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ABSTRACT
TITLE : PRODUCTION AND EFFICACY STUDY OF REFRESHING
SPRAYCONTAINING MENTHOL-LOADED NANOCAPSULES
AUTHOR : VIRAWANAN  KANOKNITTHIRAN
DEGREE : MASTER OF SCIENCE
MAJOR : COSMETICS AND HEALTH PRODUCTS
ADVISOR : ASSOC. PROF. BANCHA YINGNGAM, Ph.D.
CO-ADVISOR : ASST. PROF. CHUTINUN PRASITPURIPRECHA, Ph.D.
ASSOC. PROF. WANDEE RUNGSEEVUITPRAPA, Dr.rer.nat.
KEYWORDS : REFRESHING SPRAY,MENTHOL-LOADED NANOCAPSULES,

IRRITATION STUDY, ARTIFICIAL NEURAL NETWORK

Menthol can activate the transient potential receptor channel M8 at the end of
the nerves located in the basal epidermal layer to provide a momentary cooling effect.
Unfortunately, this substance has some limitations, as it has low aqueous solubility and
quickly sublimates under ambient conditions. Therefore, it is essential to develop
nanocarriers capable of incorporating this substance inside the particles to make it
soluble, reduce sublimation and quickly increase skin permeability. This research aimed
to fabricate menthol in nanocapsules to improve its water solubility, minimize
evaporation, and promote rapid delivery of menthol to the skin for use as a refreshing
spray. Menthol was encapsulated in nanocapsules using a nanoprecipitation method.
The independent variables were the proportions of menthol, poly
( €- caprolactone) , and poloxamer 188, while particle size, zeta potential, and
entrapment efficiency were defined as responses. A Box- Behnken design was
implemented in the experiments. An artificial neural network and K- fold cross-
validation were also used. The desirable functionality was then applied to determine
the optimal conditions for the formulation. These nanocapsule properties were then
characterized, including their thermal properties, surface charge attributes, interaction
among formula ingredients, skin permeation pathway, cytotoxicity, and potential

irritation.



The results showed that the best artificial neural network architecture was
3-8-8-3 for the input, first hidden, second hidden, and output layers, respectively. The
optimum nanocapsule formulations contained 150 mg menthol, 84 mg poly
(&€-caprolactone), 125 mg poloxamer 188, 300 mg caprylic/ capric triglycerides, 80 mg
sorbitan monooleate, 25 mL acetone, 80 mg polysorbate 80, and 50 mL distilled water.
These proportions yielded nanocapsules with a mean particle size of 205.11 + 12.73
nm, a zeta potential of -26.61 + 2.32 mV and a menthol entrapment efficiency of 98.18
+ 0.15%. These values were not statistically different from the predicted values (p>
0.05). The most important factors influencing the menthol-loaded nanocapsules were
the amount of menthol, followed by poly (E-caprolactone and poloxamer 188, with Jj
values of 59.7%, 59.3%, and 24.8%, respectively

The results of thermogravimetric analysis demonstrated that the nanocapsules
were effective in preventing menthol sublimation. Infrared spectroscopy indicated that
the negative charge of the nanocarriers was the result of the actions group within the
wall material and that the interaction among the substances were not detected in the
test. The pigskin permeability test revealed that nanocapsules facilitate menthol to
quickly penetrate the target skin layers within 5 min of application through the
transepidermal and transfollicular pathways. The cytotoxicity of the nanocapsules was
evaluated in normal human dermal fibroblasts. Both menthol-loaded nanocapsules
and empty nanocapsules were found to be biocompatible with the test cells at
concentrations between 3.125 and 5,000 pg/mL.

Potential irritant assessments showed that spray products containing menthol-
loaded nanocapsules were compatible with the vascular system. The irritation scores
for the tested product and the blank spray were 2.15 + 1.91 and 2.84 + 1.65,
respectively, while the free menthol solution had a higher irritation score (3.92 + 0.75)
(p <0.05). Irritation scores of the positive control group (0.1 N NaOH)) were17.63 + 0.31
and those of the negative control group (normal saline solution was 0.00 + 0.00 (p
<0.001).

In summary, the development of menthol loaded in nanocapsules using the
nanoprecipitation method was successful. Nanoencapsulation not only facilitates the

improvement of skin permeation but also reduces cytotoxicity with the reduction of



menthol sublimation. The developed refreshing spray containing menthol- loaded
nanocapsules caused low irritation to the hen’s egg chorioallantoic membrane. These
findings will be useful in the future submission of the human ethical research protocol

on cooling product efficacy in healthy volunteers.
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1.1 fuuazanudAnuainiside

lwumea (menthol) (1wl 1.1) Wuaseengniddyadandafifsailigs fyadnis
nsnangauaglasumnuiealdediann msiatduiidonisilugramnssuemis infeshu
ey edpsdiens uagnsUszgndldlumandamans oarnanauAinssduliidniunasy
ﬁﬂﬁﬁﬂ%ﬁﬁﬂam%u%’mmz%aLﬂu@mauﬁaﬁL“L“Jul,aﬂé’ﬂwiﬁ (Patel, Ishiuji, & Yosipovitch, 2007) ¥
iguasdveauuneaiiingsiudos 4 nisléuunoaiioifiuamandududnisndefians
thaliusslomild wildudufe maiurwanduliuifiuse wisunesidedinidosddans
axaneinfisunnuasiieduiaruSeuasinnssymeldog1ssamda (Yingngam et al, 2019)

JayananviliiAauuanifeiunaniasifitefiuauaadulas nszdunisiudian
anuinilesdliungiusn neldnvslunisadeanuidniuiiiomiesaumen Sewdndasiign
ponuuUlensvaussauazaantunsldude ansaldnudiedie ddaruiivinalum 8n
Fagannmazanuaziun sufsifdulszneuiaginliAnnisseaeifestoion lagld
ansosdvszneuilliluiatosdiondld feiidesanuunesdaiussdusznoundnvoman sl
ansitlaidndutuiddldinandsi uluguuuuTuwadyalagldne o sdnaseididniuld
fus1ene e poly (e-caprolactone) mihiduamsievuuiluualgaiiiiruasiiguas uss
wunealinieluounia nssaedogluidaiuinniameuen aglimsuiidnuuslusouas
Tnenszurumsndaanunizdonunssuisiveuaslddunud dudunsfnuidfadatunis
Fusuagiaaniglunmeassielilindnsaisiveay Welnlulunuinguszasd
Tngldimaluladasislmidmiviannadnsamifiunmanduuniduse

midpidenulanruesdeunndanniuddelndifes nnisduduissunssiinfu
wunslulssmALazaUssme Tsidnsinamudn Tasmsidefinnalide msliiEuan
uluualgaiindnnnedimesuaneivioulfiuunensglusUarsarasluthifunasfuls
msﬂ,umgmﬂLﬁalﬁw%famﬁm%’uaaﬂqwé ansesrusznouilddndu biodegradable polymer
wazisAldaiuisavensnisudnainseduiesujuianisidignisndnvuinnalsuaz vuia
gnavnssuld mnuLanAannuitefinisdesenmaluladiiiondnduinield T dud
“avepaiu” Jsltiwaglaadumsvioruiuuneauasiinguszasdioiiuanufunazaaisiou
fio dunanfilfiduauazain uaznssuiBnandniagldilunsidetasidunsumsndndide 15
wagldnandnganit Snsdaddsulinmumeadeuaniuganadnduasazaneiiielindon



dmiuesngrdnuateuszamivdudannuduludundsiinga Journigan & Zaveri, 2013) ag
Wmnnevesnuddeydldssuuihdsinastumntiiolundndasidmiuiiuauanduwngduse

OH

m‘wﬁ 1.1 lassadrandivasuunaasia(iRr, 25, 5R) -2-isopropyl-5-methylcyclohexanol
%30 (-)-menthol Faudulelywasildlunsinunil

1.2 InqUszaeAnsiY

Wesannnsuanululelgainiiuiumealas@nuiluvasamaass (in vitro study) nagey
AuANTATDIszUUAY UsrAvBranisthdsansidrgtuinuiasilulflunisnanansddmsy
ineandy

1.3 dUNAFIUVINITINY

nstnifumunesluluuagassdieshliuuneaarareilditu faazdisannisssme
voasuven heliuuneasunsadudngiavsiunilatmiiitinlfesumniduieraslild
SEnandule

1.4 Uszleviimndnaglasu
IanszuaumslunsiaungesdfuausduuneaunlunalyanannisTemveve U eayle
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2.1 AUENUAYDILNUNDA

Menthol (p-menthan-3-ol; C1oH200) uasuseLnn cyclic terpene alcohol Anuleialy
535UYIRIINTAYANaMentha sp. WATIINNITAUATIENNIWALIIN a-pinene ?quﬂisﬁasm
undvaneadunaun Tnesusedn wuneannlfifefuasusutnausalusivensly
DIVUUAIY LﬁaﬂmﬂLﬁumiﬁﬁﬂﬁumauLLasﬁqwéiﬁﬂawmLﬁu (Patel et al., 2007) lasa@519714
ilvenauneaty Usznoulugrseznouaisveuillauuins (asymmetric carbon) $1uau
3 pzmouluraunmiu cyclohexane 3einlvlassasaliquaudfiluainaslalalaiues
(sterecisomer) lngilpauffalalawas (optical isomer) 31U 4 ¢ Fawanslunmi 2 seuifa
lelowwesusiarlnssasnasadigrsiiunndaiueenly Tnefianie (-menthol fifinduneunazgws
IﬁmmLﬁumuﬁqmmaaﬂﬁzé:umma@%ulﬁﬁ (Etzold, Jess, & Nobis, 2009) Iag (-(-)-menthol
nszduliiAnmnudulunsvaaeunuyuens1afiAn ECs (effective concentration) Wiy 66.7

T 3.3 uM (Journigan & Zaveri, 2013)

OH OH OH “oH

(-)-Menthol (-)-Neomenthol (-)-Isomenthol (-)-Neoisomenthol

" oH " " oH “OH OH

aSa
>_§_>_

(+)-Menthol (+)-Neomenthol (+)-Isomenthol (+)-Neoisomenthol

Ai 2.1 Tassadsesudnalolviuasveauunea
7ix": Etzold et al. (2009)



2.2 nalnnsesngnsvesuneanenisTuduiaLdy

ﬂalﬂmﬁaaﬂqwé’[,umsa%ammLﬁuU%Lamﬁmﬁ’aLLam?iaqsm 1 VBULUNOAAATURIUNTS
ﬂizﬁuﬁﬁu cold-and menthol-sensitive receptor-1 (CMR1) %39 transientreceptor potential
channel M8 (TRPM8)Faiuisusiaiieafiuiine vaussilogumgiinngusnsisniesiniy 25°C
fleguinanaeuszamdase (free nerve ending) MuU3AIMIUBIT MY dewaliAansida
loeouusuLLa (ion channel) unaldoulvalingwadiindlnanlswdudsdyyadsramluny
dorsal root ganglion (DRG) 1 ingszuuUseanaiunans (central nervous system) annludumas
Tudsansailesuiauidniduuenainnszduliuaadouinaisusnwadlnadiigioadudn
wuveadsansanseduliiinsdswosuea@ounieluead (intracellular calcium) 9InU3in
presynaptic neuron ﬁammﬁmmwé"mqmmw (glutamate) 6‘2’5@Lf]umi?%aUizamﬁmzﬁumida
dyayrauuszanm (stimulatory neurotransmitter) (Journigan & Zaveri, 2013) lWuvoagaaunse
am threshold sumﬂg‘jﬁ%mﬂWim‘U@mqmmﬁ%aé’mmamﬂﬁi’ﬂummL%m%uqammiﬂé’uédami
119709 cold-sensitive peripheral vasoactive C nociceptive Wlvivasndoneiouaziiiy
nsivaisuvesdon nsesu cold-specific A-delta fibers dvdayayiamnuianidunazanniny
§uUan (counterirritant) finannn1ssniauestatauszain(Patel et al., 2007; Yin & Lee,
2020)

2.3 NITUIUNSUATUDAFNVDUNUNDA
wunealuasiazanglafludiiazarsdunidvieluiulaailiogngadudidnszuaion

'
a

udr9zgnihdsluiidu Tnonszuruniswmuedduiiduiiuduainnisiiunylensonda lne
microsomal enzyme (CYP2C9 wag CYP 3Ad LJunan) 1atdu p-menthane-3,8diol %30
3,-dihydroxyl-p-menthane-7-carboxylic acid [undn uwarduinwauedaulngnszuiunsiis
slucuronic acid (glucuronidation) Inateulasl UDP-glucuronyltransferase wielildansiiazany
TuildATuudgnivesnmediaans uenanfisuudamuindnszuiunswausdanunadiu

ARTULANUS NI ILA M LAUDINSIAAN UL B AN T D8N

2.4 gusmanduinen
2.4.1 szuumaiunigla
wuneafuasiignldeglusiusdmivussmeinisdaayn uazdsndildedlu
Yagtuutiagiinisinwifeatugrdlumsussminisdaunamaiumelalag Burrow wasamy
(1983) finuiwiosaudn wumea msys sufegamavda lifgvdsnananmsiateyauuulag
\n3eaile rhinomanometeruazisianensfnaynliegraiussansamdonisoeniasnie us
MnnsapuampIaasiasTidi s sAnynuddanuelideyainnisganu muneauaz ans



FananadradudielfiAnanuidnibunaznslaldazniniu doundn1sfnuives (Eccles et
al., 2003) G?fawuiﬂLmuwaaﬁqwé‘lumiammmsﬁ’mwjﬂ Frelinsmelaggn Nty uaruIsm
o1msmelaldunilufiisUengaiuFodsinunalnnsdufudasul tigeminal nerve U3iaa
madumeladiuuusasdeliinduiauty
2.4.2 FTUURINUY
qw'éﬁLﬁm%’aqﬁmwuﬂwﬁqﬁﬁwﬁmﬁumL@Jwaaﬁaqwéiumsmwﬁumm%ﬁﬂLﬁu
uaﬂmﬂqwﬁmﬂanLLmL@Jumaamamwmaaﬂqwﬁiumimimﬂmmiﬂ'mawwmlm Tngeangnd
gU8In15%1197U voltage-gated Na* channel N1US1aad dorsal root ganglion (DRG) laga1nns
ﬂiumu fast ez slow inactivation state (Eccles et al., 2003)
2.4.3 TUUNLAUDINNG
frsueiilddnsusnwieinisanl@uususiu (initable bowel syndrome) sinas
difuazszun (peppermint oil) Juesdusznoveg Tneilutifuas szumiduil wuneadu
a13d1Aey 31NN1SANYIVES Hills LazAne (1991)Iuméml,mﬁgﬂmﬁmﬁﬂﬁﬁmmwmﬁ’ma
aldlay carbachotwudwfwﬁuaz33LLwﬁﬁqw§Tuﬂ13ﬂawaﬂﬁwmLﬁfaL%fausumé’ﬂlﬁlmgfuawﬁﬁm
ﬂ’151/1@ﬁ'amﬂmmauauamw‘émaﬂ acetylcholine, histamine, 5-hydroxytryptamine &g
substance P lnsaansifniinanlsiwduannisivasenvesnunaduwaznsnasvenduiile
BoviiAnnnisiweaideuladead Tnsnnseengniadendeiunalnnisesngviveseings
dihydropyridine calcium channel blockers Lavdenalniinatenduielseuusaniniy
ownsuazysaiviliaumeatiquilumsduausnde
2.4.4 guadunuaiide
21nN15ANYITY Karapinar et al. (1987) ABafugilunisdudndouvaiised
neliine1nisidudfiv (Salmonella typhimurium, Staphylococcus aureus ag Vibrio
parahaemolyticus) Iuﬁwﬁwamzma 4 wfialaun eugenol, thymol, menthol wag anethole
wusifuita 4 efadgnslunssuduteuvaiide Tnefl eugenol ﬁqméﬁﬁqmuanawnﬁl,l,éjamﬂ
ANSANYIVDY (Moleyaret al,1992) Lﬁlmﬁ’quémmﬁwﬁummzma cinnamic aldehyde,
citral,geraniol,eugenol Lag menthol GL‘LJﬂﬁ‘EJJUEngQL%@Staphylococcus sp., Micrococcus sp.,
Bacillus sp.wasEnterobacter sp. Wuinusiui 4 %ﬁﬂﬁﬁ]%éiﬂﬂ’]ig‘uéjﬂL%@LLUﬂﬁL%EJ Tned
cinnamic aldehyde ﬁqwéﬁﬁ?jm
2.4.5 quauliadue
ansUsenausmanmesiiu (terpenes) Tégniunldednunsvanslusfusnaned
esnfinaauiAlun1nfuansiim (penetration enhancer) anmsAnwiAeafunalalunis
penquslaesunuIunesiuazeangnslassuniunsdadsssivedluiul ufvladu stratum
comiumiiilassadrainnisulsusiuiaziivaninanuduvediva (fluidity) veswaduiim
fu sufie19sunuuinaidenseveuderiuisad (desmosome) uannddmsusumneanyiy



nalnnsiuansimnfiauieadestu transientreceptor potential channel M8 (TRPM8) 210
nsfinwves Amit uazany (2017) Inevaaaunisduniiuinvilvenaa 4 fifu fivsenaudae
1. #§ufiflifiaasn (diphenhydramine w38 lidocain) 2. f13ufiflonwaziuunea 3. frsudiden
auneakaze1 At ufure Aoy (calcum channel blockers) Leuf diltiazem n3e
verapamil 4. f3uiitiiiesewazeniitaiuin3uresunadey (calcum channel blockers) it
figadauuAgruieiunavosuaaonlumsiiun e sansginmils Tnenuivduiaai
Wisseuazumeaiiszsumundudureseluivifsganitsiuitlifnuneasesiidod dgms
adh variimuiiflodadussurenadeudeasiissiuanududueselufamidlismeann
f3uifiaumea Jeaguinnisansziuvesuaaienusnivad (extracellular calcium) Suifuna
PnNsTufuf S UTeaLNaATUNIUNTST9IUYeY cadherin TUsAufivhmifinssudnandeude
svwhawadludufiamis Uoshi et al., 2017)

2.5 NWINY1VBUNUNDA

BIANITOIMNTUATIN AT ANUTEY IR (FAO) tarasAanmsewdelan (WHO) lasyyusuna
fousulalunrasu (acceptable daily intake) Winiu 0-0.2 fadnSuseuudng 1 Alansa
U9Ya9710 Martindale, The extra pharmacopoeialéfizu%uﬂﬂﬁﬁﬂiﬁLﬁmﬁumW85&%%\ (fatal
dose) vosuen 137 2 n3u vieuszam 28 fadnsusotutng 1 Alansu

INNITANYINTLUIUNTIUAUDATUVDINUNDALlUNYYRY (Madyastha et al,1988)naaay
Tnedlounysisl-menthol u1m 800 un./An. wuhannsiusieidesindedu 3 Sunuimyiing
Wintuvesnisvreuvesouledsu 18un tver microsomal cytochrome P-450 way NADPH
cytochrome ¢ reductasettail linuauRaunAsuiisunssusliuuneadoidonfuszesinan
20 1

91nNN15AN®1Y04 Noriyasu et al. (2013) Lﬁ'mﬁuﬁwaaw?ﬁﬁLmummﬁuaﬂﬁﬂizﬂaﬂm
THuuusiaedhuddidin (bioassays model) 2 wuUF1as Ao plant cells (tobacco Bel-w3 cells)
ez human cells (alveolar epithelial A549 cells) IﬂSIﬁL%aéﬁuﬁﬁﬁUﬂiuuﬁ‘UﬁﬂﬁﬁLLaﬂajﬁ
wiuneaidudnusznou wuitlunguillé¥uyviinauiuumea (mentholated cigarettes) uagnay
lesuyninlaildnansunea (non-mentholated cigarettes) fosdusznouvesansduvidluad
uansneiy wAdoiFeuiisuivesidusirentsmenesivad (%cell death) lunuusiaowis 2 win
ngulesuymITiNaLuDa (mentholated cigarettes) Siwadnioannninnguilasuymiilale
NeELLLIUNEA (non-mentholated cigarettes) TiiUodidusnsmeveasad Tuiuauiavesa iy
Va7 uen9niilu tobacco Bel-W3 cells Sawuidsrunagedeinnuunnsinessniaesidus
YouwadTineumnsstusnduluie 2 nau wu fimsliynd 3 1w Suauveseadfimeresndy
Algsuyvianlalinausuneaniniuosas 3avusinguillduyminaiuuneaiiiuiesay 69



MellenafinnnsiiuvealignsluiUdsunuainiuly (sensitivity) veawaddeasusenauiiog
Tuatuyvs

2.6 \assasnvasianlauyed
mviuaLﬂuaaaavwiwwwamiuiwaﬂwsJ DuRsinuaneamnanienn (phy5|cal barriers) VaYad

a a

aqmnmmﬂam‘wLL’maammauaﬂmEJmmmmaiuswmamammamuawmmmwmammq
ﬁqLﬂuaﬂvmammmuﬂsﬂwuﬂlumﬂ%mmmsmumwmLwaLUuiJsuIstmﬂumwaﬂLammi
danevosansiilelvinumie MaRuo s en1sannisiine N sllfsusyasd (Graaff, 2002)lae
naidsasmsiuRmdduegfuiladonanssiin nmaneaeunisturuvesanslunasannaes
fuluAdiTianuinfianuuandesuiesanivisludunsiiuandsfuvessanieazdang
pumastuiomislimiloutu veendenfiudssuinafniuargumnnissdwanensduriu
YosansiuiI vl fiuandnetu Imqa%wﬁmﬂfqﬁﬁmmszju%uw%ﬂaLLﬁd WazN13LAn occlusion
effect Azdanasian1sTUILUIEIETHILRMTY SrmnRanduinuinunaazyiliaiavanamg
ﬂ'1amwgmﬁwmmﬁusdaqmﬂﬁmsamW'iammsﬁ”lgiiwmaiéfmﬂﬁu waznuiIduRavleasd
druvsznaviiuandsfulumutasengfiunnaneiu nisvigasnuasianislasdu stratum
cormeumagiinsudallaguiinnn 2 davizdnalvitinuulsiurensuHLYeIa LA
puandAvesansliianuditinauenduiulszgauniauassualuanadautinisideans
sufnniaasuinideanisgndunuiduld (hepatic metabolism) uiluu3naduvesiianiad
annsoinnsdunUld (skin metabolism) dswaliszduansdlefusugtumtaudsuuasly
wazmndinisldansanussiuiiiinavinlilassarsvestuinnenguiudesasiilfausouiy
n3naduld (Brisson, 1974; Kissel et al., 2018)
2.6.1 Buwdermd

flaumn 0.007 9012 mm dulnausznaudetuiineudslifnasnidenundes
%”’ua'wamﬁa stratum basaleL‘fJu%u single layerﬁl,suaé 4 vinUsy ﬂ@Uiauaélu%u uay
Langerhans cells vhyihiAadesiuszuugiduiu Fuinunde stratum spinosumiaSEyEaN
$u stratum basalesounJudu stratum granulosum Huduiifigvaruuuuazunssenausie
keratohyalin granule GmLﬂuaﬂmwuiumimmswmmmuasauag aﬂmLUu%u
strarumlucidumiBuduiisuiidnwarldsala lifdedeativuiauuuniniy keratinocytes
ogogamuLLuTmiy eleidinfuuangafedu stratum cormeumifuduiiniouds lufidundea
UsneumestuiiivuinwuuniniSesiu 25-30 $u Lﬂu%uuaﬂqmﬂawq@aaﬂaaﬂLi‘]uﬁlﬂaﬁw
wﬁwﬁﬂﬂﬂaqﬁaﬁLﬁi’lauazamagﬂuﬁwmuu’mLﬁaammiqzylﬁaﬁw (Graaff, 2002)

2.6.2 Humisunt

Guduilegdnuagmunituniuinieluyseneudedulelusiu collagen uas

elastinlagagny elastic fiers winludrefonyuuazazanaslutoys luduiivaondonun



%

Ivadsufiofionsadiitin uasdildonmiadonlofugyuoy wasidulszam eglutuidne
(Graaff, 2002)
2.6.3 HuldRoms
Hutuiteginammnandunisuiusznoudae loose connective tissue way Lilaibe

lsu(adipose ceLls)L‘i’fJumuimujLLasé’aﬁLﬁulﬁamLLazLﬁuﬂismwmﬁm Jusundefiinisuims
gnrmitlaeiluendadnliRantduesilhgunsainianisunng (Graaff, 2002)

Amfsdaildnuszneuiiianfnusznoude dunuvievuiunaguausisnedadunis
YR keratinized cells Usznaumelaseaina 2 dwpelduuy (shaft) wagsinvu (root)
syuvuidnuusdunsenszuendneniadluistu epidermis Tudu stratum basalefnaondann
Aosdwausnnadinsaadururienudulnl luuinagyuruasinduiadou arrector pil
muscles ¥t filAgadesiunsdnivdimasienisnovaussionsgumgisesniesenisiia
ameaugn (Saladin, 2014) uenaniludRmiidfiveuiivialexocrine glands) fiogfudianfiaui
finanewiinde seouludu(sebaceous slandyvimiidiadialatuilidondn sebum FetreliRoms
wagyuiamseuy deumia(sudoriferous glandyiviifiairamiedsiiunumddnlunis
muALgungivesiumeuazseutisiuceruminous gland) shmihiiasnslalunisunaguRovis
f139n1 cerumen (Saladin, 2014)

