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ABSTRACT

Curcumin is a substance extracted from the rhizomes of turmeric. The scientific name is
Curcuma longa. Curcumin is currently used in a wide range of medical applications. However,
curcumin has low water solubility (about 0.0004 mg / ml) and low bioavailability. The drug is
absorbed less. Due to the poor solubility and absorption of curcumin, it has developed a delivery
system to increase the solubility of curcumin. The liposome is one of the systems that have been
interested in developing lead systems. Drug delivery Studies have shown that the use of bile acids
in the delivery system increases the effectiveness of intestinal absorption. In this study, To develop
a liposome delivery system containing Cholic acid, Deoxycholic acid, Sodium deoxycholate and
Phosphatidylcholine. The effect of bile acid composition on liposome properties as well as its
efficacy this study uses 3 bile acids: Cholic acid (CA), Deoxycholic acid (DCA), and Sodium
deoxycholate (NaDCA) with Phosphatidylcholine. The ratio of liposome to curcumin and evaluation
of liposome properties in physical properties such as particle size, zeta potential, % entrapment
efficiency. The most suitable liposome formulation was PC: NaDCA: Cur (1: 8: 5) with an average
particle size of nm, which was smaller than the other formulas and the average zeta potential was
mV. This shows that the particles are stable and not clustered together. Curcumin retention was
statistically not significant (P <0.05). Curcumin retention within the liposome was based on the
mechanism of curcumin binds phosphatidylcholine. However, this study only investigated the
physical properties. Future studies should be conducted in other areas, such as chemical stability

or biological properties, to further develop the formula.
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1, JAK/ STAT, B—catenin uaz AMPK (iluiu %wmmﬂ’]?ﬂﬁl ”ﬂ;ﬂ;ﬂmm@wﬁm‘f signaling

pathways azfinliinan1snszfuliiinamad death signals waznnliiia apoptosis 1114

v
O (1)

velanisiAuTnuagmadnz3als” aneuddsuas Nita Chainani-Wu LazAnse LA 1iLiiu

o

fen13li curcumin uunFutlsznauiumy Rats wudnluny Rats A111908A3EALLE3 Gp A

72 (Glycoprotein #nuluuy Rats Aignnseiuliiiianisdnian) launnndn control Tig 73%

dsngdinisdniauntsnugadinienisanas aannisdnsantiunising e sni
51n0Ua84 curcumin 0%, 1% Uax 5% luny Rats 1iunan 14 41 ldnunadnaimes ifie

. t:ll Yo o 1
ANUTNILABY curcumin Wi@?ﬂ@ﬁﬂ@’]’)

2. Aatwlay (Liposome)

alnlaw (Liposome) Aa ayn1ANgINaNauIadnlanwuziiugaanvisaniaa

v
o

(vesicle) Nsznaudigladuatiandisdounmeutinuazdoun lige e luluanaibaaiv
(amphiphilic lipids) AnGEasdataslaaiugun ldsaui iy aiundsdeduansls

1 1 a a 1 d” o [~ :// tﬂl a
el uazreslanlaesaisaanuiniauen wiAaMAIANIIANILIATNaza e

4
a

lutuazarsnazatonluladu® anvisalnlau (Liposome) Saanunsnussqauaziiiv

dselemiluszuunistihdeeieinmlsauzidauazlsndu”

2.1 danuasalnlgu (Liposome)

1.) FAanuamnzramasnzifadvang (Selective targeting to tumor)



2.) WNNUILANTNINNNN9INEN (Increased efficacy and therapeutic
index)
3.) INNANNALAA (Increased stability)
4.) anAHLIlUAE (Reduce toxicity)
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6.) WAUINANNNATAaLA147S (Improve Pharmacokinetic effect)
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1.) wLaANTAT9d579 (Structure parameters)

Based on structure

parameter
I
[ I I ]
Multilamellar Oligolamellar Unilamellar Multivesicular
vesicles (MLV) vesicles (OLV) vesicles (ULV) vesicles (MVV)
(> 0.5 um) (0.1- 1.0 pm) (All size ranges) (> 1.0 pm)

— Medium Unilamellar vesicle (MUV)

Small Unilamellar vesicle (SUV)

(20 - 100 nm)

Giant Unilamellar vesicle (GUV)
(> 1.0 um)

Large Unilamellar vesicle (LUV)

