signaling beta-catenin Azgnvinatelag Axin,
adenomatosis polyposis coli (APQ), glycogen synthase kinase 3 (GSK3), protein phosphatase 2A (PP2A) wag
casein kinase 1alpha (CK1 alpha) dalineliiAnnisnensiiametugnssuludundea Tumanssiudravind wit
signaling 9x1U19UAU Fz receptor wag low-density lipoprotein receptor protein 5/6 (LRP 5/6) dswalinnns
nazdu Dishevelled (DSH) Sadufrdudamavinmuvesoule Gsk3 laideliiAn APC/Axin/GSK3 complex Taaity

Lil# beta-catenin gnvinane vl beta-catenin dauafivsainuaziinnisagan Tu cytoplasm w107 181N

v
o

U beta-catenin azwpaauidnlUlufiedea waziinasenisaensiavesdu Inenisdnduiu TCF/LEF dadu
transcriptional co-activator Ns¥AuNIwanteanvasBuLimuIgsieg lawa Cyclin D1, MT1-MMP (membrane-

type 1-matrix metalloproteinase), MMP-7 wag Dkk-1 (Dickkopf) (31.117; 3.2) (Houschyar et al., 2015) Falu
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nszvIUNIevosiHasziiouluiifid1fnlungs matrix metalloproteinase (MMPs) Ssa1auazvdsanainivad
macrophage wazfibroblast Insfiunumdrdglunisduaszivasaidanlmitazlunszuiunisaais extracellar
matrix protein  beta-catenin %ﬁﬂ%uﬂmlﬁu%ﬂu mesenchymal cells Tusgay proliferative phase U8
nsrvUMIMeYeINadslidiuistedlunsaiilasiaiveadoyfnar magouusivlsiiAnanudome
(Bielefeld et al., 2013) lnsfiunund1Agsion13AIVANSNIINITUUBTAE WNSIUIL N1TIABOUT wazAs
WNSNI¥EVONTAT fibroblast (Zhang et al., 2009) ueNIINTUREITINUN1THI9IUTES Wnt/beta-catenin
signaling pathway luszezdug veenszuiunIsmeveLnaliun szarn1siudenwazssozn1sdnau Tag Wit
signaling ulladuddaymeniswauives megakaryocytes LLazﬂizﬁumiﬁ’mﬁﬂﬁﬁuad proplatelet (Macaulay et
al,, 2013) wenaNiuNUT canonical Wit Sshmihillunsiiudainmainenguiureandaidendnie (Steele et
al., 2009) n&RNHIUTTYZNTNLGDA 1WgTraEnTEnay FagnueInis Uan uan wad waedeu fin1svene 6
waviiunsdusuvemaeniden waziinnistniiwadidnidenu1s (neutrophiluag macrophage) Lﬂﬁﬁgjﬁnmﬁ
Igsuuagu st dlumsidadaulandasuniewiemesieg Usiaamuna Wnt signaling agifgdosiunmsniun
nsvurumssniau Tnefl Wntsa Wusniieniigad macrophagelunsnouausssiaifeuuniise uay Fz receptor
Inasian15AIUAY pro-inflammatory cytokines szsiliAnmsnavaussienssnauiind (Staal et al., 2008)
NAIIINNTZUIUNITONLAU %Lsﬁ”lgj'ww proliferation phase Iuiwsﬁ fibroblasts, smooth muscle cells iag
endothelial cells 9zunsnTUTIGUIINUNA Febeta-catenin TAudrdionisAIuALAITIIUTBILTAE
fibroblasts lagszAUv84 beta-catenin protein LLasmiaamﬁamaﬁmzLﬁmqqsﬁﬂuﬁawmiwz proliferation
phase uazaznauLingseauUnfluseey remodeling phase Y94NTFUIUNITUIBVBILKA INNTANINUTHATY
AUITNUNITHAN8DNVDY beta-catenin tinTunaznuiniinsudnseanves fibronectin way MMP-7 Faiduiu
Wmuneaes beta-catenin intulusves proliferation phase (Cheon et al., 2005) Tnenisifinduves beta-
catenin a¥UsTasnsEUILMIEVENETR winndnsiutuluusinadiinaviewnuiulazneliin fiorosis
wariinunatdufinnnifAululy annnsfinvinudn sesunaldu (hypertrophic scars) luauagnuszfuves beta-
catenin g4 (Carothers et al., 2012) WBNINTTINUIN beta-catenin gﬁﬁ’]ﬂfﬁaﬂisﬁumiwgﬂ TGF-betalluszey
Gudureanszurunsmevessalidniie gavineluszey remodeling phase wiiiues Wnt agifgadosiunis
Wasuulasweawad fibroblasts luidu myofibroblasts %aﬁmmé’wﬁwm’aawméfmauma LAYNNTAARIYDINNS

Waunallu (Sarrazy et al., 2011) uonaninuin Wnt daudrdglunszuiunisadrvasaidenlnl wavaunse

Shwranuunnsesvasvaenidents (Birdsey et al., 2015)
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Collagen
Alpha-SMa

LELY =]

S

Proliferation, ECM production

\ myafibroblast diﬁﬂe?

g‘lJ‘ﬁ 3.2 UNUIMUBY Wnt/beta catenin signaling pathvvay‘luﬂizuauﬂﬁiwm"uauma(APC, adenomatous

polyposis coli; DSH, dishevelled; GSK3, glycogen synthase kinase 3; LRP5/6, low-density lipoprotein

receptorrelated protein 5/6; Tcf/Lef, Tcell-specific transcription factor/lymphoid enhancer-binding factor)
(Arwert et al., 2012)
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Notch signaling pathway

Notch signaling pathway Ai® szuUnITTUAIE Y wmwmummﬁmﬂﬂaauLLﬂaaﬁuaaLszJaamum
(epidermal differentiation) vnihilunisasanin %ﬂmmmau@aﬂuanﬂwﬁf& (Okuyama et al., 2008; Watt et
al., 2008) swﬁ%ﬁmamuaumia%waamLﬁaﬁﬂmu'LLasmi%ﬂwamwmawaamLﬁam (Gridley, 2010) NSV VDY

Notch signaling aziinUfjizeniusening transmembrane ligand tag transmembrane Notch receptor Uu@ag

o

Fradedohminidusadddyaauazadsudygin Iué’mﬂ?:aaqﬂﬁaaumsﬂs:ﬂaué’w Notch proteins 4
wia (Notch1-4) hay Notch ligand5 il Ao Delta-like 1, 3 LAy 4 uag Jaggedl-ZLﬁ'aLﬁmmiﬂizﬁu Notch
ligand 9z1919ufiu Notch receptor Ushinuntingaainavilvitinufien proteolytic fiu Notch receptor Favilar
LeneonaNHTLead warilnavili cell membrane nds Notch intracellular domain (NCID) 91t NCID 2%

wiouigianfea wazsiudaiu CSL wag co-activators LilaNTEAUNITNBATIAN UGN ITULALAIUANNIS

Y

wan9eenUR B ULTININeY (gﬂﬁ 3.3) (Bielefeld et al., 2013) finansuidlanisAinea Notch signaling pathway

AUNTEUIUNTRIEYBIUKE LAl Thelu LavAme (2002) laAnen1siansenvesdu Notch 1 -3, Delta 1u@ay

Jageed1nel435 RT-PCR Tulunanismevesunaluny mice wuii miLLamaaﬂﬂuaﬂaummmwmu’l,wuﬂauﬁ

q

Ieunisnseduliian cell proliferation Wlel3suriisuiunyundilailédsunisnsedu Chigurupati wazame (2007)
laAnwin1suneaeunalu Notch antisense transgenic mice (Notch protein amnas 50% Lﬁal,ﬁsuﬁvwﬂﬂa)
Wiguiiguiunyuni (nontransgenic control mice; wild-type (WT)) wudmmylunguWTHaunveuxaanas 50%
Tuiud 5 wasunameduunluiuil 13 vdamshliAausa Tnensmevesunai3inimyglungu Notch antisense
transgenic mice Feflvuinvaunaanas 15% Tuiudl 5 wazunaldansameduundlutuil 13 waglddnwinis
EUDIUNALUMYWT AFsumssnudaeansdedl 1. nquiiléisy g-secretase inhibitor (GSI) Fauluansfisudsniaia
NCID wazdfudansvinsuves Notch protein2. nauiild3u Jagged-1 peptide Ga1fuasiinszdunisvinauves

Notch protein ngms 2 nguUSeuiiisunanisnaaesiunylunguaiuau (vehicle-treated control animals) wui

su o w

wylunquitlasunisinwidie GSI insmevesunadininguaivaueg1ilidedAy1eada winunguitlasu

o o

Jagged-1 peptide finsvevadunaiiininguaivauegrfitedAyn1ead venanl duldnsiamseauves

o

NCID Tu endothelial cells, keratinocytes way fibroblasts aMnLiladauiiaung 1neld mouse embryonic stem

cells FafiszAunisuantoanves Notchactivity gailiungu positive control wuimyundfildsunissnusiae

o

Jagged-1 peptide dnsiinduvessziu NCID Tulwadns 3 ¥in agrsiitdodrany

o

Y 4agnudn seuved NCID Tunqu

o o

Notch antisense transgenic mice Tuiuil 13 anasegaditvdAgynisadml E]L‘lJiEJ‘ULVIFJUﬂ‘U‘V?‘uﬂmJnontransgenIC

o

v o v P

controls uagsEAUYes NCID Tungudildsunissnwidie sl anasegreiidoddgmsadfdeiIoufisuiungy
vehicle-treated control animals Aelu 24 v, wasilszavanasauieiud 13 Rnran1smaassaziulainseau
294 NCID Tu Notch signaling pathway SinalagnsenonTzUIUNITNIEVOILKNA Outtz Lazamy (2010) LaAN®YI

unumiiddy gyue3 Notch signaling pathway TumimwwummauauawaqLsaaa macrophage ponsontaulu
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nszuIUNIMeLEa Tngldnyiiinnuunnsesves Notchl (Notch1*” mice) wWisuiguiunynas WTnuimylu

U

n&u Notchl™ fimsunsniuveswad macrophage lUaununaanas 1nndi 30% WelSeuiieuiungu WT

\loaaniwad macrophage 1uunasdndauos TNF-alpha @y pro-inflammatory cytokine Tusyazniseniay

v
[

YDINTLUIUNIMEVDUNA NMsANwItuASIFaldnTIaaeun1suanteanves TNF-alpha Tuusiausavesmunguly
ngu Notch1” Wisuiisuiungy WT wudn lufuil 5 ndansifinuwa vyngunotch1™ fiu3unaves TNF-alpha
anavegnaiifoddmeaifdlowisudieutungy WT wdmniuluiudl 7 vdimafausa dnsfinvnisazauves
collagen lagld75 trichrome staining wudnlungu Notchl™ fin1sazauves collagen vurwdundings WT
uenNilFANYIN1IUARIB8NYDY VEGF receptor-1 (VEGFR-1), IL-6 uaw IL-12 fia¥1sa1nmacrophage wasmyna

o w

Notch1™ wWiguileuiungy wild-type Wud1 nau Notch1™ § VEGFR-1, IL-6 uae IL-12 anasagraliudAynig

o

P

adfidlessuiiivutungy WT 91nuantsvaassvaitiaziiulddn Notchl fnalunisnaununisuaniesntas
VEGFR-1 wagcytokines (IL-6, IL-12 Wwag TNF-alpha) fia¥ranwad macrophage Gﬁﬂﬁmmﬁﬁﬁmﬁiaiwzﬂﬁ
dnavlunszuiunIImeveuNa Caiado tazang (2008) laAnwiAuduRusues Notch signaling pathway fiu
Bone marrow derived vascular precursor cells (BM-PC, endothelial progenitors) Faduwadduriiinvomann
donlunssuiunsmeveduna msfinwildvyaneiug Balb-SCID mice Tnsuvadu 3 ngu nauusnlazunisdadiae
phosphate buffered saline (PBS) lHiunguaiuns naufiaeslésunisia BM-PC uaznguiianildiunisdn BM-PC

o w

Ffu GSI wudlunguildsunisda BM-PC finsmeveunaliiniinguaiuauegiidedfsy uslunguiildsunis
3n BM-PC 521U GSI insmevesunaliwnndsiunguatunu (PBS) Fanmuantfves BM-PC Tun1ssnwuna 9z
Weadesiunismevausssenisaimasndenlriuinuuwna §3uldnsirgeunisasimasaiionniusianung

wuirlungulasunisia BM-PC Ianuvuiuiuvesmiaendenlasluiuf 7 uag 14 ndanaiinuna aindneened

'
P

pdAyvadAlaSeuisuiunaunIuAy winguilasunisda BM-PC 590U GSI IAMUNUILINTIDIAEN
donliuanansiunguauau arnnan1sanwaziiiuladn n1sduda Notch signaling pathway #ae GSI avdsnasie
ANNUNNTBIUNTTYINNUYEY BM-PC llNalunsdauaSunssuiun1snieveta uarnisasaasnieninily

dninnang
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Signalling cell Receiving cell
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Y
\
A
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Target ger? Fi marrnnhane

~ Ed
~._ Transcriptional activation » *
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‘‘‘‘‘‘ ’} Angiogenesis, collagen deposition
\l’ Leukocyte infiltration

g‘lJ‘ﬁ 3.3 UnumMYeN Notch signaling pathway TunsguauN1INI8U0ILHANCID, Notch intracellular domain;

CoA, coactivators; CSL (CBF1, Suppressor of Hairless, Lag-1) (Kume, 2009)
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Hedgehog signaling pathway

Hedgehog signaling pathway A SzUUA1TTUAIERY wmmﬂwumﬂ‘umimmmulmmaqmmma 8N13
as1avaenidanlni (Athar et al., 2006)Hedgehogproteins ﬁwuluﬁmi?ﬁquﬂﬁwuuﬁ 3 yilanane) Ao Sonic
Hedgehog (Shh), Desert Hedgehog (Dhh) waz Indian Hedgehog (Ihh) usailafifiaanuddysenszuiunisme
Y0UKa A Shh 1ag Shhsignaling agL919UAU Patched (transmembrane protein) LLaxﬁwaéTUé‘?ﬂmivTﬂmwuaa
Smoothened dsHasionsnszdu Gl proteinliindeufiiingiuadea Feviuiifilu transcription uazAIUANANS
wansoenvastutimineg (Le et al., 2008; Bielefeld et al., 2013) fisnenunsinwnouninilafnwauduILS

294 Shhsignaling NHNARDNTZUIUNITUIBVOILNA WUT Shhsignaling HduteTun1sgoNLYNUIALNG LAZNT

o I

afrmasaidenluduSianiuug (Asai et al., 2006; Le et al., 2008) wan3nHUgsnuindl Shh inadenisasishair
follicle nasnsAnNIEUIUAIIETOILNE (Ito et al., 2007)Asai wagang (2006) laAnw1 Shhsignaling fon1511e
YowHaluMY U (db/db mice) TnemsiuSeuiieuiuaunagy liun nquauaulasy LacZ Fadushdudinms

UL Shhsignaling nquiilasunsinwIwNaaIs phShh (human Shh plasmid) wagnguitlasunssnyiuua

£

e phShh $30AUN5EUEINTSMNUVBY VEGF WUl nguitlasu phshh finsasalledielmiuinniiniwmilaves

¥ ' '
S A =

WuNwNg Fevuinvesukaluiui 5 anasegalidedAyneadfdisisauiisuiunguatuay wasluiui 14 ngu

v o W A

115U phshh fiwesidudnsUnvesveuuna (65.3£7.6%) dininegefifedAynisadfileouiisuiungu

AIUAN (25.0+2.0%) Tudiuveanguillasu phshh saudumsduganisiinuves VEGF wuinadudsnssuiunis

'
o @ a IS

weveaia WnelilesidudnisUnveseauuna (43.7+4.1%) Fsimninegildeddgmeadfidioseuiisuiungud

o

1A5U phShh ag19Re7 (65.3+7.6%) usnainiilansianinisadtvasaidenlmiviinuunalagld fluorescent

vovd

BS1lectin Tuduil 14 ndansiAnwna nuiingulasu phshh finsadimaenden lmiiiutusegadidedAgidle
Wisuilsuiunguatuau Inenuindinisuanuawivesvasnidonludusnnimnaiuedurauiniian a1ntuuingsii
Wadauinauwnalungualuauwasngulasu phShh u13As1esin Ptcl (Patchedl), Smoothened (Smo) wa

VEGF lagl438 Immunofluorescence staining #u31 ngudilasu phShh fid1uau Ptcl-positive cells gandnaeined

o o aa

WedAgvnadififunguAlual WATILILYe Smo-positive cells iaJLLMﬂm'mﬂuiumaamam Taewuini Ptcl- uas
Smo-positive cells Hnasion15a319 VEGF Mé“wmﬁgﬂmsﬁuﬁw Shhsignaling 91n51897UV04 Le Wazaue (2008)

IgAnwIn1smevewnalunynaass Inen1slinans cyclopamine (Cy) Aunynaaesmniuluszeziign 30 Tu na

v
o

naiinuna Fuduarsivihmiinfidudnisinauves Shhsignaling pathway wWisuiflsuiunylunguaiuau wuin

o w o

nauilasu Cy TszaziiantunisUaveunauiunitegaiideddynisada WeilSsuiieuiungquasuay lnenuinly

o

u

$udl 11 wdamsiiausa nguitldsu Cy fedidudnsmevesuna 67% Jsnninguaiuay (1nndn 95%) lnedl
AedBvasstazIaienistavasunalunguillasu Cy winiu 18+0.72 fu Fawruniingumiunu (140.81 $u)
MniuladnwINMsasiudeyiilntuasnisazauvesilos granulation UStiauaa nunguilasu Cy dnmsass

Weyrilnduaznsazauvealloide granulation “iningualruaulunniisian uaznisairmasaidenlsl
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nsavaeulngld3s CD31immunohistochemistry nuinlunguilésu Cy fnmsasrsvasaidenlmitioanitnguaiuay
Uszanas 50% sauvaiinisiin cell proliferation anaRE INNHANITANBIANINEI1IT19AU A8LTUle1 Shhsignaling
pathway Smnuddysenszuaunsmeesa suhlmiunsaiaifodelnl waviiunmsamasadoninlng
finanszdun1smas VEGF Wisinnduuazminiinisduda Shhsignaling pathway fdwalfunamedh saussannis

asnadlodelvinavannisasiviaonidonluldneig

Transforming growth factor-beta (TGF-beta)/Smad signaling pathway

o '

TGF-beta 1Uu growth factor AflunumddgysienszuIuNTMevauNEa TUNITAIVANNITNDUAUDIVEA

b4

wasrvaevila NdluszegmIdniay sregmsivsraaiininngu uagszesnsuiugus Tnglusseznsdniau TGF-

beta agvimtiflu chemoattractant M%ﬁ’sﬁﬂ@m%aaﬁﬁmaamma \9U neutrophils %38 macrophageltd

Y

1%

UnuiifauraiierindadelsauazdauanUasusine muaunsvinvtivessadiinettosiussuugiauiu uay

a [%

fasonssnumsdniau lusseznsulneadifiuduiu TeF-beta iwihilduaiunisasadedeyia nsasa
waendenlny nsuUngadiiusiuanves fioroblast finaviliiwad fibroblast wWasuwUasluilu myofibroblasts
warn1sazanves ECM drludnisadie granulation tissue wagtinn1suadivesvaunug luszesgaviieves
NITUIUNTMEVBUEA S28n15UTUTUIN TGF-beta HrasansAIuANNTEUIUNISATLAEaaTY collagen UL
uHa (Finnson et al., 2013) TGF-beta finulunszuiun1smevesuna Usenaudae3 isoforms A TGF-betal,
TGF-beta2 uas TGF-beta3 Fandsanimmiaianisuinidu platelet avad1auaznaa TGF-betalFavhminiidu
fagawadiinideny 19U neutrophils wazmonocyteldnguinuiifnuna ndaan TGF-betalgnudesaenunds
Tuiinatuwaditvane ngsinunsduiussuiifienudimnedseguuiiead (serine/threonine Kinase receptors)
Tnoutseonidu 3 Usziam fe TGF-beta type | receptor (TGF-betaRl) wiai3undndenilein activin-like kinase
(ALK), type Il receptor (TGF-betaRll) kag type lil receptor (TGF-betaRll) IngiFuduiiiolAnn1snszdunisds
Heyey10d99 TGF-beta ligand 9219149UAU dimer 999 TGF-betaRl kay TGF—betaRIIﬁw"LUQiﬂﬁmséjuaﬁﬁaﬂaN
¥1m cytoplasmic proteins i394 Smads (small mothers against decapentaplegic) (3‘1]17'; 3.4Fludnsd
NTLQNFUNFIRENY Smads Wanun 8 ¥la (Smadsl-8) Tnsuteeandu 3 Uszianaulassadrsuasning fe
Usznndl 1 580 receptor-regulated Smads %39 R-Smads (Smads 1-3,5,8) ﬁmaﬂ‘izﬁumiﬁwmmm TGF-
betaRl Falngadrulvnjnisnszduidunaniain Smad2 way Smad3 Uszuanil 2 (Fundicommon Smad we Co-
Smad 1#un Smada uagUsznndi 3 13undn inhibitory Smads 30 -Smads lawA Smadé wag Smad7 (Singh et
al., 2011) Taesila TGF-beta lisand9zid 13U U TGF-betaRl waz TGF-betaRll wd2 3gn3efuliiinSmad2/3
complex Tagdl Smad4 ufdsaiunsindeudives Smadz/3 Wineluiuadeadsimidnsedunisaeasia
MefugnITuLiionIUANNILANIDBNYBIEA1SY dau Smad? agsimhiimuauUfAzeuuudeundy Tnesudans

[

UUIEIING TGF-beta ligand AU TGF-betaRl Wazdugin15¥i1auees Smad2/3 31nN15ANI1V0IBrown WagAuy
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(1995) ldAnwnsveveaunalunyTGF-betal deficient mouse wuiludufl 10 ndsnsifnuna wylunga TGF-
betal deficient mouse fiiUafiiudnslnvasiuavinfiu 54.4+10.19% Fetfeninguaiunu (70.7+5.4%) 9niud
nMarmTieszimaiedeinen wudnlungu TGF-betal deficient mouse 31 granulation tissue UMMAZTIUTHM
vaeadontios uardmuradiiieatesiunssnauiuinmuiode usilunguenugudadumyund @ granulation
tissue Tiawysal fvaeadonvuiutiuwasnuwadiiisadestunissniaudisadniies Mndussvinginisava

284 collagen Ing1438 Trichrome-stained histologicsections ‘W‘U?iﬂumjll TGF-betal deficient mouse £n1%

N o

Avauved collagen luiuil 10 v siiauna anasegeildydAyillewIeuliisufiunguaiunu Martinez-Ferrer

<

wazAuy (2010) lAs1891unIsANEIUNUINUBY TGF-beta signaling lulwaa fibroblasts Iagld fibroblastic TGF-
beta type Il receptor knockout (Tgfbr2*™*®) mouse model fien1smgveILNaLyTe UL UNYNguUNA
WUNGY Tefbr2® ™ finsuaiivesunanazn1sasne granulation tissue doaninlewSouisuiunguaiuay

waznudnUesidud re-epithelization Tungy Tefbor2®™*%(58.0+2.9%) geninguAIuA (22.5+2.5%) o813l

=

pdAYNeEdA wazaInmMInTsinIswnsnduveugaaidadenu1luduiinuna wuiilungy Tefbra ™ &

'
=

91UUVDUYAH macrophages (7.3+0.6) anasogeitedAgliawSeuiisuiunguaiuny (21.5+0.5) 3nKHa
miﬁﬂmﬁlazLﬁulﬁﬂﬁﬂalﬂﬂﬁiﬁﬁﬁmmm TGF-beta signaling finasio macrophage recruitment, re-epithelization
wag wound contraction 91NNN3AN®IVBY Ashcroft wagAny (1999) NUIINTNAFOUHARBNISMEUDIUNE LY
Smad3 knockout mice fi1uuiad fibroblasts ey finsazauve ECM anad uazann1suvsnduvewadidn
FonvnedilfedfynisadfilewIouiisuiunguaiuau Owens wagany (2010) TéAnwrunumyes Smada
AanszuIun1Ieveunalagldluima Smadd-knockout mice W3guIgUAUNYUNG WUIMYUNGN Smadd-

N o o

knockout mice fin1sngvatunawansed 1 fidedAyiunguatuan Inelutui 3 ndsmsiiawne vylungu

AUANIINISMNETBI 53% Usinga Smadd-knockout mice En1sMevoNaLiEs 29% ARan1sANYIIAUIZITIY

19IHa1NNN5TUEINNTVINNUVBY Smads LAIHAAINTLUIUNTINEVBILKNATININUNR
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e =
- o,
~ 'r'P“' Nucleus

Cytoplasm
/ ™~
/ w \ Keratinocyle
| N ;' Epidermal cell
% = .
., m TGF-heta target gene // Fibroblast

N,

g‘lJ‘ﬁ 3.4 UNUMUBY Transforming growth factor-beta (TGF-beta)/Smad signaling pathwaylunszuaunisme

YauLNa (Ramirezet al., 2014)
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o ' '

UBNAINULA FINUINE growth factors DU NAUNUIMAIAYADATZUIUNITAIBVDILNS 1Y

7

a N

Platelet-derived growth factors family (PDGFs) PDGFs Usznausig 5 ¥ia An PDGF-AA, PDGF-
BB, PDGF-CClLay PDGF-DD (homodimers) wa e PDGF-AB (heterodimer) @39 141§U /U transmembrane
tyrosine kinase receptors(alpha- Wag beta-chain) luauagwulan1g PDGF-AB %ﬂaghmﬁmﬁaﬂuaz%gmJa'aEJ

aaﬂﬂJWMéjﬂﬂWﬂi‘NﬂﬂﬁJ‘lé’%MUﬂﬂL%‘U TN UNUSULNATUTE8ELENTINTLUIUNITNILVDILNALYINTU LLaSL‘T]u

v

growth factor #ausnmTNAMAWAR (neutrophils, monocytes kag fibroblasts) IiAdeuiid1gduimuNg

o a

wonaNEgaInsaLiiun1suU twadues fibroblasts uazLinsuaRTEENYE myofibroblastn15aan13lLansasn
1095U PDGF uag receptor fiflausiniziu PDGF axvdwaliminanuunnseslunssuiunisme (Werner and
Grose, 2003; Muller et al., 2012)

Fibroblast growth factors family (FGFs)

FGFs wuluauviavun 22 via laed 3 vlandn Ailaiud AN TEUIUNITUIBVOILNA tALA FGF-2,
FGF-7 (keratinocyte growth fator; KGF) wag FGF-10 Imaﬁy’mma%wmmm%aé keratinocytes, fibroblasts,
endothelial cells, smooth muscle cells tag mast cells &9 FGFs 921814Ufu transmembrane tyrosine kinase
receptors §ail 4 wila l¥u FGF receptors 1-4 (FGFR 1-4) iflafuffu receptor agvimihitlunisaununisuis
wad Madsuulaivenead nisiedeuiivensad wavnsiTinsenveadualevia (Werner and Grose, 2003;
Grose and Werner, 2004) 31nn135AN®1984 Werner hagatdg (1992) WuanseaAuved FGF-7mRNA #8391nLAnLKNE
24 1. isduluiodefiflunatszina 160 wh dlewSeudlousuiedeund wasiisnenureunthil Idnwseu
U84 FGF-7mRNA Tunyluiminu (db/db mice) filiAnunalagld3s RNase protection assay Wuinszfuves