2.7 NIRATUAITHIURMILS

miﬁwmimm%aj%uﬁmﬁq stratum corneum ‘1'7iLﬁu%uﬁﬁwﬁmﬁqﬂiumimmumsﬁwmi
L%"}ﬁ;js'mmasimﬁ’mﬁfqLﬁaammﬁu%uﬁﬁmu@é’m’] (rate-determining layer) 3sfin15¥ni3eesh
Julaseasnamane bricks and mortar wall (Bolzinger et al., 2012) AS¥UIUAITUNTVBIANTIL
Muld 3 deaniefiuansneiu Ao 1). Feamneseninaead (intercellular route) fanisfiansas
LAADURNLUT YT TN adTiT NS S e aRaduluL s Ausg AN uarasTinITuns
WY lipid matrix fiveturesmariiavanslutunasingy 2). deemeriuead (intracellutar
route, transcellular route) ﬁaaﬁ%Lﬂé"aumumﬂL%aﬁwﬁalﬂﬁﬂL%aﬁmﬁqﬁalﬂﬁaaG]I@&Jaﬁﬁ?i
SRt iR isnusarasldiniuaringiu 3). desmehusuuuuassdouiivie
(transappendageal route) Apansazannsarululuuinugyuvuiedesumieviesesluuusiaz
Aatutosunniiiesanmadisudadivaziviinadesnifuiiindaiomelagludemaians
arunzqadlugiu dermis 1élaonss (Ehrhardt and Kim, 2008) §hs115aluntsgadumafians
95UN8NEUNT Fick’s law of diffusion (Idson, 1975) Faaunnsil 2.1

DD
J=88AC (2.1)



\dle J e Snsmisundinuvesasdonilinisemig (flu) D fio Adudsyansnisunsves
a15AC Aa anunvassEduAduduresansie arumuIvesdy stratum comeumsilyi
yhansfiaunsadunudgiuiovtldfasfesdauaiifefivualenadn darwanse
Tunsaraneiuarlutu anudunsa-rsesansiidmadomaunndaiulsyy a dunsdigady
wavanunsiiunsgaduveslitmniimaiiunududuvesasuddesd i duivees
ansvfiatiude

2.8 uluualga

unluuUya (nanocapsules) WWuszuuthdsansfisluuineynineglugis 10-1000 uiluiuns
(Kothamasu et al., 2012)Usgnauniglassastwuadan (wall) %ﬂa%ﬁﬁuﬁnﬂmsmjuwa&m%
(polymers) siwithitve e widoansoongrslinielu Tasusnnfaveddoniunediueituazgn
Sousouseansanusafisin (surfactant) ivaeifinausiundiudlassadne ddusyniavesunly
uagaazilaseaiafideudnansgy (rgid) ilvianunsanamueglsidethunsdemduiiu uasds
annsauduiaiiounssinifu (reservoir) anseangriiieruaunisuantdeslddndae daduis
Hussuuivangaslunsinsiaunsdesaeifliuinuimi (Poletto et al,, 2011)

2.8.1 Ustlevvaulunaueya

uiluwadgaduinisinnldlugramnssusnasieiosdiorsuniuidesainsi

aunsauiumLAIIveImTfiusEaznaTlunsIAUIIY anmsiianisaaneidesainuas i
FseAviuaveseld aunsaussgansadluluuluuatgaldinn fmuiliiiuannsoluoongs
Fu3naifeants muaunsUanddesvesaaiodssfumnuiduturesasidesnisle

2.8.2 MINAUAIIIVBIATU

31NN15ANYIV8 Brum et al. (2017) Lafin1sAnw1A31uALAI289615U lutein

nanocapsulestiaans lutein iuasduoyyadaseiioongniuss udsinwlsiiafosvesluiana
InnuaziimdnUssavisras (bicavailability) warazanerinenn slritymidessilUldiduans
gengyislundnfusienarennis Salinsiaumiulnsaulaledefifuaserunssising  wy
Qmwgﬁuaﬂmm%u Wudu n1sm3eu Lutein nanocapsulesyingaeds interfacial deposition of
the preformed polymer (nanoprecipitation) Tudinnipaisazatodunsdusznauniy
polycaprolactone (PCL), sorbitanmonostearate, medium chain triglycerides iag lutein 92%
avanwogflu acetone Way ethanol dhufnniatiusznaudetuazpolysorbate 80 Ylunnaey
AwAsTigamgdl 25 ssrniwaleauay 4 ssrwaieaidunan 90 Yu wuiliinnaudsundas
TAfiudsnuuaneae (o> 0.05) waziinsiuieuliisuanuasinvessisulutein nanocapsules
wazaisazans lutein ivfiguudl 4 esmwaldoanas 25 ssAwaloa wuitdi3u lutein
nanocapsulesnendaannituly 90 Suitgamadl 25 uay 4 esrwaLToamAsyTIA lutein oY
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7l 219% uay 33.71% auadu wiasazans lutein nUigamgdl 25 uas 4 earmiwaldua ndu
anasag1anAely 10-40 u
2.8.3 NSRNAMUAIA IR
971974398989 Ourique et al. (2008) Tau1n15@NBINAIUIRISFY tretinoin-loaded
nanocapsulesLﬁaLﬁummm@]’wiaLLmLﬁaﬁmﬂ tretinoin (all-trans-retinoic acid) Faduansiumn
velavivesinifiuie fenisavareiniidniinsseaeiiesdefalinsiaseudnazasiadl nns
LWSEUFNFUYINAIYAD interfacial deposition of preformed polymer (nanoprecipitation) i901@
ansavanedunidusznaudne tretinoinIaniaunsiy capric/caprylic triglyceride mixture (CCM)
Wi U UL AN uAE Tu(sun flower 0il,SFO), sorbitanmonooleate polymer (PLC) wag
acetone dutanimiUsznaudeni uaz polysorbate 80 msanwarwliseuadldnasnly LV
(Phillips TUV lamp-UVC long life, 30 W) wuangamaasaidu3 ngufe asazaroimmiuoaiis
tritinoi (MSyunluuaga (NOunludsfatu (NE) Tnetidinfululiuasutu 1 §aluewudn MS i
ﬂéa%‘imagjﬁ 40 Wil uiAA3Taves NC Junnndndu 2 whees MS (p< 0.05) wiafigas 85-100
Wl Faana3eTinunnia NE (p< 0.05) ﬁﬁhagﬁ 69-82 w1
NUIBY Savian et al. (2015) Tadin1sAnwiauIgisy dithranol-loaded lipid-core
nanocapsulesLﬁaL‘ﬂlummm@]”miaLLENLLa”aﬂmii”maLﬁaﬁ {3910 dithranol (DIT) lotisnld
Wuemmateguendnsusnwazinaduavsinliiianissy mamaqmﬂLuaammﬂmﬂgmm
sondladedreminsinnuaseiniaaiauiunsa-ag (pH) Nige wazdenfinuauifazaieuin
Qmumqmwmmﬂ AILASLNAISUTINAITD interfacial deposition of preformed polymer
(nanoprecipitation) Tnn1Aa1sazatedunidusznounie polymer (PCL) caprylic/capric
tnglycende mixture (CCM) sorbitanmonostearate DITWag acetone mmmmﬂmﬂsmaumﬂ
uwumuLUuummmmmammaﬂ (ultrapure water) uazpolysorbate 80 uonNHdeinsiy
ethylenediaminetetraacetic acid (EDTA) i@z ascorbic acid (AA) mLUumsmua%aaaw
nsfnwntingumsneasaiioIouiisuninunsiavesiifunuiinis@nuidi$u lipid-core
nanocapsules‘ﬁﬁ EDTA (DIT-LCNCEDTA) W3suifisufuansazaie dithranol#iZEDTA (DIT-
SEDTA) nuindlesnuly 5 $aluslipid-core nanocapsulesisl EDTA Wideey 40% ufansavany
dithranolflernuly 1.5 %Laimwudwmﬁamiagj 30% warn1sAne lipid-core nanocapsulesfidl
AA (DIT-LCNCAA) \W3suiflsufiuansazats dithranoldiil AA (DIT-SAA) wudﬂwzml,amﬁmﬁami
40% wiriuansazane dithranoliifl AA agldiian 9 F3lua weluvausd lipid-core nanocapsules
7% AA Tiaan 20 dalug
2.8.4 msauAunsUanUday
NUITBIDY Hoffmeister et al. (2012) ladinsAinwwauinisidsinuiinidilay
Tsyuunlunaugaiismuaunisuanidesvosuantniuiieldmueueisusitazisasnisueu
wiuTneaInduiA1n3edin (half-life) fausnniiATUseanana (bioavailability) inuas sl
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@mauﬁlamiazmﬂﬁ’]ﬁﬁ? i s ndusisu melatonin-loaded polymeric nanocapsules
suspension (NC) 1asn15tm38UA18735 interfacial deposition of the preformed polymer
(nanoprecipitation) dnnAa1sazaBBUNIEUTZNBUMEY melatonin caprylic/capric triglyceride
mixture Eudragit S100 Span 80 azacetone ?hufgmﬂﬁﬂﬂﬁzﬂE]U@hENEWLLaz polysorbate 80
waziin1m3en hydrophilic gels Iagle carbopol 940 diazolinidyl urea Wag triethanolamine
ww3euaslulu nanocapsule suspension (G-NO) waginIsuadivluansazaroarlniiud
fipolysorbate $oay 80 0.77vflowmIuuilu preformed hydrogels (G-M) H1lUunaaedns
YanUdeslagly cellulose dialysis bag wu31 twarlnfiuurluuadya (NO) wWiguiiguiu
asazaswalnidu uay G-M 1Wisuiisy G-NC lddanuusnaneiu (0>0.05) uanisissuliiey
nsgadusuRanislaeldia3es Franz-type diffusion cell uagnianyuiiinmiesiigumad 37
DIANTATIANUTT G-NC Hn15TUR AN G-M og19litudAgyn1sain(p<0.05) lae
N5MUANENTINTTUAAUABELARIINNITYEABNSTURNTURINTY
2.8.5 nseenguiafisuvLsfidesnis

NeATaves Molloy et al. (2017) efinsAnwwauinisihdseiieludathuue
Founaiifnaudongadu maisaudonazifaluinaiivesiundnuazisnsndou
(shear rate) 11nlaan15@nw1ld phosphatidylcholine (PC)-based nanocapsulesd13u
eptifivatidelunis@ruindaidenlasg1eiiusy@nsanlagannisiinennisdrufesfeniay
\Honeen NswieuuluLAUgarineeds thin film hydration insnaaedlunyneaedlagyinl
nyYLnn dudeond carotid artery NaN1INAABDUNUIT eptifibatidenanocapsules (E-NC)
fuszansamlumssudanisifnaudondisumis stenotic (8000 3und) warlifinasoduidenly
U3aiifidnsndeu 1000 SurfinasinisAinwinneidensieds Tail bleeding time wu31 E-NC
A1 Tail bleeding time a&uJ"ﬁIZOO Fufigatfesnin eptiﬁbatideé?ﬁﬂﬁm tail bleeding time agjﬁ
800 9 (p<0.001)

2.8.6 N3UTIYETLAUTUIALN

91191U3T8v09 Ouyang et al. (2011) Tafin1sAnwINaU polyurethane
nanocapsulesL‘ﬁaniﬁg triethylene glycol dimethacrylate (TEGDMA) dieldifuansBanieilu
wisuuludiadufieds interfacial polycondensationudsanniusdeuiiuidu 5 ndulasld
Prime & Bond NT (Dentsply De Trey, Germany) aslUTumsu TEGDMA nanocapsules%dﬁmm
dududewaz 0 (W3ewaz 3 (B) Sewaz 6 (O) Sovay 9 (D) wardosas12 (E) lnenwuin NTiSosas9
TEGDMA nanocapsulesik@ndfisaa1ua1a15alun1sussganstauan § micro-tensile bond
strength (MTBS) 1nATEISUBY (p<0.001)
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2.9 lassingUszannmiey

Tassthedsvamidisu(artifical neural networkhfuwuusasmadamansiivauntuie
$raeansvhanuelassiisUszamluanosyud lnefilassnelssamvosmyudusznaudie
wadUszamiizenin 92501 (neuron) wazlouudd (synapses) %QL@uagmUismuUixmw N9
Foudoseninnwadussamuarsiuduead viliandulasiadisveanisdedyyio wad
Ui%ﬂ’mLLGiaSL‘ZIaé‘lJiSﬂ@U(;f’JEJLL“UUQ%JUﬁiyJQJﬂm‘U%ﬁWI%QL‘ﬁuLﬁﬁ@Uﬂﬂiﬂ%U%jamuaﬂ@uL%’]ﬁL%EJﬂ’J'1
“Laulnsvi” (dendrites) wardruuatevesaduszamlunmsdduialszamdaduaiiounise
deloyaranvauyad 138031 “UeArau” (axon)

_-DENDRITAS
_—

__—AXON

 J

MIELINA
/ recubrimiento

CUERPO NEURONAL
NUCLEO - \

- ﬁ»"
DENDRITAS €
S

AN 2.2 amlassadieszuudszamanivadadulaseneussamiieu

fiun: http proyectoeducere.wordpress.com

lassveUssamiieniinudneugaaienunsdsiudygrialssamluanesyuwdlae d
ANNENNTOLUNTTIUTINAINS (Knowledge) Tnruszuiun1siieus (leaming process) wag
Anudargnaniivegluzuuuurtiminveight) SsansnsauiuildsudildislefinmFousadm 4
il Ay Ssuediounnudfiurilifelflunsudiymiensegsvesuyud
TnssngUszamidiosdsenoude 5 asdusenoudil

(1) Yoyatowtn (input) Wudeyaiiduiiay maduteyaiBsganm fesuvadieglugy
Benaiilaseglssaminsouiuls


https://proyectoeducere.wordpress.com/2014/07/06/las-neuronas/
https://proyectoeducere.wordpress.com/2014/07/06/las-neuronas/
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[
=

(2) Ueyadsaan (output) Lﬁuﬁaaﬂaﬁlﬁmuﬁa (actual output) AINNTLUIUNITEUIVDS
lassneUseanniien

(3) Amdmitn (weights) AodsiildanmaiFeuivedlassineussamifion vieFendnags
wilyin A1anud (knowledge) Arflazgnifuduvinusifiellunisandrdeyadugflegluzuuy
Wi

(@) Heridunasan (summation function, s) Lﬂumasamaﬁaga{]auﬁﬁ (a) LazAmein

(wi)

n
i=1

(5) HeAFun1sIUae (transfer function) WUNISAIUIINITINGDIVRALATIVIEUTE AT

(2.2)

iU Fnuesanendu (sigmoid function) NeAdulailesluanunulad (hyperbolic tangent
function)
2.9.1 dnwnzvadlasaingyszamiiiey
lassngUsramiieulsenaumigwaduszainiiioy nseluun (node) 31U43UNN
dousteru Famadeurentsoondungugos iFonin $u (layer) Funsnidusuideyainzonds
Fusudeyatioudn (input layen) dugavineFonindudadoyanen (output layen wazduiiog
sewhstuiuteyadoudeyatiuasdudedoyananGends funouud (hidden layen) Fslansialy
Funouursonafiuinndt 1 dufld FefufeaunsouisssanedaseUssamidonld 2 wuy
il
2.9.2 Tasstnsuuutuiien
Hulasstedszamiensgnsheiififivsiusutoyatiouduasdudsdoyaeaniinty

auatlaudii dauadinan

= =

.
.
.

S

.4’
.

A 2.3 TasengUssaNuuuIULAga (single layer)
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2.9.3 laseU8ULUURAYIY

Tasstnowvunanedudulasenediidute undadaus 1 futuly Tasstowvunansdu
wldlunsditymiinnududou Fdaseretuierldamnsonsamls Sefusuainuedd
M visetuwauudliuTasefetsvaslaserane sy Wy nsunsdoundu (back
Propagation) waioosunludauuud (self organizing maps)LLazLmﬁma%waawzm%’u (counter

propagation)

dayailaudia Fuwauura Hayadinan

. .
_—
. _——— e —— X
. B — —
.

i 2.4 Tassdneuszannuuuvaladu (multi layer)

NaNNIIMATUY

Tasstguszamisufinisfouslisenmsiuteyasesadunduuniuddesins
Usuetmiinauniiaglduadnslnddesiumuadnsiseans mnuamsaveslassneysyam
e anunsaFeusldandegadeyaiifiogiiudurumnliifuegsfuaziamuiiomssgs
fausedinszurumsviedisuuutlunsuiRnuitudeunasiinnugsenlunsysznanainia
Faansofiagneuymilgsennuaz Aummiuduiusszninadeyaviearauuudiasinig
adlnA1ansnTuToulss Seilanumuizauiiaviiuyulevsenensal (@xen, 2552)70
anuansaveslasstisUszamidien fflanumnsaufunszuiumsnaniitudeulaylam
wiuglun1sviunenaniee (Assidjo, Yao, Kisselmina, & Amane,2008) 39lafin151inea WU
FosnsAnmangmsiiuasdifiumuanduiidunauveamentholussquilunauga éud
(Menthol) X1 (Poly (&-caprolactone) X2 (Poloxamer188) X3 (Particle size) Y1 (Zeta
potential) Y2 (Entrapment efficiency (%)) Y3 unlaluniseanuuunisnanas(experimental
design) Tneldinafianisadftugaiiousuaannerasnssuiunslildafmuzaufianuas
wamauauastulumuiiandomnis uasaunsamenuduiusvosudsiuld

2.10 nMsnedaUNIIIzIARIYadEssataylavin



15

N153EAELADITIETSAevanadon (vascular irtation) 1u3EnadeuURiAIAITENINg
in vivowag ex vivo test system 138711 In ovo M JudSnadenvesnisnagevludnineaes
(alternative animal model) iiaUszifiuanudufivnioanudifuresansee capillary plexus
Y99 granulation tissue wag tissue damage 1380 ﬂﬂi%@ﬁauﬁdﬂhen’s egg chorioallatoic
membrane (HET-CAM testlutnanagaau HET-CAM 9giaufifisen 3 0819 Ao A1didanasn
(vascular hemorrhage) n1suanvasnasnLaen (vascular lysis) LLagmiLmzﬂzjmﬁumm chorio-
allantoic membrane vusiieiiielalAdin (fertilized chicken egg) o Sudl 9 V83878 Y Fudussoy
fuileidorduuszam (nerve tissue) wazisumuiulinesonusle (pain perception) &l
Waun warlidmiudninaasmu w.s.u.dninnass dnarenisanedildlumadiiodnwn
AnuELTAnNTTEA18LADIY I TUAYLENANLLANATEN I ST e ADsuar lslssAeiAasle
Tneaunsaldletuansildidudinusznavvesifunsessundnfas n15Useiiiuin arsuse
nBnSaTiauUasndasonisld (safe for application) Wenuinasfineaeuliuawuu medium
iritation waz mild irritation sie HET-CAM dafundnsamiiifianuvasnse vaziiansiilina
WUV severe iritation Aswanidesnisld (ICCVAM, 2010)

211 Fwstns/eydnsdnsiiendes

2.11.1 AvddnsiAentosde EP 988852 ltuaniieafiudiu Useneuvenndedonadili
AusaniudeRanialsznousie menthol, isopulegol, 3-(menthoxy)propane-1,2-diol
menthane-3,8-diol lay vanillyl butyl ester ?fﬂﬁmmﬁﬁmﬁulﬁumﬁq 90 WM

2.11.2 33Uns WO 03/007909 lussenaiienfunalimnuiuves methyl palmitate 7
gengvsuuRaentIedily

2113 @3R3 U.S. Pat. No. 6,267,974 1§Dawmeiieniudiunuyesansiilannudul
aaﬂqwéum 1AlA menthyl lactate, isopulegoluaz menthoxypropane

unn 3
A5Aiun15IY

nsiteadsilidumaidadmaanaiiondniuuneaussquiluuaya wasiauhiuadssid
drunanvesuneainivluuluuedgariieiiumnuaniy naaeulszansnmnsdurudly
Tutuinilwessruuihdauazaiseenay’ uaznadeunisseaeieduboyldiin ileurfoyad
Ilulddmiunaununsmaaeilenaae ulssansnauaranufiaelaluoanadasaunmasold
Tneitse fouisidodwioluil
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3.1 @a1uiiinsIve
WoaUURn1539ena1etu 4 ansindumians waraAudiaIediieIneImans urIneldey
guaT¥enll Mualiessla 81003 UTIIU Janinguasivenil 34190

3.2 \nTesiegunsniitlélumside
3.2.1 asesilouazaunsal

3.2.1.1 1A30eiRUuIABYNIA AINNINTEBEYNTA LarANETHT (Nano ZS Zetasizer
Malvern Instruments Worcestershire UK) waglusunsuuszunana Zetasizer version 7.02

3.2.1.2 m%qﬂum"jmmmLgaqwﬁmmmmqmmﬁ (Refrigerated Centrifuge,
Eppendorf Company, Germany)

3213 ﬂé’amammﬁ@Lﬁﬂmamwuz‘immm (Field Emission Scanning Electron
Microscope, JEOL JSM-5800, Tokyo, Japan)

3.2.1.4 ﬂﬁ@ﬂﬁ;ﬁﬂﬂiiﬁﬁ&iﬂ@zmay (Atomic Force Microscope, AFM XE-100, Park
Systems Corp., Suwon, Korea)

3.2.1.5 ndpsganssmididnaseuiadesiu JEOL JEM 1010, Tokyo, Japan)

3.2.1.6 Lﬂ%ﬁﬂﬂ’flmﬁuﬂiﬂ—ﬁi’m (pH 21, Mettler Toledo, Switzerland)

3.2.1.7 Lﬂ%iaﬂizm&lngig’lﬂ’lﬁLLuuquu (rotary evaporator)

3.2.1.8 Maam'jumsjm (Ultracel, 10K regenerated cellulose membrane, Milliore,
Germany)

3.2.1.9 insedlasunlnnailimaausiourgudeidentuinieansiainuTmamsie
NaNN1TINAIUNITANLAULEAS (High Performance Liquid Chromatography-refractive Index
Detector) (Dionex Ultimate 3000 UHPLC, Thermo Fisher Scientific Company, USA) Fouse
AulusunsuitasiziuazUszuiana Chromeleon Chromatographic Data system Software
(version 7.2) (Thermo Fisher Scientific Company, USA)

3.2.1.10 1A309HPLC (binary pump, auto-sampler)-Rl detector (Dionex Ultimate
3000 UHPLC, Thermo Fisher Scientific Company, USA)L%amiaﬁU Cis Luna reverse-hase
column (250 mm X 4.6 mm, 5 um particle size) (Phenomenex, Torrance, USA) Ussuana
nsaaTeivilaglglusinss Chromeleon Chromatographic Data System (version 7.2)

3.2.1.11 Lﬂ%@ﬁLﬂiﬁ%ﬁmﬁﬂﬂﬂau%\‘i?@quﬁﬂ (FTIR spectrometer, Nicolet 6700,
Thermo Fisher Scientific Inc., Massachusetts, USA)

32.1.12 #3804 thermalgravimetric analyzer LagUszuIan1sA1NAZRUMIY
TUsIASH STAR SW 9.01 (TGA/SDTA851, Mettler-Toledo Corporation, Switzerland)

3.2.1.13 Lﬂ%aﬁ@ﬂmamﬁ’amﬂmrheometer (MARSIII, Haake, Germany)
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32114 \A30mARDUNSTURURMITILENT198 (Franz diffusion cells, Crown
Glass Company, NJ, USA)

3.2.1.15 1309 platinum sputter (JEOL Jee 4B SVG IN, Tokyo, Japan)

3.2.1.16 Lﬂéaﬁm’mﬁaﬂﬂ?mt,l,m (PowerWave XS2 microplate reader, BioTeck,
Winooski, VT, USA)

3.2.1.17 wp3eiinleladnlusi® (Nanchang Alex Electric Factory, Jiangxi, China)

3.2.1.18 IﬂiLmiuﬁﬂL%gﬂ JMP Pro 14 (SAS Institute Inc., Cary, North Carolina,
USA)

3.2.1.19 lvane

3.2.1.20 Syringe gauge 27G

3.2.1.21 Micropipette (1-10, 10-200, 100-1000,taz 1000-10,000 pL)

3.2.2 @190

3.2.2.1 Menthol [1R,25,5R)-(-)-menthol] (refractive index 1.46) (melting point
41-43°C) (Fisher Chemical Company, Leicestershire, USA)

3.2.2.2 Nile red (9-diethylamino-5-benzo [A] phenoxazinone (molecular
weight 318.4 Da) (Log P 3.8)(Sigma-Aldrich, St. Louis, MO, USA)

3.2.2.3 Poloxamer 188 (Kolliphor P188) (molecular weight 7680-9510
Da)(Sigma-Aldrich, St. Louis, MO, USA)

3.2.2.4 Poly (E-caprolactone) (semicrystalline polymer) (molecular weight
80,000 g/mol) (Sigma-Aldrich, St. Louis, MO, USA)

3.2.2.5 Polysorbate 80 (Tween80) (Sigma-Aldrich, St. Louis, MO, USA)

3.2.2.6 Sorbitan monooleate(Span 80) (Sigma-Aldrich, St. Louis, MO, USA)

3.2.2.7 Caprylic triglyceride (LexolGT-865) (INOLEX Company, Bangkok,
Thailand) Fresh and cool, ozone, ocean fragrance (U%’wqmamﬂisuméawaﬂm—%uﬁﬁm)