(> 100 nm)

gﬂﬁ 3 LAANNNTULNUIELAY liposome MW structure parameter



2.) WUNRANNATNTLHTEN (Method of preparation)

Based on method of

preparation
I T T L T T 1
. Reverse MLVs made Vesicles
Dehydration hase by reverse repared b Frozen and Stable
rehydration P . ¥ prep . Y thawed plurilamellar

thod evaporation phase Extrusion )
me . . MLV vesicles
method evaporation Technique (FATMLY) (SPLYV)

(ORV) (REV) (MLV-REV) (VET)

A | . aa a
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3.) wivmudauilsznauuwaznisinluseans 1 (Composition &

Application)
. neutral/nagatively charged
Conventional -
Linosome (CL) phospholipids and
P cholesterol
£ i Li Reconstituted Sendai Virus
usogenic Liposome (RSVE)
pH sensitivitive Using phospholipid such as PE
Baesd on Liposome or DOPE with OA
composition and
applications
Cationic Liposome Cationic lipids with DOPE
Long Circulatory High T, made using
(Stealth) Liposome cholesterol and 5- 10 %
. With attached monoclonal
Immuno Liposome )
antibody

U7 5 uamanisutisdsziny liposome snndauilsznauuaznistinllszensld



2.3 38N19LA38N liposome

msazane o . Mssen@aenll
Hosohotioid MsuensIvi MINIEIE PP
ospholipi o
PROsPRoApIc, = | avaigeenan | = | phospholipid Tu | mem | ¥ 4 o
fyinazaned . o I liposome Tip3en
phospholipid fananalun v
WaLNzay 9

a . o v ac] acl v :// d” o dgl
n3LITeIM liposome M lAnansds ynibazisznaufion 4 TUABUNUGU ALl
Tnen1siaendaniswisen liposome Aufiuiladesing lawn

1% = zs' o v 1
1.) ANBUTNIANYBIANTNATULENG liposome
o = Aoy o .
2.) ANHUENIARNUBIANTN LE@59 liposome
3.) ANNNNNZANTBITUNA polydispersity Az shelf-life 184 liposome
4.) AUANITNAR
= = | A . @ ada ) PR p =
FIANNNITANBINLAN A8 thin-film hydration LHUIENININANE 11AIRNINTNNNTLETLN
r:i [ A o all o v v . A .o d‘ =
Nududaunazmunsiugnsiunun 144319 liposome A8 phospholipid Gawsizeninaazans
L. o o = v o Y a a) ¢ L. [

@19 phospholipid TuAmMNazaeMuNizan waan1 liinaNaNeas phospholipid Aaanng
sTELANdIURIFNATA1eeN ANNTRIANINTaa1TazaatWine T (rehydration) NANT
o = Y @ . a . . o o a o %
naunTenazlEitl liposome 1A Multimellar vescicles (MLV) aM%15UNNTLBNAILNEHD

o =K =K % o :'// % % o” rva a
ANTNDNAINAINITDAIUNTALANEURIF 8 TU B1fre1azanatnlan aviAnaely

178281897 ludaen 1 R AN an waddaanazataunlidf aviivasluansazans

phospholipid ludaen13a319Way



Lipids and hydrophobic lz |
drugs in organic solvent

Hydrophilic drugs

S O e - .
{/\ "'g_,- in water solution
& 5 0N
— . |
J Nosrar] o~ J_‘
H U Ay N/ \
—> LA —>( Y=
S * ~ —— v
Rotary evaporation Dry lipid film Hydration

Column Cromatography

— 'OOO ——>

Downsizing Purification

Sonication ) 7
Extrusion g Ieamgatlon a
Homogenization @

Microfluidization Ultrafiltration

Final liposome

LUVs or SUVs

A ac = . 1% s . . .
717 6 LAAIIBNNATEIN liposome ALEAT thin-flim hydration

2.4 1aRAURTEULUNE9EN liposome tHARBLUALSEULUNEENDY

svuuthdsenlugiuu liposome Wiudnuilsszuvtidsmiiaula lunistinunfnm
tﬂl o a a o yddy tﬂl = o a o tzll 1 o ]
WeWmulss@nanainm liau iesaninangiuainuanenuldsanuendnssuutings

