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msfinfivansataanudasazildonnaldsuwuululas/ulunisiialmicro/nanoparticles) Ingenfunszuiunis
lulasteunAugatu (microencapsulation process) iatfiuanuadanavindsasdfgyanudasazidentalil
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e anauURAdIALTaU (Thermal analysis)

o

e  auansalunsAnuansdAy (Encapsulation efficiency)

o

o

o nsUanUanuaisdnAsy (Active ingredient release)

<

o Uszansnmwadlulas/unlunisifatunistiideinuinntasensas Franz diffusion cell wWgu

Wgumsana



v
v a

Snnadinisfinwinalni@sd@ndmnsunisesngndnstuaiivasindrinevaslulas/wlunsfimanseuiieu

fluansanna lusinun1seangvanisdianiw (biological activity) oA

o  MsiEsuESawaaRIvLa(fibroblast proliferation, skin barrier functions, endothelium barrier

functions Wag anti-inflammation)

o m'ﬁy\lmjwjaéimwu (qw%‘ﬁmauga@mz anti-oxidant, cell proliferation by colorimetric assay,

San1stiuds NF-kB waz anti-apoptotic activity)
nasnIuAnwIAulasadevedlulas/uluniiiAalagn1snsraaeunismuiying1seauuily (Nano-
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o
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eunssnwiigiBnivitasasSsdsnuludUaesely

3, ANSNUNIUTTUNTIN/E5aUwmA (information) Mneadae

lulas/unlumifiAa (Micro/nanoparticles) Apaumavosudsiifiummdnlusziulalasioulumng 49
HumalilaBdmiunmsusspsevieruasdeeafaniuniiuvesuds veamavideusia seasiinesdundls ans
wantlenaidunediues (elaugu mefiu wio Safiun ud) Ui Tutu wieasdug dwiuansiignussgenagn
ussgegnslusymaviestagngaduaguuiiuineymeald Tasilufouneglutag 1 & 1000 uiluiuns dalulas/
wilumsidaiinsouldennegluguesszuunsaasss (Colloid) fdnwaiuasuruassnszangluansazans v3e
wisneglugoymenasudaifoyniansinay Tusgfuimadiauagnsaiinawion faneluladdibuniduizms
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1. WAwesildnsssund (natural polymer) laun aswanlusiu (albumin, casein, gelatin, gluten)
asnInlnauasanstsn (agar, acacia, alginate, caragenan, dextran, starch, chitosan) arswanlugiu
(beeswax)

2. Tndweshiaduasen (semi-synthetic polymer) lgiin cellulose esters Waz ethers (methyl
cellulose, ethyl cellulose, cellulose acetate) Wag Fatty acid derivatives (glyceryl mono, di %3
tri-stearate, stearic acid, aluminum monostearate, glyceryl mono and di-palmitate

3. Indwesdensnzai (synthetic polymer) 1w Vinyl polymers and copolymers (polyvinyl alcohol,
polyacrylamide), polyamides uag polyesters (polylysine) tudu

4. @sefiunsd (Inorganic materials) lauA calcium sulfate, clays uay silicates Wudu [2]

wadan1swseululas/unlunisiea [3]

F5nstuniswseululas/anlunsiia anawuald 3 Ussian

1. ABn157eAIBITINa (mechanical process) Ll pan coating, air suspension Waz spray drying
2. Wnsnedeniaaiinienin (physicochemical process) LU simple tag complex coacervation
3. WAy ISNIALl (chemical process) 1 interfacial polymerization, in-situ polymerization



lonotropic gelation

L"ﬁua%ﬁﬁﬂﬂsiﬂUﬂWiLGULLﬂUﬂJLa%’UL‘Haéﬁ%LLaSLstjaa‘é’(ﬂ’j Tagliidunmsvidunsewad lulas/anluniinfa
%g_]ﬂaaﬂLLUUWﬂanﬁ’uL%aémﬂﬁqLL’mé'ammauaﬂ LLazﬁEJﬂ%mﬂﬁﬂﬁmnqmamﬂﬁu%ﬂé’:]sl fMBEeAINeLNA
Iuizwﬁ“a Sodium alginate ag calcium chloride GﬂgumaumimﬁmﬁﬂmEJ‘ViEJ(ﬂmiaszJ alginate adluaisazany
CaCl, awfnoynatuviud Liosn Ca 2w crosslink meludesirdlulinana alginate vilAnfiduAndoussiu