3.2.28 hnduwaziunenloson o URn19IT8 AusLNduAmans unIneae
QUaTIYTT

3.3 Feaniun1TIY
3.3.1 MsanuuUUgATmsuunaauTsaluulunalya
nsuaAnmuneaussquilukadgalunisfnuildimadanisanagnouuly
(nanoprecipitation) InafnuUaia1nI5ves Ferreira et al. (Ferreira et al., 2018) Fafldunouns
wisnsauanddunmit 65l wenwIenfameaisiunar e Tne¥naedtuusznoudie

menthol poly(e-caprolactone) sorbitan monooleate Waz caprylic/capric triglyceridesazany
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Tu acetone U3ums 20 mL d@uinniainusenausig polyxamer 188 polysorbate 60 Lay U1
nau MndufnInamiuadlunszuendafivnmsuiineiudueuin 27 G wazdnaduinninii
anmgnmsuandufd snsusinsaearsivindu 4 Sadans/und dnsusinistunauasiiniu
1000 s0UsBUI gm0l 25 + 2°C LanIsway 10 wiil 3ntuinluseme acetone panlneis
ANAIINAUAIBLATEITLEFYYINIALUUMYU (rotary evaporator) Ngaungil 35°C aulaUsung
vauuneauluLalgawiiu 35 daddns dmsunisuaadisuninaaincmengeaisawuRzih
1 a % QI . d' Y v | %
Wuhnulpgiisianizas nile red aslufinnudutuyindu 0.4 meg/mL

AR 3.1 MskanunaauTIIUn lukAlgamemaliansAnAznauully

N1398NLUUNITNAABY (design of experiments, DOE) 1435n19y1sadflufinwianiiz e
nszvaunsiieldadndiuvestdedefivnzauiian wazldundinanavaussfidenis lnedu

U % U %/ U ¥ .1 6 : .
n1susutadenndadelunouiumisununisnaassiuuuand-1unuiu (Box-Behnken Design,
BBD) Anundafesuusduindesnisiunisiauidifuuluwadya 3 J9dy lawnusuin
menthol(X1: 50 — 150 mg) U3u1ad poly (E-caprolactone) (Xo: 80 — 125 mg) wazUIuIu
poloxamer 188 (Xs: 125 — 375 mg) Auandlun15199 3.1

Aandsmuidesnisnwrenuaudivesiisunlaannsmien laun auineyniauily

I v e Y € } 2 [ 13 .

wadga (Y1) Adnddans (v2) uwazfegaznisiniiuiuunealuuluwalya (encapsulation
efficiency; %EE) (Y3) (Malldrdviinisnszarveynialdladiunldlunisiesieyd iwsienis
Wisuieuusiazgnsinfulaemsliasigianuwdsusiunuildunndesiunadape > 0.05)lny
Tunsneaesazyuvvdiiioandaduniuionnintulusenitenmeaes ununvaaeLandly
M7 3.2 uagyinImeaes 3 91 dmsuusiavyadeya

M3190 3.1 YSunadiuusznauvesasildnanuuneaussguilunauganazitlieanuuy
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v s v v FLAUNITNAADY o o
Aaulsdasy yanwal wiiluanu
-1 0 +1
TMn1ALY
a1sLiNANsan
menthol (mg) X, 50 100 150 « v
U
poly(E-caprolactone) (mg) X, 80 1025 | 125 | wedwesviovy
caprylic/capric triglycerides(mg) 300 Uity
sorbitan monooleate (mg) 80 ATAALTIAGHD
acetone (mL) 25 fvinazane
NN
poloxamer 188 (mg) X, 125 | 250 | 375 | @158ALI9F9RT
polysorbate 80 (mg) 80 ATAALTIAGHD
distilled water (g) 50 Unszane
fianusnny wWnnnenfesns
YUIRLRAsveIoYNIAUTULAYYS | V) ;
! ¢ M6

(nm) '
Andanns (mv) Y, daan (Fnav)
$988a¥N15U55Y menthol (%) Yy ggn

M1TNN 3.2 dANITVBINITNAABIAWUUULNUUBNG-LUBURUdMTUREANUNaaUTTR Ly

wAUga
A1939 (ANSHETZAUNIINAADY)
anaun menthol poly(&-caprolactone) poloxamer 188
(X1, mg) (X2, mg) (X3, mg)
1 50.00 (-1) 80.00 (0) 250.00 (0)
2 100.00 (0) 125.00 (+1) 125.00 (-1)
3 100.00 (0) 102.50 (0) 250.00 (0)
4 150.00 (+1) 125.00 (+1) 250.00 (0)
5 100.00 (0) 80.00 (-1) 125.00 (-1)
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6 100.00 (0) 102.50 (0) 250.00 (0)
7 50.00 (-1) 102.50 (0) 375.00 (+1)
8 100.00 (0) 102.50 (0) 250.00 (0)
9 150.00 (+1) 80.00 (-1) 250.00 (0)
10 150.00 (+1) 102.50 (0) 375.00 (+1)
11 100.00 (0) 80.00 (-1) 375.00 (+)
12 50.00 (-1) 102.50 (0) 125.00 (0)
13 100.00 (0) 125.00 (+1) 375.00 (+1)
14 100.00 (0) 102.50 (0) 250.00 (0)
15 100.00 (0) 102.50 (0) 250.00 (0)
16 50.00 (-1) 125.00 (+1) 250.00 (0)
17 150.00 (+1) 102.50 (0) 125.00 (-1)

1 d‘ =3 =3 [y
NUBLAA : mwag”lmuau -1 0 0ay +1 BUIYON IAUNITNAADY

3.3.2 mamanzivunzauvaansanunluaUyadedslasaneyssamidiey

sATei1$35Tnss98Usza oY (artifical neural network, ANN) uag K-fold
cross-validationlaalglUsunsy JMP Pro 14 (SAS Institute Inc., Cary, North Carolina, USA)
frvualsitnsvesdugeulhidden layer) Sd1urumiinges (node) Tuduteusgsewing 510
siegon (node) uagrmuailsrdudielou (transfer function) vaslasstieuszamiiosludu
fou (hidden layer) uazdudsosn (output layer) 1Juuuy exponential logistic TanH Lag
identity LileAmdenilsitumeloufimnzaudelufuustoyaiirildiulasseussamiiion
fiosiinisuvasArdeya (data transformation)iitetfunsusureulumvesdoyaleglugied
wingausiensihlUliRnaeulilasseUssamiioy doyaundn (input layer) uazdoyaddaan
(output) V8slATIIUTTAMIABUUTZNDUAIY

3.3.2.1 Gayauid (input layer) g dAdIuvae menthol (X1) Poly(e-caprolactone)
(X2) waiw poloxamer 188 (X3)

3.3.2.2 Yoyadioan (output layer) Asvuinoymadsvesulunalya (Y:) Andd
g (Y2) wagArsesavnisiniiuuneatussuuthdmwluwalya (Ys)

A5UTEIUUTEANTAINANTYINUIEANYD I UUIIaBINES 19T UL T AU NN E @S o bty
Tun1s@nufildanm 3 a1 lawn determination coefificent (R mean absolute deviation
(MAD) wag root mean squared error (RMSE) 2MN4U98AIUIUNIAN IS AL ANVDINTITNES
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wuneavTigluuluwalgalagldilsiduainuiienalalYingngam et al, 2019; Yingngam et al,,
2018)

3.3.3 msnyavdounuaulRvauumeaininuluulunalya

3.3.3.1 nMsinvuIneuna Aviin1snszatgeynia wazAnddnisvesunluiauya
nsiavuineyniade Aduiinisnszatseyma wazdnddnfvosuilunaugaiingzsisng
\3aiiaNano 7S Zetasizer uasUszananasislusunsuZetasizer version 7.02 fitumeusail 1h
Frog1efinaaauniioansdie ultrapure water lugnsnaru 1:300 (vv) wieliAnnisnseids
Suanaweildegdaszuasmnzalunmsin nduduindiaioduiiugudnaiseynin
AfuinnsnsyatgoynIa wazAdnddnng nsnsziviiigamnll 25°C uazindiog1amaaey
aghatien 3 91

3.3.3.2 myinszia1Sesaznisiniiumentholluuluwalega n1siausuaves
Lmumaﬁﬁ'ﬂLﬁulﬁuuﬂmmﬂ%i%%imevﬁmaé’am (indirect method) 27AN19AIUIEIN
UimmsuaqLmuwaaaaivmaaﬂumwﬂaqmaﬂa (supernatant) Aildnendinstumiesewedes
Juinies n153asne MIGU’JS high performance liquid chromatography-refractive index
detector (HPLC-RI detector) wmzLuuwaaL‘Uumwﬂ,mmﬂauiaaaams'ﬂ'ﬂaLaml,azLLmUﬂmwm
uywdnowdiule (ultraviolet-visible light) TugaeAue1Indy 200 — 800 nm 3eluauise
IAT1ERA875 HPLC-UV/ Visdetector 158 HPLC-Fluorescent detector 16 (Shaikh & Patil,
2010) 3nstensiasnzigaemaiia gas chromatography Winldennuazituneuiidudoumnsis
p3AUIZNOUVRIENTIURSUliNasa capillary column Fsldanuisadaliluneduillalaenss
nsewaUsnasesaznisiniiumentholluunluwauga (encapsulation efficiency, %EE)
fmunalngldaunsi 3.1 feil

OEE = ﬂ%umuwaﬁ':’é*lﬁu?—ﬂ%mmmwz?&ﬁz % 100 (3.1)

Purtuuunaaianua

nsuenuneadaszanumeaiiiniivluuilutaugasylianunsausnls
srenstuisaneldanneBaenn (Ultracentrifugation) lémsiessuuthasfinmutuandudu
%fin lipid-core nanocapsulesivaymauTluualgaiftiniududulssneuazassagfuuuves
nasaduiniesdadusndudoddimaianisdunenniuiiodu 1Son31 inadn
centrifugation/filtration fA8vsetl

1) myanaunearomnniiy lETngaiuimumeausTguTuLaUya
11 0.2 mL ntufiiunea 9.8 ml aﬂ,ﬂLLazﬁﬂUaﬁ’@éfasm?im%wmmﬁqqLﬂunm 30 W1
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Nt lUduwdssfinnnanga 3,800 souseun? w1y 20 wi waziAvaula(supernatant) U
nN39ImEYANIesrIn 0.22 luaseu dmsuiilulnsgiiemaiin HPLC-RI detector

2) nsafawuneadasyanfu WliuagadSuuneaussauluLalya
41 0.5 mL mﬂﬁ?utﬁuaﬂuwaamﬂum%m (Ultracel, 10K regenerated cellulose membrane)
gUnsaivdnfiaednauineyniafigandt 10 uiluwnslilsiuasiududrs mmfuiltuied
ANUEY 3,800 SOURDUNT 71 25°C U 20 Ut waztiudiula (supernatant) wadailldnsiaaou
Dowhlaefideudmuildinagedvansfidosnisinmeilifuunses uaranunsntasdanla
auaslulsgvisaemaiia HPLC-RI detector lgt

3) ATATITALUNEanIuwAila HPLC-RI A193tAs1giiuvoasiemaila
HPLC-RI (Shaikh & Patil, 2010)il@n1azn153Assidaiindesilaiinsizwitldae HPLC (binary
pump, auto-sampler)-RI detector( Dionex Ultimate 3000 UHPLC, Thermo Fisher Scientific)
Sanaiadeudine asuauszning methanolwater Sa51d3u 70:30 TngUsuns fnuasnsu
A1stuainfu 1 mU/min 91ntudafog1ausuins 80 ul drusdnluly euard column
(4 mm X 2 mm) Mdourefu Cis Luna reverse-hase column (250 mm X 4.6 mm, 5 um
particle size) NMsUszuananITIlATzvvinlagldlusunsy Chromeleon Chromatographic Data
System(version 7.2)

3.3.4 N1IR5RFUAMANTANILATNIEAINYBINUNIAUTIIUITLLAYYE

3.3.4.1 dug1uine1vesTzUulIgs ﬁﬂwmg‘uﬂuLLﬂUﬁﬁ%@ﬂi%UUﬁ?ﬁﬂﬁNaWﬁu
M319daUR8LnALlA (transmission electron microscopy, TEM)F9d ¥rdregaludenly
g@19ava8 1% sodium phosphotunstic acid mﬂﬁ'jummawu copper grid kazulunsIvgou
endesganssaidiannseusiindeinuJEOL JEM 1010, Tokyo, Japan)

33.4.2 msvageunsisuulasiuseiall nsvedeunsiUAsuwlasiussieiives
asiiuniouduuluaugaldnnesoulagldnadayg Sosnualesudunsisaaninaln
U (Fourier transform infrared spectroscopy, FTIR) (FTIR spectrometer)”?Lﬂi’wﬁmﬁg}@ﬂau%ﬂ?i
Sunlssalurinavuaiuszning 4,000 83 400 e TagfTLATLIANITARNUWNGY 32 uazAIy
azBenveInsaLAuUYAU 4 cmlandulszinananisiageuieTusunsy OMNIC

3.3.4.3 Auaudidungl MsvedeuRuaudRvesulukaugalunisdesiunig
52MB09 methol sananszuvirduieduiadvgungilinsraasulasldinaia
thermalgravimetric analysis (TGA) §3avisadl thansfegraminiiidegiausdugn 15 me un
2aasly crucible arntuiiluinsizvidaeiaies thermalgravimetric analyzer wavdszananis
nrsnadasun18lusunsy STAR SW 9.01 (TGA/SDTA851, Mettler-Toledo Corporation,
Switzerland) fstusanmgNTIATIERR FregumnTlieTesisening 25°C B9 600°C wardna
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nMafuBuresgumglivify 10°C/min Msiesigihngldannzuidlulnao wasuansaaly
sUdegazinaiimely

3.3.4.4 aA1pudunsn-ang (pH value) anudunsn-Arsuessyuuiiadsmenthol
vssqluurluualgaindaoinaia potentiometrydsdl Udaad19u1indaniadostn
potentiometer (model pH 21, Mettler Toledo, Switzerland) Iﬂaﬂiuﬁafﬂmlﬂiuﬁ?aEJ'”lx‘iﬁL‘fJu
vounalannss nMyinvifigamgll 25°C degsay 3 91 Ufuaruunsa-dsfemsazang 1N
NaOH #580.1%v/v HCl

3.3.45 auaudAnislna Iarnunilavesiegrauninaiuviasisinies
rheometer (MARSIINWazAIUANEAMATIN25°C wazuiinuadiinld

3.3.5 MSNAFUNNITUHIUAIMITvBRNUNEaUTTYluUI LAY

3.3.5.1 NTIATIERID (pathway) N1sindsansidgianidavesunluwadya n1s
Beswmansidasdgiivdwesszuuihdunluialganegeulagnisinaaingis nile red
Faduansngurigesisauifiazarslulusuadluluunluuatga Tasimuali nile red findna
Wuduintu 0.4 me/mL wazwuali nile red Ammsndudufisriudunguamunslasazaisly
caprylic/capric triglyceridesﬁ%‘%ﬁ’lﬁﬁﬁ ﬁﬁwﬁﬁﬁaumﬁumQﬂiﬁlﬁ%mﬂiiwhﬁmimWﬁﬂﬂﬁ’lﬂﬂy
avo1n InsuialiiammuiIdy 1.0 £ 0.1 mm waziiluTaasuuadomaaounsiurty
Nantiauansnenie(Franz diffusion cells, Crown Glass Company, NJ, USA) AflNunsTLEY
Ay 1.72 cm2ansazatefinansdnsusuansfiduriufinasunfe phosphate buffer
saline solution pH 7.4 Amungumgiivesasazaefinatssuaawinfiy 37°Csaznarinli
Avdainuuuiiaamgivindu 32°Cuazdnsidilunisauasazateiuaiaviniu 600 seusieundl
SowTusimilsnouBunimeaeuudiuszann 30 Wil Jethansiegnen 0.25 mi Wnadluly
fosfumsdwvuanduimdunat 0 5 15 uay 30 it Tnsfnilafivaataasiiun daans
fotseenudiniamisiuiideedosinilode wasinlunmasoumelindoanssmizia
WgoaLsaLue

3.3.5.2 A153ATIENNITN T8I0 ULAYYALAL N1 TTUHIUAIN MDY
LUUNDR N1TATIVADUANYALNITNTEAUAIVBIUTLLAUYAUTTUUNDaUURITsg nsldvatia
N153LAS1EReNEnd0IganssAudiannsouriindoinsin (field emission-scanning electron
microscopy, FE-SEM)(JEOL JSM-5800, Tokyo, Japan) fAgvingail ﬁ’]ﬁ’mﬁi‘iqnﬁwum%‘aﬂ
NAABUNITTUNIURINTIUBNTI9NY (Franz diffusion cel) laglvinintadiuarsduiany
d19a¥a18 phosphate buffersalined1uiinisaruvududaiuansdiogs (0.5 mL) A1vun
pampiivesasazaefnaaua iy 37°Cleasiinasinliiavdasnuuuilgumaiivindu
32°Cuazdnsnsalunsnuasazanefuaviniy 600 seusouit ndutmdung 30 uifi 3
thihndaduunesn Juasiogieenaniiiasassieidefeing 10%v/v phosphate
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buffered formalinfigauundl 4°C witiegsimifaanslusliuie andutifamilslynsas
U carbon adhesive tape wazUdosliuiafigungites antuiiluindoudaenasdiany
(platinum) PPIGELE platinum sputter (JEOL Jee 4B SVG) laeniuiun accelerating volate
Wi 1 kv wagdimszinielindesganssmididnmnseuviindansin
druvSinaenuuneanduaslUluduimmedeuiinse iU nanuunoanends
A15ULENTFI0E UURIMTY @ 1181 0 5 15 uaz 30 Wil Wensuivuausazianainiud
Smunl3avifalandansinegoen antuldmunenduionidstu stratum corneum oen
Tnevian 20 A% muTisendadl 1 1l drumuiildainnisiended 2 9 20 Fuazriansiuiu
wEhlUafnaeuneatiiedrluiiasizridismaia HPLC-RI anudadind1ndnedu wedailes
anunsauenianiiadu stratum corneum luUssanmiosay 70 dauSmansunoaiigadudng
st uayniurduasdessisuiulasfeanvunaionisliasoaantuzaily
annmslIURakaL AT IEmeImATlA HPLC-RI
3.3.6 masauaNulunevassTuuidanluwaugadawadlwlusuaiad
nnegeuaulufiviowaduesuuneaussyiuszuuindmunluwauyauay 5T UL
Undauanussiliulaenaasululgad normal human dermal fibroblasts (NHDF cells) lngds
FegrmadauRinAIvnduinet Inenduindurnans uninendeseaniiavingsl doasadld

a

WigAvlalaznsaud miunagaey ﬁ]'mﬁy'uﬁ’mumﬂ%mmwaé@iawqumaawﬁﬂ 96-well plate
Wi 5,000 cells/well wazvuduran 24 wu. Wielfiwadinziinvusiasawad a9ntuth
fretamaaaueandlusmsiassvadinnududusLe 0 — 5,000 pe/mL wazusduiian 24
. Woasuinunardinsgimiesarnissentinveswaaiiisuiuwaalilasunismaaouldia
3-(4,5-dimethylthiazol- 2-yl)- 2,5- diphenyltetrazolium bromide (MTT) et louled
mltochondnat dehydrogenase TuwadffiddiaUasuaisazats MTT Afidmdendundn
formazan wmama mﬂuumavmawaﬂamwlﬂmEJ dimethyl sulfoxide (100 L) uaaurldin
mmi@mﬂauuawmmsmﬂaummu 570 nm (PowerWave XS2 microplate reader, BioTeck,
Winooski, VT, USA)d3ungumiuaunauinnagaume 0.5 mM HO;
337 mswssunBnsaidaviunagaudndseaieia
aseildlunnsAnuiiuseneudondndos 2 viia fe awsditidunauvesuunoa
vssquluuaUgauazaseiu fdmusznauddy IHun arseenguiifiuanuddnibuiuunes
anuutugenas 1.4 Tnevmiin fvinazatesin ansiude aswaeauiia tivey wazinndu
nsdififunansustasdiuaruniivinavesmeaiiussgluuinaugadaetindu Fassu
rdainuneaussaurlunadgainiounleidsnisanaenauurlu (nanoprecipitation)
(Ferreira et al., 2018) wazfnldonanitzftvuizanlunisndndromadalasegne
Jszamiteusautunisszendldilsiduanufisnelavsenoudisansdasiolud menthol
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poly (€&-caprolactone)caprylic / capric triglycerides sorbitan monooleate poloxamer 188
polysorbate 80 wariindu (Mefidevesyynliilamedeyadndiuresarsildludiifu
mamﬁmsﬁawiaﬁmaazL%amié’ﬁaqmnm'iﬁnmﬁﬂu‘lmﬁ%’aﬁﬁﬁmﬁ’wgﬂizﬂaumimmaﬂ%u
galdrnunisoygalianslasumingduguasvsni uazdienengnsdifuuaznssuisnsudn
AT YIU)

3.3.8 nsnadauAndszaneiassadaulyin

ol

FndnssemeifesvesasefifidunanvosuuneavssyuluaUgauaza sy
UizLﬁuIﬂsJﬂﬁmaaumiszmaLﬁawial,%qiszjﬁﬂ(hen’s egg test-chlorioallantoic membrane,
HET-CAM)A121L129119989 NICEATM-ICCVAM (Casey & Lowit, 2019)dailyinlaladin anewus
Tsalasuaus dndnszwing 50 89 60 nfu wunlwedesiinlalAsnlugdf (Nanchang Alex
Electric Factory) an1agnstulvilnsivuadadl gangdnisluedosiinldvingu 37.8 = 0.3°C
ArtuduivsivhiuSesay 58.0 + 2.0 Sasnsndulinn 2 Halus Wuuuediar 15 Jund e
oilnengasu 9 Yu Wadenldmedenaeiuientd sondeysuueneen Mntutasazane
freg1saznadey Usuns 300 pLiduasuuiudeyluiin udaznguusznaudeliiin 6 ves
nsfnwitmuslimududuressumesfieglugnsiuwasasasasiuuneadass iU
Wiy nauiinaseussansaranslenlwazaeluiunenlessumiuidudu 0.1 uesuea vh
wumL‘tJummUﬂmamﬂLLaumiavmammaammwmu 0.9%w/v ivithiliduinuausaay
ntu tufinnaiafausniiasany nsusnvesdindonuas n1sdnunvesvaonidonuarnig
nenguveslusiu Wuszeziian 300 it aneldndesganssmiamesle (Nikon ZMZ 745T,
Nikon Instruments Inc. , Melville, NY, USA) auafiunaaadufinaim Canon DSLR uianalagly
TUswN5Y Image Frame Work wasUszifiudneninnisszatsiiesingdinislins wuuuuuis
Usanasdadunnlegldaunisd 2 il

5%(301-h) n 7%(301-1) n 9%(301—c)

300 300 300 (3.2

Irritation score =

dlo h, Luaz ¢ uansds szasnanisuanvaasindentas Msdnuinvesnasnden waznis
ngnquueslusiy mMsUsEfiunansuuLifuaald fvundsl Avuuy 0-0.09 maned ldszany
LWABIAZIUY 9.4-0. 191N8T 9T ANELADUANURUAT WU 9.8-0.5 1118 SEAELABIUNLNAN LAY
AzlUL 0.21-0.9mnefs szmeldessuLssdmiuliiiunsmaaouLdvgildudidenuded
oaumgil 20-°C SwAuilovhanenduu3lely (chicken embryo)
3.3.9 MyATedayan1eada
EﬁagﬂamamimaaaLLamLﬁumLa?ﬂ'ﬂid’mLﬁmwummgm NNSEBALUUNITNAABIAIY
LUULRUUBNT-lusuRuLayn1sadanuusiaeniieruisantisimnsaudiedanesaald
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TUsunsudu5a3uIMP Pro 14 (SAS Institute Inc., Cary, North Carolina, USA3iAs1evidayasie
N153ATIEIANULUTUTIU (analysis of variance, ANOVA) uagdAsIeiAuuAng 1958 1inangy
featd Tukey’s test InarnunaiszRumudoiufl (p<0.05) foiuanansfusgrelituddy
yadiRszrinnguiinnIeuiie



unn 4
Nan1sAneILazafUs1gNa

nsAnwilgatiundnuasnnaeulssavsiavesausd uanuanduiidunaiue snmon
ussquiluuauga lnensinedagianizmanaaeuluvaesmnassvinty ilelildssuuthdsd
fnnauifnudomnis fafesnmmaeinienm wasiivssansualunisihdusuneaadludsdiu
Rovifafififa3u TRPMS leegne5ansa dsawsinlilddoyaifioamedmivinluldinununis
Anwideluonanadinsgunmilueunan tnefineadendaelud