. = o g . . - =

mslugﬂl,m‘]_l liposome NAIMNAIAIZY NAN bioavailability f

Faae19L Tt ANINURSUeY Yoshihisa Tsukioka wazAme lENINIsANEIAM
LANFNININ Pharmaceutical kaz Biomedical 4836981 Doxorubicin (DXR) IugﬂLLuuaxuu
U198 micelles WAY TTULNNAIEILLL liposome WUIAMTEIRRIUUENNGT F2UL
e lugiluui liposome (liposome DXR) aziitse@naninlunisingsen DXR ludvaad

v a o o v A . v a 1 o |
{hunne (aneuda wasilnunna e solid tumor) taAndnszuunngsenlugluuy

micelles (micelles DXR) 18971 liposome DXR HAMNAIAL 1S plasma 1nnan®
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Fig. 1. Change in the fluorescence intensity of free DXR,
NK911 and Doxil in PBS solution at 37°C. Free DXR (0Q),
NK911 (O) and Doxil ( A ) were incubated in PBS at 37°C at a
DXR dose-equivalent of 20 M (A), 2 uM (B) and 0.2 uM (C).
The fluorescence intensity of each solution was measured using a
fluorescence spectrophotometer, at an excitation wavelength of
480 nm and emission wavelength of 550 nm, after 0.5, 1, 3, 6,
24, 48, and 72 h of incubation.

97 7 wamnsANAIFaT94 free DXR, micelles DXR Ay liposome DXR

(Yoshihisa Tsukioka et al. Jpn. J. Cancer Res. 2002)

a dl a o (<1 a o . ¥ o =2 dl o
wardNUiaulAY 1uanulduaes Gert Fricker uazansz tHManisAne ey
n1eWmuILenssuuingesnlugduuy liposome unldluagduuuiudseniu annua

nMsANEINLAN sruLtinaenlugiu liposome #11190LAN bioavialability 284981131 W1

v

Suilsgmiu warWmun Eliminated half-life 19l lufiAn19natu saudsdsaunsouf oo

1
10) =*

Faesagnmuazn1gAnansdae (Excepients)'” daifluiloymAnuteslunisiduisannng

sUuunFutlsennu Seaanadesiuauiaawes Nartaya Thirawong uazAe ENanIsAne
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dl o [ dll QI =K . . o 7% o ! .
NEINUNITWENUNNBLNNNITAADN Calcitonin Iu@'ﬂ@WJEI?Z‘LIU%’]ZQ\‘IEI’]INE‘]JLL‘LIU Pectin-

liposome nanocomplexs (PLNs) a1nn1sAN®IwL4n Calcitonin PLNs Rilsz@ngnwluiiy

&

m?@lm%ﬂu@oﬂ&iﬁﬁﬂd’] Calcitonin solution"”

105
100

95 + =

85 -

80
—0—eCT solution

% Blood calcium concentration

75 1 —8— PLNs made of CU701 (1.0% wi/w)

70 T T - T r . r -
0 6 12 18 24 30 36 42 48
Time (h)

Fig. 6. Plasma calcium concentration after intragastric administration of eCT
solution and PLNs made of CU701 (1.0% w/w) in the dose of 500 IU/kg rat. The
means and standard deviations of three measurements are shown. *, p<0.05;
**, p=0.01, significantly difference from eCT solution.

917 8 uansilsz@nBnanaea Calcitonin PLNs waz Calcitonin solution

(Fricker G et al. Pharm res. 2010)
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3. WagnAnalaau (Phosphatidylcholine)!'?

l -
g CHe Choline
£ I ---------------------------
& T e C T
o L
; o Phosphate
& o
E oo .
B CH,—CH—CH
= - : Glycerol
.
c=0 C=0
Fatty acids

Hydrophobic tails

317 9 uamsanmnizlnsainesnaannAaatafdL (Phosphatidylcholine)