FGF-7mRNA Tunyiumnuildfunalndidesiulunydnd wilunyiunvuiinlviinusaiseduves FGF-7TmRNA

'
o w =

anasegalidudAylawSeuifisuiunyund wasnudnidseauved FGF-TmRNA gegaluiud 3 uag 5 ndnsifia

17
= o

wra lagiilunyunfdisssuves FGF-7TmRNA gegaluiia 24 g, naamsiinuxg 89n15anaves FGF-7 avdamali

WAANISUUNLEAE keratinocyte dasuazyinliunanied (Werneret al., 1994) Meyer wazany (2012) loAnwna

I3 s

AoN1IMEVBILHALUNY FGFR-1/2 knockout mice FaflAaunnioswed FGFR-1 Wag FGFR-2 wudnUasidusnis

ISR

Unvosunalutufl 3 uay 5 veamungu FGFR-1/2 knockout mice filasidudnisUnvesunatioanitegneitudfy
neadf WewSsudisuiunyund uenandluiui 5 ndinsifauaa inudegruileeusiunuma Wefnwins

WUUYARUATNITIATOUNIVELTAR keratinocyte WUTIMUNAY FGFR-1/2 knockout mice An1suudiwadiazns

o o A

\wAeuTiveuad keratinocyte anavagndidudrfglloiUSouiisuiunguriuay Fainnanismeassaziuladn

o

ANUNNTBIVDY FGFR-1 LAy FGFR-2 danaliinn1sveusdunatnad 1ieawnannianuunnseswssn1shuseas

o '

uarnIsAaeUIveTad keratinocyte NdANEIAYABNTLAA re-epithelialization

o

Vascular endothelial growth factor family (VEGFs)
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VEGFs nuludndidesgnalsuunanun 5 vlla laun VEGF-A, VEGF-B, VEGF-C, VEGF-D uag placenta

growth factor(PLGF) 1a8az19149UAU transmembrane tyrosine kinase receptors Fafl 3 wiia l9wn VEGFR 1-3

o '

(Saharinen et al., 2011) VEGF-A fiamudndgysienssuiunsmetesusa dsvimiiilunisduadunszuiunisadna
wasmdenlnd n1siAdouiiuasnisuUasadiins1uiuves endothelial cell Tne VEGF-A @¥13u191n
keratinocytes, fibroblast smooth muscle cells, platelet, neutrophil Way macrophagelng VEGF-A agid1duiiu
VEGFR-1 wag VEGFR-2 ﬁagjuu endothelial cell ¥psntlsviannidan (Barrientos et al., 2008) Okizaki WagAng
(2014) iﬁﬁﬂmmasiam‘ivﬂﬂsuaql,l,maLLaxﬂﬁa%"]waamL§amiwﬂumﬁummwuﬁﬁmmuﬂ‘wﬁawm VEGFR-1

(VEGFR1-tyrosine kinase knockout mice) wW3guifiguiunyuni wuitnungu VEGFR1-tyrosine kinase knockout

o w aa A

mice IN1IMEVDLRALAENNTATIVRDALGDA IMNanasegiltud Ay vadiflelUSs Ui uiunguAIuAY Lavan

o

nsAnwneuntiil lhAnwwasen1smevesuralunyiumiu (db/db mice) Tngn1ssnwiuuuanizinien1sm

VEGFprotein W3suiiisufiunguaiunudsldiunisinusie phosphate-buffered saline(PBS) U3unas 20 pg 6o

'
= a

uHa WUduHanlasun1s¥neIR1en1IN VEGFprotein dnnsuigveunatiininegrelidedfynieaifiie

Wisulguiungualuau kaensfnymnaliaieInemuinuranlasun1ssnwiamen1sni VEGFprotein finsasng

'
o o =

wazavauvad granulation tissue  wnnitegelideddgyliaToumisuiunguatuanluyngiaial uasnuinly

o A

U 3 uag 7 ndmsiiauke vynguilasunisinwinig VEGFprotein in1sdaasizvivaenidentliinuegndl

o A

pdRgllawIauiisuiungumiIuay (Galianoet al., 2004) uenanimsdudinsvitnuredluanaineivasiu

o

€

NFEUIMNTMNEVDIMNAUITTN FvdmaliinsmeveunaingTursetias Tuediunsiaueduanaius f

Mg 197kandll A15199 3.3
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in vivo model

Effects on wound healing

References

IL-6R alpha knockout mice

IL-6 knockout mice

- IL-6R alpha t¥u receptor fduLULF UMY IL-6 vhuthilunns
evALaoN1TSNEULIUEUNEULAY N TWAsuLUasas lymphocyte

- MImevesunalnalAssiuyaeugUNG

- wunsas1aBeuih (re-epithelialization) $ndmyaneiudunausi3ongi
Y IL-6 knockout mice

- 1L-6 1Ju proinflammatory cytokine @3199nneutrophils Laz

macrophagefiniiddalunszuiunssniau fnasenisnssuiunis
asvaendenlng (angiogenesis) mw’gumia%a@aqﬁq
(re-epithelialization) Wagn15dz@Nvs collagen

- MImeveIwNatInIvyaeiugUnd

- WUN138AaIURY leukocyte infiltration, re-epithelialization iLag

anNTaCaNYaN collagen

McFarland-Manciniet al.,

2010

Lin et al., 2003

44



A15199 3.3 U9uNiNafanITUINNITNILVDILHA MIER INAaDY (siB)

in vivo model

Effects on wound healing

References

IL-17A knockout mice

IL-10 knockout mice

- IL-17A \Ju proinflammatory cytokine @31991n helper T-cell finthil

@

Tunsifiuduuuagmsiadouiiinuiiuusawes neutrophifinnud iy
sonstasiunazshaendolse

- MIMBVBINATINTMYEERUTUNR

- fisinnsaganmes collagen aRNNsALALYBY neutrophil U3Iniwsa

- IL-10 19w cytokine @31991n macrophage Hkanan1sinu
Sniau wazanansaduds cytokine 819 Wy IL-12 waz TNF-alpha

- MIMNBVBINASINTMYEIETUTUNR

- ‘wumia%nL?’JaqﬁumxmimﬁwammaLﬁ'mﬁu

- WUNISUARIBDNUDY alpha-smooth muscle actin kagn1TUNINTL

299 macrophage LAY

Takagi et al., 2016

Eming et al., 2007

74
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in vivo model

Effects on wound healing

References

IL-1ra knockout mice

Kinin receptors knockout mice

- IL-1ra aglunguves IL-1family dlasasiadgiu IL-1s Favhihil
WEIFUAY IL-1R wazdau31an159iaIuYes IL-1

- MImevesuNatinivyaeiugund

- wun1sanaslunIsuanIeenveeEu VEGF

- NUNNTANAIBINITAYEN collagen WaZNIZUIUNTASVIOALEDR A

- Kinin {Juansdenandlunszuiunmssniau fuavilivaenden

e wasiiunsuriuvemasniden

- MImeveIwNatinIvyaeRugUnd

- fnaannISUNINTUYOS polymorphonuclear cells

- i collagen luiileifioanas annsvununisasadeyin

(re-epithelialization) WazanIIUIUVDY myofibroblasts

Ishida et al., 2006

Soley et al., 2016

1Z4
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in vivo model Effects on wound healing References

iINOS knockout mice - iNOS WWureulasivhuthiidaasiei nitric oxide Jsiinananszuiunis Kitanoet al., 2017
WPVDINA Y liaendnvee d9ETUNITNOUALDIRDNITONLAULAY
nsTUIUNSES1IaenLden vl (angiogenesis)

- MImeveIwNatInIvyaeugUNd
- WUmsamawaaﬂizmumia%ﬁﬂL?Jaqﬁu (re-epithelialization) Lagannis
UNINTUYDI Macrophage

ICAM-1 knockout mice - ICAM-1 ag‘luna{:maﬂ immunoglobulin super family wwu@iaﬁmsﬂaé Gay et al., 2011
mau%qwﬁwaamﬁam FaduassudusensBanizuaznisiadouiives
wadlindenvluseninanszuIunsoniEy

- MIMeveIwatINIvyaeiugUNd

- wupuEangy (elasticity) vauiloioanas

G¢
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in vivo model Effects on wound healing

References

=

Lumican knockout mice - Lumican Julusiufidrdnilu ECM vimihdieuaumsadadle
collagen MmuAuMSIAGBUTILAYMIUWSNTUYBLTAA AL TR Y
MIONLEY
- Mamevesmaiatud @S UNG
- inAnuRnUnAvedlassadwaznsisesmveadule collagen

- NUIUIUVBY macrophages LnTuog9nsLllodluuinaLuaLile

WiguWsuiunyaneiugund

PPAR,~ knockout mice - PPARyLﬁu receptor ﬁaﬁumjwmaﬂ nuclear receptor superfamily

AntAIUANNITINUYEY macrophage

- MImeveIwatInIvyaeugUNG

- NUNITAARITOINITATI granulation tissue aANTEUIUNITATIINADA

\denlnd (angiogenesis) kazann1sazay collagen

- macrophage

Yeh et al., 2010

Liu et al., 2013

Chen et al., 2015

9¢



A15199 3.3 U998NiNafanIzUINNITUILYDILHA bIER INAaDY (siB)

in vivo model

Effects on wound healing References

TLR4 knockout (TLRA”) mice

MMP-9 knockout mice

- TLR4 1lulusAudasuand1guuu (pattern recognition receptors,PRRs) Dasu et al., 2013
WUUUNUI9aa789 macrophage vimt#duriulipopolysaccharide 7
A5799NULUATILSY LNOMDUAUBINDNIIMAALTELTA NFONLEY Laziinu

o ' a

ANEIAYFONITANNNIZUNINYOUVDILIALUINIU
- NMIMBVOIHA LWLV (TLRET) 159N MNA TR (WT)
- MIMevesNaluvguIm (TLRAY) lluansnsiunyaneiuguna

- 58AUTDY IL-6 Wag TNF-alpha anadluiileldeunavesmyiumin (TLRG)

- MMP-9 Lﬁmaulsaﬁﬁasﬂunejmm MMPs yiwthifluniseeeaats ECM Kyriakides et al., 2009

warflunumddalunsusudsuanmussmasaden Cho et al., 2016
- MIMeveIwatInIvyaeugUNd
- ‘wumiamawamszmumia%m%qﬂ’g (re-epithelialization) kazan
198818 fibrin clots
- nun1sanasvedendothelial progenitor cells, aANTZUIUNITATN

aondonln LazannsazauTed collagen USIIMULNG

LC



A15199 3.3 U98NINaRaNITUINNITUILVDILHA MIAR INAGaDY (5iB)

in vivo model

Effects on wound healing

References

NOX4 knockout mice

Smad3 knockout mice

- NOX4 Aetoulesiiisansiinufisen redox AelAnnisadng
superoxide %38 hydrogen peroxide Feflnademsvianaide
wuATL 38 lUsZEENTONEUVBINTZUIUNITAEVDILNE

- MImeveIwNatInIvyaeugUNd

- NUN3AzANTD4 collagen anas

- smad3 \iluanadsdnyaunieluged fanuddgronisvimihi
VDY TGF-beta

- MImeveIwNatInIvyaeRugUNd

- WUNITANAITOINITUNINTNVDY neutrophil tag macrophagei’d

SAUTLIULNG Layn1iAn fibrosis anas

Levigne et al., 2016

Flanders et al., 2002

Liu et al., 2014

8¢
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3.4 ssayulnsiiieatasiunisinuusa (The roles of plant-derived compounds on wound healing: in
vitro, in vivo, and clinical studies)
firayulnaduundsosninlsandunmsumdunulneuaznisunmdunutiagiu esnilansddy
vanewiafignimeiinmivannvats  Tuligdunmslifsagulnaduendnulsaduduiiteumntunszaylng
fufimagnnieuutagiu uasinadrafesh fvayulnsuazansafnanfismatssin fnsiwldlunsgue
Snwiaua fetelunsteuneuuiaasazmsaiaieidolmlneiunalnmeg ddduefnuasiagtuilinide
msfnwanninefidnwiidestunmsldauulnsdensmevousa faluszdunaaannaes (n vitro) dninmass
(in vivo) Wkagn13IeLdsaaiin (clinical study)
nsAnasafnanayulnsitigusutalunisinvunalussiunasannass (in vitro)
nsfnuilussduvasavaaes WunsAnuluesfuRmehlufawsaildng azan sada uayld
AertestumsiasamassesssudlawSeudleusunmsanuiluseiudnineass nmavageuanseneg  segrsya
\ndinerannsaneaeuldvansemududy  Taglifdediametumuunninsesanagey  nsiuyvients
assfiamlslmlazifendastuconnective, epithelial tissues, dermal fibroblasts Wwag human fibroblasts
(primary cells 3 cell lines) Gawadinaniimngiunsinwasmadeuiienaardmanienssuiunsmeeduna
NMsfNYINTEUILMIMEYeILNATUTEFUMADAvIAaedaziRTefuUfduRUSTEIng cell uay cell fU matrix il
ﬁhaaﬂﬂﬁmg@uﬁﬂﬂﬂL‘ﬁaaﬁLu53M’j’1\'1ﬂiE‘U’Juﬂ’IiMWEJSUENLLNa (Gottrup et al., 2000; Wilhelm and Bielfeld, 2016)
PNASANYITEY Demirci wazmAmg (2014) laAnwiansadmumiueaainluves Verbascum speciosum e
AnanRAs199 veamadfiietesiunsmevesuna Tasfnunnsidinegveawadhuman dermal fibroblast cells

(HF), mouse fibroblast cells (L929) wag human umbilical vein endothelial cells (HUVECs) Iagld35 cell

'
a v o

viability assay WUITlWIUA 1, 2 Uag 3 wasINAsRdaUwaans 3 slameansannainluues V. speciosum ¥

'
a

aadudy 10-200 pe/ml liwupnuduiuewad HF, L929 uay HUVECs waswudiluiudl 3 udsnsnadeu
gy 200 pg/ml finasaifiunisuaead 1929 war HUVECs uenannilddnwinisunsnssansuazindoui
Y0uUAdLI29-HUVEC cells #1835 co-culture scratch assays Wui1 nguiildsunsvageuseasaiaainluves
V. speciosum $8m51n15UAT8Ha (wound closure rate) 153N31NGUAIUAN UASNUINIAS LI29aN1nTauUuad
Wins o wazedeuiiludiusnaunaléidiniiead HUVEC annn1s@nwives Taleker uwazani (2017) iAnuna
yesansafndevesiusiiussnoudie  Vitex negundo L, Emblica officinalis  GaertnwagTridax
procumbens L. Aon1sdeuiiwadfiisndasiunssuiunmsmevesusa léun fibroblast wax keratinocytes (cell
lines) Tnel438 Scratch assay nuddsuenfienududu 5 pg/ml Sedfidudnmsindeudivensad fibroblast

a o A

wnnegeitudAymeadfdlewTeuiisuiunguaiuau (p< 0.05) dsugfinnadudy 3 pg/ml Sesidud

nsiAfounveead keratinocyte nniegrsitudfynvadifdioiSouiisuiunguaiunt (p< 0.05) wBNIN

NMIANYUNAILEINUNTANBIDUS MABIVDINUNITMBVDILNATUTEAUNADANAADY LAAIAT 113199 3.4
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nsAnmasafnanayulnsitausutalunisinvunalussdudavneass (in vivo)
nsAnulusedudaiveaesiiszduamuiideioinnnitluszduvasnvaass esnifunsfnuly
sruUTumeesdnivaansdansnfisufsdldiussuusnmevenyed  willdedidavmadiuatessaumslddad
uazdninpaesiimnuunninsiuvesdniusiasd  (ndividual  differences)dsenaagiiliinanisnaaeaifinani
paaedeuld nslidniasasinuinaresasnagulnstenssuiumsmeveausaivanu artificial model waw
tissue model &snaidentd model Tuagfusuusiidosnisasnagou dmdy artificial model 1y subcutaneous
chamber/sponges Wag subcutaneous tubes @3u tissue model WY excision  wounds, incision
wounds, superficial wounds, dead space Wag burn woundsFaieallunsasindeussiures nsduAszi
ol nsduased collagen misduameivasadesinl  waznisaaruuduswenilodeuinnuns
(Dorsett-Martin and Wysocki, 2008; Gal et al.,2008; Wilhelm and Bielfeld, 2016) Singhal wagmug (2011) 1%
ﬁﬂmqwémﬁamwmaﬂmiaﬁ}mﬁ?EJ ethanol a1nluwes Argyreia nervosa %éﬂagﬂmﬁﬁ convolvulaceae #9N159118
vosunalumyUnAuasvywmmuiwmilenhde alloxan monohydrate InegviliAnunauuy excisional wound
model (WA 300 mmZAagdn 2 mm) wudmyUnFluTui 8 waz 16 ndsnsiAnuna nauldFuNTIUNAFIEE
wismaReuuulnunafiiidunautesasatnomueainiutes  Anenosa  Suavesiufiunatiosninegned
TodfgynaadfdlewTouiisuiunguauauuaziidesidudinisUnueauna (%wound closure) Tuduil 16 Wiy
92.96% FaganinnauaIuny (80.27%) winguitlssumsileumsainienusares Anervosa BRI IE Ey
Asumnsnafuiungueuay Tuduvemyuu lufudl 16 wdamsifnung wudenguilldsunismaeen
wismedouniudaunanarldsumsdouansatmeniueates  Anenosa  fuiavesifuiiuwatiooniiesied
todgmesdifdloIouiivuiunguauay uazll %wound closure geninngumuanluynaaia Taleker
wazany (2017) lAnvnavesEnsatindetvesinuen fivssnausie Vitex nesundo L., Emblica officinalis
Gaertn Wy Tridax procumbensL.. slemsmevesusalumyusvlagld excision wound modelwuimynguilésu
msfnwdeansatniniiteshiveniauinveusaanatedsited SoyveadaulowIeudisufunguauay  Tu
Yuil 3, 6,9, 12 uaz 15 waswuiilutudl 15 wynduilldsumssnmdeasatnanimewhived  %wound
contraction Whifu 99.2% uenanilldthdhedaiedeanunaimeudinssinszsivsinaes collagen uag
hydroxyproline WU ﬂ&jmﬁiﬁ%“umﬁﬂ‘mﬁaaawsaﬁ’mﬂfmmﬁﬁumﬁﬂ%mmﬁum collagen way hydroxyproline
geninegnaiidrdyneadfderSeuiiouiunguaiuny uenINMsAnY AT UM sAnwdu Mifeadesty

AMIM8VINALUSEAUERINAaDY

nsAnwarsanaanayulwsndamautalunisshwunaluszauadin (clinical study)

9

o

nsfnuluszauadindunisfnudianui@etiewnfian ualidedniavnsinuaiesssunsideluuywd
wazdludesdinanisfnuvisluseiunasanmaswazdninaaesuduninudasnieveinisidasslunyud T

mifinwlussduadinfifeitesiurnavesansaininasulnsdenssuiunsmevesunadsnun1sanu luguhuy
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Yosunailanie lugUae 1wy infection wound, burn wound %38 diabetic wound LHusiuainnmsfinwitandiin
Y99 Xu uag Jin (2015) lanaaounauesnislysn Shengji ointment (SO) %’ﬂmumaﬁm%aiuﬁﬂw yang syndrome
Tngl438 multicenter randomized controlled trial Fsuvseenitu 2 nquiie nguftaedldTuNssvIUNAFIEEN
SO (treatment group) 91U 330 AU LLazﬂduﬁﬂaaﬁlé’%’umi%ﬂmumaﬁaa Votalin (control group) 311U 110

au flheviaualdsunssnymniudunat 21 Ju wudwdainissne 7 fu vinafiufivesunalu treatment group

'
o o aa 4

anasegadidudrfymsadflieseuiisutu control group (p= 0.002) uenaNIWUNSEAUAMLLEULIN LAy

o

@

AuEnvesaly treatment group anasegafitudfyvaddiaFeuiieuiu control group (p< 0.01)a7n
MANYUTIAALNUBY Muangman wazauz (2016) Tuntmeasunaveswnudauna Ineld 100% polyester gauze
Andeuseasatinainasulng 2 vialdun 5% Centella asiaticaltun) uay 2.5% Aloe vera (Inumdaszid)
(herbal extracts dressing) Giam‘i%'ﬂmﬂﬂwﬁﬁuwa‘uﬁm burn wound lagle35 simple randomized prospective
clinical study autseonilu 2 naufe ngx herbal group tAsun13snwIunNasae herbal extracts dressing 913U
17 au wazngucontrol group lASUNISSNWIUKARIY commercial dressing (paraffin wag 0.5% chlorhexidine
acetate) ftheimunldfumssnmdswhlouns wasdsuusiulaumanng 3 Yu auntuwams wui fihelu
naal herbal group fisvsznatlunmsmevedusa AU 18.53+1.66 3u Gafosniingy control group (20.06+2.51

o o

$u) uaznudilududl 15 wag 20 ¥8aM5¥NY NAY herbal group i1 Y%epithelializationgenitegrsiitodfams
aﬁ&ﬁmﬂ%amﬁwﬁwmjm control group (p=0.043 Lagp=0.0101U&a16U) I1NAIANYUTIRATNVDIKOLAZ AL
(2018) Tunsmegeuravewinsuenayulns (NF3) Useneusieayulng 2 aliafie Radix Astragali wae Radix
Rehmanniae Tudnsidu 21 Feoglugliuvems  Aemsinwusauinawvesithemu  lagldis
randomized double-blind placebo-controlled study Ssutseaniu 2 ngue Az 8 AW A Ngx herbal group
Iysumssnvusase NF3 adsas 5 ¢ Suay 2 At Whdu wazngu control group l@sunssnwwuase placebo
Yuay 2 ads Wy fhedeualdsunisinusseznmsin 6 Wou wulingu herbal group fwuiafiufiuna
(3.55%) anasegnaiiduddymneadfidionToudisutiu control group (1.52%) (p=0.062) WaraINNANITNAGDU
ANINEUALWE sensory neuropathy WuIThungu herbal group fn1sneuaussanasaIn 27% Ju 7%uaznau

control group finsmeuauBtanasIn 37% LJu 35% wenanilngu herbal group fszauves TNF-alpha Tu

o w o

serum  anasegslitsdAgnsadflioilsouiisuiucontrol  group(p=0.034)  Lagann1sAnEIlAENISLEID
Microarray study W‘Uﬁﬂﬂfju herbal group finsidsuudainisuanesnvesBuiiisatostu nsada fibroblasts
mMsduasIzivasadonlvil LazAIUNITENIEUAINTIBUYBY Namjoyan Lazaug (2016) lanadeunareinsly
A3 Dragon's blood &adu resin fildaindiu Croton lechlerisionssnwunalugUae 1agldis double-blind,
placebo-controlled, randomized clinical trial Fauvseondu 2 ﬂ&jm ) ﬂ&ju therapeutic group Falgsunis

$nw1waeg Dragon's blood cream wagnguitlisugvaen fe placebo group Fiennauldsunismasuiuay 2

A% warlasunsussliulasidusnismeveawta tneldialunissnuaunseiaskameaindanuin Tutun 3, 5,
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7 uay 10 1a9N133nwIAI8 Dragon's blood cream HiUesifudnismevesuna winfu 31.06, 63.77, 77.80 wag

'
a o a A

89.14% muaiugegandnegwiidudfgyneaiflleiseuisuiungy placebo group (4.74, 23.50, 43.90 uag

61.95% PUAIRU) (p=0.0001)



£

M19199 3.4 Wvayulnsniiauaudfrenssuiunmameveswaluseiunaannaaes (in vitro)

No. Plant species/Family Plant organs/Type extract Mechanism of action

References

1 Calendula officinalis flowers/hexane and ethanol Stimulated proliferation and migration
/Asteraceae of fibroblasts

2 Atropa belladonna whole plant/aqueous Induction fibronectin and galectin-1 rich
/Solanaceae ECM formation

3 Citrus tamurana peel/agueous Enhancing skin fibroblast migration
/Rutaceae

4 Acorus calamus leaves/agueous Inhibition of the expression of TNF-alpha,
/Araceae IL-1beta, IL-6 and iNOS at the mRNA level

5 Adiantum capillus-veneris shoots/methanol Improving the expression of Tgfbetal and
/Pteridaceae Vegf-A  gene

6 Commiphora molmol whole plant/methanol Promoting the migration of fibroblasts
/Burceraceae

7 Aloe vera leaves/gel Up-regulated the expression of TGF-betal
/Asphodelaceae and bFGF in fibroblast cells

Fronza et al.,
2009

Gal et al., 2012

Harishkumar
et al, 2013

Shiet al., 2014

Negahdari et al.,

2017

Hormozi et al.,

2017

¢e
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M19199 3.4 Wvayulnsniiauaudfranssuiunmameveswnaluseiunaanneaes (in vitro) (se)

No. Plant species/Family Plant organs/Type extract Mechanism of action References

8 Combretum mucronatum leaves/aqueous Stimulated cellular differentiation of Kisseih et al.,
/Combretaceae keratinocytes 2015

9 Achyrocline satureioides whole plant/ethanol Stimulated keratinocyte and fibroblast Alerico et al.,
/Asteraceae proliferation 2015

10 Matricaria recutita aerial parts/aqueous Stimulated keratinocyteproliferation
/Asteraceae

11 Melia azedarach leaves/agueous Stimulated keratinocyteproliferation
/Meliaceae

12 Mirabilis jalapa leaves/aqueous Stimulated keratinocyteproliferation
/Nyctaginaceae

13 Calendula officinalis flowers/hexane and ethanol Activating the transcription factor Nicolaus et al.,

/Asteraceae

NF-keppa B, increasing the expression
of IL-8 (mRNA and protein) in inflammatory

phase and increasing collagen level

2017

142
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M19199 3.4 Wvayulnsniiauaudfranssuiunmameveswaluseaudaiveass (in vivo)

No. Plant species/Family Plant organs/Type extract Mechanism of action References
1 Rheum officinale Baill roots/Emodin Stimulation of tissue regeneration and Tang et al., 2007
/Polygonaceae accelerating healing of cutaneous wounds

which is related to TGF-betal/Smad
signaling pathway.
2 Radlix rehmanniae whole plant/aqueous Increasing developed scars and Lau et al., 2009
/Scrophulariaceae epithelialization as well as good formation

of capillaries with enhanced VEGF expression.