91n1uiin1s Coated a8 chitosan Snduiiioiiuauudussvaseunaiivsentu [3]
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NuABNgtaiuIsnswsenlulas/aunlunisiaa

1l wdessugetiudnasany Anvniseseulalawgululasniifidalagldivaila ionotropic gelation wa

sa a ° o

nsfnwnuityiawaranududuivansauveslalauguiinasonisiineunialulas/uilunsiia dmiuisnig
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wissuvlagn1saseadadlalausudediusequiniu tripolyphosphate (TPP)3aiuszgavdmaliinayniedu  lay

q

anududuveslalausunasTPP AAnlulaswnsidade 0.4% wi uaz 0.1% wi suddu llasmsiidagn
Lm%'au%uiﬂamwam 5ml ey 0.1% w/v TPP quwaa 10 ml ve9a15a¥an® chitosan glutamate Tu stirring ii
1,000 rpm luiﬂswﬁﬁlﬁagﬂ{jwﬂunm 30 Wi mmfumi'«g BSA TululaswisiAa tnewiy ansazate BSA 1 ml
[4] wonanni 1l wdsssuretusuazanedildfnmnmsiiunnuassivedlalausulilasmsidalaenisifivaisan

~ a Ay 9 o fa a { 0
WIINSIR FIRANNNUITEFENwUTaUsUTRelY PEG 200 Tneanaaauanumisivadlalawsululaswisidan 25 C

Y '
a e

Auaudinivaiinienmildussidiunalaun auineynia dndluiiafinuia ey 3Us1a n1sinAvlusiu wa
ASAENWINUINNISAL PEG 200 anunsadieinainumasiainnisanaenauvadtalawsululasmsidala [5]
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Pe35 polyelectrolyte complex (szninsUszguinvaslalaugunazlssgaurosvaunin) 1nan1sussy BSA FIn1s

v
=

Waoymaulunnsfdatusgivanududuvedlalauey waudn uay BSA msfinwimnududures 3 Jodeiinald

Y

WaunlumiiiiAa n1sannznau (Aggregation) uaztinansazans (solution) [6]
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a1n1A (porosity)  U3u1msn1sBuriu wazniswesdd lunsdnwildniswlsuuealendadunlulasnsida 2
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wada bawn N1sieseulagndnnisadadiiadullSeusisunisiinseaaen lown waatdounaslsa fu
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epichlorohydrin uagn1sw3eulnenisven nrannisasiadfndu lalulasmsiPaniiduriiuaudnansaie 220

1%

lulasuns ddnwae nsanay wagdlassasnnsluiuiudmiumaianisealalulasmsifandiduriuaudnans

v a

1-1.4 98803 VWIAEURUANINA1INTU 1.2 TadunT HaMIeseunuIuuInlianaiifnivesdadiug way Yun
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Ko  uwazAmy Anwinisiadsueyniavuialulaswiiiidaveslalasuieldnugunisuanydesen
felodipine  fhewnpiianisnseadsideiusylesainlngldlnsnednoan (TPP) luduneuwsnidunssiouln
Touaulunsnezdiin 1 % (vA) ill Tween 80 \uansanuswniaiy Falunautuenfiazanelulaaaelsiimu il
Sfatuisiulud dewhluduluansazane TPP annamisvnassnudilowelutas 500 710 lalaswas @wnsa
fruivenl3le 90% uarnusasmsvanUdesetuiuiievuaranududuves TPP [8]

