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Abstract

Herbal medicinal products have been used as alternative treatments of diseases since

ancient times, and are still in use these days. However, limitation of herbal products, namely their
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bulk dosing and repeated administration, results in non-compliance. Therefore, it is critical to
develop innovative drug delivery system for effective administration of these herbal drugs into
the body. In this regard, chitosan-based nanoparticles or microparticles can play an important
role in delivery system for enhanced bioavailability of herbal drugs due to chitosan’s diverse
advantages such as biocompatibility, biodegradability, mucoadhesive ability, penetration
enhancing effects, low cost and low toxicity. Since there are many techniques for preparation of
chitosan nanoparticles or microparticles for biomedical application, the selection of any of these
methods depends on the nature of the active compounds used in the delivery system. In the
future, it is expected that using the chitosan nanoparticles and microparticle herbal drug delivery
system will become more prevalent and it needs to be developed continuously in order to help

improve herbal products for their practical use and therapeutic effect.
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sysumdiiesnwlsalasuanudenduegisnn (hydrophilic substance) wazliiwouth (hydro-
Feluayulnsusagdaduiiansdfguareedadil  phobic substance) 3] wiluvdelulaswisiiAa
auldlunisdnwilse erayulnsiidodiunnune  Wussunhdwayulnsiiiiussaviamas daelu
laun iianatnafesreud1stoy Usyansnmaes miﬁweiqmﬁazmaﬁﬂﬁﬁaw%am%ﬂﬁﬁaa uay

gayulnsueidigrslnalfswtennniewny  didseafiaanedaladnelaeg1sfivsednsaan

v
Yl

U990u s1engn wilddre egndlsfion enayulns wenaniifsanunsadaeliereengvslanau (4,5]

ifedes Ae LumunzAunisinundiendidell  Jegduiivarens@neidedldunlusmsifanie
PINMITTURTIMTOADITUNITF YIRS e lulaswisiitAaimSouannlalawey ey
Tonayulnsuiumaenn dosfudssmutuagnats JszdnSanniseengvivesansddniinieuls

A3 uazdodldsvezaailunisinwiuu dwald  gundisayulng (s 1) Hedidesnlalaweud
mnusaudlelunisldendin [1,2] msfauszuy  audhdunaneussnmsivanzadlunislfidussoy
o 1 1 A ° & - PN - o o o

dsernvulmifedentudnduiieiin yds lelauguFagninanldesanisenduszu

Usdvanmvasenayulnsdsna 118981 Fes1eazidenaznanluiivadaliy

2. ssuuihdeenayulnsdisuiluvselale 3 lalpuwy

fa a '
INIVILAS Ialauau (chitosan) f%en191adian poly-
wilunnifAa Ao eynianivuinegluyi (1—>4)-2-amino-2-deoxy-R-D-glucan, 2-amino-

N

10-1000 wluiues dwlulasnisida fe aynn 2-deoxy-(1—>4)R-D-glucopyranan  3e  Poly-

572



Uil 22 avui 4 naray - 5uIAL 2557

15815 IMemansuazinalulad
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Catechins Assum tea Antioxidant Emulsion cross-linking [6]
(Camellia assumica)

Paclitaxel Pacific yew Antitumor Emulsion cross-linking [7]
(Taxus brevifolia)

Polyphenol Yerba mate Antioxidant Spray-drying, ionic gelation
(llex paraguariensis) (8]

Glycyrrhetic acid | Licorice Anti-inflammatory, lonic gelation [9]
(Glycyrrhiza glabra) anti-hepatotoxic

Adriamycin Licorice* Hepatocyte-targeted lonic gelation [10]
(Glycyrrhiza glabra) delivery vehicles

Curcumin Turmeric Antimalarial, chelation, | lonic gelation [11,12]
(Curcuma longa) antioxidant

Polysaccharide Ling zhi Antitumor lonic gelation [13]
(Ganoderma lucidum)

Carvacrol Oregano Antimicrobial lonic gelation [14]
(Origanum vulgare)

* 14 glycyrrhizin Usuugalassadeaniiavesunlunsifaiiieridenlugasiu

Ialauaudan pKa winiu 6.5 vilalalawgu
laaansoazanelaluansazarefdan pH WWunaia
WieaN uagunsaazawlaluaisazatunsa (pH