3 Arnebia densiflora root barks/hexane and Increase in the synthesis of collagen, Akkol et al., 2009
/Boraginaceae chloroform fibronectin, and transforming growth factor-betal

4 Hevea brasiliensis latex Increasing vascular permeability and Mendonca et al.,
/Euphorbiaceae angiogenesis. 2010

5 Atropa belladonna whole plant/aqueous Increasing production of fibronectin, Gal et al., 2012
/Solanaceae collagen-3 and galectin-1 in granulation tissue

q¢
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M19199 3.4 Wvayulnsniiauaudfrenssuiunmameveswaluseaudaiveass (n vivo) (sie)

No. Plant species/Family Plant organs/Type extract Mechanism of action References

6 Punica granatum fruit skin/methanol Increasing TNF-alpha and IL-6 level in Nayak et al.,
/Lathyraceae early wound healing phase 2013

7 Zingiber zerumbet rhizomes/Zerumbone Stimulated tissue regeneration Liu et al., 2016
/Zingiberaceae and fibroblasts formation

Enhanced TGF-betal, VEGF and collagen IV

expression
8 Lawsonia inermis leaves/agueous Enhanced wound epithelialization Jridi et al., 2017
/Lythraceae
9 Pongamia pinnata leaves/methanol Up-regulated the expression of TNF-alpha Dwivedi et al.,
/Fabaceae and IL-6 in early wound healing phase 2017
10 Hibiscus rosa-sinensis flower/N-butyl alcohol Enhancing the macrophasges activity, Shen et al., 2017
/Malvaceae accelerating angiogenesis and collagen fiber

deposition response mediated by VEGF

and TGF-betal

9¢
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3.5 nsAnwnEnedaninvasayulnsasdusznaulufiusnauiuusa (Ya-Samam-Phlae) wagn1sinwigqud
NN9TINTNYBIYIFNTUUAA

msunndunilve (Thai Traditional Medicine) 1Wugidayalunisguasnwiguanvesszasuyiing
unmeifuiausssunmIguaguamiivatnrats IniswauaiunswmgLuuuLasinisUusediseiiles
aunsareUaLeImINFesNIsvesUsErmlunIsuagunmvaeTiR edunte 3ala deu Yausssuuazaue

(Marles and Farnsworth, 1995; muﬁmmmiLwaéLLmuvaaLLazmiLmesj‘mdLﬁaﬂﬂism’gqmﬁﬁmqm, 2550) 710

£ v =

audeiayulnsaiunnagiigrseou lireeifvnieluifngrithafsadoundy (syy Resinonuasang,
2530) Usznaufuiguiadulsnefiaeimunayulnsnuuuinunsassgiauazdinuwiand Tagfmuauuma
Tumsannayulnsly 3 womsde 1) wWelflunuasisugugagu 20 ieldlugnanunssy way 3) Lledseon
Tnsawznslihewdoniildunaisataanivaulnaiotisansuaneanmsindouas vidoteduauns
a%wLffaL?jaiwaju%tamLLwaimaﬁ@maaﬂ%ﬂfwﬁyﬂ Yndoudady (33 WesAnedns, 2525) Asulutiun @Sl In
Aadaind, 2537) AsuiuFendane (Taild Unuiduen, 2535) lazjuinumeassd (05yy Nesinsdansuazamg, 2530)
wunlawadludunssnwuna  lumanswnmdunulvednazdnisldayulnslunissnulseadusidvenunnndi
anulnaidien fehiumplnsazdszneuseayulnannnimileiafuly anmsinuineuntiil Idnweue
aunuusaluneld wuissdvsnmwesnsldifuelummaasuguinneg axfniiivasyulnafedasznouie
aslng 4 vfia Ao Sean vEudu vann uazdiians
nsAnugrsTItinneesasLnsesiUsEnoulus s auuradUszneufeaylniua 4 ¥ia Idun

1. il'mﬂ (Garcinia mangostana L.)

nslmansuwduaulne Waenua san uaibuns views vieduiutssniu uivends uitnyniden duifui

o

yula munanineswnes unafivues aunuuaan  ansdidny  ansddniidussduszneundn  Aeanslungu
Xanthones L% alpha-mangostin, beta-mangostin, gamma-mangostin, mangostinone, smeathxanthone A
uay garcinone E Wusu Jung et al.,2006)
guEnedanmvaaign
- gusdumseiay

91NN15ANYIVeY Nakatani wazaniz (2002) L#Anw1a1s gamma-mangostin fikenléainiuden wes G.
mangostananuinannsadudinsyauveaeule] COX-1 waz COX-2 1glneiiAn IC iy 0.8 waz 2 uM
muAfU 9InmsAnwes Liu uazanz (2016) ldAnwmavesaslungy xanthones fiusnldanidonves G.
mangostana@iaqwéguEﬂjﬂmia%ﬁﬂ NO Tu lipopolysaccharide (LPS)-stimulated RAW264.7 cells 1 NO WJuans
AonansfimununismevaueIonITENAY Win1sas1s NO wniiulasiieeduanilodeinnisauideme
AlAAelsame  sauimsiaunadivinllsaumniig anmsfnwnud Garcinoxanthones B wag C

o o

anunsadudinisasne NO leeghafieddny Tnedian ICuwiniu 11.3+1.7 uay 18.0+1.8 pM AINAIAU KATWUI

Garcinoxanthones B @1u1908U83n13U@A90n04 inducible NO synthase (iNOS) 1a

g
- NoABNITNIEYDVUAR
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9nUATees Nganlasom uazaniz (2008) wud ansafndeiomusanniudensiagaitlilunssn
wialuyfimienhliAaummmuivssdnamninguauauiilésusmasn Tnefl %wound contraction Tu
uf 4, 6 uar 8 WU 53.29, 70.96 uar 80.57% MUAIGU Iuﬁum:ﬁmjumuaﬂﬁ%mwaaﬂﬁ %wound
contraction Tuiul 4, 6 uay 8 WU 33.49, 50.00 Uay 64.76% MUSIFU IINN1TANW WY Charernsriwilaiwat
wazay (2013) liAnwnnsld chitosan-based nanofiber mats Aifldunauved3% alpha-mangostin #an15Me

YouNalUYUNA nunludui 1 uar 4 ¥aan13$ny) Nguilasu 3% alpha-mangostin fiber mats dressing # %

o o aa A

wound closure 1MnnIegreiidedfynsatiadlolSeuiisuiunguaIuay
quaN19Tan NG

fnsfinwmui  ansadpeomusatenuFenteaafinnududu  036%  fgvddunsBamsues
Streptococcus mutansuuituiinaindaiiy (Putranti et al., 2013)Tatiya-aphiradee wazaneg (2016) lﬁﬁﬂmqw%‘
e methicillin-resistant Staphylococcus aureus (MRSA) Tasansafiasieleniueaiagumiueainilien
fean wlusziuvaeanaaeiLazdniveaes nui1 9nmsAnIdaeds broth microdilution assay Wuiansara
paelenIualaA1 minimum inhibitory concentration (MIC) Wag minimum bactericidal concentration (MBC)
Wiy 17 waz 30 po/ml Audidu Jsindiansadadewyiueadiian MIC waz MBC Wiy 20 uaz 35 pg/ml
puanu nageuluszaudninaassly superficial skin infection model in mice WU11 10% YoSA1TANAAILLE
MusadI1Taans LI MRSA nurainleldunnnit 100 colonies Tufuusnvdenisdne uazkkaansa
weailnluiud 9 ndmnissnem

Auduiie neaeuanuluiiviowaduzsiiiangde (Human melanoma SK-MEL-28 cell; SK-MEL-28)
WU @19 Alpha-mangostin, Beta-mangostin ey 8-deoxygartanine fiemueududuvesansiiannsadiuds
MSLa3eUUBITaale 50% (ICs) AU 5.92, 3.55 way 3.83 pg/ml auaau (Wang et al., 2013)
2. ilud (Curcuma longa L.)

nsldmamsumdunlng wi fsaria wnu Beu wAldFeds wilseiinte uiaunsuasladin ud
709329 dunuune Tuaunely uwhRufy veeanuAnUIL Muas hauanmien mudunanasn uilsaRam
AU annoNLEy SnwlkalunIzlngeInIs

a1sdrAgy  a1sédn ”aﬁwﬂusufllu%’u laun  curcumin, ar-turmerone, methycurcumin, demethoxy
curcumin, bisdemethoxy curcumin, sodium curcuminate (Gupta et al., 2010)
qw?rww?“f'qmwwawﬁm‘i’u

curcumin uansesddszneundniinsiawulumieiiuiu dnsdnwigrimaianiweneg ves curcumin
lAuA anti-aging, anti-cancer Way wound healing activity (Maheshwari et al., 2006) UNUMYDE1S curcumindl
NaﬁiaﬂizmumimEJ‘UENLLNaELuVJﬂiwwzJ inflammation, proliferation way remodeling phase (Akbik et al.,
2014)91N57891U903 Kant uaraniz (2014) l¥@nwgndves 0.3% curcumin Tupluronic gel Aonismevasisaly
vy wnuiwienhee streptozotocin Taeld excision wound model wuin Tufudt 7-19 nguitlddunissnm

N o a A

My curcumin 1 %wound contraction snnegniituddysatRleUTEUTIBUfuNduAIUAN WeNNT]
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WUl NAUALASUNMSSNYIRNIE curcumin @1N150AANITHARIBBNYEY inflammatory cytokines/enzymes (TNF-
alpha, IL-1beta Lay MMP-9)agsiitfoddymaadfilo3ouiisufunguaiunu useduved anti-inflammatory

o w aa A

cytokine (IL-10) egrildudAaynsadindieiseuiiiguiunadumiuay uwazfinseAuTey antioxidant enzymes
(superoxide dismutase; SOD, catalase wag glutathione peroxidase; GPx)%ﬂmﬂNamiﬁﬂmﬁmmiaﬂﬁiﬁi’l
curcumin HNafeIzey inflammation YBINITTUIUNTTAEVBILHE NIINDUAUBIRDNITENEUIUNTZUIUNITAEUD
wHaInieatestunsiauvesnuclear factor kappa-light-chain-enhancer of activated B cells (NF-KB)
pathway FINF-KB %Qﬂﬂizé’juﬁamwﬁwmusuml,auiszlﬁ kinases (AKT, PI3K uwag IKK)a1n51891UU89 Mohanty
wagAug (2012) laAnwinaves curcumin loaded oleic acid based polymeric (COP) bandagefon1s11eaauHa
Tuvyun@ wudilududl 4, 8 uaz 10 ndsnsinw wylunguildsu COP 1 %wound area tiosninegnaiiifudndiny
maaﬁ&ﬁmﬂ%‘wLﬁﬂUﬁUﬂ&jumU@u uanaNANUI1 COP finaannisuanteanues PI3K waz pAKTprotein lu
deadeunaumnssegeiioddymeana mﬂsaumammaummu UATNUIINITUAAI0DNTDY NF-KBMRNA Tu
dodeunafiananduiu Fwinnisinwinandidiuin curcumin Sinasiontsdiuds PIBK/AKT/NF-KB signaling
pathway lneinaanni13viia1ures PI3K uag pAKTkinases ilWiann1snsedun159nauwes NF-KBgene ld lng
dnwaﬁaqm§§U5Qﬂ1$5ﬂLaw%nml,ma uanANMIDENIYBlUsEEEN1ISNAULEY curcumin Ssinanengndlusses
proliferation phasea1ns189uves Kulac wagaug (2013)laAnwnaveinsly curcumin Aan1ssnwiua (ourn
wound) Tunyneass wuiluiuil 4 vdamsinwusa nguildsumssnude curcumin fmsmeveausaiiinia
nauAIUAY Tnefinasionsifiunisazanves collagen isnsadrmaendenlmi wWunsadraiode sranulation

'
o o =

LAzt stenLeswadIdeyiuTnMuHaegsiTsd Ay saiRdlonSsufisutiunguaua wenaninuin Tu

o

€

Wi 8 waz 12 waINsinwIuNe nqulasunssnweie curcumindsgAuves hydroxyproline Liiaduee 9l

)

€

o

YA ED AL auh&mm&mﬂmammum (p<0.05) Durgaprasad WagAgdg (2011) Wy wummaawlmumi

o o

$nwIuNadae curcumin il % wound contraction WU 90.11+4.83 % @Fennnitegrsiitddunisanfiile

o

WiguiWleuiunquAluny (66.64+2.5%) wasnuiNguilisu curcumin anunsaanssegallunisasialedeln

'
o o aa A

(14 Fu) unnsnsegelitdeddyniadidoseuiisuiunguaiuau (19 Ju) wenanidulinisfnuidus Mneites

o

o

‘Uqw%‘m'amsmaﬁumLLwamﬂmiaﬁ’mmmi’wﬁu%’u oA 99nn13AnwIves Kundu wazAz(2014) wudnmi
Gufu%’u 15 g wauly petroleum jelly 85 g (gauze impregnated with turmeric paste) anansnsnuunalunszang
mﬁﬂdﬁﬂfcjmmw]u (pyrogen-free distilledwater-soaked gauze)lagidl %wound contraction size Twiuil 14
winfu 5.78+0.01 luvmedinguauau & %wound contraction size Winfu 62.71:0.01 wazaINNsAN®ITES

Purohit wasmtug (2013) lanagauaNsanAMEENIUeaNNVRUTUADNTUEVBILHA (excision wound

¥ '
' A A

model) Tunyusn wud Nuivserwinvesuna (wound area) lunguinlisuansainainviuduruinveusaanas

o w aa 4

wnnegiifddynsadfdoSoudiouiunguamuay Taglutuil 9 wiAu  0.09£0.65 mmZa1niusn
(200.55+1.42 mm?) uavunameainluiui 12 wilungquenuaudild povidone iodine ointment Uuans
UINIFIY VWIAVBIHAANATUTUN 9 WU 34.28+1.24 mmPuazunameatinluiui 15 wenainiviiududfons

9T mdug Wy gvadululefidy @13 curcumin fiarundudu 100 py/ml fquidudsnsatslulefidures
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Vibrio harveyi, Vibrio parahaemolyticusuay V/briovu(nﬁcus%ﬁﬁmia%ﬁﬂlﬂaﬂéuamaﬂ 69, 56 way 79%

a «

AUaIRU (Packiavathy et al., 2013)LLasﬁqm§§U5@mia%ﬁamiLSﬂIﬁljwaaLLmﬂﬂﬂiﬁ 61, 71 WAy 62% MUAGU
(Packiavathy et al., 2014)a15 curcumin fiAvandudu 8 pe/ml qvddudsnmsasslulefidures Helicobacter
pylori‘lfwﬁwamzmamﬂmﬁuﬁmmLsﬁwﬁu 0.5-4 mg/ml Tuszavsnwlunistiudansanmzues S. mutans (Lee
et al., 2011)

AN luiiy nageuauduiivreiwadlnuesds (kidney epithelial cells of monkey; Vero cells), wad
%’ﬁiﬂi%ad%ELLauaLmaﬁu (chinese hamster ovary; CHO cells), WwaduzSaFu (human bepatoma; HepG2) uag
waduziSsaldlug (colon carcinoma; HCT116) wuin ansafmanuiiiududien ICsobinfiU 21.7, 3.21, 46.6
waz 39 ug/ml a1uaInu (Ismailet al., 2010)

3. 1N (Areca catechu L.)

msldmamsumdunnlng wia Ssarhe @aunuanslutezaeuen uidalins uwidinuturies eh
wend Fullaanig dumusanindes uitnides

a1vd1Aey awﬁwﬁzgﬁwwiwmn lAuA isorhamnetin, quercetin, liquiritigenin, 5,7,4 -trinydroxy-3,5 -
dimethoxyflavanone, catechin, resveratrol, ferulic acid, vanillic acid, 5,8-epidioxiergosta-6,22-dien-3 beta-
ol, stigmasta-4-en-3-one, beta-sitosterol, cycloartenol wag de-O-methyllasiodiplodin (Jaiswal et al.,, 2011,
Yang et al., 2012)

Z)W?IW’)\P???J’)’IW“IIQ\?WN’)I’)

v

- gisdhunssniay

NT1891UV03 Huang wazame (2010) ldRnwgqusiunissniauresasadameesdlauannudnves A
catechuafianscatechins 1HuasAusznaundn Tagld 12-O-tetradecanoylphorbol-13-acetate (TPA)-treated
human oral cancer SAS cells wuinaansadiudanisvieues TPA semsiuileath cox-2 Iditmnududu 0.1-1
ug/ml Tnerihunszuunstiudinisuanieanvestu ERKusnandldAnenlusyiudnimaasmuin msnaaeulnels
Mwmamﬁumiaﬁmﬁwazéﬁmmmuﬁmaﬂ A. catechu 9u1n 1 wag 10 me/ke/day Wuan 5 T mmmé’ugﬂ
msuanileaninmsmilenivhe carageenan wazanUiunawes PGELS 21051897183 Bhandare uavmn
(2010) ¢AnwgvEFuNsSniauvesansaiagie hydroalcoholicanniudnues A. catechu Tusedudarinaaadiag
19 carrageenan-induced rat paw edema model WU mdInnsmietse carrageenanl way 3 Filus a3
afinsae hydroalcoholicaniudaves A. catechuwinn250, 500 way 1000 me/ke anusadudanisuaildednad
toddgmeedfdoioudsuiunguamuaukhan  wagane  (2011)  ldAnwigvisdunisdniauresaqueous
fractionannuanves A. catechulagltis carrageenan-induced rat paw edema model Wu" figun 100 me/kg
ansadunissniauliunnaeglitedAriuruny wenand fnsl438 PGE,induced rat paw edema
modeliaz arachidonic acid-induced rat paw edema modelnuiwasanwileaniige PGE, uae arachidonic

acid fvaan 1, 2, 3 way 4 Hlasaqueous fraction WA 100 me/kg amnTadugINIUINTRIB AT mYlADE



51

Hoddymaadfideiouiisutungunuauannuideiansaesugldguidunsdniaures A catechu
Huwasnannissudanisuansesnues PGE, uay arachidonic acid

- qw?w’ama‘ma%auma

PNMSANYIVDY Verma wazaaz (2012) ldansannmsieniueaainuanuiinaenisinwiunalbun  wound
model) Tumyusn wuimynguitlesuansatnanudamnniinismeveaunaiinniinguauay Taell %wound
contraction lufufl 15 wirfu 94.76+2.52% 1u6umxﬁmjumw;u%ﬂﬁ%’umuaaﬂ i1 %wound contraction Twiuil
15 winfiu 58.55+1.18%

- qw§w7\1°?qn7w5u7

MnmsEneneunthinut asateanudamnniienududu 16.67 pg/ml ﬁqw%‘é’ug’ﬁzw quorum-sensing

Y09 P. aeruginosa (Koh and Tham, 2011) Khan uagAmg (2011) wuil AN5ENAAILLUNINDA LAY agueous

fractiona1nnues A. catechu fgudsueuyadasy DPPHIaedlA1 ICiniu 5.3 way 7.28 pg/ml mudwiu

Anuluiy nsneasuauuiusawaduzisaduy (Human MCF-7 breast carcinoma cell; MCF-7 cells)
WU @15@NALUNIUDANNANNINAAT ICs, WINAUTT5.1 pg/ml (Anajwala et al., 2010)

4. 917815 (Oryza sativa L.)

v
o o

asldmsnisunmdunulve 41815 sadunounany drgessnene wimivhe uwimtuen wgtsnduute uiva ud
e rauiuigsuiau v
ansdrAgAnulud laun arginine, alpha-tocopherol, gamma-oryzanol, phytic acid, lysophosphatidylcholine
ey phoshatidylcholine (Chung et al., 2005; Henderson et al., 2012)

Q‘ = v
aNSN19YINNYaIT1I83

<o .
- gUEAIUNITONITY
NNsAnEIneUnttYes Shalini wagauy (2011) laAnwasaiadlsluniueaan Onyza sativa L.

¥ o P

WuPdgrsdunisenay  JsEnansadugimsuvinuinnguimyld 1eeldds  carageenan-induced rat  paw

v o o v

edema WaraNMISANYIURY Kitisin warAN(2015) ldAnwgviadunssniauesasatnandniaeiugsing
laun Indsiven 91wmileann wagdnvenila Imamimaauqm%‘é’ugﬁ pro-inflammatory cytokines (IL-6, TNF-
alpha and NF-keppaB) Fanaaeudaes ELISA technique Pnmawilethdeg lipopolysaccharide Tu human
promyelocytic leukemia (HL-60) cell wuiansataandmdsivenannsaduds TNF-alpha uas NF-kB Ih7 wax
Franunsadiudinisade NOlBnae

anulufiv negeunuduiiviewaduziieen (COR-L23) uwavwadiilowouuud (MRCS) wull @13

annmaslsneaIuaINT18IAT ICs, 11nN31100 pg/ml (Uttama and Ittharat, 2010)

$ =
ﬂ']iﬁﬂ‘leﬂi]‘l/lSVI1\1°U’JJ1']W°1I§J\1EJ']%13J']ULLN6
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v
LYY} 1%

Chusri wagay (2012) Iafnwngrisvesansaiadeieniueasnifuetauurasonrsusinsasauay
msvhanelulefidy fasreaniliastaphylococcus epidermidisATCC 35984 wuiniiaaaidudy 0.63-5.00 pg/ml
anunsoannsadisluleiduliuszanas 3060% wazfinnududy 10 waz 20 pe/ml @wisaviats 7-day-old
staphylococcal biofilm 1§ 90% Chusri uasaniz (2013a) léAnwgvisvesansatadeiemueaainsiuen
dunuuasonstiudaazmsvinanglulefldy fiadrwenide Pseudomonas aeruginosa ATCC 10145 dafwierie
TsafvhliAnnsundureadede  wesduaumosnsiiauwmauinaivesfiioummu agld3s  crystal
violet assaywuinansatadieievnueasnenauLRaAduty 62.5-1000 pg/ml annsadudsnsasndlule
Wduanidle P. aeruginosa ATCC 10145 [feghaiitodfyneadn wenaninuiasatindeienueaginetdun
unafiradid 62.5 pg/ml ansavihanglulefidy (old biofilm) flas1eanide P. aeruginosa ATCC 10145 'l
97.3% ndansliansnageuidiunan 24 v, Chusr wazaniz (2013b) IiAnwIgrsAUNsSNEUTRIENSAR AL
MusaNFISUEEITIING  WuEasadudinsasne NO  daduansdenanswesnissniauain  macrophages
RAW 264.7 cells ﬁgﬂmﬁ'mﬁ’lﬁw lipopolysaccharide ¢ lngfiAn ICsiniu 71.06 pg/mlkagainuanisane
qw“ﬁgmuawaaaix WUIEITOAIUeYYA DPPH way hydroxyl radicallad Taefifn ICviniu 19.24 way
13.58pg/mlanudnfu Chusri wazaniy (2014) W@nwngrdduuuaii3evesasatndeenuoaniniiuen
dunuuNa wudn e MIC sede methicilin resistant Staphylococcus aureus (MRSA) wag methicillin-

susceptible S. aureus (MSSA) agllutas 3.9-7.8 pg/ml
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4. /n1aiunsIve

WnsieFBuEI AU

gauuNe Usznoudaeivauulnasiuou 4 viia Idun Wiensfien (Garcinia mangostana L) imfhaiiudu
(Curcuma longa L.) widaviun (Areca catechu L.) wazd13a15 (Oryza sativa L.) diUdeniisng wiiudu uay
winmann Srwhenuazernudiuduiudng dmsunseisuayulnsuinhlleufiguund 50 sswiwaida
Juan 2-3 3y

nawdsniuataidentinnanuaziiuaiaiFondennus

Hdenttnn 500 n3u iReruthifunendnnuiuns 1500 faddns lagldarudeuiionngll 60 swmwadua

Junan 4 Hlus vhnsadnauddenigaiidnvazwiinseu anduilunses iuluwindy fioaumgiives

Y

miwﬁaumammmamﬂaqulwsaﬂLLazmammmam ﬂaaguiwmﬁa

v
o w 1%

Iayulnsosduseneusiinas 125 N3y 593 500 n3u WwenfudiutgniUsing 1500 Jadans lagldaiy

'
1% = a

Souflonngll 60 esrwalea Juan 4 Falus vhnsadnauayulnsiidnvaswiinsey nduiilunses ivlu

9 U

VINAY Nuniivies (U7 5)



54

Garcinia mangostana L.

Curcuma longa L.

Areca catechu L.