Kimberly uag Maryam @nwiniswseulalagnu-dadiunlugulalasanlunisiba 1ngds ionic gelation
Weudtgmanulinsinesewadldidusyuuihdssersgaivszansnm laeldsadumdulalndesuay
wraleuraslsiduansinliAnaseadad (Cross-link agent) Tnsansusznaudsdouiiwiouldsainanldiinnnis
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Chan uazAmuzAnvINTssLLAaTNdadiualulaswisiiAalaeisnisnediadunay]disne  1aaves
alginate M35 gelation Meuen wan1sfnwmuIMdnsaadeunaslsiadlulutuneugaevenssuunsly
Tnsduuavgadu (microencapsulation) avviliAnnisuaninusennudemeseeyniatuvazfidnistuazdma
WiAnnsdunguluieuveteynia daudslddnuiitniamiondieds celation  aeluRenisnavansazae
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aignsal Tuuas  Anwinswdenlalausu-sadun llasanlunsidaiilifasaiathunuasidarsarda
Trunmadiamswieululas/ulunsii@aaunsailaenisiugisesenitauszauinvedlalaugunazUseqau
1048830 waznuianulunsa-arsazanududuresasazarglalawgunazdadiun dnadovuineuniauas
nsiinlelaugu-saiiun lilaswn$ida annansinyinuinBiamsandoulalausu-sadwn lulas/aunlumia
WAaftlsiflansadaluthunsuneynadniignsinfu331.40 nm aunsawieuldlasnsmenansazasunaldounas
136 18 mM Usu195 0.3 ml asluansaranedadium 0.03 % wiv uagausengaasazaslalaugy 0.05% w/v
wazidlofnwn1sinifiu (encapsulation) wagnistanudes (release) ansafinlutun TnenanisAnwnuinlalausy
Lalas/ulunisfiia awnsanuinaisadadaunld 19.64 %  waznulneyniesnamasavanaesasann
thundl ¢ $alus dlefnundnuaizsusng nudeymaiiwienldidnvaznsnan ainnsenwanuasiveslale

wsudadiun lulas/ulunnsifainiasatadiuniSeudeuivansadadiuniildgniivlulalausu-dadunlalas/
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Tang wazAnE AnwIN1snssnulunsiiAalangds polyelectrolyte complex sewinslalaugunazinaiy
nél 1w poly(g-slutamic acid) (g-PGA) @13 catechins Wuansnfgnddueuyadase Wnevinisinfiuansddei

Tuwnlunnsfiida Fsrnuaunsalunisiniviuediuiiiey nisUanldesasinueyyadaseainalsngy catechins

o

TuunlumsiAalunuuasequanUaoy (Sustain  release) uonaniifanuinnisiessuunlunisinalaneis
polyelectrolyte complex sgninalalawsunazlngiuulng wu poly(g-glutamic acid) (g-PGA) U339 catechins

§9a1unsawa tight junctions 984 Caco-2 cells LA ST LU paracellular transport [12]
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n1s0enTAdu ALY was Audou N138ANTIILNEVDIANTEATY ﬂ’mﬂgsJug‘ULmumiéwﬁ’mmﬂmauuauﬂu

Yot Wudu [3]
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Iassasauazntivesianis wuadu 3 9u Ae Fumilsrinii (Epidermis %38 Cuticle) Fumilawyi (dermis)
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WaTUTDIRINTY (subcutaneous tissue) InaduniinudIAydmussuviaRIMTRatunlsAImsT Usznaunay

d@uszneu 5 Tugesde 1) Stratum comeum %3 horny layenduwaauuug lfid Seaduloauiuduiuuy

v
o

wasaUnu agtuuenaailanumnUseing 10-20 um 2) Stratum  lucidum wulewignmEnile K wadd

dnwaguuw3) Stratum granulosum Melugadiinduunsya udgndueenumuenwadnaneduasiiegsening
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wadluduuugn druadaznaneiliu SC 4) Stratum spinosum LHuwaafildnuwaznay wienaEaELLAIA0EY

Wasw  WWuwaduuu duedeaazvadi wadilWeudeniu dn15a519lUsAY keratohyalinkag 5)  Stratum
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germinativum  (Basal layer) LUuL%aagﬂimLimmLUuLLa’mume FIUILIUNFNAYAIUIUNITUIRIFITNG