4.1 nseRAKUUEgATATUNUNaUTIY UL luLAUYA
nsAnunilldidendadognsdfunndnusiuau 3 Yade 1éun U3 menthol (50 100
ey 150 mg) poly(e-caprolactone) (80 102.5 ag 125 mg) wag poloxamer 188 (125 250
way 375 me) fauandlunisnsd 3ﬁmumiﬁmumaLﬁuaﬁiaaﬂqw‘ﬁgmzéjuéh%’u TRPMS8 poly(e-
caprolactone) ¥ivthildunedmeivioviussuuihdmnluualya way poloxamer 188 yiwtii
\uansanussisiavidalifiussqitesnuiaiiosnmmianienmliuissuuids nuaiiiden
Jafodandnufinu mnedeyanavaaoulnedisonuifisvinadeananifiuluuagadniis
sosnsiiuumeasgluglansararedufiu caprylic/capric triglyceridesadly Fauuuveaduansd
13]@%185%@3%L%’WIUazmsJagﬂucaprylic/capric triglycerides wagazlaszuutndsunluwalya
Aflotuduununas endn lipid-core nanocapsules
nan1sAnuIAuaNTANIsenme s lukaUgauandlilunissil anuindiuiinGelFaa
ymguuaziinnisnsziianadliidesanniinusingnisal tyndall szwineeyninneaas i
LLmuaasﬂufﬁ(couoidaL suspension)ﬁﬁuﬁmma%ﬂﬁzL%qLLmaaﬂm (mwﬁ?)(P. S. Kumar,
Jeyalatha, Malathi, & Ignacimuthu, 2018)Lﬁaﬁwﬁw%’uﬁlﬁlﬂi’mﬁummaumﬂﬁaEJLwﬂﬁﬂmsﬂiz@a
nasawesnUIdiduugudnansAe YN ARABIINAY 122 nm B3 354 nm agidiuldineynia
yesgnsisuiidnuiianadedindt 500 nm dudutisvuiaeyniauilunaugaiideanisdiviu
nadsnddduiiands msgmndsuinouniagendn 500 nm srutthdsisaunduanag
nszeeguuuimiuarilenmagafuadiuluduimdilédiios violignaadudnlussiufianas
14 (Yingngam et al., 2019)
gnsirfuiuuneaussyluulunalganngasilandvinisnszatgounianindu 0.148 e
0.284 Fsusuenitoymadindsldreudsaiianefuosninadnaidiini 0.3 ddasuniud
Afiinnsnsyatgoynnaziliiegsening 0 S 1 Ariidiing 0.3 st aynAneaaes e
aiiauslndlAsiu(Vasconcelos et al, 2020)ilernlUTiAT1ZiANILUTUTIUANOVA) 11Ut A
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v

dudinsnsgaeeunalivandiaiu (p> 0.05) awaiduuidinggitssuuthdwnluuaugai

2

=

Anwiinslduiinamsanussiaidlusifuiiiomedmsusnuiaiiosnmueseynauilunalga
fuAnTulnsgld

dmsuadnddng (zeta potential) Yuwuindanadsogsening -22.47 89 -30.86 mv il
wfunstauseqiidu Stem vesunluualgaiioglusuasaoanssduarldviiuneiadosninms
neamyosunlunatya laenguiudrsruuidsiifvuineyniaeglurrsunluinsuasdl
WERYININNNNILAINATITILLAENITN1TEINTT £25 mV (A1 0 mV e =5 mV visneila aunadl
wwrldnazdudlunguiou (flocculation)niainiznaunnaznou (coagulation)An +10mVas
+30mV nu1ede Juudldufnaiuldiadesdr £30 mv 89 z40mvuanedis dadesainmis
MBAMUILNAT A1 40 mV Ae +60mV wanefdiafiosnmmianienmia wazaniiganin
+60mV vangds fiafiesnimmienienmiiflden) (A Kumar & Dixit, 2017) fau iofiarsanain
pdninsidnedu seuuthdsiivantuandsaaiasdiafosnmmnsnmenm

dgaunsiniuunealussuuihdsunluadya nuinfidiegszninedesas 93.44 1 98.99
Uq?gfhLuu‘maammiaﬁ’nLﬁuLﬁﬂ’ﬂﬂagiuiwuﬁwﬁqlﬁqqmm fifuguinainfnanauandinig
azanglursn @9 menthol ﬁﬁh%mmiazmaﬁﬂﬁqmmﬁ 25°CLinAv 0.4 mg/L (Phunpee et al,,
2016)3@‘1/‘1"11131’5«1'13%13mﬁlsﬁ’ﬂﬂazamagﬂu caprylic/capric triglyceridesuazgnimiuliniglu
oumauTuuaUgaurunsldasasagluinaameuendifiiniudmysenoundn
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M13190 4.1 Ysnadiuusznauvesansiildnanmunaaussquilunauganazitlieanuuy
N1SVARBIRILUUULHUUBND-LUNUAY

v - v o . SZAUNISNNADY o o o
faUDasy yanual niiluanu
-1 0 +1
ALY
Menthol (mg) a1sLiNANsan
Xy 50 100 150 - *
U
Poly (E-caprolactone) (mg) 80 | 1025 | 125 | wodwesvievy
Caprylic/capric triglycerides(mg) X 300 3Ty
Sorbitan monooleate (mg) ? 80 A17AALTIAGHD
Acetone (mL) 25 fyinazane
IMA1AUN
Poloxamer 188 (m¢g) X, 125 | 250 | 375 | a"3anuLsImamn
Polysorbate 80 (mg) 80 ATAALTIAGHN
Distilled water (g) 50 nszany
AU Ny wWvsnendioanis
IWIARFgYeIBUNAUIlLLAYYS :
Y, #an

(nm)
Andanns (mv) Y, daan (Anav)
$eUa¥n15U339 menthol (%) Y g9ge




M99 4.2 N19INUUUNITNARBIAIYLUULKY Box-Behnken d1Sunéin menthol ussqunluuadga uasamaudRvainsun

wseuld
A1939 (AN39H) ANITADUAUDY
Aol Menthol Poly(E-caprolactone) (X, | Poloxamer 188 mm’é%mﬂaqmﬂ g3 (Vs V) $ouaznisiniiu

(X1, mg) mg) (X5, mg) (Y1, nm) menthol (Y3, %)
1 50.00 (-1) 80.00 (0) 250.00 (0) 259.27+4.24 -30.86+1.44 95.76+3.50
2 100.00 (0) 125.00 (+1) 125.00 (-1) 269.70+8.57 27.17+1.21 97.67+1.01
3¢ 100.00 (0) 102.50 (0) 250.00 (0) 200.83+0.12 -23.40+1.08 96.24+1.50
4 150.00 (+1) 125.00 (+1) 250.00 (0) 354.77+2.96 -30.07+2.51 97.67+2.57

100.00 (0) 80.00 (-1) 125.00 (-1) 220.57+0.81 -23.8 £0.76 98.92+1.08
6° 100.00 (0) 102.50 (0) 250.00 (0) 215.90+2.59 -22.47+0.50 96.39+0.75
7 50.00 (-1) 102.50 (0) 375.00 (+1) 122.00+1.50 -26.03+0.70 93.43+0.84
8 100.00 (0) 102.50 (0) 250.00 (0) 199.53+0.42 -23.09+0.06 96.53+1.75
9 150.00 (+1) 80.00 (-1 250.00 (0) 265.87+1.53 -26.03+0.81 97.86+0.68
10 150.00 (+1) 102.50 (0) 375.00 (+1) 271.83+6.31 -25.30+0.10 97.53+0.89
11 100.00 (0) 80.00 (-1) 375.00 (+1) 195.07+1.02 -25.00+0.35 94.57+0.78
12 50.00 (-1) 102.50 (0) 125.00 (0) 201.30+0.53 -24.23+0.83 95.45+1.05
13 100.00 (0) 125.00 (+1) 375.00 (+1) 205.10+1.67 -24.40+0.56 98.99+1.29
14¢ 100.00 (0) 102.50 (0) 250.00 (0) 205.60+1.04 -23.53+0.38 97.36+1.35
15¢ 100.00 (0) 102.50 (0) 250.00 (0) 203.43+1.68 -23.77+0.75 96.83+0.40
16 50.00 (-1) 125.00 (+1) 250.00 (0) 199.07+1.42 -27.70+0.87 98.87+1.80
17 150.00 (+1) 102.50 (0) 125.00 (-1) 211.87+1.53 -27.87+2.15 97.37+1.86

‘sesiunandoyauandlusuaiadonardiu e uuuninggIuaInnmeaes 3 91 (n = 3)

0¢
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AT 4.1 NSUSHUMIBUANHAIZNINIENNYDUNNAY (NND18) wazarsulunaannfuluszuu
ihdaunluuadga (nwwa1)

4.2 msaanuuasuiiemanzivuzauvawnlunalyadielassingysamiiion

miamLmumaaamqﬂmmmamLwamuwﬂmamumuﬂmmﬂ%lumm%uwﬂma‘l%aaﬂai‘vm
TasseUszamifienlngthdeyanisnaassis 17 gateya muamiummw 4.2 Y1HUNIIATIEY
wanafidenlddaneifuiiiosanlasssdsramisndunuusuiianansnaiswuuaedliid wds
Humssszrinsfanusduuas fuvsmuldfidewieuiisufunanisinu ildifisutuss Deuisiuin
ABUAUDY (response surface methodology)(Faisal, Nassir, Naji, Naushad, & Ahamad, 2020)

wedafinunl9insizife K-fold cross-validation dsdadumnafiauinsgiu wieiienit gold
standard dwfultlunmsaisuasyaaeunisiouivedasaioussamiion inselimadafiFondn ns
dudn (resampling technique) Bsazshlsiusazanvasdoyanszarslndifssiunazdinanani Snveds
Fradesfunisiinnsinnedinduly (overfitting) vetswuusiaesldlaee K ileunaaaufio K = 5 wax
K = 10 (Faisal et al., 2020)1uﬂwsﬁﬂmﬁlmﬁwﬂﬁﬂmiaaaﬁmamgﬂ (trial and error) Wipad LUV ED
Tagrmund K 0g3eving 3 fis 20 wuinan K fmngaufe K = 5 Jufe ileutsteyaiaiaudnaziing
yaaeulinadiua 5 seufieyadoyaiiiiniiin (training fold) uaznadeuluinatia 5 seufaenIs
M31380UANYNFABN (validation fold) Tailuusiagseu (iteration) axtiufinArnmAaALAADLYDINTS
#379a0Y (validation error) iethunagunevdsdugansyuaunis cross-validation daumadia cross-
validation Ma@enUszian u 9| 18U jackknife test (leave-one-out) bootstrapping Monte
Carlo test, three-way split test uag disjoint set test Lilsanldlunsanenil
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N1INAABULUY K-fold cross-validation (K = 5) fazutsdeyasenuuu 2 gadoyafe Toyadimiu
n15iinSevar 80 (training and validation dataset) wavdoyadmiunaaeuiseay 20 (testing dataset)
Mntudenldflardy TanH dmivadilasisrmedasseUszamiionium Seiladduiiidonae ns
uansesteyatioon (output) azdlmegsening -1 way 1 Iaduilsdduivilideyaiinimaunamnsizd
Aadeaziniu 0 vlianunsaman e vz auladne lagugouAuly wagnsulanaln
Wilaviladne

sudouizadanuusiasstnedanedfiutu s1uiuvesdugeu (hidden layer) uavsruaulassane
(neuron) Wuiladefidsmanenuaunsalunisiueaveswuusiassiiadnedu nsadslasaieiiil
$utudeunarsiuulaseeiiisautesiull e1eszdwmariliuuusassdiuszansawlunis
Ve lalali luniensefudumnsuaududounazsiuiulaseiefiduiniiuldazdanarily
wuusaesiiadtunniuiimududounazildenn sufu Suludemmanneimuzanlngldinaia
QUFGLNARRNAN

NansAnEINUI Tasesnafiuanyandndudusig (input lalyer) $ugou (hidden layer) 71 19
gau (hidden layer) 71 2uazdunadng (output layer) fie 3-8-8-3 fauandlunmd 415w dulasesnedild
UsgdvBnmnsvhunessngauiianuasimanuaanadousi e 72 ganin 0.75(n it 4.2) Bntia
fafldn MAD waz RMSE #in dwmunnuadoyaiitianiln(training dataset) wazdoyadmiunaasy
(testing dataset)(®15147 4.3) ?z'faLLamIﬁLﬁuiwLLUUﬁﬂaaqﬁﬁmmﬁﬁmhaaﬂﬂcgmmilﬁmmiﬁmwﬁa
AulUld (overfittinganunsasdewduauduiugseninessaudsudusinga (nput layer) uasdudou
(hidden layer) Isasteludl

AN 4.2 [elAS9E519909lAT998USTENTBNTIANNZEY (3-8-8-3) aMUSUASIMUUINA9MUNY
AuENURvassUNaUTIIUI lULAUYS
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rrrrrrrrrrrrrrrrrr

g
£
2

Acual particle size (nm)

99 3 g o7 o8 99
# menthel (%) Predicted entrapment efficiency of menthal (%)

AMui 4.3 @1 R? vesyadayamiuninuazdayadmiunsiadaundugniesdmivaiiswuudnnes
ungpuauURvassunaauIIunluuaAlya

H9ndu TanH LanIPNUALRUSTEUINIMILUSAULAETULaUN 1 wansluauni1sn (4.1) - (4.8) ¢ail

Hi = TanH(0.5(0.0103068115066717X1-0.042956743046402X>-0.00163853525414455
X3+3.23390746597682 (4.1)

Hz = TanH(0.5(0.00587243581774941X1-0.0324208590876487X2-0.00565676681432105
X3+4.12924037901135 (4.2)

Hs = TanH(.5(-0.0332219660404928X1-0.0130271605242845X,+0.00538247024922714
X3+2.65194499903653 (4.3)

Hs = TanH(0.5(0.0380100557754298X1+0.0465476920020161X2-0.0051367202249681
X3-8.02022321088381 (4.4)

Hs = TanH(0.5(-0.00147374953243669X1-0.011624292675493X,+0.0140268689654147
X3-2.30389506455566 (4.5)
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He = TanH(0.5(0.021286859199495X:-0.00163277787463914X>,-0.00755985816747422
X3+0.948873006478389 (4.6)

H7 =TanH(0.5(0.0131904108364851X1+0.0737199786452804X>+0.00473029947402788
X3-8.85157365138812 (a.7)

Hg =TanH(0.5(-0.0129459174415221X1-0.101134048251944X,-0.00672854220799969
X3+13.9835668207438 (4.8)

HINTU TanH baAIANUAUNUSTEMNINITUTDUN 1 LazTULDUN 2uwandluannIs (4.9)
— (4.16) tWugadl

HH: = TanH(0.5(0.0824387629673298H:+0.423785866579208H,-0.4469686 75771875
H3+0.184485573842866H4-0.717422525178891H5+0.970162734536538
He-0.259422819156442H7+0.0435846868963398Hs+1.14651176924334 (4.9)

HHz = TanH(0.5(-0.315503179766834H;-0.201630437660092H, -0.638246258774863H3+
0.12003877732995Ha+ 0.307622835999698H5+0.266203799821021Hs+ 0.556784443382964H7-
0.631279398220077Hg+ 0.511625429836302 (4.10)

HHs = TanH(0.5(-0.168915392759593H:-0.0803085278868904H2-0.250586668891787
H3-0.0371048320203291H4+0.743014536501128H5-0.0148551436247029
He-0.00743114722456239H7-0.452019167536003Hg+0.671400818519061 (4.11)

HHs = TanH(0.5(0.727594707140409H:+0.405146595630959H2-0.278863440074121
H3+1.26647624477123H4-0.305489015216205H5-0.0136785932839413
He+0.0926404004599945H7+0.244636557480673Hs-0.48398076823738 (4.12)

HHs = TanH(0.5(0.181897315171208H:+0.69168238775912H,+0.694963617819721
H3+0.256435503301775H4-0.12093652887442H5-0.456566922380782
He-0.329818579866086H7-0.333523999283395Hs+0.952870415340341 (4.13)



35

HHg = TanH(0.5(0.809411919535502H:+0.469338991792833H,-0.916267837685723
H3+-0.190356228345599H4-0.881809627177955H5+0.153213523718917
He-0.148019420305889H7+0.722395303746602Hg-1.43385274397934 (4.14)

HH7 = TanH(0.5(0.33662560946677H1-0.0140268932402472H, -0.194887914660192
H3+0.147725240611948H4+0.0813295776846605H5+0.535875639575287
He-1.2698552368338H7-0.772185411870193Hs+0.258504869085479 (4.15)

HHs = TanH(0.5(0.0446404466529525H1+0.125622318421367H,+0.120481327035935
H3+0.0283995998747116H4-0.1225141003485H5-0.114216500118345
He-0.0566764748325492H7+0.234392072272717Hg+0.0716902813687533 (4.16)

dlevnanuduiusvestudoud 2 $1eduntnansauFuRusTusnUsauagldannisuans
ANUFURUS (19) - (21) fasioluil

YUINOUNIATDLUUNBAUTIIUIULAYYA (Y1) (nm) = 148.426394863557HH; +

2.24421990371873HH; + 63.509040664959HH3 + 33.9993076728498HH4 + 179.010818705517HHs

- 126.799042684808HHs +145.379838173161HH7 + 4.24013685619427HHg + 71.0757234225039
(4.17)

Anddvauuunaaussunlulala (Y2) (mV) = -9.88101693540562HH;- 4.71812012401674HH,-
14.0509096528718HH3- 6.28165556946776HH, - 42.2846041329898HHs + 2.47805069194714HHe
+4.2000301104528HH7-2.90332020446707HHg - 8.63100573973574 (4.18)

Sovazmstiniiuwumealuszuuihdnnluualga =10.9946972242681HH; + 11.6508308309627HH;

+ 17.2247902135992HH3 - 7.73773265405683HH4 + 29.0282984967683HHs +

10.6528820959258HH¢ - 0.586605031968911HH7 + 0.932426993865547HHs + 79.3873885467459
(4.19)

aduuSsEwinsAnnIeas ez neLansAlunwd 4.3 T wuimanisiases wudn fn
msmaawmm'smauauawaqéhLmsﬁmamuazﬁwmalé’ﬁmmaamﬂé’mﬁuiﬂanﬂf\m%’mL'%ﬁqmm%sm
SudududunasilAduussansanduius (determination coefficient, R% 0.75) (71151971 4.3)
yonandudfmuinmadumde (residuals) Sin1snseaned@sustiinmenuaannnasuinansenuLiiod
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dntley Al man1sasakuuTIaestInanisansatldiieriuneavesiulsmuvesuiiuuaUga

1

A1 4.3 AEDREINSUNISUSLIUANUALNE ENYDILUUINAD9LASINeUsa sy

s eaaa yadayan1swin yadayansianauANgNABg
(training dataset) (validation dataset)

YUINBYNIAYAY menthol ussaUlunAUYa
R? 0.9924 0.8032
RMSE 3.2462 27.7560
MAD 13978 21.2506
-LogLikelihood 33.7537 18.9696
SSE 136.7537 3081.5733
And@n3vas menthol ussulunAUYya
R? 0.9915 0.8544
RMSE 0.2089 1.0126
MAD 0.0884 0.9028
-LogLikelihood 0.5673 4.1015
SSE 0.5673 4.1015
$ovaznsiniiu menthol Tuunluuauga
R? 0.9843 0.7657
RMSE 0.2057 0.3160
MAD 0.0935 0.2545
-LogLikelihood -2.1133 1.0680
SSE 0.5499 0.3995
AMNIINVDINTTIALADSN9EDRA
Generalized R? 1.0000 0.9933
-LogLikelihood 29.7300 25.734

4.3 NFAATIRVBNINAVaLUIAUaRMaNTRva I luLAUYA
n133AsERenSnavesinusiuiidnwss 3 9ia fo Usuin menthol U318 poly(e-
caprolactone azUsunad poloxamer 188 aznanslagldarduinssovazArud1AyIoIdLUs j
(relative percentage of important j (Miaensldafnanduindnnisie A [A¥eE5ENI19 0 i1 100
wnafiswaldliaingu 0 nunefaduwusduliiinadediulsny wasmnaiisuraldviiu 100
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vinefs faudsdudananidninadefuusmuanniiaa(Faisal et al., 2020) Han13Aune fuandlu
Al 4.adai FofinsandvinavesinulsiunugaantRvesuiluaugalunmsiy wuindadediing
m'aLuu‘maausi@Tuuﬂwmﬂf’gamaﬁqmﬁa U318 menthol s99a911A® USu1es poly(e-caprolactone
waz USues poloxamer 188 Taadian infudosas 59.7 59.3 waz 24.8 aruadisu iofiansen
Muazidavesiulsiuiinadefuusnuges wuin fulsiuidnuinadenuantivesuiluwauya
umneinafty el Hadeidnansznuseaadsvessuineynauluualganiianie Usuia menthol
(Fovay 64.1) 9983178 USH1ad poly(e-caprolactone) (So8az 52.2) wag Usuial poloxamer 188
(¥ovaz 18.9) nansznusananiuwiliuadroadaiunadsomdnddns fauanssanwaiidsesosay
msﬁ’ﬂLﬁuLuumaaiumiuLLﬂﬂﬁasﬁaWUﬁwﬂaﬁaﬁﬁmamﬂﬁqmﬁaﬂ’%mm poly(e-caprolactone) (Souay
70.7) Y3uau menthol (Foway 41.5) uazUSuras poloxamer 188 (Faeaz 35.0) uaziialiidnla
swazduauntu §ifesldhanuduiusvasiusdiulutuig fuseu uasduuansua indmon
wazasradunsmanuiflaeseesBeahdedendudns dil

Overall

Column Main Effect Total Effect 2 4 6 8
Menthcl (mg) 0.276 0507 L 0 O F
Poly(s-caprolactone) [rmg) 0.28 0503
Poloxamer 188 (mg) 0.044 o248 b
Particle size (nm)

Column Main Effect Total Effect 2 4 b6 8
Menthol (mg) 0.321 0.641 L0 ]
Poly(e-caprolactone) (mg) 0.259 o522
Poloxamer 188 (mg) 0.071 oase [
Zeta potential (mV)

Colummn Main Effect Total Effect 2 4 6 8
Menthal (mg) 0.292 0.724 :
Poly(=-caprolactone) (mg) 0.236 0.349 :|
Poloxamer 188 (mg) 0.021 0204 0 | i
Entrapment efficiency of menthol (%)

Column Main Effect Total Effect L 4 6 8
Poly(s-caprolactone) [mg) 0.345 0.707 ::l
Menthal (mg) 0.216 0.415 ]
Poloxamer 188 (mg) 0.04 035

M 4.4 ardunnsTesazanudrAyvasiiuls ()vasiaudsiusennaudn
Y2u3UNBAUSTY uululAUYa
4.3.1 wasdavuIAYNIAUIlULAUYS
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Andsvesvuaeynaulunadgadutladvddyifinansenudenisgaduvesulunalga
fiussgumealaseymeaulukadgaruadnunsndudnasluluduinldunndeyniavuelugjwolf
et al., 2018)uansAnwanslunwd 4.5 wuinisfiudndauvaamenthol anfuainiEudufe 50 mg
?iqmaﬁﬂﬁ@hmﬁ'amuﬂmaymmmuﬂmmﬂ@aLﬁwﬁuuawmmaqmﬂ%Lﬁﬁ%&i’lﬁﬂﬂﬂﬂﬁ 100 mg
54 150 me(n i 4.5auazb) Inefwunliufindefuiunisiindndiuveapoly(s-caprolactone) (n1wdl
11a uaz o) luymanssiut poloxamer 188 flmuduiusidauinlneinasevuinoynauiieriu 7
dnauveq poloxamer 188 #1521314 100 &9 250 mgLLaﬂummzﬁﬁmmmL%u%uga%udqmaﬁwiﬁmuwﬂ
oumAanas nvaztudaunsoesuigldnnuinaiigduressmmesluuuwadgaviilfmadiniy
Kneluoymeszuuiddeilfifiuaneynia navesnsdnuiaonadosiutudeyaildsoauly
nountihillag AlkholiefdmiuayniaunluniifiAadiussy doxorubicin wag piperine finudnisiiia
Usinamesanseengrisadluazdsnavidlieymaesssuuthdsdvwelugiu (Alkholief, 2019)

(@) (b)

e
N\e\“\‘o\ A e,
g 785
o 0%,

Particie sizg 1 &

(o)

AWM 4.5 MWEINTALEAIBNTHAYDIAIUUTAUADANLRALVUINDUNIAVILNUNDAUTTYUI LY
walea 119 (a) Ao WavBIUIUTU menthol waz poly(e-caprolactone) (b) A
NaYBIUIUI menthol waz poloxamer 188 wag (c) Ad WAYDY

poly (g-caprolactone) iLas poloxamer 188
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4.3.2 WafaAndYnng
) Y 1 o ea & ~ L o e
NAUDIAILUSAUNDANYLR1TUDI Lll'LWl@anﬁﬁ}ﬂLuuqiuLLﬂUﬁaLLaﬂﬂIUﬂWWW 4.6 WUIAFNYY

asvesunluuaUgaiiussqumeaiiAtegsening -22.47 i -30.86 mV fudsdaseiifinansenufo
fnduuianmes menthol Tasnisiiiu menthol snFusilsidnddnsanas lumamsafudrunisidiy
U3una poly(e-caprolactone) aﬂﬂﬁ'ﬂ,ﬁﬁﬂsi%miﬁm%ulﬂasmmﬂ%ﬂﬂmfimg carboxyl U9InodLeTY
fniifinavhlifiudadauwes carboxyl ion (COO) Tutu Stern vosuTuuaUya Maivrsvesrdngdons
vossruLdiiinwanndestunantsinunilndifestuianenullasdnisengudunountriladr

et al., 2018)
(b)

PO/
18 Ye )
® “apr, ano ¢ e
O, et J o e
) acet, 100 7,
0 > o 8 o,
o %)