Molecular Formula: C, H,,NO,P

40" 76

Molecular Weight: 730.0071 g/mol

3.1 AMENURIAEA

I
o o

Woan1Anaaladu (Phosphatidylcholine) uansnilaslula daivaes ¥aniin aan

o

MURZIULAZEIWNTEU 7| A1 phosphatidylcholine LneAFTlEaaLAIATL TR
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(lecithin) 1iagannfaasinandesiuing Iaay (Choline) udquilsznavaas

phosphatidylcholine ifludauilsznauaas lecithin Phosphatidylcholine HAnsantimLilu

amphipathic {%4d91 hydrophilic waz hydrophobic asdnsnsnazangliialusinuaslesiu

= a ° o qu/. o (13)
QIULNUITNIWE U LTTINNU liposome

I
o

AMN9AT8U84 Muhammad Imran BAZATUE WLIFINNTIATEN Liposome antadnuga
= L ] aal =
Wand(Soybean lecithin) SL 5 g/ 100 ml W % Entrapment (%EE) ANgA (47%) WazHAIN
ANFININNENINGS daunansiandain M lunnsans Tuaqiiuladuie (wlinsini
o A o

1NTUNNT K PUFA, GRAS (nisin)) uﬂﬂmnﬁm?ﬁﬂm’mm&’m@;@mmu QEIUETUIN

tszaumnngdalunisadumaaes liposomes

4. nsAUNA (Bile acid)

4.1 Cholic acid
Molecular Formula :C,H,,0,
Molecular Weight :408.579 g/mol
Melting Point : 198 °C
Water Solubility : 175 mg/L (at 20 °C)
Storage in struction  : Keep container tightly closed in a dry and well-

ventilated place
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917 10 uanslmnsaaingaes Cholic acid

4.2 Deoxycholic acid

Molecular Formula
Molecular Weight
Melting Point
Water Solubility

Storage in struction

ventilated place

:C,H,O

24" 1404

: 392.58 g/mol
2177 °C

:43.6 mg/L (at 20 °C)

: Keep container tightly closed in a dry and well-
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gﬂ‘ﬁ 11 wanalA994519299 Deoxycholic acid

4.3 Sodium deoxycholate

Molecular Formula :C,H,,0,

Molecular Weight : 392.58 g/mol

Melting Point 2177 °C

Water Solubility :43.6 mg/L (at 20 °C)

Storage in struction  : Keep container tightly closed in a dry and well-

ventilated place

~Na*

717 12 uanalmsaainewes Sodium deoxycholate

= =2 ! ¥ ca/ = . . o ] QI a2 a

AnsdnEnudInisldngating (bile acid) Tusruuihdeasiiulsz@nsninnige
=2 1 ° wn ¥ d” o o’// =2 da/ va o KR ¥ =
fugnuna g liunan  Aniulunsd@nen nefRdeasiiiannaulalunissizas

a dld o oi/ a =3 a o” al g o a
aun1Ad nlauniesAlsznaurednsniing InaAnHINALesTiANIALNARDANIANHILL BN
Tnlasiva lwawlusy gy 1Taqiiuiinigin Bile acid sl lunnswmuiszuutingsen

Wauf laniantAnladvannzan n1afusa849e1 1 Solubilities, Stabilities, Absorption,

Toxicities LLlaz Side effect ARgEN
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a o

iueRsenliAnsnsyuuiinaseniaeld Cholic Acid conjugate NaWEWINI9AA
=X uI/ A . . o & . . P A o ! . dl
fN89e11IUAR Cholic acid uaz aYRWEARY Cholic acid M1 Tun19tindsen Cytarabine a4
a =] [~1 . . dll [N .
AifoynTunnsgedn Taenilunimeaes in vivo ienARBUNIIUNSHIULEY Cytarabine uaz
Cytarabine 1 conjugate i1 ayUFa9 Cholic acid tatnNNsAaaL Pharmacokinetics 1u

o as a o . o =
wylAeMNANNA1999NUI4EU89 Mengmeng Niu wazanz  tnsdpifsunnpesenlui@en
WUIN Cytarabine W1 Conjugate il Cholic Acid HNALANNIIAATHLAZNITUNIUDILN

A o

Cytarabine agnsfiuadnAty Jellmnumunzanlunisiiundwmuiszuuings Curcumin

3000 -

—®— Compound 1
—w— Compound 5
25004 P
2000
jry
g T
5 1500
=3
© 1000
—
500 — — &
.-
0 4 8 12 16 20 24
Time (h)

Fig. 7. Mean plasma concentration-time profiles of cytarabine following oral
administration of compounds 1 and 5 at 30 mg/kg (calculated as cytarabine) in SD
rats (mean+ S.E. n=6).

gﬂﬁ 13 LamANEnd ures compound 1 Wag compound 5 Glu@@mm\imé

(D. Zhang et al. Int J Pharm 2016)