Oryza sativa L.

|

3U #i 4.1 Medicinal components of Ya-Sa-Marn-Phlae and physical characteristics of Ya-Sa-Marn-Phlae
made from dried herbs (A) and fresh herbs (B). Hot oil extractions prepared from dried G. mangostana

pericarp (C) and fresh G. mangostana pericarp (D).
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asnagauauannsalunisas1slulefaulnegds crystal violet assay

MM EULUATIS BNl NadaY

q

thuuafidefidesnismadeuinizidesuu TSA vuilguvndl 37 ssmneaidoa u 18-24 d2lus 910ty
Fon 3-5 Taladl meidsdlu TSB G9il 2% lucose (TSBGLO) Unfigaimndl 37 ssaneaidoa utu 18 42lus Uy
armulldinfuarsagatsuuFendamn McFarland no. 0.5 (1.5x10° CFU/mD wdudealiiidousyanm
1x10° CFU/ml #ne TSBGlc

nsnageuAUEINnsalunsasaluledldy

a

Wiskouuailisy aslu 96-well polystyrene microtiter plate #quaz200 lulasang Uuigamal 37 aaen

Y

walBed wiu 1, 3, 5 uay 7 Ju vihnsidsuemismng 24 hilas Tngn1sgeemnsifesdeunasiuaiiienlidanig

19 udufuemsiaeate TSBGle iauay 200 lulasdns
Weasuinuansul InAn1siasaivlavesiuaiiiselagnisinANuYuAINIsaANauLEY 620 UlILIAS

MmuLAsas microplate reader antuiavsinanmsailulefidulnenisgaeuuafienliganiziuasaslule

fidusieansazaty PBS wauas 200 lulasdns defieliliuisiioamgivenduan 1 il dendlulefdusie

Y

= N Y v

0.1% crystal violet wauag 200 lulasins Mgamgiiienduiian 30 uil dveendisansavale PBS Nelilius

Juan 1 43lue 91ntuifin DMSO naway 200 lulasdns wenun Taain1sganauwasil 492 uluuns aae

1A389 microplate reader ¥NN15MAaRIET 3 AT

mMvegaugnsussnisadsluTefidulng™s crystal violet assay (Chusri et al. 2013)

mswssuwuaiiSefldnaaey

thuuafiFefifesnismaaeuimzidssun TSA vuilgaumad 37 ssaueaidea uu 18-24 4lus 910ty
Fon 35 1aladl mgidesdy TSBGL Unflgungd 37 osanwaidoa uiu 18 Falus Uiuarmdulildvindgy
ansazansuuiieudauln McFarland no. 0.5 (1.5x10° CFU/mU) udadeandliilidoussanas 1x10° CFU/ml #ae
TSBGlc

NILH3YUAITVIAEDY

13091981 5MAE ULUUE T UED (two-fold serial dilution) THilaududussus 100-1.56% v/v §ae
TSBGLC @4l tween 80 U335 0.5% v/v

nMavnaeugrssudinsasslulefidy

Wnasnaaeuusiazaudutuaiy 96-well polystyrene microtiter plate wquas 100 lulasans way

a

WinLgeuuaiiise viauay 100 lulasdns Uniigaumgll 37 ewmwaided wiu 48 Falua

Y

¥ v

Wlonsuivuansul nanmegeukadekuafielidganigis ardlulefidudeansazany PBS nauas
200 lulasdns defisliliuisiigamafiveadunan 1 43lue dowdluleldudae 0.1% crystal violet nawas 200

Lulasans Ngauugiiieadunian 30 uril dveendsaisazats PBS wasidliliuiudunan 1 Hlus mndudiy
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DMSO wguag 200 lulasans udauegnune InAn1sganauuasi 492 urluwms melases microplate reader ¥

NINARBIT 3 ASS IWSsueuiuyanIuauuIntagld TSBGL 713 tween 80 Y31 0.5%V/v

[
S &

nsnagaugnidugnsaidlulefldudendesganssaddianasaunuudaning (SEM) wazndasqganssas
aznay (AFM) (AnwUadann Chusri et al. 2013)

1.1 nMsmseuwuAsenlannaau

WUUATISENADINTNARUINILEEIUY TSA Uuigaunll 37 asrwalfos w1l 18-24 43lus

U

'
a

nduden 3-5 Talall inwidsslu TSBGIC Unlgaungd 37 ssmiwaidoa uru 18 $2lus Usuamueulildivinty
asazatsuuSendaimn McFarland no. 0.5 (1.5x10° CFU/mU) wéaieanslififeuszanas 1x10° CFU/mL ¢
TSBGlc
1.2 NMsw3eusing
inszandladauin 1 msaeufiuns ldadluy 2a-well polystyrene plate inansnaaaufinny
ity 100% viauae 1000 Tulasans wesiiuidouuaiieainds 5.1 nquar 1000 lalasans vuitgungl 37 ase
waldua uw 48 dala

WlansuimuAnTsuL geansnaaeukazuuafiiefiliganieis srelulefldumeansazate PBS

wauay 2000 lulasdns nnduasanindlegnslulefdulaein 2.5% glutaraldehyde (CsHs0,) guag 1000

'
a v

lulasdng Vuflgangiiiondunan 1 dlas muennsudatneenainsegrslagldionueadiaadudu 500%,
70%, 80%, 90% Wwaz 100% lasiinasluuiazwau Wuan 15 wifilunng anududu gniuinaudy 100%
1419an 30 Tt wiazAUELTuYing 2 Ads
1.3 mavedeumendoqanssaudidnasouriindosnsia (SEM)
ﬁﬂéf’msjwqeiﬂ@u&ﬂ'%aaﬁa%amwam% AN UEwaIuAsUNg WerunszuIunsi i
MEIT critical point drying Uagnadaualgndesganssaml SEM fAdsvene 2500 wir Tuguuuunn 2 {5

1.4 MIVAHUMENABIRANTIALLIIOERADY (AFM)

i A a s

Wieg1vdAudinTdiaineNmans IN1INe1dEaIaIUATUNT IENUNTEUIUNTYITIALIY
A18735 critical point drying nasa1ntuindiegedsaniuisoanuduidaniiuulumaluladiion1sndasnuy
MPINTAENG ALINGIFNENT UNNINYIFBAIVAIUATUNS LNONAADUMIBNABITANTIAL AFM MAIves 5 #1379

lulaswuns Tuguwuuniwanuds

3

asnagaugndvinanelulalaulaeds MTT reduction assay (Chusri et al. 2012)

1.5 NMSM3gULUATISEN I nAaDU

= a

MUUATISETIABINTNAGRUINIZIAEIUY TSA UNigauugil 37 aemwalfed uiu 18-24 Falug

Y

a

ntiuden 3-5 lalall inzidedly TSBGle Unilgaumail 37 asmwa@ea uiu 18 ilas andwdennaialy

U

Snsdn 1:200 Wiieuszann 1x10° CFU/ml #he TSBGL
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1.6 mnageugrsyhanslulefidy

dudeuuaiiseainde 6.1 aslu 96-well polystyrene microtiter plate nauag 200 lulAsdns
Uniiguugfl 37 esrniwaidoa Wasuemsnne 24 $alus auasunariilulefiduegluszeznisadydvlalae
auysainunaiildainnimageuaruannsolunisailulefidy ndugaionuafiGedlidamei wasds
pwnaiABaTe TSBGLC wquay 200 lalasang

dlersufmuanisua gaileuueiiGedinuilisaingiuasdrdluleflidudoatsazans PBS vau
aw 200 lulasang defaliigaumaiives 1 9alus nduiuansnaaoufinnudutu 1009% vauar 200 lulasans
Unflgaungdl 37 sseniwaldea Ui 3, 6, 9 uaz 18 il

Slonsuimunnisneaey gaansvadouisuddudsansazans PBS viquay 250 lulasans fis

<

Iilviuisigamgiivieadunan 1 9alue deudluledldusie MTT Inenisiiiu TSBGLc viauaz 180 lulasdns muse

U

a a =l

MTT fierandudu 2 fadniusieiaddng vauay 20 lulasdns vuluiifia feamgfl 37 esmiwaidea um 3 9l
niudedaansazats PBS nquay 250 lulasans MlilVukeigamadteadunat 1 $alus wdaufiu DMSO vigy
av 200 lulasans iieazarenzneu MTT formazan W& WU1Y ’J’mﬁhm'ﬁ@mﬂﬁmmﬁ 492 uluns fela3es
microplate reader ¥hn1smaaest 3 ass WisUITBURUIRAUANUINUAZIARIUANALT WA TAYaNY PBS

Uuaza1509AUTENIUYNNLAL alpha-mangostin ANEIAY

nagaugvarelulefisudaendasganssriuuunsulnasariailiawaslunisauny (CLSM) (Fruas
970 Product Information of LIVE/DEAD® Baclight™ Bacterial Viability Kit)
1.7 mawisuuueiieiilivagou
huuafi3efifesnisnasuimizidssuy ToA Unflgaumgfl 37 ssmisaiBea uiu 18-24 Falu
ndudeon 3-5 lalail inzideslu TSBGIC Vuflgamnd 37 ssenwaidoa wu 18 $alus anduiiearadely
Snsnn 1:200 TfiTavssanas 1x10° CFU/ml de TSBGLC
1.8 MIVAADUMENABIaNsIAY CLSM
nszanalagyuim 1 mrsruvuiiuns laasly 2awell polystyrene plate idouuaiiiaain

1o 7.1 vauaz 1000 lulasing Unieamigil 37 ssewail@ea Soihnisiieusimsyng 24 Filus auasunaiily

lowlauegluszuznsiasyivlalavauysalmunaiilaanmmegeuanuansatunisaidluleildy

diensuimunn1suy gaiewuafieiliganisnuazadlulefdudeaisavats PBS 9Nty

a

Winasnaaeuiaududy 100% vauar 1000 lulasdns yuilgamgil 37 esrwaldod Ui 3, 6, 9 uay 18

Falug
WeasuimuanImaaey gaatsmaaeuiaudiamigienisy deudlulefldudleyanaaeu
LIVE/DEAD® BacLight™ Bacterial Viability Kit #4Usznaudgdngoaisaious syto9 uaw propidium iodide Usily

iln Ngaumgiivies iWuan 30 il Mntunadeuiendoansset CLSM wagdinsient Z-stack laud wadinim
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¥
=

(biomass) AMHNUNARE (average thickness) AIIUNUIEIAA (maximum thickness) kagdnI1dIUNUNTIFE
Y3195 (surface to volume ratio) IngldlUsiunsy Comstat naapUIUTULTIBURUYAAIUANUINTINAABUA Y

#@savane PBS

N1IMAFBUNISABANSEANELARIRMITaNSEAY
naveAuNsRoANIzAIEIAesimTanszasvetanuualugULUUEthify $198938n1smaaeu
NUELaY 404 : NITNAFDUNITNDANLTEABLABIRERIMIIUBY OECD Guidelines for Testing of Chemicals (2002)
nawdeudninaaes lunsnaaedldnszsedumiug New Zealand White fadasne Foanniaindnn
U1 ANINYASANERS WNIneNdeinuasmans Iensiunauay Saiauastsy dhvindauszane 2-3 Alandu
Tngtinsesing 3 6 (e 1 Medrmadey) aidsduiosfifinisiountsmnasy 1 &ai iielsdninnaesusy

AuAuAeivanIun lngnseitgaglasuinuazemisauuniuaznewiinisnaaey 1 Ju nsgdeyniiazgnlau

v
o LYY

uUSnaEla T lradanseandundaisasstnaduusiin 10 x 10 wumwuns eretasdeulnileesednse e

Y

SR DRI

ax a

Fmsmeaaeu FuihmvageulnegaeiiuanuuEainng 0.5 Taddns indeauuliiuuneaunsgu
YUIN 2.5 x 2.5 WURIAT NUtaunu 10 9u vliusiaandemeistseulagldussiulen (patch) waginunlnas

YURIMTINAINTEANEA U NININUIWeSau Y (USHUNAaaU) @IUUSUTaIdNAUNTLIY8INTEA8fLANTAR 2

o w

patch Mindefeinndul3uns 0.5 Tadans (UsnuauAy) 8a patch Menaawmasyiln Transpore kagrioasy

v
o a

nsgA1EmEr1gn Wedn patch AnduRmislaliniounan Wenasu 4 $alus \Ua patch aon wiildddguiigu
Wawue LieliifegmageuiivdofteguuRaniangnesn A399eIN1THALAZUINATIVIRMVIAGEU Tan 1,
24, 48 wag 72 FIU9 UagmnnuIGiensuauaruINegling9gen1sauieiun 14 lngnsiinzuuudaniu

PANLNTINIT NENLNUNNNT LAAS LY

DINITHA AT
Talun 0
[ 2 [ v v
waaantagwnudanmbile 1
@ Y
WU BATIULATR 2
WASUIUNANGD AU 3
WASTDIRIITIRNAZLAR 4
21N15U°Y ATLUY
Taluau 0
<@ v £ 1\ 2
yantagunudanslile 1
v =3 vV
vley (veuyuwiulataian) 2
vImUuna1e (Yuiuan 1 Jadung) 3

VIINUUTUNT 1 Tadiuns wazaueaniy) 4
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3

nsAnegnsiunsenauludninaass (in vivo anti-inflammatory activity)

msﬁnmqméﬁﬁumié’nLawaamamuuwa"lugﬂqumﬁﬁﬁuiﬂﬂwﬁ%' Carrageenan-induced rat paw edema
mseFenms wisueammunalioglusuuuuetitu Tegldiudentsan 625 n3u wiudu 625 ndy
VaN 625 N3 Wardnas 62.5 ndu LAl virgin coconut oil 1500 fadans figaumgil 60 ssrwaidya 1u
nan 4 Halus Feagldramuunaluguuuy hot ofl extract wazipes 5% (w/v) phenylbutazone Tu base oil
(virgin coconut oil)
madey deunmaaeseneanydunm 16 42l mnduutsyeenidu 3 nduq ay 15 # fail
- Ngu Control lA3u base oil
- Ngu Standard drug 95U 5% (w/v) phenylbutazone Tu base oil
- nal Treated T#¥uenauuusalugUuuvengiy
i’mmmmwméﬁLVTWawwﬂﬁadaumﬁmaam"’gsm%aa pocket thickness gauge waranvufinAiile
(baseline) mﬂﬁ?ummimaaw%nméqLﬁ’mkj fag 0.2 n3u Auvyluusiaengy wdantianmaaeuluusiasngy
1 04 3n carrageenan 1% (w/v) ﬁé’uﬁﬁm%éjﬂ (hindpaw) vy
mMyianansadeUgvsRUMIENIEUTBseNA LKA ULUUE Lo
TPANUNUVBIUTIINY Te¥ad 1, 2 uay 3 Flumdsanin carrageenan PICErR pocket thickness
gauge MNUTARlEIA M %dudinisenieay Lﬁué’haEJNEEJLﬁmwﬁaﬁﬂﬂﬁﬂmmlﬂmaéﬁum‘aé’mau
n¥naianmeans fudegdarimy lasvhliuyanlvegsasdensveulasenled andu dndaude
Uinagahvyinedildsuansmeasy uslululasioumad uasifufigaungll -80 ssmwaiea viud iethludnwm
nalnnssinunisdniausioly
nsAsIdATsitiInames malondialdehyde (MDA) Tuiiioidasniau Taeld MDA assay kit
nawneudiedns thileidedasiuiu 0.86% normal saline solution Tushsndan 1:9 wa thludulmdu
daweatu e lildFog1auuy tissue homogenate a1niuiinly centrifuge AuiEasou 3,000 rpm Juvan
10 W91 UALAAEIUVDY supernatant dieldvhnsvaaewsiely
WNIVAFOU NMINAFDULIAZAI9E199UTzNOUME blank tube, standard tube taz sample tube lag
blank tube azUsgnouUA1Y dehydrated alcohol 0.1 iaddns standard tube Usznaunae 10 nmol/mL
standard 0.1 Jadans waz sample tube Usznounie tissue homogenate 0.1 #addnT LaglAu reagent A 0.1
fiaaans luuday tube naslidniu arntudiy reagent B 1.5 Hadans uaw reagent C 1.5 fiadans luusias tube
wasliidn iy msuusrsmuaugamaiii 95 ssmwalea Wuan 40 unit Yl centrifuge firasa50U 4,000
rpm vJukian 10 Uil wargadIues supernatant adbu 96 well plate nguag 200 lulasdns UluinAins
gandunasiauenady 532 uluing

nsAwINKaNaaes Iagldgns Al

Tissue MDA content (nmol/gprot) = (OD;ppie"ODpiani” ODstangarsODpiani) X Standard concentration (10

nmol/mL)
Protein concentration in homogenate (gprot/L)
e nmol/gprot g nanomole per gram protein

N13M9293ATAUTUNAIB nitric oxide (NO) Tusiiaitiadniau Taeld NO assay kit
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nawdensiogns tidleifodaimaudiy 0.86% normal saline solution ludnsndau 1:9 wi ntu
Wliuldfuderondu Wiolildseauuy tissue homogenate aantuwhly centrifuge finTIEIseu 2,000
rpm Wunan 10 it uazgaaLves supernatant isldvihnsnaasssisly

WNIVAFIU NMSNAFRULALAI98199EUTENaUAIY blank tube, standard tube way sample tube lng
blank tube azUsznausiy double distilled water 0.25 Jaddns standard tube Usznausie double distilled
water 0.2 §adans wag 100 p mol/L standard working solution 0.05 adans sample tube Usznaunae tissue
homogenate 0.25 fiaddns TNty reagent A 0.2 fadans luusaz tube wawlsidniiy UUBNAIUAY
qquﬁﬁ 37 asrwalea 1Wual 60 Wil Wiy reagent B 0.1 Nadans wag reagent C 0.05 fadans luusay
tube waulnulagly vortex 30 3w mﬂﬂfmwﬁﬁqmmﬁﬁaa 40 Wit 1l centrifuge firugasou 4,000
rpm 1Wuan 10 Wil uazgAdILYed superatant Yadusiaz tube 0.4 fiaddns wawiu chromogenic agent 0.3
fiodans waulidiu ndifigamafivies 10 Wil mndugaasnanaslu 96 well plate viquag 200 lalasins
hluinrnsganduuasiinaiugnnadu 550 unluiuas

nsuamanmsmnaes tneldgns feil

NO content (umol/gprot) = (ODy, e ODpiank)/ ODstandaraOpiani) X Standard concentration (20 umol/L)

Protein concentration in homogenate (gprot/L)

Towil umol/gprot A& micromole per gram protein

NM5AT793ATRUBINABY myeloperoxidase (MPO) Tuiilawdasnisu Tnegld MPO assay kit
nsn3sudiegne tiileidedarimaniu 0.86% normal saline solution Tudasnaau 1:9 wi antu
drludulFifuiodenu iel#lgfoegneuuu tissue homogenate @saziiaanududuirinfy 10% tissue
homogenate 9niuieaddildnrundudu winfu 5% tissue homogenate (sample) Fadumuidudufiazldm
mMaaemaly
WNIVAFIU N1IVAABULABZAIDE19AZUTZNIUAIY sample tube Way contrast tube 1ag sample tube
25U58NOUAIY sample, reagent A Llay chromogenic agent WAy 0.1, 0.1, wag 1.5 Hadans aiuaisu Tudiu
284 contrast tube 9zUsznaunay distilled water, sample tag reagent A 1¥1AU 1.5, 0.1 ag 0.1 addns
pudriy wanlfdy wagansuusenuaugngif 37 osmiwaidea uean 30 Wil BniuiRu reagent B
0.025 fia&ns 11 sample tube waw contrast tube wanlidnTy ML MUANRUNGTT 60 srwadea 1y
181 10 Ul mﬂﬁ?u@wmswaummﬂfaa 96 well plate nguaz 200 lulasans tiluinAnsganduuasiinnuen
Adu 460 uluiinsg nsdnmanisvaaes Inldgns el
MPO activity (U/g wet tissue) = (ODgmgte =~ ODconirast)/ 11.3 x sample weight (g)
MPO activity (U/g wet tissue) = (ODgmoie = ODcontrast?/(11.3 x 0.05 ¢/ml x 0.1 ml)
e
11.3 flp BuneianInuvTomNNAUNIANYDBRTIANTY (multiplicative inverse of slope rate)
sample weight (g) = 0.05 ¢/ml x 0.1 ml
0.05 g/ml fi® 5% tissue homogenate (5 g tissue/100 ml homogenate)

0.1 ml Ais Usumsvesdegeiduasliy sample tube way contrast tube
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115A52931A512RUSUNMIVB tumor necrosis factor-alpha (TNF-alpha) Tuiiaifasniau Tneld enzyme-
linked immunosorbent assay (ELISA) kit

NSLATIUAIDE ﬁ'lL“f'jaL?JaéaLﬁwauﬁU phosphate buffered saline (PBS) pH 7.4 Tusnsidiu 1:9 wiv
iludulnidudedioatu Woldldsetauuy tissue homogenate 91ntuthly centrifuge iruiEasou 3,000
rpm unan 20 it uazgaEILTes supernatant leldvihmsnaasssioly

nITMTE reagent

\w38al rat TNF-alpha standard 9anaududunsn 1,280 ng/L 9nthudeanauuy 2-fold serial dilutions
A1y standard diluent Tilaaadudulurag 40-1,280 ng/L m3su biotinylated Ab detection diluent Tageuaa
biotinylated Ab W1 biotinylated diluent

WWTBU HRP conjugate diluent Taale concentrated HRP conjugate Wesfiu HRP conjugate

diluent

w384 wash buffer Ingld double distilled water 450 fiadans nauiyu concentrated wash solution
20 fladdnsn1smaaeu ga standard wag sample 50 lulasdns adlu well wazidiy biotinylated Ab detection
diluent 50 lulAsans 91ntudn well plate LLazUuﬁqquﬁ 37 peAwaldea WWuian 30 w1l 819 plate fae
wash buffer $1uau 5 A%1 uazLiin HRP conjugate diluent 50 Talasans luusias well wazuudl 37 ssrwalfea
Juian 30 unit &9 plate #98 wash buffer $9u2 5 %3 1w chromogenic solution A 50 lulasans uaz
chromogenic solution B 50 lulasans vuit 37 ssanwadea \Juian 10 wadl ludita wdewnduidu stop
solution 50 pL wagtluinA1n1sganzuwes (optical density; OD) fimnueneay 450 uluwes aelu 10 widl
¥§931NN154AY stop solution 11A1 OD 7iléas1e standard curve wuu logistic curve (4 parameters) 9 nfu

AU UIINU0e TNF-alpha Tudiegisainaunisues standard curve

n15A52931A3512% U3 U984 Interleukin-1beta (IL-1beta) Tudia18asniau Tneld enzyme-linked
immunosorbent assay (ELISA) kit

NSLATIUAIDY ﬂWLﬁaL?Jaé:aLﬁwamﬁ’u phosphate buffered saline (PBS) pH 7.4 Tusnsidiu 1:9 w/v
iludulnidudedentu Weldldsegsuuu tissue homogenate 91ntuthly centrifuge iruiEasou 3,000
rpm unan 20 it uaggaEILEs supernatant ileldvihmsnaasssioly

NSRS L reagent

W38 rat IL-1beta standard 91nAMUE TSN 240 ne/L 9nTulTeansuuu 2-fold serial dilutions
728 standard diluent Tilginandudulugag 7.5-240 ne/L 138 biotinylated Ab detection diluent 1a e
ey biotinylated Ab 11U biotinylated diluent

138U HRP conjugate diluent Tnald concentrated HRP conjugate W@y HRP conjugate diluent
w3 wash buffer Ingld double distilled water 450 fiadans wauiu concentrated wash solution 20 Jadadns
N13NA@eU A standard kag sample 50 lulasans aslu well wagiiu biotinylated Ab detection diluent 50
lulasng 91nduln well plate uaztufigamgd 37 osriwardoa Wuan 30 w1t 19 plate §ag wash buffer
$1uau 5 At uasiiin HRP conjugate diluent 50 lalasans Tuusias well wazUndl 37 ssmaidos Wuan 30
1% 819 plate fa8 wash buffer 47u7u 5 ﬂ%ﬂ L chromogenic solution A 50 lulasdns way chromogenic
solution B 50 lulasans Uudl 37 ssreaidea Wuiaan 10 uadl lufidia wdsarndudia stop solution 50

lulasdns wazdrluiadAin1sganduuas (optical density; OD) 1Aue1IAdN 450 wrlwians a1ely 10 ud
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NHIINN15LAL stop solution U1A1 OD 7lAa319 standard curve LU logistic curve (4 parameters) 911U

AU UNUYBY IL-1beta Tudap81991n@UN15v849 standard curve

MsAsIRdATIERUINaITas inducible nitric oxide synthase (iNOS) Tuiiaidasniau Taeld enzyme-tinked
immunosorbent assay (ELISA) kit

NILATBUAIDYI ﬂuﬁal,?jaé«,ﬁmauﬁ’u phosphate buffered saline (PBS) pH 7.4 Tusnsnadiu 1:9 w/v
iluduliifudedoatu ielildfedisuuy tissue homogenate 91ntuthly centrifuge AirmiEasou 3,000
rpm uian 20 il uazgedIuTes supernatant ieldvhnsvaaessiely

NILAIBL reagent

W31l rat INOS standard 99nAMEadULSA 24 ng/mL 9ndudesansuuy 2-fold serial dilutions #ae
standard diluent Tilaaaududuluaag 0.75-24 ng/mL @384 biotinylated Ab detection diluent Tnanaa
biotinylated Ab 911U biotinylated diluent w383 HRP conjugate diluent lagly concentrated HRP conjugate
nauiu HRP conjugate diluent 1@ Suu wash buffer lnald double distilled water 450 fiadans wauiu
concentrated wash solution 20 Iaddns  N15MAgEU Qa standard uag sample 50 lulasdans adlu well uas
{iiu biotinylated Ab detection diluent 50 lulasans a1ntuda well plate LLazUuﬁqqu:ﬁ 37 99ANTALTYE
Huaan 30 undl &9 plate #ae wash buffer $1uau 5 A%e waziin HRP conjugate diluent 50 Tulpsans Tuusiaz
well warUudl 37 ssrneaidoa Wuaan 30 unit &19 plate #28 wash buffer 11w 5 A%3 1fisl chromogenic
solution A 50 lulasans waz chromogenic solution B 50 lulasans Uufl 37 ssrwaided Wunad 10 undi Tudl
fin ndrnthudia stop solution 50 lulasans uwazihluinAin1spaniiuuas (optical density; OD) finuenandy
450 wiluwns A8ty 10 WITndsa1nnIsin stop solution 1A OD filéas1s standard curve wuU logistic

curve (4 parameters) 9MNUUALNIANIUIIIMYS INOS Tufiee19a1naunI15ue4 standard curve

N15A59931A5189UTuIM 84 cyclooxygenase-2 (COX-2) luiliaifasniau Tnald enzyme-linked
immunosorbent assay (ELISA) kit

NSLATEUAIDE ﬁWLﬁaL?jaé:ﬂLﬁwwauﬁ’u phosphate buffered saline (PBS) pH 7.4 Tusnsndiu 1:9 w/v
Wrlduldduidedoatu Welildses sy tissue homogenate arntiutiily centrifuge finaugaseu 3,000
rpm unan 20 it uaggaEILTEs supernatant lelvihmsnaasssioly

NM9LAIBL reagent

\W3e rat COX-2 standard annATdLduLsn 64 ng/mL antudeansuuu 2-fold serial dilutions #2e
standard diluent T laaa1aidudulutag 2-64 ng/mL L@y biotinylated Ab detection diluent Taena
biotinylated Ab 911U biotinylated diluent

383 HRP conjugate diluent Tael4 concentrated HRP conjugate Wa@uA U HRP conjugate diluent

w3en wash buffer lagld double distilled water 450 fiadans waufu concentrated wash solution
20 Hadang N15MAdeY 9A standard war sample 50 lulAsans adlu well wazifia biotinylated Ab
detection diluent 50 lulasans a1ntiudn well plate uazUniigungf 37 ssmisaidoa Wuina 30 udt &1
plate #78 wash buffer §1uau 5 Ads wazifisl HRP conjugate diluent 50 Tulasans luudaz well wasuudl 37
sarwaidea 1Juiian 30 urit &1 plate fae wash buffer §1uau 5 ASe 1 chromogenic solution A 50

lalasdns wag chromogenic solution B 50 lulasans Uui 37 ssrwai@ed Wunan 10 wiil lufidla ndaainty
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Wisl stop solution 50 lulasans uazihluinAinisganduuas (optical density; OD) iAnue1IAGY 450 UlULLAT
a8ty 10 urindearnnasifu stop solution 11A1 OD NlAa314 standard curve LuU logistic curve (4

parameters) 9MNUUANIAMIUIINUUI COX-2 Tufae19a1naun1598s standard curve

msﬁnmmqqama'“amﬂ‘uaatﬁaL?iaé'mav (Histological study)

nswadeuiete Wuiietradodosnauly 10% neutral buffered formalin LiteAsan nveaiowe
9901 dehydration #28 alcohol 91nAMudduilUmAIIdudugs wagaduiodolu parafin a1niuss
odelvdinnumun 5 um oI HEE staining kazgnelindesqanssmiuuulduas fim&mene 10X, 20X uay

40X \iDRANULANA1IYBIUsRY section

'3

AsAnEIgNSABNITHNIBVRILNATUERINAaes (in vivo wound healing activity)

aninnas

dorinanoaiild A styvrmes] anewus Wistar rat eguUszana 2 Weu twiin 180-200 n¥u n1sUFUR
AudnIineaedlasumseyliilivinnmmaasdesanenssunisasesssumslddn inaasseanduideinemans
wazmAluladurisUsemelng euntsvaasnimynaasssuilidrfuanmuewiemaasaduna 1 dUai 7
Nl 2242 asmigaidoa fezdunnutudiuivg 70% fmsnunsUa-Dalal 12:12 Falug
nsAnwguidansmeveusavaseauuukaluzULUEtEulaglE33 excision wound model Tunyund
(Freitas et al., 2017)