\A3D9A1919ABUS LI Stratum corneum [13-14]

msirdslalas/anlunisitfariuseuuianis (Skin delivery)
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q

v '
o o A
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dmsuiatunsihdeansdrdgmaeiosdonsiuimis leenuseneumenguues keratinized cells JUs19UUY

Mlif¥3n 159091 comeocytes Tvuaduruaudnatssza 30 pm MNUsEIIN 1-2 um ety Stratum



corneum LAnN5LU8AUN corneocytes %Lﬁ(ﬂﬂﬁ@ﬂ%Uﬁﬂﬁﬁﬂ 60 -70 % lpgunntin v84 stratum corneum @7y
keratinized cells WianTargNUNUNAABALIAIIINNTUUNLARVEA viable epidermis vefifianagliivadiSysiadl
o Ny o o P . . = P \ A & Py

anwzwuue Ngeuiuiu Usenausie fibrous keratin @ idulomaiiiuszqiluau e pH  vesan1iena
d39IMeWINAU 7.4 uaz keratohyalin asuseumieextracellular lipid matrix lassasnsdnwagionasenindu

protein bricks L%Ud@]’?%}auagﬂu lipid mortar

1As9a$1909 epidermal intercellular lipid matrix Aeutisdudoulszneusiediu Mo hydrophobic
wag hydrophillic aduiu dxlvajsiniSeaddu bilayers @aues hydrophobic lu Stratum comeum Usgnause
hydrocarbon chain @84 lipid aduudnadianssieg  samairnldon tipid Tudu epidermis sxUsznaudng
ceramide type Il 33%, ceramide type IV 22%, cholesterol 25%, cholesterol sulfate 5%, Wag several fatty
acids 15% enaunnsafunumuEnvesuRavdsiiusnaimisagd pH Uszanas 5 @3 pKa ves SC lipid wihifu 8
thifte headgroups ves lipid axuand (onized) Widndes ludu sC fidnadly pH aziiutwiu 7.4 ol head

groups 981 lipid wansUszaau n1suandves head groups Hasifinduain  10% Fuduusnaufegdiuuenves

U

Stratum corneumtdu 90% (@rusuluvea Stratum corneum) AMUFIUNIUVDY Stratum corneum LLAUTUANY

'
a a v

Auenvesanely vosalalndUnatigamaiivies lipid wianiazidu quasi-crystalline phase Fsfinavinlidaidontiiu

Wi [13-14]
nalnn13aadur1uRants (Mechanism of skin permeation)

Lulas/ulumsifaansanansoga@usiuRanidald 3 Yeanne Aerugaduosiiavil (transcellular route)
HIUY0eINeTEnINeas (intracellular route) Way H1utesvseviollauianiIvile (appendageal route) Aaguil 2

dleansdudaiuivs arsavgnaadudigividslaenisunsla 3 n1e Ao

1. WUAaYIR%lY (transcellular, transcorneocytes %38 intracellular route)

v
U a

TPewaduad Stratum corneum fdrulsenaufidudulelusiudussdusenaunan Jelldunivinazlid

Fudussrusznau asuansnazunsiuluusnailifnasavazarglensluinazingiu

2. HIUNMIYBI91958n3Nawas (intercellular route)

Felusewinneadludu stratum comeum Usenaumediuiiduvesnanduledu daluasivzaunse
Funuldnesesdinuantanauisoararsluludiuliusdin widediazarelulvdufawiuly ieswinnisavane
TulviuldmnuluinalviievseasdrAyenagnivliluturesimidsdwaliliinnisuanUdesevseansdrdg v

dnulugsimilssuialy arsidiulanasasiiaduused@nsnisiuania (partition coefficient) TnalAeanils



=) 1 a

3. WiunegiUavisaviauuiionis (transappendageal) ldn usiusiauludu Juuuu uagsauinle @9
a & v A P ya o & A da a v v
Usnallavazeenliansifiviuagluanalvg@usulad uisgralsinuiuiiivesyUatuindesunn Yseuia 0.1%