A1ngU7 13 Compound 1 Aa ANinduLeY Cytarabine lwidennedny uas

= v v . A . o o o . . B
Compound 5 ABAINNLTINTULDY Cytarabine 1 conjugate NUAYNULUAN Cholic acid Tuwaen
BeanyANAINALTLNa 24 F9lug wudn Cytarabine 71 conjugate fiuayRU§aas Cholic
acid 8 T, T,, AUC gnd1 Cytarabine T9A1NNANINARBIAINN908T LN AT Cytarabine

(%
A o g

A \ o o o . = PR Py | °o o = A
7 conjugate NUAUNUTIBY Cholic acid HNTAATNNAAUDEWHULANATY LATHNINUIREUN
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Anenfeanuanansnlunisifin Oral Bioavailabilty 984 PLGA Nanoparticle Imeild
Deoxycholic Acid Teminma3a18s1Asemas Robert M. Samstein uazanie’” devinlag
nagaun1sld Deoxycholic Acid Fusgaeluntsifia Bioavailability TagidFeuiiauna
Serum concentration 184 PLGA Nanoparticle Alone (PLGA), Deoxycholic Acid + PLGA
Nanoparticle (PLGA + Deox) #9annnismaagsnudn PLGA + Deox fifn AUC uas T o @9
n191 PLGA (gﬂ‘ﬁ' 14) Fauanalifiudnngl Deoxycholic Acid Tusvitingeengagiin Oral

Bioavailability 189 PLGA Nanoparticle

A
17.5 -
¢ 15041 ] PLGA
(=]
T 1254 B i GA + Deox
T
g E 10.0 -
SE 754
£
2 5.0 -
W
25 -
0.0 L n e [l
4 12 24 48 72

Time (hours)

UM 14 uamapmdinduaes PLGA uay PLGA + Deox lu serum

(R.M. Samstein et al. Biomaterials 2008)

a o

%ﬂmﬁ\‘i’]u%ﬂﬁmﬂﬁa\m')’mmm?ﬂﬁmﬂ’m‘ﬁm Oral bicavailability 984 Itraconazole
Imeld Liposome Containing Sodium deoxycholate Inaldinnuagenuisaaes Zhenbao Li
wazanuz PinTaanagaunisld Liposome Containing Sodium deoxycholate tlusataely
m';“L‘WIN Oral Bioavailability TnaFaufguna Serum concentration 284 Commercial

capsules iU Liposome containing Sodium deoxycholate (ITZ-Lip-NaDC) GRERRLE
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T o W8T F% §9n91 Commercial capsules ER

max’ * max

NAABINLIN ITZ-Lip-NaDC {1 AUC,C
WAAS IALIIN191E Sodium deoxycholate lugsLLindsandagiing Oral bioavailability 184

ltraconazole

Table 2 - Pharmacokinetic parameters of ITZ in rats after oral administration of commercial capsules and ITZ-Lip-NaDC

solution at a dose of 20 mg/kg ITZ, respectively (mean + SD, n = 6).

Preparations tys o N AUC; 72 (ng/mL-h)
(h) (ng/mL) (h)

Commercial capsules 13.5+8.0 2709+1333 45+23 3484.6 + 1658.2

ITZ-Lip-NaDC 12IRE57 4165+ 134.9 5.5+21 5547.8 £+ 1951.8

gﬂﬁ 15 W&AYAN half-life (t,,), C, .., T... %82 AUC_, 184 Commercial capsules fil

max’ m

Liposome containing Sodium deoxycholate (ITZ-Lip-NaDC)

(Zhenbao Li et al. Asian journal of pharmaceutical sciences 2017)
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UNN 3
A8N19ALUUNIFIAE
. aanalnso
. Rotary evaporator

. HPLC vial

1
o o

. LAReds 4 Fnumtis

. Cylinder 2114 10, 25, 50, 100 ml

. Beaker 1%1m 10, 25, 50, 100, 250, 400 WAL 1000 m!
. High Performance Liquid Chromatography (HPLC)
. Volumetric flask 911# 10, 25, 50 ml

. #A15LAN

. Curcumin

. Cholic acid (CA)

. Deoxycholic acid (DCA)

. Sodium deoxycholate (NaDCA)