1) maweuans wisnerauualfegluguuuueniniu Tnsléiudeniann 62.5 n3u wiiutu 625 n3u
Vi 62.5 n$u wagdnaans 62.5 n3u 1@ealu virgin coconut oil 1500 faddns Migaumail 60 ssrwalTea 1Wu

van 4 las Beaglaenauuunaluguuuy hot oil extract

2) MvAgeU naun1sMagey 1 Ju Iﬂusuuﬁnmm”wammﬂ@l’wu’mﬁuﬁﬂizmm 4x4 M IUBURLIAT
mﬂﬁ?wmamgaamﬂu 3 Ngue ez 10 67 il
- Ngu Control lA3u base oil
- AU Positive control "Lé’i”umﬂfﬂﬁwaqqum
- gy Treated 1#SusannuunalugUuuuetidy

msvilAauKaLdn (excision wound) nunnnaugnviliaaulae@a pentobarbital Limstesvivarun
45 mo/kg TmrlRARALNALUY excision yuaLduEIugUdnas 6 daduns uazunadin 1 Tadwns lagly
biopsy punch USIAMRIWBMYYI (thoracolumbar region) Saunadetinde Mntumasngeuwraas 50
lulasans munguinddld wimnduhusauasmaneaoulvaifuiuiuauumameain

3) NSIANANIIVARBULYEABNSMEVDIKE Toavduruaudnansvesunalagly digital vemier caliper
Sufinuaturiutu suuavsain andusuaduiiuiivemss wazAndu % msUavesuna (% wound closure)

0) ivsheghatlefeunfuaniodewnaluiudl 7 uay 11 udmsdnm Tne sacrifice nymey CO, i
ﬁm%y’uﬁmﬁw%nmﬁﬁﬂﬁlﬁmLLwaaaﬂmﬂﬁmmn Sadedode  PBS  uiiiesnwianimveudedolu

Tulasiauwmas uaziiufigumgdl -80 °C Wiefinwinalnsenismevesunasialy
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NM3A52951AS U INAIVES transforming growth factor betal (TGF-beta1) TuiiaiBouna Tagld enzyme-
linked immunosorbent assay (ELISA) kit

NISLALNFIOLNS ﬂﬂﬁmﬁaﬁuﬁwauﬁu phosphate buffered saline (PBS) pH 7.4 Tusnsidiu 1:9 wiv
luldduiderentu Wolildmeuuu tissue homogenate antwhly centrifuge finTanEasau 3,000
rpm Wunan 20 it uazgaEILYRY supernatant isldvihnsnaasssisly

NILAIBL reagent

Wisy rat TGF-betal standard 9nATmduduLSn 3,200 ng/L 9ntauiesnsuuu 2-fold serial
dilutions ¢e standard diluent Tlaaandntulugag 200-3,200 ng/L w3wn  biotinylated Ab  detection
diluent Tpowan biotinylated Ab 11U biotinylated diluent w38 HRP conjugate diluent lmgld
concentrated HRP conjugate Wasiu HRP conjugate diluent tei3e3 wash buffer Iaglt double distilled water
480 1iadan3 wauiu concentrated wash solution 20 Laaans

nsnedey @n standard uay sample 50 lulasdns adlu well wagidin biotinylated Ab detection
diluent 50 lalasans andla well plate LLasﬂuﬁqmwQﬁ 37 sernwadea Wuan 30 w1 a1s plate ¢
wash buffer §1u7u 5 A% uazifisl HRP conjugate diluent 50 lalasans luusiay well wazduit 37 oswaidoa
Hunan 30 udl &1 plate §e wash buffer $1uu 5 A%a Wiy chromogenic solution A 50 lulasans uaz
chromogenic solution B 50 lalasams Uufl 37 eswnwadea 1Junan 10 wit uililn wdwnthada stop
solution 50 L uagthluinAn1sganduuas (optical density; OD) fianueradu 450 wiluauns mely 10 wid
Na99INNITAL stop solution 11A1 OD filéadns standard curve WUy logistic curve (4 parameters) 2ntiu

AUIMNIUSUIUVD TGF-betal Tudngnaannaunisved standard curve

NM3nT793AT1eWUSINaITeY vascular endothelial growth factor (VEGP) luiieifouna Tneld enzyme-
linked immunosorbent assay (ELISA) kit

NISLATENFIDLNS ﬁ’]LﬁaL?jaé:QLﬁwwauﬁu phosphate buffered saline (PBS) pH 7.4 Tusnsidau 1:9 w/v
dluthilnduiedentu Welildieeg oy tissue homogenate anntaniily centrifuge fiAuiEasau 3,000
rpm uian 20 it uazpedues supernatant ieldvhnismeaesiely

NSLASE reagent

\W3e rat VEGF standard 91naanudidunsn 1,600 ng/L anniiuieanauuy 2-fold serial dilutions e
standard diluent Tslaanududulutag 50-1,600 ng/L w3sw biotinylated Ab detection diluent Taekasl
biotinylated Ab LU17iu biotinylated diluent w3e3 HRP conjugate diluent agly concentrated HRP conjugate
nauiu HRP conjugate diluent tw3es wash buffer lagld double distilled water 480 fadans wWaniy
concentrated wash solution 20 Hadans

nsnedey ga standard uag sample 50 lulasdns aslu well uagidy biotinylated Ab detection
diluent 50 lulasans 9nthiln well plate waztuitgungll 37 sswnwadea Wuim 30 i 1 plate Fa
wash buffer $1uu 5 A% uaziiin HRP conjugate diluent 50 lulasans Tuusiay well wazuud 37 esmwaidea
e 30 Wil &1e plate #38 wash buffer S1uau 5 ads Wiy chromogenic solution A 50 lulasans uax
chromogenic solution B 50 lalasans Unfl 37 ssreadea iWunan 10 wifl Tufiiln wdwndwdy stop

solution 50 lulasdns wawinluinA1n1sganduues (optical density; OD) inaueIndu 450 wiluwms aelu
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10 w¥iasaInnIs@L stop solution A1 OD #la@3ne standard curve WUU logistic curve (4 parameters)

PNUUALIUINUSUIUVD VEGF Tudiag1991n@unnsved standard curve

M3A529AsRUSINAIVES collagen type | luiiaiauna Tneld enzyme-linked immunosorbent assay
(ELISA) kit

nswieudethe Yiiledenauiy phosphate buffered saline (PBS) pH 7.4 Tusnsidau 1:9 w/v 1l
Hulhduideieaty Welildmedhauuu tissue homogenate antuthly centrifuge fimnangaseu 3,000 rpm
\Wuiian 20 Wil uazgaduves supematant tieldvinisnaaesdely

NILAIBY reagent

w3y rat collagen type | standard aanAudLduLsn 960 ng/mL 9 ntudeansuuy 2-fold serial
dilutions 8 standard diluent TlaAadadulugag 30-960 ng/mL w3t biotinylated Ab detection diluent
Inenaw biotinylated Ab 911U biotinylated diluent 1381 HRP conjugate diluent Ingld concentrated HRP
conjugate WauU HRP conjugate diluent w38 wash buffer Ingld double distilled water 480 fadans waw
fiu concentrated wash solution 20 $iadidn N1snAgey g standard uaz sample 50 lulasdns adlu well uax
A biotinylated Ab detection diluent 50 Tulasdns 91niuln well plate uaztsilgamgdl 37 ssrwaifea
Huan 30 wndl &1 plate 2w wash buffer $1uau 5 ASs uaziiin HRP conjugate diluent 50 lulasans luustaz
well uavUndl 37 swnwadea Wunan 30 Wit &9 plate #e wash buffer §1uau 5 A% Wiu chromogenic
solution A 50 lulasdns uaz chromogenic solution B 50 lalasans Uil 37 ssrwaidea Wunan 10 wiit Tudl
fin wdandwiin stop solution 50 lalasans wazihluinA1n1sganiuuas (optical density; OD) fiaueady
450 Wilues nely 10 ufindainnisdiy stop solution W11 OD #iléiadns standard curve WUy logistic

curve (4 parameters) MMNUUALIAMNUIUNUDI collagen type | TuAI9E1991n8UN15U89 standard curve

MsAsIRdAzRUBINAIYes collagen type Il luilawfosniau Tngld enzyme-linked immunosorbent
assay (ELISA) kit

nMsweseufiegne thiiedenduiy phosphate buffered saline (PBS) pH 7.4 Tudnsidu 1:9 w/v Uiy
Hulnduidedenty Wislildmegiauuu tissue homogenate antuthly centrifuge finangasou 3,000 rpm
\Wuiian 20 Wi uazgadIuTes supernatant tieldvinisnaaesely

AILAIBL reagent

Ww3anl rat collagen type Ill standard eneaduduusn 800 ng/mlL ntudeaiauuy 2-fold serial
dilutions ¢e standard diluent TlaAadadulugag 25-800 ng/mL w3t biotinylated Ab detection diluent
Imewa biotinylated Ab 11U biotinylated diluent

19384 HRP conjugate diluent Tneld concentrated HRP conjugate wasiu HRP conjugate diluent

w3sn wash buffer Tngld double distilled water 480 fadans waufiu concentrated wash solution
20 {adans nMedey QA standard uar sample 50 llasdns adlu well uazifin biotinylated Ab
detection diluent 50 Tulasans Mntula well plate uaztuiigumnfi 37 sswadea Wuna 30 wift &g
olate 28 wash buffer §1uau 5 A%a waziiy HRP conjugate diluent 50 Talasans luusias well wazuuit 37
sernwaidea Wuam 30 wiit &9 plate §he wash buffer $1uau 5 aSa Wiy chromogenic solution A 50

lalasans uag chromogenic solution B 50 lalasans Uudl 37 eswai@es Wuan 10 wiil lunils ndeaintu
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Wisl stop solution 50 lalasans waziluinAin1sganduues (optical density; OD) fiAse1IAGY 450 UTLULIAT
melu 10 windsanns@n stop solution WAl OD AlAaine standard curve wuu logistic curve (4

parameters) 9MNUUANAMIUIIIUYBS collagen type NIl Tudoe1991n@LN15904 standard curve

msﬁn‘mmqqama'“amﬂ‘uaal,‘ﬁaL?iaé'nLau (Histological study)

nMawseufiegne usediniefeunandminnmaaeduiufl 7 uay 11 Tu 10% neutral buffered
formalin tlemsanTnaeiiowde antu dehydration #8 alcohol MnArmduduslUmArIdutugs wazsds
Wewdoly paraffin mnusaiiedeldilanumn 5 um foushe H&E staining wazanelandesganssauuuuly

wae AiMdaveny 10X, 20X wag 40X LaANULANFIYBIUsaY section
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5. NAN1TINAADY

wan1snagauANannsalunisadsluledan 1neds crystal violet assay
nansageuauasalunisasslulefiduiivign 1, 3, 5 uay 7 Su ves P. aeruginosa ATCC10145
WA S. epidermidis ATCC35984 wuiAamsiannlulefiduegraideaieioudisuivaetugiliailule
e S. epidermidis ATCC12228 aunszviaingszoziaiaaulalasasysal 3 P. aeruginosa ATCC10145 uag S.
epidermidis ATCC35984 Idiaanlumsitmunlulefidudiertigssesdnan 3 uaz 3-5 Ju mudiiyu ndmnduly

loflduagiingssozunsnszanailussezaninevesisasnisialulefidy (3uUf 5.1)
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Biofilm formation (OD492nm=SD)
Bacterial growth (OD62(nm=SD)

<L
o

1 3 5 7
Incubation times (Days)

31]17'; 5.1 Biofilm development (linear charts) of Pseudomonas aeruginosa ATCC10145 (@),
Staphylococcus epidermidis ATCC35984 (H) and Staphylococcus epidermidis ATCC12228 (). Bacterial
growth (bar charts) of Pseudomonas aeruginosa ATCC10145 (white bars), Staphylococcus epidermidis
ATCC35984 (grey bars) and Staphylococcus epidermidis ATCC12228 (black bars). Each symbol indicates

the means+SD for three independent experiments performed in duplicate.
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¥
v o

nansVadaUgNaSus s sadslulesy
Nami‘vmaauqméé’u&mm%ﬂu‘iaﬂém 1ne735 crystal violet assay
KANSVAAB U ANUUKAE B NANlnsuRY BnauukawI s nayulnsan thifuatadoniiian
WIAS LLasﬂfwﬁuaﬁmLﬂﬁaﬂﬁaﬂﬂﬁmamié’ué'ju’mﬁa%fwiuia?\lémm P. aeruginosa ATCC10145, S. epidermidis
ATCC35984 uag S. epidermidis ATCC12228 \urian 48 Falua mmiaLLammamimaaﬂé’ﬁqﬁ
nan1naeugrissusinsasslulefiduves P. aeruginosa ATCC 10145 wutansnadeusi 4 wiln 7
Ay 0.78-50 %v/v uszansamdudnsadrslulefiduues P. aeruginosa ATCC10145 1¥umnsnsagne
todmsadifdloIouiivuiunguaunu (p<0.05) Insfinndudiu 50 %v/v srauuusawIssanayulng
whauazthifuadaiudendnauieiszansnmAlndiAestu ogslsimuiinnududu 12.5-50 %viv Tuadenis

o w

\w3ngiulaes P. aeruginosa ATCC10145 aesfifoddaymeaia (p<0.05) WeiSeuifisuiunguaugy
nan1svnaeugrissusinsaslulefiduves S. epidermidis ATCC 35984 wuinasnaaout 4 ¥iln 7
Aty 25-50 %v/v Suszansamdudinnsadislulefiduues S. epidermidis ATCC35984 Idumnsinsoenadl
todymssdifdloIouiisuiungueaunu (p<0.05) Insfinidudiu 50 %v/v srauuusawIsuanayulng
whaziiuadnudendnauisdlssavinmilndifeatu egrdlsfnuammnaeuits 4 winfinnudutu 25-50
9%v/v Sinasenisiasaiulnues S. epidermidis ATCC35984 aenelidfun1eadn (p<0.05) WiawFeuiiisuiu
nauAUA HansAdeUgVsEudasassluleRdues S, epidermidis ATCC 12228 wuihansvageuita 4 wia 7
iy 0.78-50 %v/v dusvavsamdudanisadng
Tuleldunea S. epidermidis ATCC12228 |unnanegnaiiduddymsadifideiusuiisuiunguenuay (p<0.05)
Tnefiensudadu 50 %v/v sranuusawEsranayulnswiuasinsuatadontnauieiusyansamilndiAss

ffu egslsimuiinadudu 12.5-50 %v/v Snasenisasaiulanues S. epidermidis ATCC12228 aehadifuddey

Madia (p<0.05) WawIeulfiguiungualun
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3‘1]17'; 5.2 Effect of different concentrations of Ya-Sa-Marn-Phlae made from dried herbs (D-YSMP; white
bars), Ya-Sa-Marn-Phlae made from fresh herbs (F-YSMP; gray bars), hot oil extractions prepared from dried
G. mangostana pericarp (D-GM; dark gray bars) and fresh G. mangostana pericarp (F-GM; black bars) on
the biofilm development of Pseudomonas aeruginosa ATCC10145 (A), Staphylococcus epidermidis
ATCC35984 (B) and Staphylococcus epidermidis ATCC12228 biofilm (C). Each symbol indicates the

means+SD for three independent experiments performed in duplicate. *p value of 0.05.
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gﬂﬁ 5.2 (si@) Effect of different concentrations of Ya-Sa-Marn-Phlae made from dried herbs (D-YSMP;
white bars), Ya-Sa-Marn-Phlae made from fresh herbs (F-YSMP; gray bars), hot oil extractions prepared
from dried G. mangostana pericarp (D-GM; dark gray bars) and fresh G. mangostana pericarp (F-GM; black
bars) on the biofilm development of Pseudomonas aeruginosa ATCC10145 (A), Staphylococcus
epidermidis ATCC35984 (B) and Staphylococcus epidermidis ATCC12228 biofilm (C). Each symbol indicates

the means+SD for three independent experiments performed in duplicate. *p value of 0.05.
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3‘1]17'; 5.3 Effect of different concentrations of Ya-Sa-Marn-Phlae made from dried herbs (D-YSMP; white
bars), Ya-Sa-Marn-Phlae made from fresh herbs (F-YSMP; gray bars), hot oil extractions prepared from dried
G. mangostana pericarp (D-GM; dark gray bars) and fresh G. mangostana pericarp (F-GM; black bars) on
growth of Pseudomonas aeruginosa ATCC10145 (A), Staphylococcus epidermidis ATCC35984 (B) and
Staphylococcus epidermidis ATCC12228 (C). Each symbol indicates the means+SD for three independent

experiments performed in duplicate. *p value of 0.05.
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;Jllﬁ 5.3 (f@) Effect of different concentrations of Ya-Sa-Marn-Phlae made from dried herbs (D-YSMP;
white bars), Ya-Sa-Marmn-Phlae made from fresh herbs (F-YSMP; gray bars), hot oil extractions prepared
from dried G. mangostana pericarp (D-GM; dark gray bars) and fresh G. mangostana pericarp (F-GM; black
bars) on growth of Pseudomonas aeruginosa ATCC10145 (A), Staphylococcus epidermidis ATCC35984 (B)
and Staphylococcus epidermidis ATCC12228 (C). Each symbol indicates the means+SD for three

independent experiments performed in duplicate. *p value of 0.05.
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nansvaseuqusiusinsadsluTafdudendasganssmisidnaseunuudainain (scanning electron
microscope; SEM)

KANSVAB U ALUWKA S B NasulnsuR e uukaTeuanayulnsan difuatadoniian
whariiuadnudendennaniiarududu 50 %va densdudamsasslulefiduves P, aeruginosa
ATCC10145 uag S. epidermidis ATCC35984 unan 48 Halus Tasmsnaaeusendesganssmisidnnseunuy
doansm uandliifiudsnsiasuuadlassarsvedulefidy
nan1snagaunnatudanisatreluleflsuves P. aeruginosa ATCC 10145

AMmanndesganssaiBianaseuluUdeInTIAes P. aeruginosa ATCC 10145 a3adulsluams
TS8Glc Adlidunduauan muineadinZesiegnamuuiu aduvedlulefdudnau Wennasudeeauny
unawIasanayUlnaus srauwsawEsunayulnsan tifuatadentigauts wesiiuatadendaaan
wulwaddnEesinegnszdansyans amuvuutwenradsauiioiSeuisuiunguaunu Tdwunsiann
Fuvedlulefidy WaSeuiisufunduauay Wudeafunsmadeussarsesdusznaumandl alpha-mangostin
vowlnafiaududu 2 pe/ml Fsldifumsunasgruioudiou wuiwaddnSessogenszdanszane liflaa
wmnuudowSeuifisuiunguauau
nan1sagaunvatusanisatreluleflduves S. epidermidis ATCC 35984

AmaNndesansIABianaseuluUdeInsIAves S. epidermidis ATCC 35984 Madqyulalueivng
TSBGle Adlidunduauan muiieadinGesiegnamuiy aduvedlulefidudnay Wennaeudeeauny
unawFesanayulnaus srauwsawEsuTnayulnsan tifuatadentigaus wesiiuatadendaaan
wulwadiniFesiegnsedanszans anuvuveswaddesaniioiFouiisuiunguauau lanunsiamn
Fuveslulefid ieiFeudisuungueuny Wudefunsmageuseasesdusznoumani alpha-mangostin

voulinafinnududu 2 pg/ml FlHduansunsgulisuiiou wuleaddnesieganszdansyans ludany

wuduileSeuiisuiungualuay



gllﬁ 5.4 SEM micrographs of Pseudomonas aeruginosa ATCC10145 biofilm formation on glass surfaces.
Biofilms were grown in TSBGlc (A) or in TSBGlc supplemented with Ya-Sa-Marn-Phlae made from dried
herbs (B) and fresh herbs (C). TSBGlc supplemented with hot oil extractions prepared from dried G.

mangostana pericarp (D) and fresh G. mangostana pericarp (E) or TSBGlc supplemented with alpha-

mangostin (F). All images shown were taken at magnification 2500X.
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31]“7i 5.5 SEM micrographs of Staphylococcus epidermidis ATCC35984 biofilm formation on glass surfaces.
Biofilms were grown in TSBGlc (A) or in TSBGlc supplemented with Ya-Sa-Marn-Phlae made from dried
herbs (B) and fresh herbs (C). TSBGlc supplemented with hot oil extractions prepared from dried G.
mangostana pericarp (D) and fresh G. mangostana pericarp (E) or TSBGlc supplemented with alpha-

mangostin (F). All images shown were taken at magnification 2500X.
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nan1sadaugqatuanisadslulefidy ABNADIYANTIAULIIDLABY (atomic force microscope; AFM)
KAMINAABUENANLIKAMT BN INANUINTUR enamuusawIsLnayulnsan diuatadending
wifa waztnsfuadadenigaaniinnududy 50 %va denisdudanisadislulefiduves P, aeruginosa
ATCC10145 uag S. epidermidis ATCC35984 1Hutian 48 $alua lnsnisnaaeusiendesganssausioznon lu
sUsuUN WAL uandliFufamsdsuslasaumuuazanmitiinveslulofidy wayTadnademiugaadly

Loldu (roughness average) Angngsanuadlulafidy (peak height) karAIAINLANAINTENINYAGEAUALAAER

v

vosluloWau (peak-valley height) @unsatansuanIsnaasslangil
wan1snadaugnsdugensassluleWauves P. aeruginosa ATCC 10145

AMAINNADITANTIAULIIOLABNVS P. geruginosa ATCC10145 fiva3ey iulaluanms TSBGle Fldidu

§ aa

nauauA uandlulofldudifinsdnisesiogmuuiu Insuansaiadsnimgedlulefldy Agageaauesiule

[

Hdu wazAImNLANANTENINgRaankaIaa1gaedbuleflduiindy 91.86, 375.13 wag 725.98 U1luiunAs
PINERU e auMNaw e NayUlnswis wudlulefdudanmivuRawdeunUadddenSeudieuriu

nauAuAl Tnguansafsanuguatiuleildy Aynganvetlulofiay LarA1ANULANAINTENINYRgEnLaLYn

o Y =2

aanvesluleilauminiu 45.12, 223.32 uay 399.08 ulwuns MuEIRY FsAnadsaugavasiulelduuayan

N o

ANULANATENINRganLar Inagnvedluleilduiranategeditdud

o

Nn9ada (p<0.05) LlaLl3euriisuiu

NAUAIUAN NAFBUMEEIANIULRASENIINaYUlnTan wululedudanmiuiadsuuaslufleSuuieu

funguatunu Tnguansradoaugasiulefidy Arqngeanvedluledlay warA1AuUANANTENINRgIEALAL

C R VAN |

'
v =< 1

nenanveslulefauviniu 49.88, 299.85 war 519.12 wrluiins Aua1du eanaisanugeedluleildauien

o o

anasegalitdudAyn1eada (p<0.05) WaSsusuiungumiuay nageumedduainUiondagaus nuily

£

ToduilanniuiudsunladludlorlSsuiisuiunauaiuny tnekansatnasanugswadbulefay A1gnasan
(] q L1}

E R V|

voslulefidu wagArauuanissEniIgaaaaLarnignuadlulefiduiniu 4.64, 61.85 uag 96.33 wiluwns
Mua1eU FadlenanasegreilfedAgnieaia (p<0.05) WislUSeuiisuiunguaiuay naaeuslgidiuadiaiien

fanan wululefiduianmiuiuisuudadludeSoudsutiunguamuny (nsuansrnadoarmgedlule

o

Hdu Anqageanveslulefdy uazAnuwAnAesEnINgnaEanLarngavedlulelduwingu 10.83, 172.32 uay

a6 v o <U

224.18 unlulns ANy JsAademnugeeddulediduiidianasedradifodrdynieaif (p<0.05) Lle
Wisuileuiunguniuny naaeuieansesdUsznounuadl alpha-mangostin vasianndieadudu 2 pg/ml &
Tdduansumsprudisuiisu suilulefidudanmiiuinvdsuuladludiaiieuiisudunquaiunu lnsuana

13

Anaduaugwedluleldy Agnasanvadlulefldy wasAanuuandasenigngauazanigavadluledldy

o w

WU 11.09, 115.86 way 167.67 wiluins auddiu Faflananasegadifoddgmieadn (p<0.05) WeawSeudieu

AlunguAIuAN

nan1snaseunnatusinsatreluleflduves S. epidermidis ATCC 35984
ANAINNEBIANTIAULTIDENBUVDS S. epidermidis ATCC35984 a3y iuleluenms TSBGLe Faldidu

nguauAy waaslulofldudisinnsdnGosiogsmuiy lasuansandsanugsesiulofldy Agageanvesiule
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oW

WA wazAtAULANA19TEnINgRagaLazaaagavesiuleflduwiniu 214.24, 1055.94 uag 2242 W lULAT
MINEIAU NAFRUMBENENTULHAWTEL AL UInIWE nudlulefidudanmiuiudsundadddiaSeuiieuiv

nauAIuAx lnsuansdadenugatiulefiay Aqnasanvedluleflay LarA1ANNLANAINTENINNGIEALALYN

o w

mgnvatlulefiduwiniu 3.25, 44.06 uay 63.57 wilwuns Auady FallAanategelitudAyneaia (p<0.05)

7

WiaiUeuiisuiunguaiuny nageumesauusRawmssnnayulnsan nulluledldudanmiuinivdeuna
ludlawSsuiisuiunguaiuau Tnguansdadsniugeatiulefiay Arqnasanvedluledldy uazA1nnuuane

JENiN9ngeanwaznnngavesiuloflduiindu 254.86, 829.86 war 1965.97 urlwiuns aua1du willidaay

a o

wansseteldedAy1ealia (p<0.05) Wawisuisudungualuan naaeuasiiiuaiadendennui

I3 '

wudluledauanmiuiisuudadludiewSeumsuiunquatuny laguananaionnnugaesluleiidy fn

ngsanvadlulelay warA1AuuANANsTEnINngsEakazanigavasiulefiduwiiy 12.82, 101.55 uag 166.56

'
=

wilung Auadu FadlaanasegrelitediAynieaita (p<0.05) WellIsuliisuiundumiuau naaeumigtiu

afindendannan nuiluleflduilanmiuivasuwdadudiossuiisuiunguaiun lnguansdadeninugs

votluleildy Angnganvedluleflauy wazA1AuuAnNAsEnINngegauwazangnvadlulefldaumiidu 180.73,

702.02 way 1509.63 ulumng muddy Garanuuansasningagegauazgaiianveslulefiduiidianasesis
Tiffudndyn9adi (p<0.05) ileFsulisuifunguaiuan aaeufeasesdUszneunaadl alpha-mangostin ¥es
Fapadinnududy 2 pg/ml Fldifuarsuasgruioudiou nudlulefiduian niiuinudsuuvasldiile
Wisuiisuifunguaiuey Tnsuansaadsnugaesiuledidu rgagegavesiulefidy uagAranuunnsnaseming

ngannarnnanvestulolauwiniy 4.28, 71.50 Way 98.84 wilwuns Auadu Jedlrnanadegallled1fynig

adin (p<0.05) WiealUSyuiiguiungumIuay
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3‘1]‘17i 5.6 AFM topographic images of Pseudomonas aeruginosa ATCC10145 biofilm formation on glass
surfaces. Biofilms were grown in TSBGlc (A), in TSBGlc supplemented with Ya-Sa-Marn-Phlae made from
dried herbs (B) and fresh herbs (C), in TSBGlc supplemented with hot oil extractions prepared from dried
G. mangostana pericarp (D) and fresh G. mangostana pericarp (E) or TSBGlc supplemented with alpha-

mangostin (F). All images shown were taken at magnification 5 um?.
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g‘l.l‘ﬁ 5.7 AFM topographic images of Staphylococcus epidermidis ATCC35984 biofilm formation on glass
surfaces. Biofilms were grown in TSBGILc (A), in TSBGlc supplemented with Ya-Sa-Marn-Phlae made from
dried herbs (B) and fresh herbs (C), in TSBGlc supplemented with hot oil extractions prepared from dried
G. mangostana pericarp (D) and fresh G. mangostana pericarp (E) or TSBGlc supplemented with alpha-

mangostin (F). All images shown were taken at magnification 5 um?.