2,
100 os,
| Yo,

wentho! (ma)
o 7€) (n

"9)

my " & B

Zety Potentiy

r

Zeta potential (mV)
3§

€ta potentja o

\actone) w IMme,
0 0 185
0 : ”'"’”m

o
c 00 20
)
0 @
ne) \

g N2
/),()/ 150 o P (l\\)‘“
o %0 gont

AN 4.6 AwanuiinansdnSravesiLUsaudeAndTnsvaduneauTIIUIluLAUYa

dlo Al navesU3unas menthol waz poly (€-caprolactone) (b) fia naves
USuad menthol taz poloxamer 188 Lag (c) A Wawas poly (E-caprolactone)

ey poloxamer 188
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4.3.3 wadefosazmsfinfiumunaaluwilunalya
maﬁuméhLuJié'wiaﬁh%fasJazmiﬁﬂLﬁ‘uLuuwaaiuuwiuLLﬂUﬁaLLaMQIuﬂWWﬁ 4.7 WU dadiu
dmifves menthol way poly(e-caprolactone) finasarsasaznsiniiu menthol iieiiudndiuaes
menthol Iﬁgﬂﬁuu’lﬂﬂ’j’lg}gﬂw}' 80 mg AUde 150 mg ?iwaiﬁ%faaazmiﬁﬂLﬁumiqqgﬁu Tumanssiudnu
FndruvesSunaipoloxamer 188 AautnaiviswatiosunseUszansawlunsinfivans seiiiesan
menthol \Juansitldvouii 'ﬁqmmwvﬂivm8ﬁﬂUé’ai’mmﬂﬁfflﬁumaamimmﬂ% nadnSTildde
menthol 9% aﬂﬂﬂm‘uiummmuﬂmmu caprylic/capric triglyceridesyinliiiusg@nsanlun1siniiu
msuu(Phunpee etal, 2016)NamsﬂﬂwmaamﬂaamumsﬂﬂLﬂumﬁ‘vmﬂmammaumalmﬂﬂwmm
3w 9 diedundndulilussuuihdsUssinnunlunndfidaszimiuevlunisdiludndulilutanis
msﬂ,ummdwmiaxmaazﬂui’mmﬂmauaﬂﬁL‘i‘]ufw(WoLf et al,, 2018)

(a) (b)

amd 4.7 anwaulifuansdninavasiulsduserfosaznisiniumunaatluunly
waUga dlo (a) Ao wavasUSu1ar menthol way poly(e-caprolactone)
(b) Aim waweaIU3u1eu menthol uaz poloxamer 188 Lag
(c) Ao Wavas poly (g-caprolactone) waz poloxamer 188
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4.4 msmamq:ﬁmm:amaamsm‘%auLuwaaussﬂuuﬂuuﬂwga

nsaseiilddenldileidunnuionsla (desirability function) Wiemannsiimnzauveinisuan
wuveaussaluunluuaya Tnefvunanneuanzasde suuthddldnsiivuaeynadn dadng
Fn13ae (Adnav) wazdidsevaznmsinfivanslussuuiidsgs uagdmusaiiidunnufionelasewing
0 fis 1 mnefiduanildvinty 0 mnefs azldnuaudRvesunlunatgaiilifesns lumaenssiuda
wnefirualdvindu 1 et amazﬁ’ma’nL‘T;Juaﬂnzﬁéfam'ﬁmﬂﬁqm (Yingngam et al., 2018)

wansnAaelandlunmd 4.8 wuin mrilsddueaisnelawintu 0.87 Fagandt 0.70 uansinduy
Anfisansuld Tnefidndruves menthol Windu 150 mg USunes poly(€-caprolactone) Wiy 84 me
wag poloxamer 188 1Ay 125 mg %wﬂé’mﬁwmmmmLa?immmwmﬂuﬂuLmﬂ@awhﬁ’u 216 nm
FndFnndiinfu -27.08 mV waz Sesazni1siniiu menthol iy 97.37 ieidunisasiaaaumiy
Qﬂé}’awaaamazﬁﬁmmlﬁﬁqléfmaaqmamqms‘h%’uﬁaﬂénLﬁuL‘T;Juf{hmu 3 41 wuinszuuthderinanle
fidedguaseunialvitiu 205.11 + 12.73 nm @ndams wirdu -26.61 £ 2.32 mV waz¥esagnisin
AU menthol Wiy 98.18 & 0.15 Fslyuandrsannendiviiungly (p > 0.05) wansinanizfivhunelid
ANz aLLavaunsalgnmunanzlunswanisuls

-

telis]ls]lu]ts}lu]l e} m NN}
= L R LN = 000 O

o R e ]
oo O O

[ e TR e R e R e
9 o =D

o 80 125

e R e R e } i
=

075

¥}
5

Menthol clyi=- Poloxamer
[rg) aproelactone) (mg 188 (mg) Desirability

AN 4.8 A15AUIUAIMNINTUAIUNIND TLNENENIINTITUINANTLUULNES
uluuAUYAUSTY menthol
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4.5 nInsIvdeUAnANTRYaLNUNaUTIYIuuTuLAUYA
4.5.1 dugauivnervauuunaauTsyiuunluuauya
qmﬁié’ﬂ%’ulﬁmmzaumﬂmsaamwumwmaaaé’wLLUULLmuuaﬂsﬁ—LUﬁuﬁu(Box-
Behnken)sauiulaseneUssamidloniunudn Wuannefiamnsavinisudng léa (reproducibility)
Slenanen 3 sumsrdanuihivuineymavesuluaUgaiiussquunea  duHgUdnaadueg
205.11 + 16.71 nm fAdvdin1snszarseynn<0.3 fauandlunind 4.9luvazivuinoynirvesuily
waugalafiawindnninaniiey (182,37 + 7.29 uiluluns, p <0.05)

15- e Batch 1
B m Batch 2
. k A Batch 3
S 10-
= ¢
5 "3
2 5 § *
e
°
0-—~M—-—-—-—L—-—-—-—-.

0.1 1 10 100 1000 10000
Hydrodynamic diameter of nanocapsules

AN 4.9 NTNTTINYIUNIAVAAUNDAUTIUITULAUYA 3 JUNITHER
IR ILNATANITNTLLAIALENALTDS

dethunluuaugadiiauindlu@nudugiuine1nmelindosqansseididnnseunuuderu
(transmission electron microscope, TEMmUIulukaUgaiiussquunoa fdnvuzifusunssnani
yuadsvesulunalyalndifssiunisinlaslinadanmanssiiuanawofuaziidnuaziduuauyad
vioviusenediesildde poly(e-caprolactone) fauandluniwd 4.10 Fevadlifiudmauiinisised
Uszauradsalunisndnssuuihdsdauluwalya
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. : 7 /. 3
—20pm—— :
 Microscope Accelerating Voltage Magnification Camera Length
)] JEM-2100 200 kV 500 x -

AR 4.10 N13R5FRUlATIETIeTEAUNNATYRY menthol ussunluuaUganield
ndesganssAidianasoukuuda iy

4.5.2 AuaNUABRuugll
namsdpUANaNTRdguunRvesssuthddunsinuinsaaeulagldinadathermal
gravimetric analysis (TGA) Tneflinquszasdilouszifiunavesgamaiidenisivdsuutasnuandives
sruvinds wazUsziliudneninvesszuvinddunisteaiunisseimeves menthol @andussenie
meuenlnginnisgydemamadofiuguvniligdu msfnwiiddniufemaaeuludisgungiias
Tutig 25°C fis 600°C isrzmnmaaeulutsgumglisnng1 100°C agwunsAsuLdasldlsidaion
wan1s@nwandlunmi 4.11mu Luuwaaiumaﬁamwﬂﬁﬁumﬂ 76°C Tuly wagszine
a5 TbuYNeungl 81°C fia 171°C lnsiinagaydesiannisiosay 99a'1mmm,ﬂwfuuuﬂ’1m'nﬂm
dosmnmisldsumudoudmarnlsiuumsassmsssnly uas Slogamgigaduasiinnisaned wa
msﬁﬂmuaamaaaﬂumsswamuiﬂaum%ﬂawmum ldiz, Celebioglu, Kilic, Durgun, & Uyar, 2018)
Sofinnsanauantiidigangivomediuss poly(e-caprolactone) Alfiduasvioriuunlunadgaty
wuiniinsgademnasselifuddnszningumngi303°Cieass°Clsaenadeafiunisaaiefvoned
wesmeauseuNNMinUiiseeendindu dvsuasuausyrituuuveatazuluialgalaazny



44

nsgdesnatuiufigamnios’C warduanil 230°C fennindunainainnisaanefvaamentholuas
mimeaaﬂsumLﬂﬁaﬂm‘[mmwgaL‘LJa'ﬂLLaz§uqmﬁqmmﬁ38°Cfi’m38wﬁﬁeiamiuLLszgaL‘Ua"l WAzl
uegafiussgsuneaazLanImsgaydsnautady 3 svoy Tasfidunsmivosunluuaugaiiussguunes
L?iau%ulﬂLﬂ?isjuwaqﬁqm%gﬁﬁqﬁuLLamd’mﬂuLLﬂﬂsgmiwLﬁuﬂ’s’maflmmiuﬂ']sﬂmﬁuﬂ’ls
gy dvveawumeald dudu wansnwiildigadliiuieiofvesnisviorummneal fluunly

waUyaTaieInyLaiesnaelvesansiegumille

100+

Poly(g-caprolactone)
Menthol-loaded nanocapsules
754 Empty nanocapsules
x Physical mixture of menthol
= 50 and empty nanocapsules
o0 P
B ure menthol
=
254
0

100 200 300 400 500 600
Temperature (°C)
AW 4.11 n1sasdeuRuaNtABgun)livasssuutndlagly
waila thermal gravimetric analysis Tugasgamail 25°C fia 600°C

4.5.3 Fourier transform infrared spectroscopy

Mndoyanmautinentsnmesulutatgadiaiuaznuindnddnfveassuutded
fimuBuandiainiy 26,61 £ 2.32 mv TussfiasanussisindlilunsefenssuuihdmnTuaUya
Wuaisngulifivszq (non-ionic surfactant) 2 wiin Aa poloxamer 188 wag polysorbate 80 Fartiu
szuuthdsfiAndunsasdiddngdmiidlndiauonielsifivszgintu iy ilefigaiiussqiiintudy
Lﬁmmﬂa’mﬁﬁmim;ﬁ%’a%ﬁé’ﬁﬁzwﬂwﬁqﬁmuﬂ’]sﬁﬂﬁl,t,ﬁmé’aé’wmﬂﬁﬂmsimﬁmﬁuwm@aﬂLL%a
(freeze drying) N MAgRUMELNALA Fourier transform infrared spectroscopy(FTIR) NaN15ANYILEAS
Tundl 4.12lnsuansaUnasumdondulunuiwny Y dWelidudnuasnsiudsunlamsazdinavaiy
wuimentholuiavsiinisgandufiddursisaiiaundu3240 cm(iosannsdunuudnveso-H)
Way 2869-2954 cm™ (M3&uveINITEN C-H) 1025-104 cm™ (N15dunuUBnves C-O) waz 1364
cm’ (ngulelelnsiia) LaYTLAUAAUI86, 920,878, 843 uay 669 cm (A1
Fuaziiounadlassadaunuaamw)

dmsuneaiues poly (e-caprolactone) %aLﬂuaﬂiﬂejualiphatic polyesterswun1snanay
$eEBuNsusaTiauAdy 2947 cm (sp3n138n C-H wuulilauunng) fvavaduzses cm™? (sp3 nsBa C-H
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WUUANNINS) 1731 cm™ (C = O mié’u%mmqj carbonyl) 1468 cm™ (CH2n15AR) 1365 cm™ (CH3n1561R)
1294 cm™ (COMazn158n C-C) 1240 cm™* (M138anuuliaunuInsues C-0-C) 1170cm™ (n158aAKUY
auung C-0-0) waz 730 e (Mslenlaseasnaunueed C-O)
awnasunsgandusaddumsnisnues poloxamer 188 uansuaunsganaussafiavadu 3600-3400

cm™* (O-Hstretching) 2890 cm™(C-H sp3 stretching) ag 1080 cm™ (C-O stretching)

awnasy FTIR vesuluuatgafiussguumeanandiifiuiilansildlunisinioussuuiiids
Hududszneu uaznsmelvesAiganaussddumssaiiiaundu 29552922 2870 987 920 878843
wag 669 cm tulUlii1 menthol gvievulilasnisnszareiiegailulnssvesuiluuauyads
aenndosturansiaTzisesarmstnifvanslussuuidsiinuidalndifesiosas 100

AsfiuhaulassuuihdanTuuatgaduazuTuwedgafiussgiuuen lunsfnwilfe w
Lmumsamﬂ%u%’aﬁﬁumwLimﬁmsﬁuﬁLamﬂgu1743 cm 'Gafunainannisduaziiouveanisinvosny
C = O 911 poly(e-caprolactone) ﬁﬂﬁmmsaﬁgmﬁﬁdwUssfqa‘uﬁLﬁ@%uﬁ?ulﬂuwammﬂ COOVDINea
wosild frazifuldnnisifivdndiuves poly(e-caprolactone) aqiﬂluqmﬁﬁ%’udamav‘iﬂﬁizwﬁwa'a‘f?i
wanlgilrndndgmsiduauiiuty

Reflectance (%)

zo=23

174as3

aoo0o0 3500 3000 2500 2oo0o0 1500 1000 500
W avenumber (cm ~ 1)

AWl 4.12 nsnreseuRNENTRnIsgANEUSE infrared vasszuUdauuMEaUTIlY
uluuaUgauazdIuUsznauveswiniu e (a) Aa menthol
(b) @@ poly (e-caprolactone) (c) @ poloxamer 188
(d) Ag #THENNINIBANTENINUNBALALSTUULdUUEN
(e) Aa szuvidwaas () v wumaaussuluwalya

4.6 NINAFIUNTIUNIUHMIT

nsnadpUN BT sumoausTguluwaUgalunsAnudifuntsfinyiuendume (ex
vivo study) Tnegldfanifsdruy Eumdsvesluy) vesgnsilésuanlsaindnd (dadudninaasms
Inenenans) wnnafidenldfimlayesansmsizinfilassairanemoandindreadafuividanyud
Tnefmlstu stratum corneum fimumunuszanas 17-28 um Fumtlarwdiididsn (viable epidermis)

(%

nuUsE 60-85 pmuagiantaniuae (@uRavilawrkaztuludulaimie) nuiuseunal.a4-2.21 mm
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fiduruUszim 11-25 1du/cmPuenaniudfivilsdunuesansssusznoudeduruiisnadiulu
Rovifsdunifeusifinamdn 0.96-1.38 mm uardivealnvesgyuvuniieuszanm 200 pm(Jacobi et al,
2007)

Al 4.13 uanslidfiufansasiuiiamdsifanumn 1,000 pmues nile red daidluansrigestsa
wudfiavareluloi LLazsl,%t,ﬂumiﬁ'ﬁ’mﬁuaﬂiﬂuuﬂutmusga nIoazarvulu caprylic/ capric
triglyceridestflaUszifiunsdusuvesansnsdifieglusudaszuaznisinifvlussuuihdaunlunayya
wazingHafidentd nile red 8nUsznshio menthol Wuasliifinaandinuas lunsdnwillfiden
anTEMIvApUITIEIARIWAIEIA UL 30 Uil eUstiliumsBuriuresansedteTInigaadluls
Frumibadmunede Amdedumlsim$iitin aduudnaiiiduuszamsuduta TRPM8u FAugana
n1sfnwnuinfiandsvasgnsunuazlinunisiia autofluorescence Tnean®LNISTUNIURINTIVY
nile red ﬁazmaagﬂu caprylic/capric triglyceridesWunsz 184 n1 0EUURINTIL WA lINUNITTUNIURT
Aanaln trans-epidermal route(transcellular & intercellular route) Aeurain1suuduian 30 undl
Tnen1sdainuues nile red Tugudaseiinurinurossyuruniondsnsvadung 15 uit wagarads
YosnTIMLANgoalsAwUAfinty o 1an 30 ufl defu ansaranelugudasziedinalnnisdusinu
Fosnegyuvududuniaven

TumnsadrandlensSouiiisudu nile red flussqliluwlunaygaaznunsinuasgestsalausii
dunilugudase m a1 5 15 wae 30 wiit mevdanisualuuiiavs wanisAnwnifululfuty
uelgaanusaviaeusauiuiuesdusenauluduuuiamilsdu stratum cormeum e nile red wagw
Tuuaugadarnudlulufvidstuiioganadluld wanisinwnilasnadosiumenunisineilaeiind 4o
nauduilsuansliiiuiteynnruimnlumns (nanoparticles) Aflvuradnanunsaifinn1sdus e
ansasluluduiomisldfLiu et al, 2018)

dlotaszaznisdudiuasiUlufianilafianudn 600 um (amd 4.14) wudn Asdnfiuans nile red
asluuiluuadgasgsilinsBusinuiniufniiudunagguy (trans-follicular pathway)iindu
ogednLau FamanisAnwidiaenndestusseidelag Kurtz wag Lawson (Kurtz & Lawson, 2018)7
WUIINSTURILeY nile red FaduansiiazaeldFlulfuasduriuiavfaiiugyus (tansductal
route) uenINBUAEIMUIINAT 30 WiTlvesn1TUY nile red Aniuluuluwedganunisamuagos
LiaL%uﬁﬁﬁﬁQU%Ldmﬂawﬂ&%u stratum corneum LagaaIINesENINULaa corneocyte (intercorneocyte)
Fodululimsthdehuimisiudennsafarinisinuged transepidermal pathway) eguiu
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caprylic/capric triglyceridesuaginniuluunlusauga a vaanenafiv
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AMui 4.14 WisuiisumsBuriuiamimgnsasivufanianssiuanudnsniuves
nile red Naglusuarsazaredaszlu caprylic/capric triglyceridesLLaﬂu
U U
wluuauya o LaEneiy

uananiudrauideisildnmamoudnvarresuluuagaiinuiamdsanslnenisuudunan 30
uniieufingniasediedeteeiuinesnauduhluiliutuasiluasaseumelindosqanssm]
3u8naseunuUdedns n (scanning electron microscope) Han1sANWLARTUAINT 4.15 %qwud’]wmﬂ
urluuaugaduainnszaeeguuRvisiuuuasiuisduamsenuldlugguau awnflfududl
Hululihdesgynautuiivuadusinugudnarsszana 100-200 pm Ssflvualvgniauwiavesuly
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wAUea (205.1146.71 nm) Usyanas 500 9 1,000 w0 fatiu FIMIAIANWUEAINANIAINAYI
Tensussghilussvuthdsanusadudnludaunian i iidiauas tunidany wagdmaviliuunea
Whldduiudsu TRPMS Tuanidslel

awil 4.15 WisuifisunsdurinuRmignsasivluiondeiissfuanudnsneiuves
iwuneaiussyluuTuaUsa wazimieund s 1aan 30 uninnendenisu
flen1w a waz b A AawtsUnd daun c uaz d Aa Advilivudaeunes
ussluulunauea
diefigndliidiadaiauiiuuneaanunsoduasluluduiovlsldfsldnaaoufiuiulnevs wuneai
vssgilunilusadgafunat 5 15 wag 30 wift ndulfimadanisuenduiimifsiemy (tape
stripping) 914U 20 afa (Mswondomuaded 1 fvlduazthamzmdiivenads 2-20
1137070) TeagAToUARUTY stratum comeum Uszam¥esay 70 vnziiiandadiudiindoas
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Usznousietumlaiimduasmilasudt (epidermis & dermis) a1ntudiaseiusinanauneadomadn
HPLC-RI mansfnwinanslunmil 4.16 nuinammeaaunsonsanulufinnideis 2 4u a a1 5 15
way 30 unfl ogfludas 500 - 600 pg/cmPBentsAnunilannsofigadlifiuin menthol ussqegiu
oumauTuuaUgafifvuadnnt 500 nm asnsoadlulufmdsiuiidosnislfesngysldettenn
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MW 4.16 WisuigunsTuRuiavilsgnsveauuvaanussliluuluuadgai
YU stratum corneum wazduntsiIwiuazniiaud o e 5 15
wag 30 U AIYNAINITUL

4.7 managauanulunesaives

anudaeadeiunuimddnlunsimusdadaein nsdnwiisddnageuanudufivessszuy
Wdsaiwadlagiinsziluwadnormal human dermal fibroblasts tngusiduiian 24
Hlusuagiieszsinissentisveavadinemaia MTT nansAnwinanslunind 4.17 wuin seuuthds
wuneauTIgiuunlukaugakazululaUgadl dnadenissentinvesgadlnalAssiu 1oy o Ay
Audu 5,000 pg/mL Tansseadinuinninfesas 85 Famnsinindesas 70 sxiifiudeiwad Iso
10993-5: 2009 (Biological evaluation of medical devices - part 5 : tests for vitro cytotoxicity)]whag
Myl Tgianyrdusuineweswadiundesanssatviaindunuineadlifinisuasuuda
Fugnuiner a anududuiinsadey varingueUALHAUINGD LWAATINAEUFIL0.5 MM H,0, fiAn
nssentinvinfufenas 52.01 + 2.61 fau siuiiaunuFadiuldtueadionluyudmnedes
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Menthol-loaded nanocapsules

N

lank nanocapsules

Cell viability (%)

Dananssibsihbhhshhhhhnnh b ihh by
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Concentration (pg/mL)

AMuil 4.17 mmegauauluiesoiwad normal human dermal fibroblasts ¥835zUU
ihdaaunaaussyluulunauganazunluiaugaiua s 13a1 24 Falus

4.8 MINAnEUEMBMNANAATULANATEUNITIEATBIRDIVRIEIUSEIRNANENTY
mﬁéﬁiﬂumaﬁnmﬁﬂi NOUAILNARAMI 2 suﬁm ﬁa mﬂﬁﬁﬁﬁaumamaq UNBAUTIUILU
LLﬂU%aLLauﬂLﬂiﬁlwu fddsznoudAgy laun miaaﬂqwﬁmmm’lmaﬂwumLuuwaamwwfumusaaau
1. 4Imaumuﬂ Fvazanesin a1siude ansvasauin divey waziindu nsdidundndusianss
Wu%LmumﬂimmﬁumLuuwaamisﬂumLmﬂsgamamﬂau Faszvuihdsauneaussquiluunalga
WIsugaedinisanazneuuily (nanoprecipitation) Usznausisatsiaseluil mentholpoly(€-
caprolactone) caprylic/capric triglyceride sorbitan monooleate poloxamer 188 polysorbate 80
wazunau (‘vmmamaaummvl,:uL‘UmmeauaammmENmaﬂﬂumaumamm%mﬂas—ﬂma AGLLIC]
Luaqmﬂﬂ1iﬂﬂ‘muLﬂuimawsmmi’mm@ﬂimaumimmaﬂw)
wuneasinuanRiuaudnduliuifmdeiunalnnszduiiudndlossuianinueseamis
metastatin ¥fing 088 (transient receptor potential ion channel metastatin subtyp 8) fivaney
Uszam$uduiaushaimldumliwiiiddin (vidiz et al, 2018) nsldwuneailuansoongnsld
ANnuLduLnvdsiidedindrAgyde wuneaiiAdanisavaneiim PaymdsnariliAnuuAndesiu
M RAnSasiTiTsad e uiEnduifnudiiheilisumesarmetiuaransnanissmeasld
Tneftnuivanseangvdluuluuetga mnduiniulusadgadldimunfundnsusflugiuouayse



52

deriuruazmnlumsldnufesansoldnuieisdaviuivinaluniviednduresiisny waw
azpanuusiuniuayliszaeidesdefiavta dunuundefusidaindnldtuuiaiafundlnondy
ANIZEITY

ogdlsfnunisthadnsuridinan s dufomudeyadunmsssmeies dafu nsfnuild
TnguszasdiiieUsziliudndszmeifosesausdnildiunauvedinuneaussquiluuaugalnevaaeulu
Hoylviln Avualndeylufiniinaasuseasazareloanliaududusindu 0.1 Nuagansazane
thundeunfnormal saline solutionifungumuaunaINuasHaaUALAU UFATeNITEAeLAe
Uszilulsznaudien1izn1suanvasdaidonuas N13anvinvearasnidentasn1sanasneuveslusiu
Mnususdndsrmeifomaildnnmsfnuiasi U didutoyasenounmeoyifesesssunis
AnwidelunyudifenfuussansuavossdnsasiifauundudenseduliAnauidnbuluenaaias
guamasaly