#1091 6.5)  v9U N5AtalaAsAaBSN NIALANAN
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Talaugwdunedugnnilsaiifinnunuinduses
Uszaas (high charge density) [24,25]
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Chitosan
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MlmAan15Ua tight junction 53119 epithelial
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ansavesnsTuRudevulradludiu apical
wazwileniinisnssanesilvdues cytoskeletal
F-actin wa2 junction protein ZO-1 tnefilddwa
fioauURAUDY caco-2 cell monolayers [30]

lalaugudiantmdiuliniadinin (bio-
compatibility) ouaarglémiadann (bio-
degradability)  fiauanunsalunisdainieiie

\ian (mucoadhesive ability) L#ixN159ATLEN
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s1netindulaunislalasladiuse B-(1—4)
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4.1 Emulsion cross-linking method
Filivanns Ae yjiofuveslalnuey
a131304inn1s cross-link funydadtarvesansie
cross-link w3sdlalaensuauaisavanslalauay
futpnethiu (Usnasann 4) Teldansanussiis
Rofvmnzay iadudiadusiin wo antudu
a13ne cross-link 13U ngasadlen Wudu
Wieldneadtaduiinnisudasinduuily

v
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Usuasudadonsiten eynedildansaiiv
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Wugniwu Ulnsideudises wieerdlau aueie
wsuea Trlwed vieth aniduFainliuss (35-

39] 2e19lsAnN N1SLANAISAD cross-link 819911
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TiansdAgurialinnisaalsdd uazn13iidn
a13fe cross-link  anag1aNysalvilareudng
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4.2 Coacervation / precipitation

method

o
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Willvautanaaiifdndveslalauau
flalanunsaazarslaluasazaionis wraunse
Aansanazneunseudeiiledudatuasazane
PftausBiiunie wIsuldlaenisnuaisazans
Talauguadluluasazatoans Tagldwmu e
lalaugududanuaisasaton193giinnig
annznaunsoudediinduuluiranselulas
WsAAala [22]

4.3 Spray-drying method

Spray dry Wuwmaialunisiaseunsen
V3UNTUA INANTALAYVTOANTUYIUALNBUY N3
spray dry # 2 Funeundn Tuneunsniitlalag
avanvlalauguluaisazarensnesiefn anueie
nsavanevsenseavealvluaisazatedngn
onaiundelaiifnansie crosslink  Ald Tuneu
RouAenisttdunandilauniusiy atomizer
meldainiadeuiiedsnsvazaiseanly 3
widelfisseynavuadniiuiain arunsodde
Favirazateiindelaenisifiunazvinliuialy
ANy YINA mmmaﬂaumﬂsﬁuagjﬁ’waw
Yoy 19U vurnvesiialUsd onssiveens
A58 AUAUYeY atomizer YUNNYDIANLLT

v

Judu 221 3300w RmurzanluniseIen
Talaswisiiaa esaniuisidne Usznaudae
FupouLie Lazd1eRoNISYLIBVUIANTITHER
USnaanniuy [40]

dioxide

4.4 Supercritical carbon

fluids method
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maﬂwa%nqmﬁwm (supercritical
fluid) Aeufafigndudnediegs Juansautfives
WuRauazveunad fmaluladfivay 2 edns 7
JouldlunisiaSeuurlunisitfawazlulas
W1S7lAa Av aerosol solvent extraction system
(ASES) wag precipitation with compressed fluid
antisolvent (PCA)

asiaseuurlunisitaanselulas
wsAlRanewmaila ASES vilalaenisazatenio
nsrALieaznedesidmenulusvinazaiy

s & a

ntuasgnuimuludiaeduinduiaings

o

89890 (supercritical gas phase) Wi1liLAANS
BudgBIeInvRmEAURnal (liquid droplet)
a < fa a )
uaztinn1sanagnauluulunisiiansolulas
WSALAALU chamber  vpLATBY FeauNTaLAY
auNIAmIeUlANAINT IR IUE1989 chamber

[

%9 solvent way anti-solvent agani1dnpanann

Y
chamber waglu vessel Napafinoarnadiunivinli
\innN13ANAzNaU (precipitator) axAAINAUST Y1
anihazagnduganiusvaunaifusiy el

LY

BUNIALTIEINELED AIUTRIANTATAEILYNARTN
UV FUNTEITIN5bMaTe9 anti-solvent WudIY
FlmAnnsanasnaunsldnuduasdiiierh
Teymaurs Fslunszuiuniswes PCA g
AR1BAGINU ASES  saliuatsusulnoanlanly
anuzufiaszgninuntdunuaisveulneanlenly
FADULVDUUA [41]
msvaulaeanledidunianilasuaiu
foudosaniianudufivan lifel Beusenis
\RnUii3en wazsagn (2] Tuusnaingndeenn
vasansvaulnoanlen