15199 5.1 Surfaces of biofilms of Pseudomonas aeruginosa ATCC10145 and Staphylococcus epidermidis ATCC35984 after treatment with Ya-Sa-Marn-Phlae and

hot oil extractions of Garcinia mangostana pericarp.

Bacteria and tested agents

Roughness average

Peak height

Peak-valley height

P. aeruginosa ATCC10145

Control

Ya-Sa-Marn-Phlae made from dried herbs

Ya-Sa-Marn-Phlae made from fresh herbs

Hot oil extraction prepared from dried G. mangostana pericarp
Hot oil extraction prepared from fresh G. mangostana pericarp
Alpha-mangostin

S. epidermidis ATCC35984

Control

Ya-Sa-Marn-Phlae made from dried herbs

Ya-Sa-Marn-Phlae made from fresh herbs

Hot oil extraction prepared from dried G. mangostana pericarp
Hot oil extraction prepared from fresh G. mangostana pericarp

Alpha-mangostin

91.86+11.68
45.12+11.96
49.88+25.85"
4.64+2.11"
10.83+8.50 "

11.09+5.45"

214.24+63.35
3.25+2.00"
254.86+141.41
12.82+5.63"
180.73+16.95

4.28+1.82"

375.13+20.93
223.32+49.81
299.85+47.68
61.85+29.66
172.32+152.74

115.86+55.47"

1055.94+154.60
44.06+22.53"
829.86+222.77
101.55+42.40"
702.02+121.88

71.50+19.32"

725.98+59.88°
399.08+33.15"
519.12+89.48
96.33+48.60
224.18+184.67

167.67+82.01"

2242.13+317.83
63.57+27.40"
1965.97+784.32
166.56+73.35"
1509.63+37.11"

98.84+20.01"

" Values are significantly difference by t-test (p < 0.05).
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nansnadaugnsnsyinangluleaa
nansnadaugnan1svinangluleflsulae3s MTT reduction assay
Tumsmageunsanslulefiduazinmsneasululefiduiiogluszeznisieiqdvlalngauysalfuais
nadoufinadudu 100 %vi Wunan 3, 6, 9 uay 18 Flus Fudusvesnanfilulefiduldsuasvageu anunsa
wanawansnaaedlawal
nan1snagaunnan1synangluleflduvas P. aeruginosa ATCC10145
wansnaaaugninisianslulefidues P. aeruginosa ATCC10145 ndaannldsuarsnaaeuiluig 3
Falus nuheranuuwarIouanaslnsan fwﬁuaﬁmﬂﬁaﬂﬁmmam NN AT HUAINAYULNTUIAS wazsT

o

annUdandenaudis fuszansamvinanslulefaulawnnd1segraiteddyniead (p<0.05) WallIsuiieuiu

PBS AniduSoaaz 60.36, 57.17, 53.78 uaz 47.85 AWA WU WANANSVIAABUITZNISE @UIUMNAWS BN Nayulns
an tifuafniudenilanan wavenauuunawmIonanagulnsusts lifanuuendseddifodidynisain
(p<0.05)

wansnaaaugninisinanslulefiduues P, aeruginosa ATCC10145 ndaannldsuarsaaeuiduna 6
Falus wuerauuunasunayulnsuidvseansamiagluledlduldunnsegredfodrdgynisaia
(p<0.05) WlawFsuiivuiu PBS Aailufesay 54.39 uwinan1smadousEINEaULRaENN AUl NI WA
ﬁﬂﬁuaﬁ’mLﬂﬁaﬂﬁaqmLLﬁa"LaJﬁmmLLmﬂsmasmﬁﬁa AQYN19Ena (p<0.05)

wan1snaouqusn1siianslulefidunes P. aeruginosa ATCC10145 ndsanldsuansnaaeuiduiaa 9
Falua wutasmegeuii 4 wialifinuuanssegnditeddynisedn (p<0.05) WewSeudieufu PBS

wansnaaeugvsnsvitanelulefidunes P. aeruginosa ATCC10145 ndsannldfuansmaaauiduia 18
s nuieanuawdsnnayulnsuiuashiuataiudentenaniiszansnmrharelulefduldunnsig

o w

pgnsfitedAnyeaiia (p<0.05) WawSeuiieuiu PBS Antdusesas 14.77 wag 11.51 MUAIRU UWAKANTNARDU

o

N o

seiamnauuusawssnnayulnsuiswazihifuatadondenaanlifinnuuandisedefided Agymnaads
(p<0.05)

MNNANTUDIUTEANS ANV IEIsIRFR ULATTANEIINN1TnAdaULTuaT 3, 6 LAz 9 laa wudnen
aunuunaseuInayulnswiaiivsgansnnlun shanglulefaulalndlfsaiunasnsseziiaivenisvaaou An

7 Y a < v

WWuSesax 53.78, 54.39 waz 53.95 AuaIsiu niuLﬁ'mﬁuﬁumamsmaaﬂuﬁﬂﬁuaﬁ’mLﬂﬁaﬂmaﬂmma Andusoy
ay 47.85, 44.61 Uag 48.31 MUEIAY wamimaauﬁaamammmaLm%'ammﬂagulmamLLazﬁ’]ﬁuaﬁmUﬁaﬂﬁaﬂm
an wunduszansanlunisviranslulefduanas Andudesas 60.36, 40.01, 23.92 way 57.17, 26.34, 10.69
AUAINU ANMSUNANIINAADUMBE1509AUTENBU alpha-mangostin wuiniiuseansawlunisvianelulelauls
Andmnensnadeu

nan1snagaugvan1syinaneluleflduvas S. epidermidis ATCC35984

nan1snadeugnon1sinagluleduves S. epidermidis ATCC35984 wasannlasuansnaaeuilunian 3

FlUa nuNeranuwRawssnInayulnsuis diduaiadendanauie uarenanuwnamsunIInayulnsand
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o o

Uszdnsnwvhangluleflaulsunnanseensiidoddymeada (p<0.05) WeowSeuisuiu PBS Anludesay 45.65,

o

v o w

12.25 wag 7.77 Mua1au wonainderaniuwnamssuainayulnsuialininuuansisedeided1Aynieada
(p<0.05) WBtUTsUNBUAUANTNAFRUTLADU

nansmegeugrsn1svinatsluleflduves S. epidermidis ATCC35984 nasannlasuansnageuiduian 6

o

Filus nuerauuurawisnnayulnswi dduadaiondinauis waserauuukawiennayulnsand

o o

Usvansnwihanglulefidulaunnansed1edidodAynieada (p<0.05) Wistssuiisuiu PBS Anluspeay 68.65,

<

v o w

25.41 bag 22.97 AUaau uaﬂﬁ]’mﬁmamuuwam%wmnaguiwmﬁqﬁmmLLmﬂﬁma*&J’N Jed1AYN19aD
(p<0.05) WBtUTsUNBUAUANTNAFRUTLADU

nansvageugnomsviialulefldauves S. epidermidis ATCC35984 wasanlasuaisnaasutlunan 9

v
o« [ P o ¥

Tl ‘WU’JI’]EJW?{M’]‘LJLLNaLG]%‘EJQJ"D’WﬂﬂZLun‘IWiLLﬁQ EJ’]EIZLI’]‘L!LLN@Lm%‘EJZJﬁ]’]ﬂEQUVLWiﬁQ karUNAUANALUABNUIAA LAY

q

o o

UszdvsnmvhanglulelduldunnasedadidodAymeada (p<0.05) WewSsuiieuiu PBS Anlusouay 71.39,

o

v o w

25.69 wag 23.14 AudIRy uenIndnanuLNawIsuNay ulnsuisiauuandesiifed Ayvnsain
(p<0.05) WiawFeuifisufuansvadeusindu

nansnaasugrsmsvhanelulefldwmes S. epidermidis ATCC35984 vdanla¥uasmaaeuidum 18
s wuhenauuusamIeuanayulnsui erauuusamisunayulnsan uazifuatadondmaud

o o

Uszdvsnmvhanglulelduldunnasedadidudfyneada (p<0.05) WewSsuiieuiu PBS Anlusouay 72.62,

o

°

5839 way 39.98 MUAIRY wonanferauuunawIsnayulnsuedanuuanisegditeddymnsada
(p<0.05) WiowSsuifisufuansnaaeurindu
MNRITUNDWTEANTNNVIA1TNAdB ULATTANS I INNITNAdaUdUNE 3, 6, 9 way 18 lag wu
UszansamlunshanglulefduveseauuunawmSouanayulnsuis uaserauuunawssuanayulnsan i
sl usaensreza1veINITngeU Tngenauunnanssuainayulnsuis Andudesas 45.65, 68.65,
71.39 way 72.62 Ua1IAU mamuu,maLm'%ammﬂaaguiw*iam Anvdudesay 7.77, 22.97, 25.69 uay 58.39 ANUAAU
dmsunansnaaevlutiuatadondaurs Anidufesas 12.25, 2541, 23.14 uar 39.98 AWEWY HANTS

o o

naaevluhiuatnidentananlifanuunnisegiifvddynsedfdeiiouiioutu PBS naonszosiaues

MMINAADU ENTUNANITNAFDUAIBAIT0IAUTENOU alpha-mangostin wuinliusednsnmlunisvinanelulefaula

ANTNNENTNADY



#5199 5.2 Biofilm eradication on mature biofilms of Pseudomonas aeruginosa ATCC10145 and Staphylococcus epidermidis ATCC35984.

Bacteria and tested agents

Percentage of biofilm eradication (%z+ SD) at difference contact times

3h 6 h 9h 18 h
P. aeruginosa ATCC10145
Phosphate-buffered saline 27.26+8.58 ° 40.51+7.53 ° 38.93+7.96 ° -54.18+10.97° Ya-Sa-Mamn-
Phlae made from dried herbs 53.78+7.036 ™ 50.39+6.58 © 53.95+4.66 ° 14.77+7.63 €
Ya-Sa-Marn-Phlae made from fresh herbs 60.36+9.60 © 40.01+8.25 ° 23.92+7.63 ° -11.49+6.44 °
Hot oil extraction prepared from dried G. mangostana pericarp 47.85+3.04 ° 44.61+8.41* 48.31+14.90 ° -15.86+1.92 °
Hot oil extraction prepared from fresh G. mangostana pericarp 57.17+0.13 ™ 26.36+2.94 ° 10.69+4.62 ° 11.51+3.37 ©
Alpha-mangostin 91.27+1.06 ° 90.66+2.02 ° 89.40+5.46 © 94.59+2.60 °
S. epidermidis ATCC35984
Phosphate-buffered saline -0.21+5.69° 2.27+1.81° 3.85+3.50° 9.14+2.99°
Ya-Sa-Marn-Phlae made from dried herbs 45.65+5.69 68.65+3.80 ° 71.39+4.77 © 72.62+4.41°
Ya-Sa-Mam-Phlae made from fresh herbs 7.77£3.62 22.97+10.42° 25.69+1.44. ° 58.39+4.33 ©
Hot oil extraction prepared from dried G. mangostana pericarp 12.25+2.73°¢ 25.41+9.30 ° 23.14+11.70 ° 39.98+9.59
Hot oil extraction prepared from fresh G. mangostana pericarp 2.64+0.02 *° 0.86+0.99 ° 1.26+2.08 ° 8.41+0.19°
Alpha-mangostin 83.83+1.14 ¢ 87.41+3.49 ¢ 84.75+1.82° 88.44+2.39 ©

€ Values in the same column with different superscripts are significantly different by the Duncan’s multiple range test (p<0.05).
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qusnisvinaneluTefldy drendesganssainuunaulvineaiindilfiaiweslunisauny (confocal laser
scanning microscope; CLSM)

Tumsvaaeugvsmsvianelulefidy Fendesanssat CLSM agvhnsmaaeululefiduiioglussogns
wiydulalagauysalivansnaaouiinnududu 100 %v/v Wuna 3, 6, 9 uag 18 Halus Faduszeznanilule
fdulasuansnaaeulnensdondlulefiaumeyanaaey LIVE/DEAD® BacLight™ Bacterial Viability Kit L7007
UazyimsiATIzd Z-stack ol 1a¥inm (biomass) AMMUNLAAY (average thickness) AINLVLIEIEA
(maximum thickness) wagSnsaLiuTRIReU3RS (surface to volume ratio) A973auansKAN15MAAEIAAIT
ansnadeugrsn1svianeluleflduves P, aeruginosa ATCC10145

wansneaeugvisnsiiaslulefldues P, aeruginosa ATCC10145 vasnguaauaslaensnaaudie
PBS 1Wunan 18 lus Wledwsendowanssen CLSM wuinlulefisudanimauysaidoningides uazainns
51m59¥% Z-stack WUPTAMIATINN ANUVLLRAY ANUNUIGER warsndmLTRIReUSINAS Ay 34, 18,
33 uaz 0.034 muaIAy

nanTnaeunrsn1sianelulefiduves P. aeruginosa ATCC10145 wdsnnldsuasnaaeuifiung 3
dlus ladhedendesanssal CLSM liwuharmeasuits 4 wia ilieednglululofidufnduaafinty s
PNHANITIATIN Z-stack wuhasnedoute 4 wdaanmnsaviliaunatio aruvunads Arunungean
voslulofiduiimanas uardnsduiuiiiadeuinesianfiutuionsouidieuty PBS

wamsnagounvsnsviaelulefiduves . aeruginosa ATCC10145 ndsanldfuasvnasulduna 6
s domemendenanssal CLsM linuhasmageuis 4 wia ilfwsadnelululefidufeduafindy ue
MHaNITIATIE Z-stack nuhamsmageuis 4 sdaanansavhlienmaTinm emvuieds enuungeae
voslulefduilenanas uardnmdmiuiireusinpsdiriutudowsoudieutu PBS

nanTnaeuqrsn1siianelulefidunes P. aeruginosa ATCC10145 wdsnnldsuansnaaauifua 9
dlus ladhedendesanssal CLSM liwuharmeasuits 4 wia ilieadnglululofidufrduaaiiutu s
PNHANITIATIN Z-stack wuhasnegeuts 4 wdaanmnsaviliaunatio aruvunads arunungean
voslulofiduiimanas uardnsduiuiiiadeuipsianfintuionssuidioutu Pes

nansvageugysnsianeluTeflduves . aeruginosa ATCC10145 vidsnldSuasmaaeuilunan
18 dalus iomesendenanssal CLSM liwuhasvegeuiis 4 wda Vileadmelululofidufndunaiiuiy

WANNANITAATIFY Z-stack WUIEINAROUNY 4 wiaanunsavilyiduiadinin anuvuafe AU

yadlulalduiiinanas wazdnsaruiuNiIAaUsuInsARuTwiaseuisuiu PBS
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31]17'; 5.8 CLSM micrographs of 3 day-old biofilm of Pseudomonas aeruginosa ATCC10145 on glass surfaces exposed to Ya-Sa-Marn-Phlae made frc

C, D and E) and Ya-Sa-Marn-Phlae made from fresh herbs (F, G, H and 1) treatment for 3 (B and F), 6 (C and G), 9 (D and H) and 18 (E and I) h. Control represents the
72 h old untreated biofilm incubated in phosphate-buffered saline during treatment period (A).

A B C D E
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3'1]17'; 5.9 CLSM micrographs of 3 day-old biofilm of Pseudomonas aeruginosa ATCC10145 on glass surfaces exposed to hot oil extraction prepared from dried G.
mangostana pericarp (B, C, D and E) and hot oil extraction prepared from fresh G. mangostana pericarp (F, G, H and ) treatment for 3 (B and F), 6 (C and G), 9 (D

and H) and 18 (E and ) h. Control represents the 72 h old untreated biofilm incubated in phosphate-buffered saline during treatment period (A).
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15197 5.3 Comstat analysis of mature biofilm of Pseudomonas aeruginosa ATCC10145 after treatment

with Ya-Sa-Marn-Phlae and hot oil extraction Garcinia mangostana pericarp

Tested agent Contact Parameters analyzed ®

time Biomass Average Maximum  Surface to

(h) thickness  thickness  volume ratio

(um*>/um?)  (um) (um) (um%um?)

Phosphate-buffered saline 18 34.00 18.00 33.00 0.034
Ya-Sa-Marn-Phlae 3 26.33 13.16 24.69 0.042
made from dried herbs 6 19.30 9.653 18.10 0.056

9 21.50 10.75 18.82 0.051

18 25.21 12.60 23.64 0.044
Ya-Sa-Marn-Phlae made 3 24.58 12.29 23.05 0.045
made from fresh herbs 6 24.96 12.48 21.84 0.044

9 24.28 12.14 22.77 0.045

18 21.22 10.61 17.25 0.051
Hot oil extraction prepared 3 22.56 11.28 21.15 0.049
from dried G. mangostana 6 20.02 10.01 18.77 0.054
pericarp 9 20.78 10.39 19.49 0.052

18 20.14 10.07 18.89 0.054
Hot oil extraction prepared 3 29.57 14.78 27.73 0.041
from fresh G. mangostana 6 3212 16.06 30.12 0.039
pericarp 9 26.77 13.38 25.10 0.045

18 23.89 11.94 22.40 0.049
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nansnadaugnsnsvinanglulalduves S. epidermidis ATCC35984
wansveaaugvisnsviaelulefidumes S. epidermidis ATCC35984 vaanguaiueslnsnIsnadauie
PBS uan 18 Hilus Mnnmenesiendesqanssa CLSM wuihluleilsudanimauysaldouingdea uazain
M73ATIF Z-stack wuddATIaTanw anuvuiais AnurugeEn warshsdLiuiRreUiIeg By
24.85, 12.42, 23.30 uag 0.049 #1819Y
wamsnaaounysnsianelulefiduvea S. epidermidis ATCC35984 ndsanldsuamsvagouiduian 3
Hlus lemeseondosanssmi CLSM wuinsadmelululefidudanlngfadunmdaanmaaousgeauuusa
wisnnayulnsui tiuadadendinauks uasthiuadaideninnan uansihasmaaeusana
Uszdnsnmlunisdneadniglululefidu dwiunsmaaeumesaunuunawseuanayulnsan wuingad
melululefidudnlngfindiTer m55ins1s9 Z-stack wuirilieseamuusamionanasulnsuaiianusayiili
AnATINI AmLTLLRALLAYAIMUINERanadilaI S suITiB Uy PBS
wan1snapuquisn1sviianelulefidunes S. epidermidis ATCC35984 wdannldsuasvnaoy
Hunan 6 $alus Weresnendesqanssal CLSM wuineadnglululefidudwlngfindunmdsminvaaeuses
auunawIssnayulnsuis wesihifuataiudendinauis wansimsmageusinaniisyansnmlunissisad
aelululefidy dwdunmmeaoudssanuunawisunayulnsanuazinduaiaufendmaan wuiisad
melululefldudulnaifindilen 990775305999 Z-stack wuinansvaaeuiis 4 vialiinasiomaatann aaumn
Wl Arimugean weeshnduiuiiiodeusinesilaSeuiieutu PeS
wansnadeunvsnsianeluleflduves S. epidermidis ATCC35984 wisnldSuansnnaey
Hunan 9 il Wedesnendesqansaa CLSM wuineadnglululefdudulngfindunmdsminnaaeufes
aunawIsnayulnsuiuasihiuadadonifinaus wanshasmageuiinaniiusyaniamlunissnigad
aelululefidy dwsunmmeaouissanuunawsunayulnsanuazinduaiaudentmaan wuiised
melulUlefdudnlvajfindiden a1nmsinsied Z-stack nuinansveaeuii 4 sdialifinasiemnadanmm anumun
1ad ANAMLGsaR wagSnduiuifeUinnadeioudoutu PBS
wansnadeunvsnsvianeluleflduves S. epidermidis ATCC35984 wisnldSuansnnaey
e 18 Halus edefendosansami CLSM nuinsadneglululoflduaulnnfndunsmidanuagoude
ENANULHAL U IN AL UL NI wazthifuaiaUden TaAALAe wansdnansvnaeunanaiusedvaninlunise
wadaelululefidy dwiunmeaeumoanuunawisunnayulnsanuasisiuataufendnaan wuiwed

melululefdudlnafndiler 991n7793m5789 Z-stack wunasvaaeui 4 vilalifinaneuladinin anunun

8y ANUVUIENER wagdnTdIuNUNRIreUTInasllialUssuisufulleiSueuiu PBS
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31]17'; 5.10 CLSM micrographs of 3 day-old biofilm of Staphylococcus epidermidis ATCC35984 on glass surfaces exposed to Ya-Sa-Marn-Phlae made from dried herbs
(B, C, D and E) and Ya-Sa-Marn-Phlae made from fresh herbs (F, G, H and 1) treatment for 3 (B and F), 6 (C and G), 9 (D and H), and 18 (E and I) h. Control represents

the 72 h old untreated biofilm incubated in phosphate-buffered saline during treatment period (A).
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31]17'; 5.11 CLSM micrographs of 3 day-old biofilm of Staphylococcus epidermidis ATCC35984 on glass surfaces exposed to hot oil extraction prepared from dried G.
mangostana pericarp (B, C, D and E) and hot oil extraction prepared from fresh G. mangostana pericarp (F, G, H and ) treatment for 3 (B and F), 6 (C and G), 9 (D

and H) and 18 (E and ) h. Control represents the 72 h old untreated biofilm incubated in phosphate-buffered saline during treatment period (A).

06



91

15197 5.4 Comstat analysis of mature biofilm of Staphylococcus epidermidis ATCC35984 after treatment

with Ya-Sa-Marn-Phlae and hot oil extraction Garcinia mangostana pericarp

Tested agent Contact Parameters analyzed ®

times Biomass Average Maximum  Surface to

(h) thickness  thickness  volume ratio

(um®>/um?  (um) (um) (Um*/um?)

Phosphate-buffered saline 18 24.85 12.42 23.30 0.049
Ya-Sa-Marn-Phlae 3 22.42 11.21 21.02 0.049
made from dried herbs 6 34.70 17.35 32.54 0.033

9 26.78 13.39 25.11 0.042

18 34.93 17.46 32.75 0.33
Ya-Sa-Marn-Phlae made 3 27.96 13.98 26.22 0.040
made from fresh herbs 6 32.00 16.00 30.00 0.035

9 36.72 18.36 34.43 0.031

18 37.40 18.70 35.70 0.031
Hot oil extraction prepared 3 34.45 17.22 32.30 0.033
from dried G. mangostana 6 29.65 12.82 27.80 0.038
pericarp 9 24.71 12.35 23.17 0.045

18 26.90 13.45 25.22 0.041
Hot oil extraction prepared 3 24.72 12.36 23.18 0.045
from fresh G. mangostana 6 3291 16.45 30.86 0.035
pericarp 9 24.96 12.48 23.40 0.044

18 31.33 15.66 29.38 0.036
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a A 9 o ¢
nan1snagauNsIEABIAalaiuludninaaas
MnuanIageuAusEAefonlowiulagld Tdnseimenugin@uawdly Tunismegeudnu 3 f

nunAsausrAeAaaload (Primary Iritation Index, Pll) vasgntduaunuunaiawiiu 0.42 fadadu

o '4

HARA T TLTEAELABININNTUUANTIVRIATTIUNEAN UTIRAAIMNTTN  NIBNTIRRAMNTIY (Wen. 152 -

v & P a & A g v = ' ¢ o w a 1
2555) wazdmduansilusymeifeswBosemelAoudntasiisuuimunaeivesdtnaulntesdawinasu
(Environmental Protection Agency -EPA)

15197 5.5 Dermal irritation study of T-YaSP at different time interval in rabbit.

Rabbit No. Time after removal of patches (h)

1 24 a8 72
1 1/0 0/0 0/0 0/0
2 1/0 1/0 0/0 0/0
3 1/0 1/0 0/0 0/0
Total 3/0 2/0 0/0 0/0
Mean 1/0 0.7/0 0/0 0/0

Primary Dermal Irritation Index (PDII) =5/ (4x3) = 0.42; Toxicity Category IV (non-to slightly irritating)

Values are expressed as scores of erythema/edema.
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wan1suseiiunnsannisonduludnineassvasenunsiuduiuwkg (T-YaSP)

v

IINMINAFDUVEAUSNLEUVRIE AN TULHAlugULUUeTY (T-YaSP) laglds carageenan induced
rat paw edema wud lTungu control #lasu carrageenan 33U vehicle AMAUNUIVDIGUNNNUTUDENS

AollawnussEzIaIIuILTY (1, 2 uar 3 Hlue) wasnduilasunissnwimesaunuusalusuiuugiy uae

'
o o aa A

phenylbutazone Fudunguenumuuan WUIAUTNAAANUNLIVDID T IepEiitud Ay n1adiag

o

Wiguileuiungu control (P< 0.001) NNYIUIAT WALIINNTATIVIATIEVUTUNYES malondialdehyde (MDA,

v '
N

nitric oxide (NO) waz myeloperoxidase (MPO) luillelgodniaurasgauin wud Aian 3 FIluandaRInnIs

o w

wilgnhlviinn1sdniaume carrageenan naal control d5eAuras MDA, NO Uay MPO Liiuduagedldedfiyng

<

adfenSauiisuiungy intact Fuduilleeund (P< 0.001) Tudiwwewnguinldsunsinwideeauuunaly

o o aa A

sUnvugndulasnguAluAtuInud  fsydures MDA, NO  uax MPO  anaseghelldudAgyneaiall

o

Wiguiieuiungu control (P< 0.001) uena1nil wud TunguatuauuIniivsunmnisasa MDA, NO uag MPO

WesnnguitlasunisinwirigeauisalugUwuue Iy
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g‘dﬁ 5.12 Treatment with traditionally prepared-Ya-Samarn-Phlae (T-YaSP; black bars) and 5% (v/v) of
phenylbutazone (grey bars) significantly showed the reduction of carrageenan-induced paw edema (A)
and ethyl phenylpropiolate-induced ear edema (B) in rats in a time-dependent manner compared with
that of the vehicle-treated group (white bars). Paw edema degree was presented as the mean+SEM of 15

rats per group, *p< 0.001 vs. the control (One-way ANOVA followed by Duncan).
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151971 5.6 Effect of traditionally prepared-Ya-Samarn-Phlae (T-YaSP) on the production of

malondialdehyde (MDA), nitric oxide (NO), and myeloperoxidase (MPO) in carrageenan-induced paw

edema in rats.