NansANINUIAMaNTAMaATnen sz vuhdsiumeaiiussgluuilulalya Jandesas
msfinfivanseengdgawintiu 98.18 + 1.05 ilevnnIsundundniasiausduay Iasaudunsa-
fsvenAnfusinoumgii25°C nuirawsdntdunanveanuneaussquiluuaugaiidviiiy 5.32 +
0.84 vuzfiassiuiiawiity 534 + 0.97 maradunsa-dsvessdnn ‘witaessdadandriliuaneig
funeadin (p > 0.05) uazeglutiasesing 4.5 - 6.5 uduranudunsa-maiilndidssfuimiwes
WY

mMsUsziiudndsymeifosesdndusireidoylvliiinuandunmil 24 wansfnwn wuiraUssns
dunanveasunoausIpluuAUyaiaznsuanveadaidenuasiing 51.6 + 6.2 it vaurfiase
flunuiiingn 55.5 = 3.5 Junfl wansaeifiiiumaaeviaesrdadnadulsifnarlniAanisinvemes
vaonidenuaylivlilusiudsanmionsavasulurasaidoud 0 f 300 Furfimuuuinisves
NICEATM-ICCVAM (Casey & Lowit, 2019)d1msunguaiuaunauinnuitaisazalslenilnaanududu
0.1 ussuoa vhlsiAansuanvesindenuasiing12.8 + 3.3 Junit msdnunvesvasadeniinan 71.2
+ 8.2 Junft uarlusiumenguiufing 52.6 « 7.5 3uf linunsszaedesintulunguenuaumaay
finndeuiiansazateindounsund Tasdidrazuuunisszaiedoasinty 0.00 + 0.00 Mntuidetien
szognamIiAsullasemaonidenuazlusiudoylvilnundnadussuuuszaeifios asnsaagy
waldauanslunndl 20 nuhassifaunauvossumeausssluululagauaraUsiudinzuuuns
3ZANBLADIVAY 2.15 + 1.91 uae 2.84 + 1.65 suddU) p > 0.05) AxkuuNIsEAeLfDd
a9 (3.92 = 0.75) nulumsazansuuneadasy vrfindunauinauauLasiaaumuesiiAIfy
17.63 + 0.31 taz 0.00 + 0.00 Ua19U (p < 0.001)) (1wl 4.18)

nMsnageudndszmeifesvewdniaridedeyldlifininituisnaaeumadenililidninaassma
Inermans nsinuiliihBnstinaridesssseuaudifuldmadnmeesadssiiamnaunes

wuneaussguIuealya n1sinwidenldlalaiinets 9 Ju \Wuleydmsunegeumsnziiiioon
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auysalusEnouMenasadenLaIaenfenmuay naeadendey uiiauuslevaslnduasyiulalifs
Yovay 50 Famunzdmiuldnsaseunisszaeidesnioviaduiiinainaisiafiniuuuinisves
NICEATM-ICCVAM (2015)(Casey & Lowit, 2019)lnef3felidonl#35dinszarunsarinlésanss &
Aldaolsige wazdadumadondilduniseensudmiunmsveaedludniviouyud nanisdnuidisiu
wlddnuhassfidunaureauumeavssuiluiaUgauara seiudesuuunmsszaoifiosin
ogluinaiszaeifendndes (azuuuoglurag 1.0-4.9) Fsdind 9 Piiuindundefusiiidann
Uaondudmiunisldianziild (Pandey et al, 2019) nansineniiaonndosiunisnaaeunuduiiy
soLgadimTauyudingisssila normal human dermal fibroblasts (NHDF cells) #2835 MTT &4
fAdenuinszuuihdssnmeanussgiunluwaugauazszuuthdunluuaUgaalii Juivdevadludos
arududusendng 3 s 5000 pg/mL fau nisAnwidanunsoagUlihadssifdunanvesuunaa
vssauiluueUgaliineliiAnmsszmelfesuarannsalfilfundndusineueniifierdasafels
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awil 4.18 awevasaidenvaudeylalifineny 9 Su lenaseu s a1 0 30 120
waz 300 3undi audndu 1ile (a)Ae awsdiilidIunaNvaIIUNEAUTIY
uluuatga (b) fio ssdinu (o) Ae msazaeluifsunnslsdarandudy
0.1 uasuaa uaz (d) Ao ssazaredunde (n = 6)



Irritation scores

Samples

s

AWl 4.19 azuuudndszaneiAesvs AR ueta sl uNAN Y IUNEAUTTY
uluuaUgauazaiUssiny WisuifisufunguaiuaunauInLasNaay musIRy
\fio a fio MUsETdunsuvesumaaUTIIu TuLAYYA b Ae awsditu
c fia ensazaly wWuneadase d Aeasazaalamlnadududu 0.1 uasuea

AL e Aa d@1sazangwnaanaund (n = 6)
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ARTICLE INFO ABSTRACT

Keywords: Menthol is used as a natural coolant in numerous consumer healthcare products. However, low aqueous solu-
Cosmetotextile bility and high volatility limit its applications. This study aimed to encapsulate menthol in lipid-core nano-
Menthol

capsules by using a nanoprecipitation method and to explore its skin application. Experiments were performed
using a Box-Behnken design to investigate the influence of relevant causal parameters (weight proportions of
menthol, poly(e-caprolactone) and poloxamer 188) on responses, including the hydrodynamic diameter, zeta
potential and entrapment efficiency, of menthol in the nanocapsules. The optimized nanocapsules with good
physicochemical features consisted of 150 mg menthol, 84 mg poly(e-caprolactone) and 125 mg poloxamer 188.
The menthol-loaded nanocapsules were subsequently characterized in terms of physicochemical properties, skin
localization and permeation, irritation potential and cytotoxicity. Nile Red-labelled nanocapsules supported
rapid ex vivo skin penetration. Hair follicle and trans-epidermal routes played an important role in the rapid
percutaneous absorption of menthol. Hen's egg chorioallantoic membrane results and cytotoxicity analysis in
HaCaT and human dermal fibroblast cells suggested the safety of topically applied nanocapsules. The developed
nanocapsules not only have the potential to enhance the aqueous solubility of menthol and improve the thermal

Nanocapsule
Response surface methodology
Safety

stability but also are an alternative option for cosmetotextiles with fast dermal absorption properties.

1. Introduction

Menthol, which is one of the most valuable coolants with a pep-
permint-like odour, is used worldwide in cosmetic, perfumery, phar-
maceutical and food products [1]. The most specific feature of this
substance is that it generates a cooling sensation when it contacts
human skin and mucosal surfaces [1-3]. Menthol can also relieve
sunburn by its anti-inflammatory and anti-pruritic properties [1,4,5].
Numerous benefits have led to the interest of many researchers in ap-
plying menthol as an active ingredient in cosmetotextile products.
Ideally, menthol impregnated within cosmetotextiles is transferred to
the skin surface, followed by penetration through the stratum corneum
to interact with the transient receptor potential ion channel melastatin
subtype 8 (TRPMS8) at nerve endings in the viable epidermis [1]. This
results in a slower freshening and revitalization of the human body.
Unfortunately, direct application hinders the usefulness of menthol in

“ Corresponding author.

cosmetotextiles because of its very low solubility in water (0.40 mg/L)
and volatility [6].

To overcome these disadvantages, many encapsulation technolo-
gies, such as cyclodextrin complexes [3] and nanoparticles [7], have
attracted great interest for improving water solubility, entrapping
menthol, preventing loss and improving the shelf-life of the active in-
gredients to broaden their applications. Among nanostructured devices,
lipid-core nanocapsules are effective systems and have been extensively
used in numerous encapsulation studies [8]. The nanocapsules have
been shown to enhance the solubility and penetration of several active
substances for dermal applications [9]. A mixture of fatty acid ester oil
and sorbitan monooleate (or other sorbitan derivatives) in the core
compartment of this type of carrier is surrounded by poly(e-capro-
lactone) (a wall material) and is stabilized by micelles consisting of a
hydrophilic non-ionic surfactant mixture (polysorbate 80 and polox-
amer 188) on their surface. Thus, the hydrophobic active substance in
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both liquid and solid forms can be easily confined to an internal re-
servoir of the delivery system [8]. Additionally, other properties that
have promoted the use of poly(e-caprolactone) include its biocompat-
ibility with slow degradation when used as a drug delivery polymer [9].

Nanocapsules can be prepared by several techniques, including
nanoprecipitation, double emulsification, emulsion-coacervation,
polymer coating, layer-by-layer deposition and emulsion-diffusion [10].
Nanoprecipitation is a promising technique that is a practical strategy
for industrial-scale production because of its ease, high encapsulation
efficiency, high reproducibility and ability to produce nanocapsules
with uniform sizes [9]. This method consists of a two-step process that
includes emulsification of the organic and aqueous phases, followed by
the removal of organic solvents to form nanocapsule dispersions.
Acetone, which is a pharmaceutically suitable organic solvent, is mostly
used to solubilize synthetic polymers for the preparation of nano-
capsules and can be eliminated from the final products by evaporation
under reduced pressure.

The aforementioned benefits of nanocapsules led our group to hy-
pothesize that some major obstacles that limit the use of menthol can be
overcome and that the dermal bioavailability of menthol can be im-
proved. However, a review of previously published studies revealed
that there is no current report on the application of nanocapsules for the
encapsulation of menthol by nanoprecipitation combined with the re-
sponse surface methodology. Therefore, this study aimed to encapsulate
menthol in nanocapsules as a cooling agent and to explore its skin
application. The menthol-loaded nanocapsules were characterized in
terms of particle size, zeta potential and entrapment efficiency. The
Box-Behnken design was applied to the relevant independent variables.
This experimental design reduces the number of required experiments,
improves the accuracy of the optimum conditions and enables inter-
actions between independent and dependent variables. Subsequently,
the physicochemical properties of the resultant nanocapsules were
characterized. The ability of the nanocapsules to improve the dermal
delivery of menthol, nanocapsule cytotoxicity, and irritation potential
of the nanocapsules on hen's egg chorioallantoic membrane (HET-CAM)
were investigated. Finally, the optimized menthol nanocapsules were
impregnated within nonwoven fabric for application as a wet wipe.

2. Materials and methods
2.1. Materiols

Natural menthol ({(1R,28,5R)-2-isopropyl-5-methylcyclohexanol)
(purity 99.5%) was purchased from the Fisher Chemical Company
(Leicestershire, UK). Nile Red, poloxamer 188 (Kolliphoru P188), poly
(e-caprolactone) (molecular weight 80,000 g/mol), polysorbate 80
(Tween” 80), and sorbitan monooleate (Spanw 80) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Caprylic/capric triglycerides
(Lexol” GT-865) were acquired from the INOLEX Company {Bangkok,
Thailand). Dulbecco's modified Eagle's medium {DMEM), foetal bovine
serum {FBS), 200 mM 1-glutamine, 100 units/mL penicillin and 100 ug/
mlL streptomycin were purchased from Gibco Invitrogen Corporation
(Grand Island, NY, USA). All reagents used were of analytical grade.

2.2, Preparation of nanocapstiles

Menthol-loaded nanocapsule suspensions were prepared by a na-
noprecipitation approach [9] with some modifications. An organic
phase containing poly(e-caprolactone), menthol, sorbitan monooleate
and caprylic/capric triglycerides in acetone {20mL) was added to an
aqueous solution of polysorbate 80, poloxamer 188 and deionized
water using a glass syringe at a flow rate of 4 mL/min under stirring at
1000 rpm and a temperature of 25 + 2 °C. Then, acetone was removed
from the resulting mixture under vacuum using a rotary evaporator
(BUCHI Laboratechnik AG, Flawil, Switzerland) at 35°C ar a final vo-
lume of 35 mL. The resulting nanocapsules were placed under gentle N,
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Table 1
Three-factor Box-Behnken design and desirability constraints used for the op-
timization of the menthol-loaded nanocapsule dispersions.

Independent variable Symbol Level Function
-1 0 +1
01l phase
Menthol (mg} X 50 100 150 Coolant
Poly(e-caprolactone} (mg) X 80 1025 125 Coating
polymer

Caprylic/capric triglycerides 300 0il

(mg}
Sorbitan monooleate (mg) 80 Stabilizer
Acetone (mL) 20 Organic solvent
Agqueous phase
Polozamer 188 (mg) pe] 125 250 375  Stabilizer
Polysorbate 80 (mg) 80 Stabilizer
Distilled water (g} 50 Vehicle
Dependent variable Desirability constraints
Particle size (nm} bl Minimized
Zeta potential (mv) ¥ Minimized
Entrapment efficiency (%} Y5 Maximized

flow for 30 min to ensure the complete evaporation of acetone, which
was confirmed by headspace gas chromatography-mass spectrometry
analysis. Nile Red-loaded nanocapsules were also prepared by replacing
the menthol with 0.4 mg/mL Nile Red with the same preparation pro-
cedure as the method mentioned above.

2.3. Experimental design

A 3-factor and 3-level BBD was used to investigate the influence of
the relevant independent variables on the physicochemical properties
of the menthol-loaded nanocapsules and to identify the optimal pro-
duction conditions. The three selected independent parameters in-
cluded the weight proportions of menthol {X;, 50-150 mg), poly{e-ca-
prolactone) (X2, 80-125 mg) and poloxamer 188 (X5, 125-375 mg). The
ranges of each relevant variable that have been shown to affect the
physicochemical properties of the nanocapsules were chosen based on
preliminary screening experiments by our group and previously pub-
lished reports [11]. Other components used in the formulations were
held constant {Table 1). The 3 levels of the investigated factors were
coded as —1, 0 and + 1 to generate seventeen randomized experiments
with five replicates at a central point. The responses included the par-
ticle size (¥1), zeta potential (¥,) and entrapment efficiency of menthol
in the nanocapsules (¥3). A multiple regression through the least
squares method was applied to analyse the experimental data. Ad-
ditionally, principal component analysis (PCA) and hierarchical cluster
analysis (HCA) were applied to differentiate between the initial dataset
of the responses of the formed nanocapsules.

2.4. Desirability function

A desirability function was utilized to select the optimal formula-
tion. The criteria for the optimal formulation included the following
characteristics: the smallest particle size, optimal zeta potential, and
maximum entrapment efficiency of the resultant menthol-loaded na-
nocapsules (Table 1). The desirability value was calculated by Eq. (1) as
follows:

0 %€ Homin
di= [M] T < € Wggs JorE= 1 2 e iy
Womax~ Vi | TUMHRT L e
1 32 W e 1)

whete d, is the desirability value of each response, y; ., is the minimum
acceptable value of §i, and } ,,, {s the maximum acceptable value of j,.
The obtained individual desirability was combined by applying the
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geometric mean to calculate the overall desirability (D) as follows:
D =(d % d, x d)V'". (2)

The selected conditions were further validated with three in-
dependent replicates, and the obtained values were compared to the
predicted values. The significance of the results was determined by t-
fesL

2.5, Analysis of the dependent variables

2.5.1. Particle size and zeta potential

The particle size of each sample was measured by dynamic light
scattering using a Nano ZS Zetasizer (Malvern Instruments,
Worcestershire, UK). The samples were diluted in ultrapure water at
1:300 {v/v) to achieve a suitable optical density before the measure-
ments. The width of the particle size distribution, which is known as the
polydispersity index (PDI), was also determined. Additionally, electro-
phoretic mobility was applied to determine the surface charge of the
menthol-loaded nanocapsules by using the same instrument. The data
were analysed using Zetasizer version 7.02 software, and the mea-
surements were performed at 25 °C.

2.5.2. Entrapment efficiency

The efficiency of menthol entrapment in the nanocapsules was
analysed by high-performance liquid chromatography coupled with the
refractive index detection (HPLC-RI). The total menthol content in the
nanocapsule suspension was quantified by mixing the sample (0.2 mL)
with methanol (9.8mL). The resulting mixture was sonicated for
30min, followed by centrifugation at 3800 rpm for 20 min, and the
supernatant was collected. In parallel experiments, free menthol was
separated from the menthol-loaded nanocapsules by centrifuging the
sample at 3800 rpm and 25 °C for 20 min in an ultrafiltration centrifuge
tube (Ultracel, 10K regenerated cellulose membrane, Millipore,
Germany). The technique proved that no menthol adsorbed on the ul-
trafilter membrane before the experiments, showing a recovery of
nearly 100%. The ultrafilter membrane does not allow the transport of
nanocapsules with particle sizes greater than 10nm to the lower part of
the tube. The obtained supernatants were collected for further analysis.
The HPLC-RI [12] system consisted of a binary pump, auto-samplet,
column compartment {Dionex Ultimate 3000 UHPLC, Thermo Fisher
Scientific Company, USA) and refractive index detector. A mixture of
methanol and water (70:30 v/v) was used as a mobile phase with a flow
rate of 1 mL/min. The sample (80 uL) was injected into a guard column
(4.0mm X 2.0mm) connected to a C;g Luna reverse-phase column
{250 mm % 4.6 mm, 5um particle size) {(Phenomenex, Torrance, USA).
Data acquisition was performed by Chromeleon™ Chromatographic
Data System Software (version 7.2). The entrapment efficiency was
calculated using Eq. (3) as follows:

(Total menthol — Free menthol)

x 100,
Total menthol

entrapment efficiency (%) =

(3)
2.6. Characterization of the optimfzed menthol-loaded nanocapsules

2.6.1. Morphological analysis

The external morphology of the menthol-loaded nanocapsules was
examined by field emission-scanning electron microscopy (FE-SEM)
{JEOL JSM-5800, Tokyo, Japan). A drop of the sample was placed on
carbon adhesive tape and allowed to dry in air at 25°C before a pla-
tinum coating was applied using a sputter coater {(JEOL Jee 4B SVG IN).
Microscopic images were acquired using an accelerating voltage of
1 kV. Topographic images of the nanocapsules were observed in non-
contact mode by atomic force microscopy (AFM) (model AFM XE-100,
Park Systems Corp., Suwon, Korea). The scans were performed in dif-
ferent areas at a scan rate of 0.3-0.5 Hz. The surface scanning data of
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the samples that were acquired by a laser beam were converted to to-
pographic images by using XEP and XEI software (Park Systems Corp.,
Suwon, Korea). Additionally, the microstructure of the nanocapsules
was observed using transmission electron microscopy (TEM) {JEM-
1010 JEOL, Tokyo, Japan). A drop of menthol-loaded nanocapsule
suspension was placed on a copper grid prior to the TEM measure-
ments.

2.6.2. Fourier transform infrared (FTIR) spectroscopy

FTIR was used to evaluate changes in the molecular chemical
structure of the samples. Infrared spectra of the samples were de-
termined by using a Nicolet 6700 FTIR spectrometer equipped with an
attenuated total reflectance {(ATR) accessory (Thermo Fisher Scientific
Inc., Waltham, Massachusetts, USA). The measurement was performed
using 32 scans with a scanning resolution of 4cm™' in the range of
4000 to 400 cm ™', Data were analysed using OMNIC 7.0 software.

2.6.3. Differential scanning calorimetry (DSC)

The thermal properties of the menthol-loaded nanocapsules were
investigated by using a differential scanning calorimeter (Mettler
Toledo DSC823°/400, Mettler-Toledo Corporation, Switzerland).
Freeze-dried menthol-loaded nanocapsules and their individual ex-
cipients (approximately 5mg) were separately placed in aluminium
pans and hermetically sealed. Then, the pans were heated from 25 to
300 °C at a rate of 5 °C/min under nitrogen. An empty pan was used as a
reference.

2.6.4. Thermogravimetric analysis (TGAY

The samples {freeze-dried menthol-loaded nanocapsules, blank na-
nocapsules, a physical mixture of menthol and blank nanocapsules and
pure menthol) were additionally subjected to an investigation of the
thermal stability using a thermogravimetric analyser with STAR® SW
9.01 software (TGA/SDTA851°  Mettler-Toledo  Corporation,
Switzerland). Fach sample {approximately 15mg) was placed on a
microbalance. The experiment was conducted from 25 to 600°C, and
the heating rate was set to 10 °C/min under nitrogen. The results were
calculated as weight loss percentages, and the obtained data were
converted to derivative thermogravimetric {DTG) curves.

2.6.5. Evaluation of skin permeation

Percutaneous absorption of menthol-loaded nanocapsules was in-
vestigated using the full thickness of porcine ear skin. The skin was
freshly obtained from a local slaughterhouse before the scalding pro-
cedure. The underlying cartilage and debris were carefully removed
from the outer part of the ears using a surgical scalpel {skin thickness of
1.0 + 0.1 mm). The skin was wrapped in aluminium foil and stored at
—20°C up to a maximum of 4 weeks before use. The excised skin was
then mounted on Franz vertical cells with a diffusional area of 1.72 cm®
{Crown Glass Company, Inc., NJ, USA) and allowed to equilibrate at
37 °C for 30 min. The receptor fluid was filled with 10mL of phosphate-
buffered saline solution (pH 7.4). The investigated samples (250 L),
including 0.4 mg/mL Nile Red-loaded nanocapsules, Nile Red dissolved
in caprylic/capric triglycerides, menthol-loaded nanocapsules and
menthol dissolved in caprylic/capric triglycerides, were applied to the
skin. At the end of preselected time intervals {5, 15 and 30 min), the
upper skin surface was washed with water to remove unabsorbed
compounds. Cross sections of the skin were obtained using a Cryotome”
Electronic {Thermo Fisher Scientific, Ltd., Loughborough, UK) cryostat
to investigate the progressive diffusion of Nile Red. The stratum cor-
neum was carefully separated from viable epidermis with 20 pieces of
adhesive tape {Scotch Transparent Tape’” 600 {3 M Co., Ltd., Bangkok,
Thailand). The remaining skin was cut into small pieces and extracted
with methanol before HPLC-RI analysis. Additionally, skin localization
of the menthol-loaded nanocapsules was performed by incubating the
samples for 30 min using Franz diffusion cells. The obtained skin was
fixed in a formaldehyde-acetic acid-ethanol (FAA) solution, dehydrated
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and coated with platinum before FE-SEM analysis.

2.6.6. Cytotoxicity assay

The in vitro cytotoxicity of the optimized menthol-loaded nano-
capsules and blank formulation was evaluated on immortalized human
skin keratinocytes (HaCaT cells) and normal human dermal fibroblasts
(NHDF cells). The cells were provided by the National Nanotechnology
Centre, National Science and Technology Development Agency,
Thailand. Cell viability was determined by a 3-(4,5-dimethylthiazol-2-
yl1)-2,5-diphenyltetrazolium bromide {MTT) assay [13]. The cells were
cultured in DMEM supplemented with 10% FBS, 2.5 mM L-glutamine,
1% antibiotics (100 units/mL penicillin and 100 pg/mL streptomycin)
at 37 °C in a humidified incubator with 5% CO,. The cells (100 uL) were
separately seeded in 96-well culture plates at a density of 1 X 10* cells/
well (n = 5). After 24 h, freshly prepared samples with different con-
centrations ranging from 3.125 to 5000 ug/mL were added for the next
24h. Cell culture medium without the samples served as a negative
control, and 0.5 mM H»05 was used as a positive control. Cell viability
was evaluated by adding 25 uL MTT reagent {5mg/mL) to each well
with 100 pL of culture medium, and the cells were incubated for 4h.
The culture medium was discarded, and the optical density of formazan
crystals solubilized in 100 L dimethyl sulfoxide was measured at a
wavelength of 570 nm by using a PowerWave XS2 microplate reader
(BioTek, Winooski, VT, USA). The % cell viability was determined by
comparing the optical density values of the treated cells with those of
the untreated cells [14]. All experiments were conducted in triplicate.

2.6.7. HET-CAM assay

The irritation potential of the menthol-loaded nanocapsules was
evaluated by a HET-CAM assay according to the NICEATM-ICCVAM
protocol [15]. Nine-day-old fertilized Rhode Ireland Red chicken eggs
weighing between 50 and 60 g were incubated in an automatic hen egg
incubator {(Nanchang Alex Electric Factory, Jiangxi, China) at
37.8 = 0.3°C and 58.0 *+ 2.0% relative humidity. The investigated
samples (300 uL) included the menthol-loaded nanocapsules, blank
nanocapsules and free menthol solution (dissolved in ethanol), and 6
eggs were used per sample. A solution consisting of .1 N NaOH in
deionized water served as a positive control, and 0.9% NaCl in deio-
nized water served as a negative control. The onset of haemorrhage,
vessel lysis and coagulation of the CAM treated with the samples were
monitored over a period of 300 s under a stereo microscope (Nikon ZMZ
745T, Nikon Instruments Inc., Melville, NY, USA) coupled with a Canon

Table 2
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DSLR camera and Image Frame Work software. The irritation potential
was evaluated by using semi-quantitative scoring, which was calculated
using Eq. (4) as follows:

5% (301 —h) + 7% (301 =1) " 9 % (301 —c)
300 300 300 ’

irritation score =

4)

where h, [ and ¢ represent haemorrhage, vessel lysis time and coagu-
lation times required for each endpoint as follows: (0-0.9); slight
{1.0-4.9); moderate (5.0-8.9) and severe {9.0-21.0) irritants [15].

2.7. Impregnation of the menthol-loaded nanocapsules within nonwoven
fabric

The developed nanocapsules were impregnated within nonwoven
fabric for further use as a wet wipe. The nonwoven fabric (6 X 6 cm?)
was dipped in a menthol nanocapsule suspension (Kimberly-Clark Asia
Pacific Pte, Ltd., Tuas South Avenue, Singapore) three times, and fabric
immersed in distilled water was prepared as a control. The samples
were deposited onto carbon tape prior to being coated with platinum in
a sputter coated with a 30 mA current intensity for 80s. Microscopic
images were obtained using FE-SEM at an accelerating voltage of 1 kV.

2.8. Statistical analysis

The results are presented as the mean * standard deviation (S.D.).
Experimental design and algorithms for PCA were performed using
Statistica 10.0 software (StatSoft Inc., Tulsa, OK, USA). Two-dimen-
sional hierarchical cluster analysis was performed using the
ArrayTrack™ HCA-PCA Standalone Package software [16]. A prob-
ability level of p < 0.05 was considered significantly different.