Faldensgadunnntinluuiomd [15 -19]

|ntercellular route Transcellular route

Intercellular
ahace

Lipid  Agueous Cholesteroly Thalyceride  Winimal K.eratin
Cholesterol sulfate lipid

g‘dﬁ 2 ﬂﬁlﬂﬂﬁ@ﬂ%uaﬁmuﬁwﬂq [15]

JaeNinanan1sTUNINE1ISHIURINLS

ANSTUNIUYBIATILNIUNATUB LA UANALURNIATIN8NTNYDIA1SNITHIY WU N15aTany

Y 9
(solubility), duUseanaNILUINIA (partition coefficient), pKa, wIAlitana (molecular size), AIUALHT
(stability) waz A139U (binding) @1UUTENOULALAIUNUIYBIVOUTBLADNHIU (Membrane) AaDAIUTIUIUADN

Wilewaz JuNl wendnllfimuinanuruvendadendiu Tnemilaisagliaunsamiunie  cormeocytes diu

U3KIad shunt WuagdinudunIueenIsN153uH1U (penetration) fifidn @159139 tneanizaisnazaeinlae

v v
o [

a11150HURIMTAlAEMELALSINIIHILNI9BY WAUSTIReS 0.1% vosNuARanue featiulun1siagiiuns
dsgsuiimils  Jeinazaanaulir uiandeau Stratum  corneum 19 intercellular  lipids — Aaweea
Waguwlaswihflunisilunisiuvesiionda(skin barrier) va9fiivtladu Stratum  cormneum  IaeUdsunuasi

Iassasraneluvestulugiulintercellular lipid structure) vesRanatu Stratum corneum [15-19]
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Senyisit uazanzlaAnwINIANAU clobetasol-17-propionate (CP) Tu lecithin/chitosan unluniiniAa

o w

wieldlunsvudsansdrdgdngiiomia (Skin in vitro) nsfinwanandimeaiinenmunlunsfdalaun vunn

o

o

aun1a Andlaiiiur Ysednsamlunisussy dmsususisvesunluniiiifa gnasivaesulaeinies

U

transmission electron microscopy mamaﬁnmwudwﬂasﬁw%mwmivﬁﬁf\mm clobetasol-17-propionate (CP)

1%

Tulecithin/chitosan wilum$idadianinfu 92.2% Fadudeddmsunsilufmundunindusidmumaoms
msnaaeunsaNruvesiamlagldymyidunuusiass sewedes Franz  diffusion  cells Tnsfnwiu3euiiiou
syinaaalalauguiuasuYetsn clobetasol-17-propionate Wan15ANEINUIT N5 incorporate 8L lUneluw
Tumiipafumsiniienily  clobetasol-17-propionate  fnawfiunisdusiuduinniuilewssudioutuaale

TnuguiuaAILYe381 clobetasol-17-propionate [20]

Sonavane WarAmy lANYINISTUIUUDS gold nanoparticles (NPs) ®1unng isolated rat skin wag

o

intestine wonaniisldAnynavestuInoyAden Ty TneldiAdas Franz diffusion cells dmiuuseidiuns
Furhuwes gold NP anitamdfany luvausdl intestinal sac galtlunismaasunsdusiuszuudld armmuiuyy
299 gold NP Qﬂmi’gﬁ]i’ﬂimmﬂ%ﬂ UV-vis spectroscopy Tuaauedl gold figuriuanunsansiainlag ICP mass
spectrometry M3RATALAZNNTIUNIZYDS gold NP sirumsiamdanysieiaies TEM msnsiaiaidsnaninaes

gold Melurmianugnnsiainlay energy dispersive X-ray spectroscopy (EDS) Gold NP uansusegau N33y

a

HIUYRIRINTves Gold NP Jusgfiuruineynin uineyn1ainls nm 2 gold NP WanIn1seusuiasnian

q

showed higher permeation dlewFeuisuturunves gold 71102 nm waz 198 nm evuAves gold NP

WNTU Tnalvedudseansnistuniusaraduyssansniswnsauilaianas [21]
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