Test groups malondialdehyde nitric oxide myeloperoxidase
(nmol/mg protein) (umol/g protein) (U/g tissue)
intact 1.43+0.15° 11.19+1.15° 0.11+0.01°
vehicle 5.57+0.23¢ 105.91+2.93¢ 0.04+0.02°
phenylbutazone 3.06+0.21° 20.98+0.35% 0.30+0.01°
T-YaSP 3.67+0.20° 29.78+2.04° 0.33+0.00°

Each value represents as the mean+SEM of five rats per group. @9values in the same column followed

by a different letter are significantly different (p< 0.001). (One-way ANOVA followed by Duncan)
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nalnnisannisonauludninnaswesetiduauuwNa (T-YaSP)

v

MnMsnRdeugviuSnauTesnaruusaluzULUuThTuAuwE (T-vasP) 1agl#35 carrageenan
induced rat paw edema wazfiushedaiedesney Wensednseiuinames pro-inflammatory cytokines
Falgun tumor necrosis factor-alpha (TNF-alpha) ua interleukin-1beta (IL-1beta) Wazas19ATIERUTUNUTO
pro-inflammatory enzymes Falgun inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2)

Wud Avan 3 WlumdinniswleniiiAnn1senaume carrageenan gy control #szAuvas TNF-alpha,

o o aa A

IL-1beta, iINOS way COX-2 wWinTuegnddedAgmeadfilioieuiiouiungy intact Fudullolound (P<

o

0.001) waznulunguilasunissnwisng entnlfuauuukg uaz phenylbutazone Fadungu positive fiszau

o a A

994 TNF-alpha, IL-1beta, INOS uaz COX-2 anasegeiitedfynvadfdieiUsouiisuiungy control @9lasu

vehicle
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g‘lJ‘ﬁ 5.13 Effect of traditionally prepared-Ya-Samarn-Phlae (T-YaSP) on the expression of inflammatory

cytokines, TNF-alpha (A), IL-1beta (B), and PGE2 (C) and the production of two inducible enzymatic

pathways, COX-2 (D) and iNOS (E) in the rat paws treated with carrageenan. The values represent as

mean+SEM of five rats. @@ Values in the same factor followed by a different letter are significantly

different (p< 0.001). Phenylbutazone (PBZ) was used as a positive control.
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Namimiﬁnmmwamsiﬂwuamfjal,?jaé’mau (Histological study) wdnldFuvesniiuauuNg (T-YaSP)
MnnsAnwdnraneimeveniodesnay Tnsliiinisdendas HRE staining wazgaslindes
avnssmiuuulduas fifdauens 10X, 20X wag 40X nu intact Fuduiloibound linuwadsniay limunisgn

anevedlieite waglinunisuinveilowe NquAIUANTILASY carageenan 33U vehicle WulgaRsNIAUT

. & ¥

FoURNFUIWNUUNRUTIUIUNINMRIMNTITY dermis LAENUTBIINNTEWINNTAS FIUITDIENIENITUINTRLLBLED
naul positive ali3u carrageenan $3ufiu phenylburazone WUINAMUVUILUUTBULASINAUTBENTINGUAIUAN

wazngquinlasu carrageenan SaufvguanIuwKa (T-YaSP) uanainidnuiingunlasu carageenan saufiuen

v £
o o

Wdiuan g (T-YaSP) wu1AUMUILLUYBUgaa s NautaenIINGUAIUAN UBNIINLNUIINITITEHIVeN

connective tissue FedouRndduLas Tunay positive HanwauglndiAssiuilleaundlungy intact



gﬂﬁ 5.14 Representative photomicrographs of the histopathological analysis from paw tissue of rats
showing the protective effect of traditionally prepared-Ya-Samarn-Phlae (T-YaSP; D) compared with the
intact group (A) or carrageenan-induced rat paw edema which treated vehicle (B) or phenylbutazone (PBZ;

() added a positive control. White arrows: neutrophils. Scale bar: 100 um.
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HaN5UsHTUAMUEIN IO IUNSINLUUAATBIETSTUANLUKG (T-YaSP)
PNV VBN LLHAYBIE TS uAI LN (T-YaSP) Tngldvyaunes] anewus Wistar rat wasny

Wy Gk/slac ot Tunduitlésumssnmssenhifuanuuna way srthtunesunan Sadunduaiuauuan

annsnanruIATeHaRldnTnduauatldRuA U 5 vasn1auiuma (p< 0.05) wagnuinismetesunaiield

gnifuanuuraieuduundlde 11 u Jsindenidunesunaaiasnquaiuauegsiifed Ay sada

A

Day 3 Day 5 Day 7 Day 9 Day 11

Control
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T-YaSP

31]17'; 5.15. Effect of traditionally prepared-Ya-Samarn-Phlae (T-YaSP) on contraction of excisional wound.
The macroscopic changes (A), wound area (B) and %wound closure (C) of the skin wound sites in rats
treated with simple oil base, TNK oil (positive), or T-YaSP on days 3, 5, 7, 9 and 11 after wounding. The
results represent the mean+SEM of 9-10 animals per group. * p< 0.05 vs the control. “ Values in the
same days followed by a different letter are significantly different (p< 0.05). One-way ANOVA followed by

Duncan.
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31]17'; 23. Effect of traditionally prepared-Ya-Samarn-Phlae (T-YaSP) on contraction of excisional wound. The
macroscopic changes (A), wound area (B) and %wound closure (C) of the skin wound sites in rats treated
with simple oil base, TNK oil (positive), or T-YaSP on days 3, 5, 7, 9 and 11 after wounding. The results
represent the mean+SEM of 9-10 animals per group. * p< 0.05 vs the control. @9 Values in the same days

followed by a different letter are significantly different (p< 0.05). One-way ANOVA followed by Duncan.
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nalansaumuusaludninaaswesetduauuusa (T-YasP)
PMNNTATIVIATIENUINIUVOY  transforming growth factor betal (TGF-betal) Waw vascular
endothelial growth factor (VEGF) Tuilodouna Tneld enzyme-linked immunosorbent assay (ELISA) kit h)
ultidunm 11 Fu wui lunguiildsunssnudeethiuauuune uay enidunesunan dadunduaiuny

N o

uind USunawwes TGF-betal uay VEGF desningumivanegditiudAgmnieada (p< 0.05) lnefivsuinues

N v
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31]‘17i 5.16. The levels of TGF-beta 1 and VEGF in wounds treated with traditionally prepared-Ya-Samarn-
Phlae (T-YaSP). Excisional wounds in rat were treated with simple oil base, TNK oil (positive), or T-YaSP
during 11 days. The levels of TGF-beta 1 (A) and VEGF (B) evaluated by ELISA. The results represent the
mean+SEM of 4-5 animals per group. @9 Values in the same days followed by a different letter are

significantly different (p< 0.001). One-way ANOVA followed by Duncan.
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gﬂﬁ 5.17. The levels of collagen type | and type Ill in wounds treated with traditionally prepared-Ya-
Samarn-Phlae (T-YaSP). Excisional wounds in rat were treated with simple oil base, TNK oil (positive), or T-
YaSP for 11 days. The levels of collagen type | (A) and type Il (B) evaluated by ELISA. The results
represent the mean+SEM of 4-5 animals per group. ®“ Values in the same days followed by a different

letter are significantly different (p< 0.001). One-way ANOVA followed by Duncan.
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NaN13IN1ANYINIRAaNIEINIAVEILIBIES (Histological study) naeanldsuvasenundiuautuuna (T-YaSP)

10X 20X 40X

Normal skin

Control

TNK

(positive control)

gll‘ﬁ 5.28.. Histology of wound tissue at day 7 after wounding in rats, stained with hematoxylin and eosin
and treated with base oil (control), Thongnoppakhun oil (TNK; positive), traditionally prepared-Ya-Samamn-

Phlae (T-YaSP) and normal tissue (magnification 10X, 20X and 40X).
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10X 20X 40X

Normal skin

Control

TNK

(positive control) |

3‘1]17; 5.19. Histology of wound tissue at day 11 after wounding in rats, stained with hematoxylin and eosin
and treated with base oil (control), Thongnoppakhun oil (TNK; positive), traditionally prepared-Ya-Samamn-

Phlae (T-YaSP) and normal tissue (magnification 10X, 20X and 40X).
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6. 39150INA

. . L. & o A 4' v o a & a
P. aeruginosa waz S. epidermidis \uuuadiissatsleniafinulaveslunisinlieusnauinuna

wuATSEazdanizuuiadianaziinnisasialuledy dewalrmuiaunanatodusnasesiisnwlaenn asanlu

o

ToWlauiinnuiunuseanisgniinatenle ssuugifuiuvesamenaze U]t gandmwuaiiteluaniizund

(planktonic cell) (Shankar et al., 2005; Galkowska et al.,, 2009; Metcalf et al., 2015) LLﬂﬁmﬂ%mUﬁ%aus

'
o

vancomycin fiauiduduganinnanududuiiianiaiuisadudinisasyiavinveeuaiitse (minimal

'
o a

inhibitory concentration; MIC) kaggendtadsduduiifganiaiuisagdiuuaiiiie (minimal bactericidal

]

concentration; MBC) a@nansadudauazaniuaiiiseluannsunile undsliauisaan S. epidermidis Tuanmglule

o 1 '

@ (Drenkard et al., 2003) uanandlulefaudsdamansenunenssuiumsauIuLig (wound healing) (Metcalf

[ [

et al,, 2015) satunsanusevharglulefauiadudiidAgronisauuilug WWuansana Buchanania lanzan &

v
o o

UsganSamlumsasnuusalunyen Swudugvisdudauagyianglulefiau (Pattnaik et al, 2013) AsiunisAnwily

v
[

AsalI e

o =

npUsvasiudnlunisedumenanstudamsaddlulefiduuaznsvinanslulefiduveuunaiisedinelule

HSUUSIMUMURARD P. aeruginosa wae S. epidermidis Ta@NILEE TaevhnsiUTeuiieuseninenfiwieon

nayulnsanuazayulnswi
mugumuvesiulefidudwmalinissnvlsainidedululdondtuazdaeliantymnsinided

sadunsIan1sivlaymidenadndtianudAydeussaninmlunisinuinazanAuguwsveInNIsantionaudn

'3

wupiieaziinnisiaunlulefdu (McCann et al,, 2008; Yang et al, 2012) nauntiniiisneauaunisanegng

v
LY Y]

vgsnmsadilulefldunaeaduniluayulnsifgiuazaisesrusznoumanil wu arsadanlunseyuasans

v
o

93AUsENEUNILAT berberine Slgmadudansasialulefauves S.epidermidis (Saising et al.,, 2011; Wang et al.,

o
LY

2009) ansadnanduliuuvdnlazuiueuelignsdudenisadisluleWduves P. aeruginosa (Perumal and

v
U o

Mahmud, 2013; Kavanaugh et al., 2012) asafnvasluguiinmaiigndudinisasialulefldusis P. aeruginosa

v
LY

wag S. epidermidis Wusu (Saito et al,, 2012) Gslunsanuluassiilanedeugvddudnisasidluleflduriomn 3
38 leiun crystal violet assay MA@BUMIENADI9aNIIAUBIANATOURUUADINTIA UATNABIFANTIAULIIDZAOY

WU @snaaeuns 4 siadiussansaindudenisadrslulefauves P. geruginosa ATCC10145 wag S.

v
v o a s

epidermidis ATCC35984 laviauuiiuialndalaiunaziuinm lnsarsnaaouiignddudenisadnslulefidunes P,

v

aeruginosa 1##ni1 S. epidermidis Insfiauidudu 50 %v/v snauuusalrIounayulnsuisuazinfuade
Waenifamaurisdussaninmilndidety wasdussdninmaniiorauuusawisnanayulnsanuazihiuard
Waenslanaan ogslsAmuuisanududuiinaaeuiinadenisiaiaivlnves P. aeruginosa wag S. epidermidis
Tnefinundudu 0.78 sovv Faududaududusiigaililunimadeunuiarsaaous 4 adafivssansam

visnsasnsluleflauaes P. aeruginosa laannniniewag 70 wazdudinisasslulefidnves S. epidermidis 16

Speay 40 FeasnnapUnInaniuseansnmanInasnagausiaduinedistenuld AuYUsIEUNISANYINIEES
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oregano, carvacrol Wag thymol WUI9IAULUNTY 0.06, 0.01 Way 0.03 %v/Av ANa1RU HUsEansn nduds
a519luleflauass P. geruginosa lausennasoeag 35 (Nostro et al,, 2007) @1sanndafinnududu 1, 5, uag
10% Uszansnmdugsasrslulefauwes S. epidermidis lasosay 39-56 Mislinani1sAnwsinandidonnassiuna

ASENYIVES Chusri WazAME NASIENUINETENABNIUBATBE AL ULKaTIUSEANS N nlun1sdudeaselulefdy

v
U A a

V94 P. geruginosa ATCC10145 TansiuilndalniulaziuRauna (Chusri et al, 2013) lnguansainisgudalule
Adulauinnindesas 80 uwavaunsadudenisasislulefauves S. epidermidis ATCC35984 Anluiasay 30-40
(Chusri et al, 2012) f5183MUNANIUANTATALNILOAVRIIALIULKA a15anleVIUeATRITIAA Lagaliud

ALY 1/2MIC-1/32MIC Sgrizduganisaislulefiduvesiuailisangy staphylococc Aiwantaainisawinuala

o

(#3351 messon, 2556) wenanlldalisieaunsanyiluayulneadusenouresenau ULk Wud @15esruseney
yuAdl alpha-mangostin luiUdeniisaniignsdugsnisasnslulefiduves S. mutans (Nguyen and Marquis, 2011)

&

LLGIVLSJ‘W‘U?]EJ\‘]’]Uﬂ’]iF‘iﬂ‘H’]i]%ﬁG]’]uVLUIa auvB9 P, aeruginosa Wag S. epidermidis Tuwuy VI‘U%J‘LJ@JTWEN’]U’J’]E'W

29AUTENBUNIWAT curcumin uq%% gugnisasislulefduwes P. aeruginosa (Packiavathy et al., 2013) H.

v
[

pylori (Pattiyathanee et al., 2009) &msununnilsisnunisanwnuitalsatnanudanuinignddudssyuy

¢
<L

quorum-sensing Y84 P. aeruginosa (Koh and Tham, 2011) wslinuseaunisdneignssululefauludians
Fawanisduginisasreluleldaueainanarmeasuiinaludugstadunneg Ananenisasrslulefay wu duds

5PN Sudansiiiusnuiuwad vseenadudinisasisansidndlanedueanilsa (Chusri et al, 2013; Saito et

al, 2012) feiABiin1331891U471 oregano oil @1u1savinufAsendulusuniugaddanilignisasunas

Y

lassasneveiugas dwalitinnisdanizuuiiuiialndaleasuldanas (Nostro et al., 2007) datudsazuladnen
auuunawssunayulnsuisaziffuaiaudendiauiadugnsiiuihaulalumsdudinmsassluleiduls

14 P. aeruginosa way S. epidermidis

=

LlIaVL‘UIE'J llLﬂﬂﬂ’liwmu’]ﬂuw’lﬂﬁ‘”ﬂ”ﬂ'ﬁL‘\JifULG]UIGIIﬂEJEﬂ@JUﬁm "LifLa‘V\Iau%mmmmumummamsaﬂ

vhaneanszuuniduiuvesienisuazsUjiauzannd 1,000 wilewisuiuuuadiFeluan1izund (Wang et

v

al., 2009) lumsAnwiluassillddnwinisvhanelulefduniteny 3 Judulululefiduiegluszezmaaigivialag

a s

¢ o ) P ' v a ' a6 3 Aa o & a
auysal aenafesiuTevuNsinuteunihinsenuilulelduves P. aeruginosa ey 3 Judululedui
agluszznisisyiulalneauysal (Alkawareek et al, 2012) @ S. epidermidis isneauitlulefiduieglu
sern1ssivlalaeauysalfiony 7 u (Chusr et al, 2012) udegelsinuiisenuves Oliveira uavAy

51897 S. epidermidis $1u 22 @nesug Anvdu 75.9% ves S. epidermidis Miaviaa Wiansas1slulefduuin

2

v
=

figrluiuil 3 Oliveira et al,, 2007) Hadimuannsalunsairdlulefidueainnuunnitetuiueg fumeiugues

kY

wupiliie nasnauan NLIRdeuTILUATIEELaSEAULR (Donlan, 2002; Vu et al., 2009) Tun1s@nwgusvinaialule

'3

Waudinauailunisfiansaninarsniivssansnmaaisignsviaielulefidulauinniidasas 40 (Pitts et al., 2003)

'3 £

Fannsnuiluadsidvinismeaougninisiiarelulefiduiif1e3s MTT reduction assay waznnaeudiundes
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qanssatuvuneulineavdaildiaweslunisauny nwanisfnufilanud eraunuunawseuanasyulnsuil
UszansnmlunisinatglulefaunsvuiurlndalaSunasiuiouid Insuansgnsitatelulefduves P

aeruginosa $evay 50 ndsannsnaaeullunan 3-9 Tl uavvianelulefduves S. epidermidis Sevay 45-70

v v
o o o [

wdsnnanegeutduia 3-18 4alus lusseznamadeuidsafuiuinuadadentinauisil Ussavsaw
vhanglulefiduldSosay 40 uazdpsnindosay 40 mudidu Tuvasiinansfnuildanndesganssmituuneuln
roaviailfiamelumsawnuiiuandlifivinoaumuawisunnayulnsuiissansamlumahanglulefldy
155Lﬁduﬁmﬁuﬁﬂﬁuaﬁmﬂﬁaﬂﬂq@muﬁq Mnransneildaenndosiusenumsinuieuntihiildsienuine
Uf)F7ug vancomycin fimudutu 500 waz 1,000 pg/ml %aﬁ]ummrﬁuﬁuqaﬂdwm MIC fiuszandninlunns
vanglulefiduves S. epidermidis vuituinlnadlndu uarainamene Tulefidudendewuunoulrinoaviaild
weslunsauny wuiheitusdnanansaswadmelululefiduiiBameuuiuiwanadin (ELAZiZ et al.,
2005) 81UFTue ciprofloxacin fiarundudu 1-100 uM wuhasnsavharelulefiduves P, aeruginosa vuitufia
ndalasulsuszanadesas 60 wazfimnududy 12.5 pM anansasnwadiululefidy (Kapoor et al., 2011) uay
arsddaluitniisieanuinas canvacrol imnandudu 1 %v/v Sevisvhangluleflduves S. epidermidis vuilui
Tnaalasuldunnnindesas 50 ndsannaaoudunan 24 $2lus (Nostro et al., 2012) lunendufugauiuuna
wisnnayulnswisdiszavsnmhanglulefiduldfniienfjTug tobramycin fimudutu 1-100 M figns
vaeluleWauaes P. aeruginosa lespuay 30 (Kapoor et al., 2011) Lag@1s 3-hydroxydihydrobenzofuran
slycosides Faduansosdusznoumaniiiinululuves Helichrysum italicum fienududu 128 pg/ml ﬁqw§
vhaneluleflduves P. aeruginosa vuituinlndalnIuldifiesdosas 16 (D'Abrosca et al, 2013) uananiiaed
MeuNsAnwfisaisatnieniuoaredeauiuLNa  sryitasadaloviuearesenaNulHaiadudu 10
pe/ml awnsavinangluleflduves . epidermidis Tdunnindesas 60 ndanldsuarsvaaeudunan 1 Falus
wazudannaaoutdunan 24 42lu9 VLUIaWa‘uQﬂﬁwmamm’jﬁaaaz 90 (Chusri et al,, 2012) @sanalen1uea
YN ILHaTiAUENTY 62.5 pg/ml anunsavhangluleflduues P. aeruginosa 5euag 50 waglulofaugn
Wangldsesay 97.3 ndwnnageudunan 24 $3las (Chusri et al, 2013) Anran1snwdnauaninaluly
fianafeatufunmeaeuluads Tnserauuunaiindosanayulnsuisdussansamvharglulefiduves P
aeruginosa Wag S. epidermidis it
nsamuauaunmkazasasnisfudnnisymdrduesnisimuindndusiayulns (Xie et al,

[
[

2006) setulun1sAnwATItTmageuUTuIUEIT9IAUTENEUNILALL alpha-mangostin F991N51891UNNSITUNDUY

o
o

winiduansnidgrsdugainssayivlaveswuaiieldfngaiiaseudisuivaisesiussneunaadl catechin Tu

v
A

puNLazaNsasrUsEnauMLAll curcumin Tuviu 3591 neasen, 2556) Anuani1sanwINbanuIiduans

v
o w o

Wilenilgauisiivsunaasesduseneumaiail alpha-mangostin 11nfian seeas inAeuiuaiaieninmnan

ANNULNANIENINARULNTUI UagenauiuwnamssuaInayulnsan wiiuseansamlunsiululeiduvesen
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anuuanIsnayulnsuisasiifuataudendnaurdussaninmilndifaty udasesduszneumand
alpha-mangostin Tuthsiuadniudendsnauieiiviuauinnieaunuusawissanayulnsuisssaio 2 v
LLamﬂﬁLﬁudmiz?m%ﬂwwluﬂwsﬁmlu‘la?\léuhﬂé'sfuagjﬁ’w%mmmsaaﬁﬂizﬂawwLﬂﬁ alpha-mangostin Lilg
pg1afen Fafegumsnunmsfnmanuszmeduildimsiengiviinuamsesdusznoumanilugiaglng
Ju SiunziTang FaUseney Measulng 4 vin wuasesrUsznaumaniivanun 66 wia Tnesians ginsenosides
uag flavonoids WuaisesAusenaunan (Wang et al,, 2013) Faulunisdnwsrelualsin nsAnen chemical
fingerprints Fafifimsidelugayulngsneg weltiduunmsdunseuauniwsioly

uaﬂmﬂﬁmﬂwamimaaummLﬂuﬁwiaL%aéﬁwﬁfﬂﬁwmiaﬁmLaﬂLszjuLLaxmﬁaﬁ’mLamuaaﬁuaaaguim
widluaeAUsTEnoUTaIIALULNG kazUFaNTAALTY WU ansvnaaus 4 vl dlfn 1C,, 11N 10 pg/ml uas
a15e3fUsznounIaall alpha-mangostin fif1 IC5, 110031 4 pg/ml Fefiaudufviesnin ellipticine (ICy, =

3.7 pg/ml) lneneuntiniiisisnunismeaeuanuduiivuesansainieniusanazasannunvew @ IuLHane

vero cell WuiasataeNIUDaTBIgNAN IULNATIAY ICs, AU 45.68 pg/ml Feilpanduiiwluseduiiunais

v
o a 1

Tuauefiansatminien 1ICs, 11nnd7 500 pe/ml (Chusri et al, 2013) wansliifiuinansatnenusaressnauiy
uwrafiaudufiviewadindaiingd vero cell donndaifiusisaunisfinyives Wang wasanizfivhnsine
asdufivesmsusulnuiiduasesdusznoumaniludensianaselwadiianils (normal skin fioroblast CCD-
10645k cell line) Wu31 @1s0eAUsENOUNILLAL alpha-mangostin, gamma-mangostin Wy 8-deoxysgartanine i

arudufivi Ineuanedn ICy WU 7.27, 11.33 way 10.35 ug/ml mud1su (Wang et al., 2011)
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ARTICLE INFO ABSTRACT

Keywords: Ya-Samarn-Phlae (YaSP) is a traditional Thai polyherbal formula for the treatment of chronic wounds. Although
Thai traditional medicine its ethanol extract has been proven to possess several wound-related biological activities, there is no scientific
Biofilms

information available for the infused oil of YaSP, which is its traditionally prepared form. This present study
therefore aimed to evaluate the efficacy of different infused oils obtained from either fresh or oven-dried herbal
parts of YaSP (F-YaSP and D-YaSP) against biofilms of Pseudomonas aeruginosa, which reside in chronic wounds.
Its main active herbal component, Garcinia mangostana (F-GM and D-GM), as well as a-mangostin were also
tested in this study. All infused oils significantly inhibited the biofilm formation of P. aeruginosa with a per-
centage of reduction ranging from 50 to 90%. Visualization of the inhibition of biofilm development was con-
firmed using scanning electron and atomic force microscopes. All tested agents resulted in a reduction in the
mean average roughness of the biofilm, whereas only treating with D-YaSP, D-GM, and a-mangostin led to a
decrease in both peak height and peak-valley height.

MTT reduction assays revealed that the metabolic activity of P. aeruginosa mature biofilms decreased con-
siderably up to 50% after only 3h of incubation and after only 9h of exposure to D-YaSP. Confocal laser
scanning micrographs illustrated that a maximum biofilm eradication was found when treated with the extracts
for 3h, whereas the biomass, the average thickness, maximum thickness, and the surface to volume ratio of the
treated biofilm was reduced after up to 18 h of contact time. It can be concluded that D-YaSP can effectively
inhibit biofilm formation and eradicate mature biofilms of P. aeruginosa. It should be noted that G. mangostana
and a-mangostin contribute in YaSP as principle active agents for anti-biofilm efficacy.

Pseudomonas aeruginosa
Ya-Samarn-Phlae

1. Introduction

Pseudomonas aeruginosa is an opportunistic pathogen commonly
involved in a variety of different healthcare-associated infections, in-
cluding pneumonia, bloodstream infections, urinary tract infections,
and surgical site infections. Recently, this pathogen has become more
resistant to nearly all antibiotics such as aminoglycosides, cephalos-
porins, fluoroquinolones, and carbapenems, leading to an increase in
morbidity/mortality, length of hospital stay, and overall cost of the

treatment [1]. Moreover, the pathogen is known to be a very proble-
matic bacterium due to its ability to form resistant biofilms, and it has
been identified as one of the most common pathogens in chronic
wounds [2].

Several lines of evidence from both clinical experiences [3,4] and in
vivo studies [5,6] have demonstrated that the presence of bacterial
biofilms, in particular, P aeruginosa biofilms, are associated with the
chronicity of unhealed wounds by a prolonged inflammatory phase and
cause the impairment of epithelialization and granulation tissue
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Fig. 1. Effect of Ya-Samarn-Phlae made from dried herbs (white bars) or fresh herbs (grey bars), hot oil extractions prepared from dried (dark grey bars) or fresh
(black bars) pericarp of Garcinia mangostana, and pre-heated virgin coconut oil (50% v/v) as traditional extracting solvent (diagonal stripe bars), on the bacterial
growth (A) and biofilm development (B) of Pseudomonas aeruginosa ATCC 10145. Growth or biofilm production of P. aeruginosa was significantly inhibited compared

with that of bacteria without the test compounds (*p < 0.05).

formation. The available data also indicate that P. aeruginosa biofilms
have been found to be promoted by treatment with insulin in a diabetic
mouse model [7]. Interruption of bacterial adhesion and biofilm for-
mation therefore should be considered as novel treatment strategies for
chronic wounds. Over the past few years, there has been growing in-
terest in searching for natural compounds that act as new potential
antibacterial drugs as well as anti-biofilm agents to overcome this issue.