3. Results and discussion
3.1. Muldvariate statistical analysis

All nanocapsule formulations were white and opalescent and had a
bluish reflection because of the Tyndall effect caused by light scattered
by the particles in a colloidal suspension [14]. The particle size of the
prepared nanocapsules varied from 122 to 354nm with a PDI of
0.148-0.284. The PDI, which indicates the homogeneity of the parti-
cles, was not significantly different between the formulations

The Box-Behnken matrix used to prepare the menthol-loaded nanocapsule suspensions.

No. Run order Actual value (coded value}

Response

Menthol (X, mg} Polyle-caprolactone} (X, mg} Poloxamer 188 (X3, mg)

Particle size (Y, nm} Zeta potential (¥, mV) Entrapment efficlency (Y3, %)

101 50.00 (— 1} 0.00 (0) 250.00 (03
2 6 100.00 (0} 125.00 (+13 125.00 (- 1)
313 100.00 (0} 102.50 (0} 250.00 (0}
4 4 150.00 (+1} 125.00 (+13 250.00 (0}
5 5 100.00 (03 80.00 (-1} 125.00 (-1
6 17 100.00 () 102.50 (0) 250.00 (0
701 50.00 (— 1} 102.50 (0} 375.00 (+1)
8 15 100.00 (03 102.50 (0} 250.00 (03
9 3 150.00 (+1} 80.00 (~1) 250.00 (0}
10 12 150.00 (+1} 102.50 (0} 375.00 (+1)
1 7 100.00 (03 80.00 (-1} 375.00 (+}
12 9 50.00 (— 1} 102.50 (0) 125.00 (0
13 8 100.00 (03 125.00 (+13 375.00 (+1)
145 14 100.00 (03 102.50 (0} 250.00 (03
15° 16 100.00 (0} 102.50 (0} 250.00 (0}
16 2 50.00 (1} 125.00 (+13 250.00 (0}
17 10 150.00 (+1} 102.50 (0) 125.00 (-1}

259.27 + 4.24 —30.86 + 1.44 95.76 + 3.50
269.70 + 8.57 —27.17 + 1.21 97.67 + 1.01
200.83 + 0.12 —23.40 + 1.08 96.24 + 1.50
354.77 + 2.96 —30.07 + 251 97.67 + 2.57
220.57 + 0.81 —23.8 £ 0.76 98.92 = 1.08
215.90 + 2.59 —22.47 + 0.50 96.39 + 0.75
122.00 = 1.50 —26.03 + 0.70 93.43 = 0.84
199.53 + 0.42 —23.09 + 0.06 96.53 = 1.75
265.87 + 1.53 —26.03 + 0.81 97.86 + 0.68
271.83 + 6.31 —25.30 + 0.10 97.53 + 0.89
195.07 + 1.02 —25.00 + 0.35 94.57 £ 0.78
201.30 + 0.53 —24.23 + 0.83 95.45 + 1.05
205.10 = 1.67 —24.40 + 0.56 98.99 + 1.29
205.60 = 1.04 —23.53 + 0.38 97.36 + 1.35
203.43 + 1.68 —23.77 + 0.75 96.83 + 0.40
199.07 + 1.42 —27.70 + 0.87 98.87 + 1.80
211.87 £ 1.53 —27.87 + 2.15 97.37 £ 1.86

The data are presented as the mean + S.D. (n = 3).
¢ Centre point.
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Fig. 1. Multivariate statistical analysis of the responses, including the particle size, zeta potential and entrapment efficiency, of the menthol-loaded nanocapsules
according to 17 experiments. (A} PCA plot, (B) factor loading for PCA and (C) two-dimensional HCA combined with a heat map. The numbers in the graph indicate

the experimental numbers shown in Table 2.

(p = 0.05). The zeta potential values were between —22.47 and
—30.86 mV, and the entrapment efficiency of menthol in the nano-
capsules was between 93.44 and 98.99% (Table 2).

To make the complex analysis feasible and to understand the re-
lationship between the variables in the dataset, PCA and HCA algo-
rithms were applied to the initial responses of the dependent variables.
PCA enables the minimization of data dimensionality and provides most
of the variance in the investigated responses. The score plot, which is
presented in four quadrants according to PCA, is shown in Fig. 1A. This
algorithm grouped the correlated variables with a similar characteristic
of the nanocapsule properties to a few components. The relationship
between the multiple responses of all 17 experimental runs that were
obtained by using auto-scaled data explained 88.80% of the total
variability. The first and second PCA components explained 57.41 and
31.66% of the data variance, respectively. Additionally, factor loading
for PCA was performed, and the results are shown in Fig. 1B. These
results demonstrated that the crucial variables had high correlation and

[

covariance. The entrapment efficiency of menthol in the nanocapsules
was positively correlated with the principal compenent 2 axis, whereas
the zeta potential value was negatively correlated with that axis.

The dataset of the menthol-loaded nanocapsules that had similar
properties to the responses were emphatically grouped by using HCA
combined with a heat map. This technique provided a dendrogram for
the in-depth evaluation of the clustering tendency and for tracing the
similarities of the initial dataset that was sorted according to Ward's
linkage method. As shown in Fig. 1C, the results of the 17 experiments
were distinguished into four main clusters. The first cluster was com-
posed of experiments 1 and 4, which showed low values of the re-
sponses, and the second cluster was composed of experiments 7, 11 and
12. The third cluster included experiments 2, 9, 10, 16 and 17. The
remaining experiments were grouped in the fourth cluster according to
the relatively high values of the responses. Therefore, the values of the
responses depended on the influence of the investigated factors.
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Table 3
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ANOVA statistics showing the effect of the formulation parameters on the particle size, zeta potential and entrapment efficiency of the menthol-loaded nanocapsules.

Source Particle size Zeta potential Entrapment efficiency
Sum of squares P-value probability Sum of squares P-value prebability Sum of squares P-value probability
B 38293.1900 < 0.0001° 90.3800 0.0012° 32.7200 0.0137%
Linear term
X, 946.1200 0.0331" 1.6400 0.1785™ 4.6500 0.0276"
Xz 13041.1200 < 0.0001° 0.0250 0.8578™ 5.9800 0.0163"
Xz 1512.5000 0.0123* 0.7000 0.3602™ 2.9700 0.0622"
Interaction term
XX, 5476.0000 0.0004° 12.9600 0.0040" 2.7200 0.0716™
X1Xa 380.2500 0.1372™ 3.8800 0.0549™ 8.0600 0.0082"
XoXa 4830.2500 0.0006° 4.7700 0.0380* 1.1900 0.2042™
Quadratic term
X’ 7731.0400 0.0006° 22.8100 0.0008° 6.3700 0.0142"
po 2010.2000 0.0001° 40.0800 0.0001° 0.5500 0.3717ns
)(;,2 26105700 0.0062° 0.9700 0.2879™ (.5500 0.3719™
Residual 945.0500 5.1300 4.2400
Lack-of-fit 768.2500 0.0614™ 4.1200 0.0671™ 3.4500 0.0604™
Pure error 176.8000 1.0100 0.7900
Corrected total 39238.2400 95.5000 36.9600
R? 0.9759 0.9463 0.8854
Adj-R* 0.9449 0.8773 0.7380
“p < 0.05"p < 0.01,%p < 0001 and ™ nonsignificant.
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Fig. 2. Studentized effect plots showing the impact of the investigated factors on the responses. (A) The particle size and (B) zeta potential of the menthol-loaded
nanocapstiles, and (C) the entrapment efficiency of menthol within the nanocapsules. The data are presented as the mean *= S.D. (n = 3).

3.2. Fitting the model

The experimental data shown in Table 2 were analysed by analysis
of variance (ANOVA), and several terms, including the sequential
model sum of squares, lack-of-fit tests and model summary statistics,
were considered for fitting the models [17]. Quadratic polynomial
models provided an adequate representation of the dataset. Table 3
shows the coefficients of the optimized models. The responses, in-
cluding the particle size, zeta potential and entrapment efficiency of the
menthol-loaded nanocapsules, showed model F-values of 31.52, 4.30
and 6.01, respectively. All of the selected models were statistically
significant, and the values of the “p-value probability > F-value”
were < 0.0001, 0.0338 and 0.0137, respectively. Moreover, the lack-of-
fit F-value that was utilized to indicate the failure of the model to re-
present data was not significant (p > 0.05). The lack-of-fit F-values for
the particle size, zeta potential and entrapment efficiency were 5.79
(p = 0.0614), 1.23 (p = 0.4083) and 5.85 (p = 0.0604), respectively.

These results indicated that the proposed models were suitable for
predicting the responses at a 95% confidence level [17,18].

Normal probability plots of the studentized residuals were per-
formed to analyse the normality of the residuals. The plot is based on
the fact that if all the estimated effects are noise, they have a normal
distribution, and when plotted on a normal cumulative plot, they are
plotted as a straight line, and the noise is plotted outside the normal
line [19]. According to a cumulative normal probability scale (Fig. S1),
the residuals of all experiments were plotted as a straight line, in-
dicating the normal distribution of the residuals [20].

The R? value is an additional important term that was used for fit-
ting the models [20], and the results are shown in Fig. 52. A high
correlation between the predicted and experimental data was obtained,
the R? values of the particle size, zeta potential and entrapment effi-
ciency were 0.9759 (Fig. 52A), 0.9463 (Fig. S2B) and 0.8854 (Fig. 52C),
respectively. The adjusted R? values for the particle size, zeta potential
and entrapment efficiency were 09449, 0.6498 and 0.7380,
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Figure 3. 3D-plots showing the relationship between the independent variables and the corresponding responses. (A-C) The particle size and (D-F) zeta potential of
the menthol-loaded nanocapsules, and (G-I) the entrapment efficiency of menthol within the nanocapsules.

Table 4

Physical appearances of the menthol-loaded nanocapsules obtained from the
optimized conditions determined immediately after preparation (initial) and at
90 days after preparation.

Physicochemical Menthol-loaded nanocapsule suspension
property
Initial 90 days
Appearance White colour, opaque White colour, opaque and

Particle size (nm)

and bluish
205.11 + 12.73

bluish
207.65 = 4.16™

Polydispersity index 0.21 = 0.04 0.23 * 0.06™
Zeta potential (mV) —26.61 = 2.32 —25.61 % 3.32™
Entrapment efficiency 98.18 = 1.05 97.21 * 1.43™
(%)
Menthol amount (mg/ 4.32 = 0.34 4.28 + 0.11™
mL)
Odour Moderate minty odour Moderate minty odour

The formulations were stored at 25 + 2°C and 70 * 3% relative humidity
(saturated sodium chloride in water). The data are presented the mean = S.D.
(n = 3). ™ Nonsignificant difference from the initial value (p > 0.05).

respectively, which were similar to the calculated R? values. Moreover,
the precision of all proposed models that measured the signal to noise
ratio was adequate because the ratios were greater than 4 [17-20].
Overall, these results indicated an adequate fit of the proposed models
that were used to navigate the design space. In terms of the coded

factors for the optimal responses, the final equations can be summar-
ized by Egs. (5)—(7) as follows:
paricle size (nm)(Y;) = 205.99 + 17.30X; + 7.12X; — 10.93X; + 37.00X; X,
+ 15.64X, X5 — 21.67X: X3 + 4.42X7 + 211.60X7
— 24.90X] (5)

zeta potential (mV )(Ys) = —23.25 — 0.45X; — 0.06X; + 0.30X; — 1.80X,X;
+0.99XX; + 1.09X:X; — 2.33X7 — 3.09X7
+ 0.48X7 6)

and

entrapment efficiency (%)(¥;) = 99.65 + 0.41X; + 1.00X; — 0.74X;
- 0.82X,X; + 0.25X,X; + 3.15X%,X;
— 0.073X7 + 6.07X7 — 0.36X3 (7)

3.3. Response surface analysis

The overview plots show the normalized coefficient values for the
investigated responses as side-by-side bar graphs. As shown in Fig. 2A,
the contents of menthol (p < 0.05) and poly(e-caprolactone)
(p < 0.001) positively affected the size of the nanocapsules, whereas
the weight proportion of poloxamer 188 showed a negative effect
(p < 0.05). The quadratic terms X7, X7 and X and the interaction
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Fig. 4. The physical properties of the menthol-loaded nanocapsules prepared under optimal conditions. (A) Size distribution of the nanocapsules obtained from three

different batches. (B) An FE-SEM image, (C-D) AFM images and (E) a TEM image.

terms X;X> and X, X; of the hydrodynamic diameter of the nanocapsules
were observed. No interaction of X;X; was found in the present study.
Fig. 2B shows the influence of the investigated variables on the zeta
potential of the nanocapsules. The quadratic terms X7 and X; had a
negative effect on the zeta potential, and the interaction term was found
for X;X>. Regarding the entrapment efficiency (Fig. 2C), the linear terms
X; and X; and the quadratic terms X7 and X>X; showed positive cor-
relations. The other remaining terms for each response were non-
significant (p > 0.05). Three-dimensional (3D) plots were constructed
to analyse the influence of the investigated factors on the responses,
and the results are described in the following sections.

3.3.1. Particle size

The particle size was shown to strongly affect the percutaneous
absorption of the menthol-loaded nanocapsules. Small nanoparticles
penetrate deeper into the skin layer than large nanoparticles [21]. By
applying Eq. (5), the effect of the investigated factors on the hydro-
dynamic diameter of the prepared nanocapsules is shown in 3D plots

(Fig. 3A-C). A greater effect of menthol on the particle size of nano-
capsules was clearly observed when its quantity increased above 50 mg.
A similar trend was observed for poly(e-caprolactone) quantities be-
tween 100 and 125 mg. In contrast, poloxamer 188 showed a positive
correlation with the particle size at low concentrations between 100
and 260 mg, while beyond this concentration range, the particle size
decreased. This can be explained by the higher amount of menthol in
the nanocapsules increasing the particle size. Similar results have been
reported by Alkholief [22] for doxorubicin- and piperine-loaded na-
noparticles. Additionally, the PDI, which describes the distribution of
the particle size (a value between 0 and 1), showed values less than
0.30. This indicated the uniformity of the prepared nanocapsules in
suspension.

3.3.2. Zeta potential

Fig. 3D-F shows the response surface of the independent variables
on the zeta potential values of the menthol-loaded nanocapsules. The
zeta potential values were between —22.47 and —30.86 mV. Among all



B. Yingngam, et al.

70

Journal of Drug Delivery Science and Technology 53 (2019) 101138

Pure menthol

Poloxamer 188
Poly(e-caprolactone)
Capric/capiric triglycerides
Sorbitan monooleate
Polysorbate 80

Physical mixture of nanocapsule ingredients
Blank nanocapsules

Heat flow (w/g)

Menthol-loaded nanocapsules

—_—————

i r— e
——

Endothermic

o —

25 75 125

B Temperature (°C)
1004
759
s
Eﬂ 504
o
=
251

175 225 275

>

o

0.001 1 Temperature (°C)

0.0004

(1/s)

= -0.0014
]
& -0.002-
2
-0.0031

Derivati

-0.004

100 200 300 400 500

100 200 300 400
Temperature (°C)

325
— Poly(g-caprolactone)
— Menthol-loaded nanocapsules
~— Blank nanocapsules
__ Physical mixture of menthol
and empty nanocapsules
— Pure menthol
600
1
600

Fig. 5. The thermal properties of the freeze-dried menthol-loaded nanocapsules and their excipients that were used in the formulations. (A} DSC thermograms, (B)

TGA thermograms and (C) DTA thermograms,

of the investigated independent variables, only the quadratic terms X7
(p =0.0217) and X7 (p = 0.0056) and the interaction term XX;
(p = 0.0238) had a significantly negative effect on the zeta potential of
the nanocapsules. The range of the zeta potential values of the prepared
formulations was consistent with previously reported ranges [23].

3.3.3. Entrapment efficiency

As shown in Fig. 3G-], the entrapment efficiency of menthol in the
nanocapsules depended on the weight proportions of menthol and poly
(e-caprolactone). No difference was observed for poloxamer 188
(p > 0.05). Notably, a very high entrapment efficiency was observed
for all formulations. This is because menthol is a relatively hydrophobic
substance [6], facilitating its dispersion into the oily core of the nano-
capsules. The obtained results were closely related to previously re-
ported results showing that active compounds with lipophilic char-
acteristics favour a high entrapment efficiency [21].

3.4. Formulation optimization and model verification

A global desirability function was applied to simultaneously obtain
the desired features of the nanocapsules. A D value of zero indicates a
completely undesirable feature, whereas a D value of 1 indicates a
completely desirable feature [17,20]. In this study, the D value was

0.87 with the following most favourable attributes: 150 mg menthol,
84 mg poly(e-caprolactone) and 125 mg poloxamer 188. Under the se-
lected conditions, the experimental values of the particle size, zeta
potential and entrapment efficiency of menthol in the nanocapsules
were 205.11 + 12.73nm, —26.61 + 2.32mV and 98.18 + 0.15%,
respectively. The particle size of the developed nanocapsules was in
accordance with the suitable size range for topical drug delivery (be-
tween 50 and 500 nm) according to previously described methods
[7,24]. Overall, the values of the desired nanocapsule properties were
consistent with the predicted values calculated from the proposed op-
timization conditions (p > 0.05), leading to satisfactory results ob-
tained with acceptable accuracy.

Generally, a colloidal dispersion should have a zeta potential value
that is less than —20 mV or greater than +20 mV to provide electro-
static repulsion between the particles [25]. In our study, the developed
nanocapsules had a zeta potential value of —26.61 * 2.32mV. This
negative value was attributed to the ~COOI end group in the poly(e-
caprolactone) polymer backbone [26]. The developed nanocapsules
were kinetically stable because they exhibited delayed aggregation, and
the particle size remained constant at approximately 200 nm for at least
90 days after the nanocapsules were stored at 25 + 2°Cwith 70 = 3%
relative humidity (Table 4). Thus, the stabilization mechanism of the
developed nanocapsules was likely a steric hindrance effect and
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Fig. 6. Fluorescence microscopy images showing the penetration of the developed formulations into porcine ear skin ex vivo before and after being subjected to the
penetration study. (A) Skin treated with Nile Red solution, (B) skin treated with the Nile Red-loaded nanocapsules, (C) a cross-sectional view of the skin treated with
the Nile Red-loaded nanocapsules at 5 min, and (D) a surface view of the skin treated with the Nile Red-loaded nanocapsules at 30 min. (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)

repulsion between the particles [23,27] combined with a steric hin- 3.5. Physicochemical properties of the menthol-loaded nanocapsules
drance effect of the micelles derived from polysorbate 80 and polox- fabricated under the optimized conditions

amer 188. Our results were supported by Heurtault et al. [28], who

reported that lipid nanocapsules prepared with other compositions 3.5.1. Nanocapsule morphology

were stable for up to 18 months. The optimized formulations provided good batch-to-batch re-

producibility band yielded milky nanosized particles (Fig. 4A). The
menthol-loaded  nanocapsules had a mean diameter of
205.11 + 6.71 nm with a monomodal size distribution (PDI < 0.3),
whereas the particle size of the blank nanocapsules was slightly smaller

10
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(182,37 + 7.29nm, p < 0.05), The morphology of the developed
nanocapsules was further investigated using advanced imaging tech-
niques (FE-SEM, AFM and TEM). FE-SEM analysis showed that the
menthol-loaded nanocapsules were nanoscale particles with spherical
shapes (Fig. 4B). Topographic images of the nanocapsules were ex-
amined by using AFM to confirm the spherical shape of the particles
(Fig. 4C-D). The average size of the developed nanocapsules that was
determined by AFM was not different than that determined by the
dynamic light scattering method. The nanocapsules had spherical
shapes and smooth surfaces. Furthermore, free menthol crystals on the
particle surface were observed. This could be explained by the menthol
deposited in the core region of the nanocapsules. This core compart-
ment was also surrounded by a flexible membrane consisting of poly(e-
caprolactone) and polysorbate 80. Moreover, a TEM image of the
menthol-loaded nanocapsules (Fig. 4E) confirmed the reservoir struc-
ture of the delivery system by showing a lighter corona of the wall
compartment with a darker core region. This was attributed to poly(e-
caprolactone) forming a polymer coating around the oily mixture
(caprylic/capric triglycerides, sorbitan monooleate and menthol).
Therefore, the techniques mentioned above confirmed successful na-
nocapsule formation.

3.5.2. DSC analysis
The thermal properties of freeze-dried menthol-loaded nano-
capsules and their excipients were analysed by DSC, and the results are

shown in Fig. 5A. Pure menthol exhibited a sharp endothermic event at
a melting temperature (7},) of 43.97 °C and a boiling temperature (T},)
of 199.47 °C, and the thermal transition enthalpy (AH) was 81.65 and
390.53J/g, respectively. Poly(e-caprolactone) exhibited an en-
dothermic peak at a T, of 61.12 °C, whereas poloxamer 188 exhibited a
Tm of 53.66°C, a small exothermic peak was observed at
T, = 205.26°C, and the boiling temperature exceeded 300°C. The
freeze-dried blank nanocapsules and menthol-loaded nanocapsules
showed three endothermic peaks at 47.18, 91.26 and 175.87 °C. For the
blank nanocapsules, an endothermic peak was observed at 49.76°C.
The first endothermic peak that was observed in the menthol-loaded
nanocapsules suggested the presence of menthol, poly(e-caprolactone)
and poloxamer 188. A physical mixture of menthol and the nanocapsule
excipients was prepared for comparison. Two endothermic peaks re-
lated to the surfactant and coating polymer were observed at approxi-
mately 51.15 and 58.19 °C. The fact that the blank nanocapsules had a
higher melting temperature than menthol suggested that the en-
capsulated compound had a better thermal stability than the un-
encapsulated compound. In contrast, a menthol endothermic peak was
not observed for the menthol-loaded nanocapsules. These results sug-
gest that menthol was either dissolved in caprylic/capric triglycerides
in the core compartment of the nanocapsules or transformed from a
crystalline state to a molecular state in system. A slight decrease in the
melting temperature of the menthol-loaded nanocapsules by shifting to
a lower temperature was attributed to the nanoscale size of the lipid
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Fig. 8. FE-SEM images showing the localization of the menthol-loaded nanocapsules after 30 min of incubation on porcine ear skin using Franz diffusion cells. (A)
Untreated skin (40 x magnification), (B) untreated skin (300 x magnification), and (C and D) skin treated with the menthol-loaded nanocapsules (500 x magni-
fication). The black arrows indicate the nanocapsules, and the black circles indicate open hair follicles. (E) The effect of the nanocapsules on the skin permeation of

menthol into porcine ear skin determined at 5, 15 and 30 min.

nanocapsules.

3.5.3. TGA analysis

The thermal stability and temperature variation of the freeze-dried
menthol-loaded nanocapsules were characterized by TGA. This tech-
nique provides information on the gradual weight loss of the samples
related to volatilization and/or thermal oxidation degradation. As
shown in Fig. 5B, pure menthol exhibited rapid weight loss beginning at
76 °C that continued to rapidly accelerate from 81 to 171°C, with
drastic mass loss of over 99% because of its highly volatile character-
istic and/or degradation. These results were consistent with a previous
report showing the same thermogram pattern of menthol with a sus-
ceptibility to volatility [3]. Poly(e-caprolactone) showed significant

mass loss between 303 and 455 °C, corresponding to thermo-oxidative
degradation [29]. Mass loss of the physical mixture of menthol and the
blank nanocapsules began at 98 °C and ended at 230 °C, which was
attributed to the loss of menthol. The breakdown of the blank nano-
capsule shell in the solid mixture was observed at 238°C. The TGA
thermograms of the blank and menthol-loaded nanocapsules exhibited
a three-step weight loss. The TGA curve of the menthol-loaded nano-
capsules was obviously shifted to a higher temperature, indicating that
the nanocapsules improve the thermostability of menthol. Decomposi-
tion of the nanocapsule shell was observed at nearly 315 °C, whereas
the additional weight loss in the range of 315-353°C was associated
with the rapid loss of menthol. The shift in the temperature proved the
encapsulation of menthol inside the core compartment of the
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Fig. 9. The cytotoxicity of the menthol-loaded nanocapsules and blank nano-
capsules in two types of human skin cells: (A) HaCaT cells and (B) NHDF cells.

nanocapsules.

DTG curves were constructed to distinguish between the stages of
mass loss of the corresponding samples (Fig. 5C). Mass loss of pure
menthol and the physical mixture of menthol and the blank nano-
capsules occurred in the 50-200°C temperature range. Poly(e-capro-
lactone) showed degradation temperatures (T,) at 150 and 400 °C. The
degradation of this polymer has been previously reported by another
research group through unzipping depolymerization to produce e-ca-
prolactone and an elimination reaction to produce carbon dioxide,
carbon monoxide and 5-hexenoic acid [30]. An additional weight loss
in the range from 280 to 400°C was attributed to the Ty of the en-
capsulated menthol. Similar observations have been reported by Pinto
et al. [29], who showed that poly(e-caprolactone) nanocapsules have a
significant protective effect against Lippia sidoides essential oil volati-
lization. Thus, these results clearly confirmed that compared with free
menthol, menthol with the developed nanocapsules had improved
thermal stability.