. Soy bean lecithin

. 70% Ethanol

. Methanol

8. Zetasizer

9. Test tube

10. Pipette

11. Dropper

12. Vortex mixer

13. Sonicators

14. Syringe
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8. Water distillation

9. Acetonitrile AR grade

AAUN1  ©  Anwwasiawiszuumdsenugluuy  liposome  ddaudsznavand

Phosphatidylcholine

ANENATDS Phosphatidylcholine (PC) sian19LAn liposome BTN liposome

A2eR8 Thin-film hydration method lagfiinszuaun1saail

1. 11 Phosphatidylcoline (PC) 1Tu1%W 50, 100, 200 LAY 300 mg azangfiag ethanol

113319 10 ml 114 round-bottom flask

2. thanrazane i ldszimarnnazataaanfaeLAses Rotary evaporator NANNAYW 40

mbar, BEUNAH 50°C LAZTALNHY 2.5 rpm

3. MNN1T rehydration FaenNTANANTAZANe DI water A U9 10 ml el

liposome

4. WeyNA - liposome  7lFnnanauInaynIAfaens  sonicate lutude  Taeld

FLILIIAN 15 WA

5. Uszilluanenie liposome AdeMLAY 1AIRINTUIATIWIABUNIAKAY zeta potential

y < ,
AIELATRN Zetasizer
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pauflz : Anwuasimusruuungeenlugluuy  liposome  iRdautlsznanueg
Phosphatidylcholine ag Cholic acid / Phosphatidylcholine wag Deoxycholic acid /
phosphatidylcholine Lag Sodium deoxycholate

AnENav89 Cholic acid, Deoxycholic acid tag Sodium deoxycholate #an1s

v
[ %

\im liposome &28i38 Thin-film hydration method TaailinTzLaUuNNTAAT

1. FIUNANTATANE phosphatidylcholine  (PC) W&z Cholic acid/Deoxycholic
acid/Sodium deoxycholate Tuginsndai PC: Cholic acid, PC: Deoxycholic acid Lag PC:
Sodium deoxycholate rﬁiﬁﬂ”‘]ﬁdﬁ 1:4 1:8 WAY1:16 TaaTATH0g ethanol L3u1MT 10 ml

134 round-bottom flask

o dl V| o ©° % dl n:ll [
2. uqﬁ'ﬁ@5@'1ﬂVI1®1ﬂ?$LV]ﬂWQWW@$@Wﬂ@@ﬂ@QEILV’]?@\‘] Rotary evaporator AAMNAL 40

mbar, §RUUAN 50 °C UATIBLUNY 2.5 rpm
3. Rehydration #28n13uANa13a2a1e DI Water 271191 10 ml Wiavinl#iifia liposome

4. 1aun A liposomeN lfinnanauinanniafiaanis sonicate lurhudailuszazioan 15

=
UIMN

5. Yinsdsziiuanwnuy liposome Aaaalan nasaIndudnIvIneyNALas zeta

potential FnelLATeY Zetasizer
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paun 3 AnmuasiiunszuLwaelugiluuy  liposome  Mddquilsznanaeg
Phosphatidylcholine ag Cholic acid / Phosphatidylcholine wag Deoxycholic acid /

phosphatidylcholine LAy Sodium deoxycholate #5N17 load &1 curcumin 5 mg

AnENaa89 Cholic acid, Deoxycholic acid &g Sodium deoxycholate Aane
\in liposome WANM3 load ©1 curcumin adlueUNA liposome 285 Thin-film

v
[ %

hydration method Ineiingzua1n19a9il

1. WAIENATATANE phosphatidylcholine (PC) W&z Cholic acid/Deoxycholic
acid/Sodium deoxycholate Tuginsndai PC: Cholic acid, PC: Deoxycholic acid Lag PC:
Sodium deoxycholate ﬁf%‘ijéﬁﬁ 1:4 1:8 WA1:16 LABNNTTANYN curcumin U3NN04 5

mg Wiiulungneaniu aeazanadiag ethanol 131613 10 mi T round-bottom flask

° <y v o o Y = = o
2. ‘Lﬁ@’ﬁ‘@Z@’Wﬂ‘i’l1ﬂ1ﬂﬁ‘$L‘Viﬂﬁ]Q‘Vﬂ@$@’1ﬂ@@ﬂ@QEILV’]?@Q Rotary evaporator AWML 40

mbar, AEUNNH 50°C LAZTALNHY 2.5 rpm
3. Rehydration #28n13uANa13aza1e DI Water 71191 10 ml Wian1 1#iaa liposome