Ya-Samarn-Phlae (YaSP) (in Thai; Ya means medicine, Samarn
means healing, and Phlae means wound) has been traditionally em-
ployed for the treatment of chronic wounds and skin infections. It is
composed of Curcuma longa L. (rhizome), Areca catechu L. (seed), Oryza
sativa L. (seed), and Garcinia mangostana L. (pericarp). Our previous
study revealed that the ethanol extract of the formula possessed strong
antibacterial activity against methicillin-resistant Staphylococcus aureus
[8]. Moreover, it has been documented to inhibit biofilm formation of
P. aeruginosa [9] and Staphylococcus epidermidis [9]. In addition to its
antibacterial and anti-biofilm activities, YaSP also has remarkable anti-
inflammation and antioxidant abilities [8]. Our previous study also
revealed that among its herbal components, only Garcinia mangostana
ethanol extract and a-mangostin were found to possess notable anti-
bacterial and anti-biofilm activity against bovine mastitis-isolated
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staphylococci [10].

During its traditional preparation, the formula is prepared by ex-
traction with freshly prepared coconut milk and low-temperature
cooking to obtain an active oil. Although our previous work indicated
an anti-biofilm activity of the ethanol extract of YaSP, the anti-biofilm
capability of a traditionally prepared form of YaSP has not been proven
yet. Therefore, this study aimed to investigate the anti-biofilm activity
of YaSP prepared from both oven-dried and fresh plant parts. Garcinia
mangostana and a-mangostin were additionally tested as active in-
gredients of YaSP. This study revealed that a poly-herbal formula, YaSP,
remarkably disturbs P. aeruginosa biofilm formation and affects its
biofilm architecture. The eradication of P. aeruginosa mature biofilms
after treating with YaSP was also demonstrated.

2. Materials and methods
2.1. Preparation and standardization of infused oil
Ya-Samarn-Phlae (YaSP) consists of equal proportions of Curcuma

longa L. (thizome), Areca catechu L. (seed), Oryza sativa L. (seed), and
Garcinia mangostana L. (pericarp) [8]. To prepare the solution of YaSP,
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Fig. 2. Scanning electron micrograph images of biofilm formed by Pseudomonas aeruginosa ATCC 10145 on the surfaces of glass after incubation with 50% (v/v) of D-
YaSP (B), F-YaSP (C), D-GM (D) or F-GM (E). Tryptic soy broth containing 2% glucose (A) was used as the negative control and 2 ug/mL of a-mangostin (F) was

included as a representative active constituent.

the dried (D-YaSP) or fresh (F-YaSP) plants (125g) were simmered
together with pre-heated virgin coconut oil (Tropicana’ VCO; 1.5L) at
60 °C for 4 h, while dried (D-GM) or fresh (F-GM) pericarps of Garcinia
mangostana (500 g) were used in preparation of either D-GM or F-GM
infused oil. After cooling, the infused oil was stored in a sterile amber
and airtight sealed bottle at room temperature until use. A patent for
“the preparation method of Ya-Samarn-Phlae (YaSP) as a topical wound
healing agent” has been granted under Thailand patent number 10008
(22nd June 2015).

To preliminarily confirm it as an active ingredient of the infused
oils, the a-mangostin content was analysed using a modification of a
previously described reversed-phase high-performance liquid chroma-
tography (RP-HPLC) method [11]. The HPLC model Agilent 1200 Series
(Agilent Technologies, USA) equipped with a 1200 series binary pump,
1200 Series autosampler, 1200 thermostatted column compartment,
and Agilent 1200 series diode array detector was used. The con-
centration of a-mangostin was determined on a reverse-phase ODS

Hypersil C18 column (4 X 250 mm i.d., 5pum). Acetonitrile:2% formic
acid buffer in a ratio of 70:30% (v/v) was used as the mobile phase at
flow rate of 1 ml/min with a run time of 20 min at ambient tempera-
ture. The samples dissolved in 80% methanol were injected using an
Agilent 1200 Series autosampler with an injection volume of 20 uL and
the monitoring wavelength was 245nm. The standard solution of a-
mangostin was prepared by accurately weighing and dissolving a-
mangostin (Sigma Aldrich Chemie GmBH, Steinheim, Germany) in 80%
methanol to obtain a final concentration of 100 pg/ml. The solution was
then diluted to achieve the desired concentrations.

2.2. Bacterial strain and culture conditions

P. aeruginosa ATCC 10145 was used in this study as a biofilm po-
sitive strain. The pathogen was grown overnight at 37 °C on tryptic soy
agar (TSA). To promote biofilm formation, well-isolated colonies were
used to inoculate tryptic soy broth supplemented with 2% glucose
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Fig. 3. Atomic force microscopy 3D images of biofilm formed by Pseudomonas aeruginosa ATCC 10145 on surfaces of glass after incubation with 50% (v/v) of D-YaSP
(B), F-YaSP (C), D-GM (D) or F-GM (E). Tryptic soy broth containing 2% glucose (A) was used as the negative control and 2 pg/mL of a-mangostin was included as a

representative active constituent (F). All images show an area of 5 X 5 um?,

(TSBGlIc) for 18 h at 37 °C. For the experiments, the suspension was then
diluted in TSBGlc to adjust the bacterial final concentration to
1 x 10° CFU/ml.

2.3. Assessment of biofilm inhibition by crystal violet assay

The biofilm formation of the tested bacteria after treatment with
YaSP made from dried herbs (D-YaSP) and fresh herbs (F-YaSP) or hot
oil extractions prepared from the dried (D-GM) or fresh (F-GM) pericarp
of G. mangostana was performed by crystal violet assay in 96-well
polystyrene microtiter plates ((Nunclon™, Nunc, Thermo Scientific)
[12]. Each sample was serially diluted to obtain final concentrations
ranging from 100 to 1.53% v/v in TSBGlc containing 0.5% (v/v) of the
nonionic surfactant Tween 80, which was added to facilitate the
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solubilization of the infused oil in the solution [13]. One hundred mi-
croliters of the bacterial suspension (1 X 10° CFU/ml) was added to
each well along with 100 pl of the tested samples. After 48 h of in-
cubation, bacterial growth was measured at 620 nm by a multimode
plate reader (Varioskan Flash, Thermo Fisher Scientific Inc., USA).
Then, the plate was washed with 200 ul of PBS to remove planktonic
cells and dried for 1hat room temperature. The biofilm was stained
with 0.1% crystal violet (200 pl) for 30 min before washing with PBS.
DMSO was added to each well to leach the crystal violet from the
stained biofilm. The biofilm biomass based on crystal violet absorbance
was then measured at 600 nm. The pre-heated virgin coconut oil was
additionally tested to describe its biofilm inhibition ability as tradi-
tional extracting solvent. The test was performed in triplicate and
TSBGlc containing 0.5% (v/v) Tween 80 served as a negative control.
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Table 1

Mean values of roughness average, peak height, and peak-valley height of
biofilm formed by Pseudomonas aeruginosa ATCC 10145 over a 25-um? area
after incubation with 50% (v/v) of Ya-Samarn-Phlae made from dried herbs (D-
YaSP) and fresh herbs (F-YaSP) or hot oil extractions prepared from dried (D-
GM) or fresh (F-GM) pericarp of Garcinia mangostana.

Tested agents Parameters (means *= SD; nm)

Roughness average  Peak height Peak-valley height

TSB+2% glucose  91.86 + 11.68 375.13 = 20.93 725.98 * 59.88
D-YaSP 45.12 * 11.96* 223.32 = 49.81* 399.08 + 33.15*
F-YaSP 49.88 + 25.85* 299.85 * 47.68 519.12 + 89.48
D-GM 4.64 £ 2.11* 61.85 *= 29.66* 96.33 * 48.60*
F-GM 10.83 + 8.50* 172.32 + 152.74  224.18 + 184.67
a-mangostin® 11.09 * 5.45* 115.86 *+ 55.47* 167.67 + 82.01*

*The values are significantly decreased compared with those of biofilm without
the tested agents (p < 0.05).
#: 2 ug/ml of a-mangostin was included as a representative active constituent.

2.4. Visualization of biofilm architecture using scanning electron
microscopy (SEM) and atomic force microscopy (AFM)

The samples were prepared and examined as described previously
[12]. P. aeruginosa (1 x 10° CFU/ml) was grown in 24-well polystyrene
plates with a glass slide in the presence or absence of the tested samples
at a final concentration of 50% (v/v) for 48 h at 37 °C. After incubation,
cells were washed with PBS and fixed with 2.5% glutaraldehyde for
1 h at room temperature. The fixed specimens were dehydrated using
ethanol at 50%, 70%, 80%, and 90% (v/v) for 15 min, and 100% (v/v)
for 30 min, followed by a critical point drying procedure (Quorum
Technologies EmiTech K850). The specimens were then sputter-coated
with gold and visualized by FEI-Quanta™ 400 scanning electron mi-
croscopy (SEM).

The biofilms were treated, and the samples were prepared as de-
scribed above. Sample measurements were carried out with an AFM
(Nanosurfe EasyScan 2 FlexAFM, Liestal, Switzerland) at the Centre of
Excellence in Nanotechnology for Energy, Department of Physics,
Faculty of Science, Prince of Songkla University [14].

2.5. Biofilm eradication by MTT assay

Biofilms were grown as described above and the diluted bacterial
suspension (1 X 10° CFU/ml) was added into 96-well polystyrene mi-
crotiter plates. The medium was changed every 24h until a mature
biofilm was achieved. Then, the biofilm was gently washed with PBS
(200 pul) and the plate was left at room temperature for 1h. After
drying, the biofilm was exposed to 100% v/v of the tested samples for
3, 6, 9, and 18h. At each time point, the medium was removed by
washing with 250 pl PBS and the plate was left to dry for 1 h. Bacterial
viability was analysed using a 3-(4,5-dimethylthiazol-2-yl) —2,5-di-
phenyl tetrazolium bromide (MTT; Sigma) reduction assay as described

Table 2
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previously [15]. Briefly, an aliquot of MTT solution (2 mg/ml; 20 ul)
along with 180 ul of TSBGlc were added into each well. The plate was
then incubated for 3h in the dark at 37 °C. Following the incubation,
the MTT solution was removed and replaced with 200 pl of DMSO. The
colour intensity of the DMSO dissolved formazan was determined by a
microplate reader at 482nm. The test was performed in triplicate.
TSBGlc containing PBS served as a negative control.

2.6. Visualization of mature biofilm architecture of P. aeruginosa using
confocal laser scanning microscopy

Mature biofilms of P. aeruginosa were prepared as previously de-
scribed [16]. Three-day-old biofilms were exposed to 1 ml each of D-
YaSP, F-YaSP, D-GM, and F-GM for different time intervals (3h, 6 h, 9h,
and 18h). At each time point, the biofilm slides were taken out and
rinsed with hexane. The samples were analysed by confocal laser
scanning microscopy (CLSM; Zeiss LSM 710, Germany) after staining
for 30 min in the dark with a LIVE/DEAD’ BacLight™ Bacterial Viability
Kit, a known indicator of cell viability, related to cell membrane in-
tegrity. Parameters including biofilm biomass, average and maximum
thickness, and surface to volume ratio were used to evaluate the mature
biofilm architecture of P. aeruginosa. A total of six image stacks were
acquired and quantified by COMSTAT image analysis software as pre-
viously described [17].

2.7. Statistical analysis

All data are expressed as the means *= SD or the means * SE.
Differences between groups were described by the Duncan's multiple
range test. P values less than 0.05 were considered statistically sig-
nificant.

3. Results

3.1. D-YaSP, F-YaSP, D-GM, and F-GM reduce biofilm formation by P.
aeruginosa

The results of the biofilm inhibition, presented in Fig. 1, revealed
that D-YaSP, F-YaSP, D-GM, and F-GM at 0.78-6.25% (v/v) sig-
nificantly reduced P. aeruginosa ATCC 10145 biofilm formation without
any change in bacterial growth when compared with the control
(p < 005). Reduced biofilm formation was even observed at con-
centrations 12.50-50% (v/v), but there was also a significant decrease
in bacterial number (Fig. 1A). An inhibition of P. aeruginosa biofilm
formation of 75.64 = 7.01% was found for the pre-heated virgin co-
conut oil at concentration of 50% (v/v).

Mature biofilm eradication ability of Ya-Samarn-Phlae made from dried herbs (D-YaSP) and fresh herbs (F-YaSP) or hot oil extractions prepared from dried (D-GM) or
fresh (F-GM) pericarp of Garcinia mangostana on 3-day biofilms of Pseudomonas aeruginosa ATCC 10145 measured by an MTT reduction assay.

Tested agents

Percentage of biofilm eradication (% * SD) at difference contact times (h);

3h 6h 9h 18h
PBS 27.26 + 8.58¢ 40.51 + 7.53¢ 38.93 + 7.96¢ —-54.18 + 10.97¢
D-YaSP 53.78 + 7.036 ™ 54.39 + 6.58° 53.95 + 4.66° 14.77 + 7.63°
F-YaSP 60.36 + 9.60° 40.01 + 8.25° 23.92 * 7.63¢ -11.49 + 6.44°
D-GM 47.85 + 3.04° 44.61 = 8.41 % 48.31 + 14.90° —-15.86 = 1.92¢
F-GM 57.17 + 0.13 > 26.34 + 2.94¢ 10.69 + 4.62¢ 11.51 + 3.37°
a-mangostin” 91.27 * 1.06* 90.66 + 2.02% 89.40 + 5.46% 94.59 = 2.60%

#€Values in the same column with different superscripts are significantly different by the Duncan's multiple range test (p < 0.05).

#: 2 ug/mL of a-mangostin was included as a representative active constituent.
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Fig. 4. Confocal laser scanning microscopy analysis of 3-day biofilms of Pseudomonas aeruginosa ATCC 10145 on glass surfaces after incubation with 100% (v/v) Ya-
Samarn-Phlae made from dried herbs (D-YaSP; upper panel) and fresh herbs (F-YaSP; upper panel) for 3, 6, 9, or 18 h. Control represents the 3-day biofilms incubated

in phosphate buffered saline for 18 h. Scale bars are 50 um.

Fig. 5. Confocal laser scanning microscopy analysis of 3-day biofilms of Pseudomonas aeruginosa ATCC 10145 on glass surfaces after incubation with 100% (v/v) hot
oil extractions prepared from dried (D-GM; upper panel) or fresh (F-GM; lower panel) pericarp of G. mangostana for 3, 6, 9, or 18 h. The control represents the 3-day

biofilms incubated in phosphate buffered saline for 18 h. Scale bars are 50 um.

3.2. Biofilm formation of P. aeruginosa affected by YaSP and its
constituents

The architecture of the P. aeruginosa biofilm formed on a glass slide
after 48 h was investigated by SEM, which is illustrated in Fig. 2. SEM
images showed rod-shaped cells of P. aeruginosa in the control condi-
tion, forming a dense cell aggregation and biofilm formation (Fig. 2A).
In contrast, cells treated with D-YaSP (Fig. 2B), F-YaSP (Fig. 2C), D-GM
(Fig. 2D), and F-GM (Fig. 2E) displayed fewer bacterial clusters and
slight aggregation with poor formation of the biofilm when compared
with the control cells. Alpha-mangostin, a standard biomarker of G.
mangostana, also profoundly inhibited the biofilm formation of the
bacteria on a glass surface (Fig. 2F).

The three-dimensional topography of the P. aeruginosa biofilm in

different conditions examined by AFM is also given in Fig. 3. A highly
dense biofilm surface was observed in the control P. aeruginosa biofilm
(Fig. 3A), which showed a roughness average, peak height, and peak-
valley  height of 91.86 * 11.68, 375.13 = 20.93, and
725.98 + 59.88 nm, respectively (Table 1). Loss of the bacterial bio-
film surface was observed in the D-YaSP (Fig. 3B), F-YaSP (Fig. 3C), D-
GM (Fig. 3D), F-GM (Fig. 3E), and a-mangostin (Fig. 3F) treatment
groups, which all had a significant reduction (p < 0.05) in roughness
average when compared with those of the control biofilm. The rough-
ness averages for the treatment groups were 45.12 + 11.96,
49.88 + 25.85, 4.64 = 2.11, 10.83 = 8.50, and 11.09 * 5.45nm
for D-YaSP, F-YaSP, D-GM, F-GM, and a-mangostin, respectively. All
parameters, including roughness average, peak height, and peak-valley
height, were significantly decreased (p < 0.05) in the D-GM and a-
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Table 3

Quantitative structural parameters of 3-day biofilms of Pseudomonas aeruginosa
ATCC 10145 after treatment with Ya-Samarn-Phlae made from dried herbs (D-
YaSP) and fresh herbs (F-YaSP) or hot oil extractions prepared from dried (D-
GM) or fresh (F-GM) pericarp of Garcinia mangostana.
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mangostin treatment group compared with the control (Table 1).

3.3. Mature biofilms of P. aeruginosa were interrupted by YaSP and its
constituents

Tested agents  Contact Biomass Average Maximum Surface to
times (h) (urrf/ thickness  Thickness volume To investigate the effects of all tested agents on biofilm eradication,
wm’) (hm) (um) Eanoz/ 3 biofilms were grown for 3 days and then treated with the tested agents
m m

. for 3, 6, 9, and 18h. Table 2 shows that D-YaSP (53.78%), F-YaSP
PBS 18 34.00 18.00 33.00 0.034 (60.36%), D-GM (47.85%), and F-GM (57.17%) treatment effectively
D-YaSP 3 26.33 13.16 24.69 0.042 eradicated the mature P. aeruginosa biofilm after 3h of incubation
6 19.30 9653 18.10 0.056 compared with the PBS control (p < 0.05). Interestingly, treatment
? 2150 1078 1882 001 ith the solution made from the fresh part of the herbal constituents (F
18 2591 12.60 23.64 0.044 wi e solution made from the fresh part of the herbal constituents (F-
F-YaSP 3 24.58 12.29 23.05 0.045 YaSP and F-GM) for 3 h significantly decreased biofilms more than the
6 24.96 12.48 21.84 0.044 solution prepared from the dry plants. After 6 h of incubation time, only
9 24.28 12.14 2277 0.045 D-YaSP significantly destroyed the biofilm formation by 54.39%. There
D-GM ;8 z;gz 1(1).62321; ng g'gi; were no effects of all tested agents on biofilm eradication after 9h of
6 20.02 10.01 18.77 0.054 incubation. However, at 18 h, the ability of D-YaSP and F-GM to destroy
9 20.78 10.39 19.49 0.052 the biofilms was clearly lost when compared with the PBS-treated
18 20.14 10.07 18.89 0.054 biofilms. D-YaSP and D-GM still had a similar percentage of biofilm
F-GM § ;3?; 1‘6"32 ;(7)3 g‘g;‘; eradication after 9 h of treatment whereas the ability of F-YaSP and F-
9 26.77 13.38 25.10 0.045 GM to destroy the bi(?filrn’ w'af apparently'weakened 0\’/er’ the tested
18 23.89 11.94 22.40 0.049 times. Alpha-mangostin significantly eliminated the biofilms at all
timepoints with percentages up to 89%. Notably, YaSP prepared from
both dry and fresh plants had better activity to eradicate the mature

biofilm formation than the GM solution.

To further examine the dispersal effects of all tested samples on the
established biofilms, the bacteria were grown for 3 days before starting
the treatments. CLSM was used to visualize the images. The results

A Area & “| Alpha-Mangostin at exp. RT: 10.8965
7 DAD1 D, Sig=245,16 Ref=360,100
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Fig. 6. HPLC calibration curve of a-mangostin (a proposed active constituent; A) and its quantitative analysis in each infused oil prepared from YaSP and Garcinia
mangostana pericarp (GM; B). Values were subjected to one-way analysis of variance (ANOVA), the letter indicates the p value significance (p < 0.05).
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illustrated that P. aeruginosa biofilms treated with PBS for 18h ex-
hibited complete structures of biofilms with more live cells (green cells)
than dead cells (red cells) (Figs. 4 and 5). The biofilms treated with D-
YaSP (for 18 h), F-YaSP (for at least 9 h), D-GM (for at least 9 h), and F-
GM (for at least 6 h) appeared to contain more bacteria with damaged
membranes, which fluoresced yellow and orange. The biofilm structure
was eradicated after treatment with all samples for 3h (Figs. 4 and 5).
The quantitative measurements obviously confirmed that all samples
certainly influenced the biofilm structures by inducing decreases in
biomass and biofilm thickness after 3h of treatment when compared
with the PBS control (Table 3).

3.4. a-mangostin was found in all infused oils

RP-HPLC analysis of YaSP and G. mangostana infused oils revealed
the presence of a-mangostin as a marker constituent with anti-biofilm
activity per millilitre of each infused oil as shown in Fig. 6. D-GM and F-
GM possessed higher a-mangostin contents than that of D-YaSP and F-
YaSP, and it should be noted our data clearly demonstrated that the
anti-biofilm activities of D-YaSP were significantly higher than that of
the GM infused oils. Therefore, this study has confirmed that a-man-
gostin is an active constituent in YaSP.

4. Discussion

A previous study has proposed that biofilms of P. aeruginosa proceed
through at least five phenotypic steps including (i) initiation of adhe-
sion of planktonic bacteria, (ii) irreversible attachment of the cells, (iii)
formation of microcolonies, (iv) development of a three-dimension
community, and (v) dispersion of the biofilm [18]. Among these men-
tioned steps, several studies have revealed that medicinal plants as well
as plant-derived compounds possess anti-biofilm activity, in particular,
they inhibit bacterial adherence and further interrupt the biofilm for-
mation [16,19]. For example, zingerone isolated from Zingiber officinale
was found to reduce three flagellum-mediated motilities, swimming,
swarming, and twitching, thus resulting in ineffective attachment of P.
aeruginosa cells to catheter surfaces and leading to either delay or in-
hibition of biofilm formation of this pathogen [19].

To our knowledge, no previous literature has reported the anti-
biofilm development properties of A. catechu and O. sativa, but acetone-
water extracts of A. catechu were found to display quorum sensing (QS)
antagonistic activity and inhibited flagella motility-dependent
swarming of P. aeruginosa [20]. It is well-documented that a-mangostin,
an active constituent found in the pericarp of G. mangostana [21], has
stronger antibacterial activity than that of curcumin [22] and arecoline
[23], the reported active constituents of C. longa and A. catechu, re-
spectively. This information is consistent with our previous report,
wherein the antibacterial activity of YaSP ethanol extract and a-man-
gostin had better inhibitory effects towards coagulase-negative and
-positive staphylococci isolated from bovine mastitis compared to that
of curcumin [10]. Alpha-mangostin was also found to prevent the initial
adherence of Candida albicans [24] and inhibit the biofilm development
of Streptococcus mutans, C. krusei, C. tropicalis, C. glabrata, S. epidermidis,
and S. aureus [25-27]. In spite of the antibacterial, antioxidant, and
anti-inflammatory activities of curcumin, intensive works have been
conducted on its inhibitory activity towards the biofilm formation of
several pathogens. Packiavathy et al. [16] found that curcumin is
capable of inhibiting the biofilm formation of treated uropathogens
including Escherichia coli, P. aeruginosa, Proteus mirabilis, and Serratia
marcescens by up to 80% in a dose-dependent manner and interrupting
their biofilm architecture. Previous studies have demonstrated that
curcumin inhibits flagellar-mediated swimming motility, which plays a
crucial role in the cell-to-surface adherence of P. aeruginosa and other
pathogens such as Salmonella enterica Typhimurium, Vibrio spp., E. coli,
P. mirabilis, and S. marcescens [16,28,29].The compound was ad-
ditionally found to interfere with the QS system of E. coli, Vibrio spp., S.
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marcescens, and P. aeruginosa [16,28]. This can lead to interruption of
the development of signal-mediated biofilm formation and inhibit QS-
mediated virulence such as the production of rhamnolipid, exopoly-
saccharide, alginate, prodigiosin, beta-galactosidase, and acyl homo-
serine lactone [16,28,29]. Taken together, the anti-biofilm action of
YaSP on both hydrophobic and hydrophilic surfaces might be asso-
ciated with the presence of a-mangostin and curcumin in the formula,
which may interrupt the biofilm development via either the inhibition
of the QS system or disturb the swimming motility of the pathogen.

The mature biofilm has a complex architecture that increases its
resistance against the host defence system and conventional antibiotic
treatment. The findings of our study revealed that traditionally pre-
pared YaSP could eradicate a preformed biofilm of P. aeruginosa by
reducing the number of viable cells and causing cell membrane damage.
This corresponds well with the reports of Packiavathy et al. [16],
Nguyen et al. [25], and Nguyen et al. [30], who revealed that curcumin
extracted from C. longa and a-mangostin extracted from G. mangostana,
which are the components of YaSP, can disrupt the structural integrity
of S. mutans, S. aureus, E. coli, P. mirabilis, and S. marcescens biofilms.
Previous studies have reported the ability of plant-derived compounds
with anti-biofilm properties to either enhance their inhibitory effect in
combination with antibacterial agents such as zingerone/ciprofloxacin,
curcumin/ceftazidime, curcumin/ciprofloxacin, etc. [19,31], or en-
hance P. aeruginosa immune clearance in in vivo models such as baicalin
from Scutellaria baicalensis [32], ellagic acid from Terminalia chebula
[33], etc. Therefore, the alteration of preformed biofilms and modula-
tion of biofilm development resulting in thinner biofilms, as observed in
the current study, may lead to an increase in susceptibility to conven-
tional antibiotics and host immune clearance. Even though a-man-
gostin was previously found to be inactive against E. coli and P. aeru-
ginosa [34], the compound exhibits strong antimicrobial activity against
S. mutans, S. aureus, and S. epidermidis cells by disrupting the integrity
of the cytoplasmic membrane of the pathogens [21,25,30]. Further-
more, a-mangostin was found to strongly reduce cell viability in the
preformed biofilm, and the hot oil extractions obtained from both YaSP
and G. mangostana caused cytoplasmic membrane damage of P. aeru-
ginosa. It should be noted that the traditional extracting solvent, co-
conut oil, has also been reported to have inhibitory activity against C.
albicans [35], S. mutans [36], and Clostridium difficile [37]. A similar
tendency was observed in our study where the preheated virgin coconut
oil has found to possess biofilm inhibition property, however, its anti-
biofilm activity was lower than that of D-YaSP and D-GM which their
percentage of biofilm inhibition was up to 97%. Lack of systematic
studies on anti-biofilm mechanisms of both active ingredients as well as
the traditional extracting solvent of YaSP can be also mentioned as the
limitation of this study and are currently being assessed by our research
group.

Therefore, the results of the present work indicated that tradition-
ally prepared YaSP, in particular when extracted from dried herbs, has
potent anti-biofilm potency and it may serve as an add-on strategy to
reduce the development of biofilms via inhibiting biofilm formation
and eradicating preformed biofilms. Although the anti-biofilm me-
chanisms of YaSP are under ongoing investigation, the formula might
be explored in the future for its topical application, especially as a
YaSP-containing cleaning solution for chronic wounds.

5. Conclusion and prospects

Traditionally, the hot oil extraction of YaSP has been intensively
used in the treatment of chronic wounds, which invariably result in
biofilm-associated bacterial infections. This study is the first work that
explored the traditional form of YaSP, a complex herbal medicine, in-
stead of its extracts. The anti-biofilm activity of YaSP on both hydro-
phobic and hydrophilic surfaces might be partly associated with the
presence of a-mangostin in the formula. The anti-Pseudomonas biofilm
activity of the herbal formula could also be effective in the prevention
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of the development and growth of many other pathogens found in
chronic wounds such as Staphylococcus spp. and Enterococcus spp.
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