3.5.4. FTIR analysis

The negative zeta potential values of the developed nanocapsules
prompted us to examine their chemical bond composition. The che-
mical bonds of the freeze-dried menthol-loaded nanocapsules were
analysed by using ATR-FTIR (Fig. 53). To distinguish between the
samples, the spectra were shifted on the y-axis. Pure menthol showed
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characteristic absorption bands at 3240cm ™' (O-H stretching vibra-
tion), 2869-2954 ¢cm ™' (C-H stretching vibration), 1025-1044 cm ™'
(C-0O stretching vibration) and 1364 em ™! (isopropyl group) and at
986, 920, 878, 843 and 669 cm ™! (ring skeleton vibration) [3]. Poly(e-
caprolactone), which is an aliphatic polyester polymer, exhibited ad-
sorption bands at 2947cm ' (sp® asymmetric C-H stretching),
2866cm ' (sp® symmetric C-H stretching), 1731cm ' (C=0
stretching vibration of the carbonyl group), 1468 cm ™' (CH, bending
vibration), 1365 cm™ ! (CH; bending vibration), 1294 em” ! (C-0 and
C-C stretching in the crystalline phase), 1240 ¢cm 1 (C-0-C asymmetric
stretching), 1170 em ™! (C-0-C symmetric stretching) and 730 em ™!
(C-C backbone rocking) (Fig. $3) [23,31]. The spectrum of poloxamer
188 showed typical absorption bands at 3600-3400 cm ! (0-H
stretching vibration), 2890 cm ~' (C-H sp® stretching) and 1080 cm ™
(C-O stretching vibration). The FTIR spectra of the menthol-loaded
nanocapsules showed the presence of those excipients. The bands of the
menthol-loaded nanocapsules at 2955, 2922, 2870, 987, 920, 878, 843
and 669 cm ! disappeared, suggesting that menthol was encapsulated
as a molecular dispersion inside the cavity of the nanocapsules.
Therefore, it was concluded that there was no significant change in the
functional groups of menthol and the polymer in the formulation. In-
terestingly, a new absorption band at 1743 cm ', which was attributed
to the stretching vibration of the C=0 group from poly(e-capro-
lactone), was observed. This could be the reason why both blank and
menthol-loaded nanocapsules prepared from non-ionic surfactants ex-
hibited negative charges.

3.5.5. Skin penetration profile

The fast skin absorption property of the developed nanocapsules
and their transport pathway was analysed using porcine ear skin. We
used this skin because it is histologically similar to human skin.
According to previous reports, the full thickness of porcine ear skin is
17-28 um for the stratum corneum, 60-85 pm for the viable epidermis
(151-176 um including the rete ridges) and 1.44-2.21 mm for the re-
sidual skin, including the dermis, hypodermis and perichondrium.
Additionally, 11-25 hairs/cm? skin area were observed with orifices of
the porcine infundibula that were approximately 200 pm. The hair ex-
tended into the dermis at a depth of 0.96-1.38 mm in the skin [32].

Fig. 6A-D qualitatively shows the progressive penetration of Nile
Red prepared with different formulations through the skin (a thickness
of approximately 1000 um). Very weak autofluorescence was observed
in the untreated skin, suggesting a lack of fluorescent signal overlap.
The trans-epidermal route, including transcellular and intercellular
mechanisms, was not observed after the application of the non-en-
capsulated formulation (Fig. 6A). Free Nile Red solution was observed
in only the superficial skin layer at 30 min after treatment. A higher
fluorescence intensity was observed in the vital epidermis, and the
dermis was observed in the hair infundibulum at 30 min compared with
15 min. Thus, hair follicles may act as the major route for the pene-
tration of free Nile Red solution. In contrast, compared with the non-
encapsulated compounds, the Nile Red-loaded nanocapsules showed a
higher fluorescence intensity. Deeper penetration to the lower skin
layers was observed at 30 min (Fig. 6B). This can be explained by either
the nanocapsules fusing with the lipid compartment of the stratum
corneum or only Nile Red diffusing into the deeper skin layer, while the
nanocapsules retain their structure. Thus, the findings of the present
study prove the superiority of the nanocapsules in transporting menthol
to the viable epidermis via trans-epidermal and transductal (hair fol-
licle) routes. The results of this study were consistent with a previous
study [33] showing that nanoparticles with smaller sizes favour active
ingredient permeation into the skin.

The relative fluorescence intensity of Nile Red permeated through
the whole porcine ear skin (600 pm width) was quantified. As expected,
the Nile Red intensity in the hair follicles and the trans-epidermal route
was negligible (Fig. 7A-C). In contrast, Nile Red-loaded nanocapsules
showed a higher relative fluorescence intensity (Fig. 7D-F). The Nile
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Red-loaded nanocapsules mainly diffused via the trans-follicular
pathway. Similarly, Kurtz and Lawson [34] have reported that lipo-
philic Nile Red predominately penetrates the skin via the transductal
route. The fluorescence intensity was time-dependent, and the fluor-
escence intensity increased as the time increased. After 30 min of pe-
netration, the fluorescent dye in the skin was predominantly observed
throughout the lipid domain of the stratum corneum intercorneocyte,
suggesting that the transport pathway of the active ingredient ma-
nipulated by the nanocapsules also involves the trans-epidermal
pathway.

3.5.6. Locali:
skin surface
FE-SEM was carried out to demonstrate the detailed localization of
the developed nanocapsules on the skin. The fixed skin was treated with
the nanocapsules for 30 min and observed by FE-SEM. Untreated skin
was used as a control. The results shown in Fig. 8A-B demonstrate the
normal integrity of the untreated skin. The nanocapsules were observed
on the skin surface, and some particles accumulated in the in-
fundibulum of the hair follicles (Fig. 8C). The nanocapsules also in-
vaded open hair follicle ducts (Fig. 8D). Because the large diameter of

of the hol-loaded nanocapsules on the porcine ear
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Fig. 11. FE-SEM images with different magnifications showing the adhesion of the menthol-loaded nanocapsules onto nonwoven fabrics. (A) Fabrics impregnated

with the developed nanocapsules and (B) untreated fabrics.

hair orifices (approximately 100-200 pm) was between 500- and 1000-
fold larger than the particle size of the developed formulation
(205.11 * 6.71 nm), this phenomenon facilitated the substantial pe-
netration of the encapsulated substance into the viable epidermis and
dermis. Therefore, the encapsulation of menthol in the nanocapsules
promotes the efficient delivery of menthol for the interaction with
TRPMS in the lower skin layers [1,2,4,5].

To confirm successful skin delivery, a tape stripping technique with
20 sequential pieces of tape was conducted to separate the menthol in
the stratum corneum from the remaining skin (the viable epidermis and
dermis). As shown in Fig. 8E, menthol penetrated the deeper skin
layers, and the penetration of menthol increased as time increased. This
could be attributed to the fact that some of the nanocapsules are con-
fined within hair follicles, contributing to the diffusion of the active
ingredient into the surrounding skin tissue. Thus, hair follicles may play
an important role in the permeation of the nanocapsules to the target
site in the skin. The nanocapsules may facilitate the entry of menthol
across the stratum corneum, and menthol may then diffuse to the un-
derlying viable epidermal layer. The results of this study supported the
findings demonstrated by several researchers, who showed that nano-
particles smaller than 500 nm exhibit a propensity to cross the stratum
corneum [35].

3.5.7. Cytotoxicity study

Safety plays an important role in the development of new products
[13,36]. Dose-dependent cytotoxicity of the developed menthol-loaded
nanocapsules and blank nanocapsules was analysed in HaCaT and
NHDF cells. Fig. 9 shows the cell viability after 24h of exposure to
different concentrations of the investigated formulations. The cell via-
bility results were similar between HaCaT and NIHDF cells. Both types
of nanocapsules resulted in a dose-dependent reduction in cell viability.
Compared to untreated cell viability, cell viability was greater than
85% across a wide vrange of investigated concentrations
(3.125-5000 pg/mL). These results were also above the 70% cut-off for
cytotoxicity [ISO 10993-5: 2009 (Biological evaluation of medical de-
vices - Part 5: Tests for in vitro cytotoxicity)]. Inverted microscopy
analysis did not indicate cell aggregation or changes in the cellular
morphology at the investigated concentrations. Cells in the positive

control group were treated with 0.5mM H0» and the viability of
HaCaTl and NHDF cells in this group was 56.39 = (.70 and
52.01 * 2.61%, respectively. These results indicated that the prepared
nanocapsules are less toxic than H.O, and can be used for skin delivery.
Similarly, in a previous study, we observed that the nanocapsules are
biocompatible with HepG2 cells [36].

3.5.8. Irritation potential study

HET-CAM, which is a non-animal model, was used to investigate the
biocompatibility of the nanocapsules. HET-CAM was used because the
choricallantoic membrane of the 9-day-old fertilized eggs has complete
tissues (arteries, veins and capillaries) for investigating injuries induced
by chemicals. Furthermore, this method was used because it is a rapid,
sensitive and inexpensive alternative to experiments in animals or hu-
mans [15,37]. As shown in Fig. 10A and B, the blank and menthol-
loaded nanocapsules had irritation scores of 2.28 * 0.24 and
2.33 + 1.58, respectively. No irritation was observed when treating
the CAM with sodium chloride solution (the irritation score was zero).
In contrast, an irritation score of 17.61 = 0.31 and 3.92 = 0.75 was
observed in the group treated with 0.1 N NaOH solution and free
menthol, respectively. Clearly, a menthol-loaded nanocapsule suspen-
sion with an irritation score less than 9 suggests that it is well-tolerated
and safe for topical use [15,37].

3.6. Fabric containing the menthol-loaded nanocapsules

Surface functionalization of a nonwoven fabric with the menthol-
loaded nanocapsules was analysed by FE-SEM. The developed wet wipe
product had a white colour, mild minty odour and a rapid cooling effect
when in contact with the skin. Fig. 11 shows the adhesion of the na-
nocapsules on the fibres. Evidently, the distribution of the impregnated
nanocapsules was observed with good adhesion to the surface of the
fabric. These results confirmed that the developed nanocapsules can be
successfully impregnated within the nonwoven fabric for further use as
a fast cooling wet wipe.
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4. Conclusions

This study demonstrated the feasibility of preparing stable menthol-
loaded lipid-core nanocapsules with satisfactory properties. The re-
sultant formulation with a small particle size (205.11 *+ 6.71 nm) and
high entrapment efficiency (98.18 * 1.05%) was successfully for-
mulated by a nanoprecipitation method combined with a Box-Behnken
design. The optimal formulation consisted of 150 mg menthol, 84 mg
poly(e-caprolactone) and 125mg poloxamer 188. Menthol can be
converted from a crystalline to colloidal suspension. These nano-
capsules also facilitate the rapid penetration of the loaded substance
into the viable epidermal layer by the hair follicle and trans-epidermal
routes. The developed menthol-loaded nanocapsules are non-irritating
according to the HET-CAM study and less toxic to HaCaT and NHDF
cells. These results indicate that the material is biocompatible.
Therefore, the formulations obtained by a combination of experimental
parameters improve the use of menthol as a coolant by impregnating
the resultant nanocapsules within a nonwoven fabric for further cos-
metic textile applications.
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Abstract

Menthol can enhance skin cooling sensation through the interaction with the transient receptor potential
ion channel metastatin subtype 8 at nerve endings in the viable epidermis. Direct dermal exposure to the
products containing a high content of menthol may result in irritation. The purpose of this study was to evaluate
the irritation potential of spray containing menthol-loaded nanccapsules Hen’s Egg Test-Chorioallantoic
Membrane (HET-CAM). The CAM treated with 0.1 N NaCH and normal saline soluticn was served as a positive
and nesgative control, respectively. The irritation reactions, including hemorrhage, vascular lysis and ccagulation,
were observed using a stereomicroscope coupled with Image Flam Work software. Then, a semi-guantitative
scoring method was calculated. Results showed that spray containing menthoel-lcaded nanccapsules and base
spray showed the irritation score of 2.15 + 1.91 and 2.84 = 1.65 respectively, whereas a higher irritation score
(3.92 +0.75) was observed in free menthol solution. These results indicate that encapsulation of menthol in
nanocapsules was well tolerated with reduced irritation potential and could be safe for topical uses.



82

ranafsduiasannvUszyu (Proceedings) nmsdszyuduinis veudde avei 13

Keywords : Irritation, Menthol, Nanocapsule, Hen’s Egg Chlorioallantoic Membrane, Spray

uni

wumaa (menthol) Wuansesngniddnyaianilefifsiniliune fiyadmaniseanngauaslisuau ey
RERE RN mimﬁmf‘lﬂuﬁﬁa@miﬁ’jﬂuamawmwmmi wA3aedn thvay Laiasdian waznsUssendlalumandueand
LuaamﬂﬂmauumwnimﬂﬁamauggauwﬂwﬂmanawumwmumL,Uuﬂmamumwmumnaﬂwm wﬂwaﬂmmamuwaa
LWM?N‘UHL‘JEJEJ 1 uhdlosauneaiifasidadesd fantsoemab i nuasd adudaeu foussiinn sssmels
2819319152

%

\UNea (TU‘V] 1) flammud@iRuanuddn dulsiuaioms muna”l,ﬂniss;umaumﬂa‘laaaummnwwmma
metastatin Eclu@ gouf 8 (tran5|ent receptor potential ion channel metastatin subtype 8} fivanauszamududa
Uinmmwuwuﬁuqmmwwm (Farco and Gundmann, 2013; Nazirozlu et al., 2018, Yildiz et al,, 2018) A5 L
wuneadivanseangndlFanuiuudfiniadvedded dafe wuneaiiddanisazaratid widu 0.4 mey/mlL
a auqll 25 °C mmsLamﬁ’umﬂﬁmﬁmLﬁmlé’ﬂﬂwmm%aﬁqmw_]ﬁﬁm (Punpee et al,, 2016) Yaumrdananvinli
Lﬁmmﬁmﬁmﬁumiﬁwmw5mﬂ”’mﬁﬁmaa%ﬁqmmiﬁmﬁuﬁﬁwﬁhﬁﬂaaﬁﬂﬁmuwaaazmafwmemé’mﬂmﬁmﬁm
adlglaadniAvansaanguiluulutadsa an1nﬁ?uﬁqu‘ﬁmiumuigaﬁiﬁmﬁwmLﬂumamﬁmﬂugmmummmﬁa
dinenuazaanlunnsTdude amnsaldnuiodssdemuivinaluniviedniuesime wnwasmnvneiums
wagliissenaidosiofinnly Sunuunde fadidmnanldianiedsdudilesndguans{ity

agrclsmmmainaadusidananlulis i dudomsuiayadunisssmadas faf nsFnuniiingussasd
\ouszifiudndseeaifssuasnsditsuaanva s umeaussgunuwegalaneasuludoyluin dmuslideyldin
finpaaushaansavatalealwanududusiifu 0.1 uaduea wagansazataundaund (normal saline solution)
WunguauguaavInLaseaunEIdu UfAsensssanedes iilssiliulssnsuday asniswanvaadinidentes
nsfineamanaidenLas Manazn auvadusEy Mnduswaidndssaeiog

OH

gﬂﬁ 1 Tawai aailvosuvensiin (1R, 25, 5R) -2-isopropyl-5-methyleyclohexancl w38 (J-menthol
Fatulalomesildluntsinwil (Nezirodlu et al, 2018)

F8n15338

Ja9 @1edl wazgunsal

wunaa (1R, 25, 5R) -2-isopropyl-5-methyloyclohexancl} (U3dW Fisher Chemical, Leicestershire Ussine
ansaatu1¥ns) poloxamer 188 (Kolliphor™ P188) poly(g-caprolactone) (ﬁﬁ‘lﬁﬁﬂimaqa 80,000 n¥udalua)
polysorbate 80 (Tween® 80} sorbitan monoocleate (Span® 80} (U3¥W Sigma Aldrich Chemical, St. Louis, MO,
USA} caprylic/capric triglyceride (Lexol® GT-865) (W36 INOLEX (Uszinelne) $1dm, njammussineing) arnad
llunsfine s thunsadwsuliese Wldna sl wilasuaud mhsudedlivodu o pesagl 2 fouda)
wineinldlAduluils (Nanchang Alex Electric Factory, Jiangxi Useineanssaddussusuiug

nBnSuTlE S wiunesaufndszaneiies

mUaéﬁiﬁumaﬁnmﬁUivﬂauﬁqam?ﬁmﬁmsﬁ 2 ailn fo aL,UiéﬁﬁmuwammL;JwnaamifﬂuﬂuLLﬂUmaLLavm‘Uiﬂ
u i invﬂauamm lmLLﬂ msaanqmsmummiamaumuwaammqumuiaaa“ 1.4 Tpedhwth favhazanasn ans
Wiy arsuaniuiic tinen wasindu ﬂ‘smmﬂumamm%mﬂmwmuLmuﬂﬂimm%qmumaaﬂmm

"2

De =
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Tuuluuatgadebhndu dasvuiidaiumsaussguiluuetsawd sudeiEnissnesnauunly (nanoprecipitation)
{(Ferreira et al., 2018) wazdadananiisivizanlunisudadiomalanisnavaunafiuii {respanse surface
methodology) $1ufUN15UsEEAFlEH A TuAI M RaweTa Usgnoudaeasferioluil iunea polye-caprolactone)
caprylic/capric triglyceride sorbitan moncoleate poloxamer 188 polysorbate 80 wazandu (Vlwmmwﬁﬁ'a
"Lu'amTmLﬂmLmaﬁﬁagaé’mmummmiﬁiﬁuﬁw%’umﬁmﬁmﬁagﬂiﬂmaamﬁamlﬁgﬁaqmnmiﬁﬂwﬁtﬂﬂmﬁﬁaﬁﬁﬁ‘imﬁu
HUsENIUNNTATALENTL)

nsmegeudndssaaifesraiBayludin

#ndnsssauidaswssasdAffdmnanvounumaaussquiluualgauasaUs diulssilaont smamau
HET-CAM 94uvnswas NICEATMACCVAM (2018) dail il anevuslailosuaud thwitnsswing 50 fia 60 ndu
ydTunsaeitnlaladsTul® (Nanchang Alex Electric Factory, Jiangxi Usstnaans1sasgussiauiu) anizasuy
Tfindwvundel] sumgiinndluedsilnlivindu 378 + 0.3 °C arududuimsiiduanas 580 + 20 Sasmsaduly
n 2 Halue wundsas 15wt delditnanyasy 9 fu Wenldanlidaeisnzudants aandayfuuenasn wniu
ihansazansdradiafisgmeany Unes 300 lulasans Buasuuiindaylafin udasnguusenaudaelain 6 was
miﬁnwwﬁﬁwwum’lﬁmmﬁu%’ummmuwaaﬁaQlugmiﬁﬁuuasmiazmamuwaaﬁmsiﬂ%mmgmﬁ’u nELTMAAD US e
avazmelsaasasluhusmnlssumdudu 0.1 uafuea imihiduhauunawninuasaisasainiinds
Ay 0.9%ve sinwifdudnuainaay 390ty Tufinnatesousniinsaany nsuenvasdadanuns
nsinuiaveavasndenuasnisniznguuadiusiiu duszesioan 300 Gunil aneldndesgansseniawaila (Nikon ZMZ
745T, Nikon Instruments Inc. , Melville, NY, USA) musdundastiufinaw Canon DSLR wlanalaaldlusunsy Image
Frame Work uasUssiiudnunmnssseneadedlogisnislFns suuwuuisUsinadsdnulesldanisi 1 éil

5%(301-h)  7x(301-1)  9%(301-¢)
300 300 300

irritation score = (0

dlo b, U wer ¢ udmsde szemratnsusnvealiadenuss  nshEnvinvemasnden wazn snenguTasiusiy
msUseilunansuuuirwald fvruadedl

AELLL 0.0-0.9  liszm aiiag

FELUY 1.0-4.9  szenefaadniios

ABLLL 5.0-8.9  szaef el unans

AELUL 9.0-21.0  SuAIELADITULTS

AMTIATIEINNSERR

Fayananisvnassuanadudiieds + duiissuuninasgiu dvuedissduanuiiesiuil p < 0.05 Ao
unnsinafuadelided Fyniaifseninangn Tngldlusunsudniagy GraphPad Prism 6.0 (GraphPad Software
Company, San Diego, CA, USA)

Wan133dy

g aniinenmvsssuuhdmumeaiivssiuunlutesa easasasnisindvanseanguiganiniu
98.18 + 1.05 WWahuwseuilundndusiansduas fadannadunsa-ing vedndusifigumgl 25 °C wuiawsd
filldnmanvaamanussuTuLeUgafiduiniu 532 + 0.84 vnsftasdiuliduindu 534 + 097 dvmnudunse -
Fe vasmdnfudasisiiasindnlduendiiiun1eadd (o > 0.05) wasagludiasening 45 - 65 daiudeniu
Ase-en AndlAsaduimavaae

msUszfiudndssanaidavasdefusidoaylvlafinuanddusuil 2 sansfnwmuiasdifdnnauys
wumsaussyuTuaUgadiamznsusnvesfadeonuniivn 51.6 + 6.2 Jui vusiansdiunuiioan 555 « 3.5
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it winfasiimiumeasuiiassiadredubiinahdAnnisinvinvesvas audanuag i iU siudsanin
dlammnasulutianandius 0 & 300 AurfimuuuImnevss NICEATMAICCVAM (2018) dwiunguauguuauin wui
ansazmelan iy 0.1 uefusa WiliAnmsunnveafindeauniiinat 12.8 + 3.3 3unil nsdnviaves
vaonudaniivian 71.2 + 8.2 Aunil uaslusiungnguiuiiom 526 + 7.5 Awnit liwumsssenadeadaiulunduaunu
waavTineAsuFsasazandaunaUng Tnsiidrzuuumsszaodaasiniu 0.00 + 0.00 snuiladssszna
nsideuwasvesvasadaauasisiudaylifinud e dussuuussmeaifies anunsaagunaldduandluguil 3
wuimﬂsu"?iﬂahuwau'vaal.uuwaausn’lumiuLLﬂU-gaLLaaaLUsévfuﬁﬂwuumiwmaLﬁmwhﬁ'u 215 + 1.91 uas 2.84
+ 1.65 auasiu (p > 0.05) ﬂzuuumﬁzmmﬁmﬁga‘ﬁu (3.92 + 0.75) wuluansasansmeadasy vaisfinguuauin
MUALLATHAAUMIUANIATVIIAY 17.63 + 0.31 Wag 0.00 + 0.00 MU (p < 0.001)

A D

= ' i W o i a o o, & i
3UT 2 nmdevasadaaveadayliliiinery 9 fu daveasu mw a0 30 120 wag 300 i addu e A fa
seier

) - &l =3 84 - 08
asdiidumauvasuneausiguluaUga B As awsdiiu C As ansazanglsaninmiuidudiu 0.1 ussuea uag D
fis ansaganeindeunaund (n = 6)
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21

18 - .

159

12

Irritation scores

el

Samples

¥
& i

FUN 3 azuuudndseanadssvaamdniasiansd ilidunauve suumeaussuuiluuaugauazausdiu wWisufisuiungy
ATUANNAUINLAEHAAU UASU e A fo aldsdilldiunanvasuneaussguiluialga B Ae awsdiiu C fa
asavanewunaadase D fa ansazanelaalianudundy 0.1 uaduaa was F fs avsazanewndaunsund (n = 6)

afiussuazaUnanisidy

msnpasuindssmeFsmasdndusida dayldldindaiuinaasum adonitllddaineasmi dnemand
ms#nwflfiasnsdinaien nogeueudhiuldmetinnvssmusditiidunammaaumanussauiluuatsa
msfinwiidenldldinitneny o u udaydwiuneasy meﬁnfaL?JaﬁawiﬂiﬂisnauﬁawaamﬁﬂmL.L,m viaanidien
&1 wasvaseLdendey udonuilovasladuadafulelifefouas 50 Savungdmiuldnsrasunisseaiefamie
e uiiieainasiadl (NICEATMAICCYAM, 2015) ﬂmzQ’iﬁdﬁgﬁ@ﬂﬁ"iﬁﬁmiwamﬁaﬁﬂé’fﬂmﬁq feinlgdnelaige uas
Fadumadaniilétunmssaniudmiunameasdludniviauyed nansdnerinedusswhilédanuiadsditdmna
vosmumeavTsaululagatasasd fuilnzuuunnsseaodesdesdlunudisseodaadnion (euuuaylugas
1.0-4.9) #admin 9 AR Fwinlundnsasitanuasefedmiunsifanisils {Pandey et al,, 2019} nansFnent
aemﬂﬁaqﬁumimaaummLﬂuﬁwiemaéﬁwﬁﬁww&,wwu?ﬁv&q 2 3ile Ao immortalized human skin keratinocytes
(HaCaT cells) was normal human dermal fibroblasts (NHDF cells) 787335 344, 5-diethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) #3pmziidanuissuunihdanumeaiussyluunluuaUgauasszuuidunly
wogaUarhidiufivi susadlutisandudussuing 3 81 5000 pe/mL fafu nrsinundaunsaasuldinmsd
Affdnnaua auansavssyululaysalialiAnnisseaeidaauazanusa i dundndasia e uendiflanuase s
waitléanntsFnuiilosilulfduiayaussnaunisveauiiadssssuntsinyd o lunyudReafulssAnsua
vowdndusiianniuianssduliaee i iEnduluemainsgunmdsely

fimfinssuusznia

sATeilFsunsatiuayuunsfine 3 Sadriuindnun ssdududafneuwine Seguasimenil neld
Tasamsensefuanssousindduing Weaiedennuanuisalunsudst UssStloudssanm wa. 2562 Gilasanis
05000008/050000080001) AakiTuvavaumamEnIHdam 11375 wasunefuanse Jadaiunnw iewdslunis
waaudndszefasveadadasiiudeyldlin

lONENT8198 9
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Reviews in Medicinal Chemistry, 13, 124-131.
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