(supercritical ~ region)
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dundglunsazansdien MvinazaledunIdnuuy
avaneldroudrsiluvesivaingniaean vinlv
nanSueifimionlddunanduaiiusiaaingaii
farany [43,44]
4.5 Emulsion-droplet coalescence
method
wanMsveIaTdngnnsImiuYesis
emulsion cross-linking Wag precipitation Ll
n1sUSuLUasuannansne crosslink  1u3s
emulsion cross-linking Wusnen (droplet) w4
ansaratens wu ledeulansenles Busienis
nauansazaelalausuivinduimane auitolsr

o

a a o a 17 = a &
Wnddaturiia w/o lagldansanussmeniiiduans

'
v o o a1 =

AedLatY wavmssudNaTUDNA WU T NL A uNaY

v o
o o

palasieulansanten anTuLndIuNEN9EDq

¥ v ' '
ada o = = = =

drunman AT IR T W NOUANLABINNS
T#ansnio cross-link Mdudunse 1wy ngansna-
filen [45-47]
4.6 lonotropic gelation (ionic gelation
or ionic cross-linking) method
asisenurlunisitaanselulas

v
aaa

wsfiRaanlalauausieis i dudsiinnesen
Aoudnedng tiesaniifissdunoutien was
Wunzaufunisiaseuszuutidsdinsuansi
aaneilaing esnldfinsdufannudounas
favaredunidnieansne crosslink  7itiu
Sunse AnasmuldueslumsinIeussuuideen
ayulnsdelalaugy Biwdeuldlaonsiuans

A8 cross-link (81508 cross-link ﬁﬁaﬂ%’mﬂﬁq@
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Aolaslndvoann sesasuAedalNaLazInTn)
T luansavanslalausunslinsaueteasiaus
UsguanvedlalauauiuUseauvesasne cross-
link Wina1sUsEnaulisdou vlmiansannznauy
vaslalauwuinduunlunsiia [48)
4.7 Reverse micellar method

Reverse micelle o @15anwsafiafiaf
gnazangegludvinazaredunid nmamseuuly
wisidandelulasnnifidadeiastvilalaonis
WWuasazanelalauguadiy reverse  micelle
aeldnisausgeatitaue anduLivaise

cross-link  LeliAnn1sANALNaUYRIUI U

sa a

MsAPavsalulasnisiia antutluseewig
Wamdadavihasarefis antudnluiliusgns
Ju Fawlumsinanselulaswsimaniwseule

aaglugunuunviunznaurasuluniiidanse

Tulpswifpaluansazanedes 330 0uATHv
Toynafildfivuinazidoauaznisnszaievuia
5 [49]
4.8 Sieving method
330003 Indlunisinseululas
wisiAaanlalauey Feiauiadusniled a.a.
2004 Fuedeuldlaonisimiouaavedlalauau

& a \ . I
INUULRUAITND cross-link Lﬂ(ﬂLUu‘lﬁIﬂiLg\]aﬂaﬂ

Talaway 3nTutn lUNIULSINTVUINY9TDIIg

v v
ada | o

winneay azbabulaswisiia A5iYeanTumnau
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Uszana 2 Lalasiuns Hrediuainunsiives
catechins WiewUdsuiisuiiu catechins ﬁiﬂléfgﬂ
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szuutids polyphenol  daglulaswisiiiad
wsBuINlAlaugUaI875 spray-dried wuinlulas
wisiAatlesiunisaanadives polyphenol 14
Wuegrsiuazidussuuiinds Polyphenol  iidl

UszdnSningeagiaunn [8]
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Wudn curcumin Tuunlunisfidafiin3ouain
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wazANamsatun1sIuivavyludninaaes
16 naAe curcumin Aviiusnluunlumsiiad

U a
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Wity Tuvas?t curcumin Alallefusnluualy
wiiAadedliganinde 10 wih 111 Geunlu
wisidaiwieuanlalaueudisiuanunsy
¥94 curcumin Leisae Tn1s@nwINIslE curcumin
$nwlsAunanise wudn curcumin Mfiuinluwly
wsiRafiwseunlalawsu fan 1Cy, winfu 122
TalasTuans Fandnen IC, ved chloroquine &4
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