4. thayna liposome NHxNaaTUIAYNARENTT sonicate Tutudailuszezioan 15

=
UIMN

5. Usziiuanenie liposome Ad8IMLIAT 1AIRINTUIATIWIADUNIAKAY zeta potential

o = .
AIELATRN Zetasizer

P2 ]

6. 11 liposome ANNTUARU 5. 1NTBIALE membrane 1A 0.45 um WBNTE9 Curcumin

dl 1 o =3 .
nligninifivlu liposome aan

7. Lm'??mmmzmam curcumin standard A1101 5 V’]Q’}NL?‘HJN‘QLIJMPLE#LLTWI 10, 50, 100, 150

ey 300 Mg/ml T9nzaefiagl methanol

8.1141982A18 curcumin standard WAZA13ATANNNTANLANIAAIZF BN FE (%

entrapment efficiency) fnenazas HPLC tmeld condition Tunsamsiest twn
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- Column: C-18 column (250 mm x 4.6 mm, 5 ym)

- Mobile phase : acetonitrile WAz DI water J8RT491 50:50 ViV
- Running time : 10 W

- Injection volume : 20 yL

- Flow rate : 1 ml/min

- Retention time : 7.2 W7

- Detector : UV detector wavelength 421 nm

TaiAnuanEsnusaen (%entrapment) aangessialilil

EE% = Wc /Wt x 100 ; ¢ = drug content, t = total drug
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UNN 4

NANI5IAE

AAUN 1 ANEILATES phosphatidylcholine (PC) sian134in liposome daisdein

liposome AqeR3 Thin-film hydration method
1.1 HANIIANELAYE phosphatidylcholine (PC) slan13inia liposome

R399 1 LAPNTUIABUNIALAT zeta potential 18N liposome

50 130.98 + 19.56 -42.64 + 10.27
100 101.41 £ 11.71 -43.24 + 9.66
200 122.40 + 18.35 -61.73 + 1.10

300 11791 + 8.67 -60.36 + 3.58
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1.1.1 HANIUBILNALIUIADYNIALAY zeta potential U89 phosphatidylcholine

v v 1 o
AITHLANAUAINNU
B Size(nm) M Zetapotential(mV)

150 0 —
112.5 +— — |-20 — i

75— — |40 B | —
375 — — |-60 __ .

0 -80

50 100 200 300 50 100 200 300
PC (mg) PC (mg)

917 16 uARY zeta potential LATIUIABUNIALDY Phosphatidylcholine A NdNdWsnariY

mﬂm?”}\‘iﬁ 1 LL'&m\‘m@ﬂ”]?fjvmu”]mmémmmz zeta potential 184 liposome ﬁﬁfmﬂ?
ﬂmjmmméﬂfmﬁfmm? sonicate 11111381 15 UNwaziUFuIu phosphatidylcholine (PC)
fneru TAwA 50 mg, 100 mg, 200 mg WA % 300 mg NUIINITLATEN liposome a1
phosphatidylcholine 100 mg Lﬂuﬂ?mmmﬁmﬁﬁqm Lﬁ@q@ﬂﬂiﬁwmfagmﬂﬁmmmu
"pefaunmadn ity 101.41 nm + 11.71 nm 99n@liiAn zeta potential e lunnuia

(good)""” TneA@aEiNGL -43.24 mV + 9.66 mV
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AAUN 2 ANHINALINIATNAFANI9TIA liposome FaeiRd Thin-film hydration method

2.1)  HANMIANENUe9dAdILsTdNansALng 3 1imAe Cholic acid, Deoxy cholic acid,
Sodium deoxycholate tLaz phospholipid (lecitin) sian19LAm liposome

dl . . dld 09/ = a ell o !
N3N 2 LAPNTUIABLNIALAL Zeta potential 184 liposome NHNTAUNA 3 THANSRIIAI

1:4,1:8 AT 1:16

100.77 -39.2
122.87 -42.70
256.90 -51.43
84.92 -36.80
149.33 -41.33
105.73 -46.43
119.40 -44.63
126.23 -44.50
175.17 -49.77




2.1.1) HANITAIUINBYNIAUAY Zeta potential 489 PC : CA 7

27

o

BITNAL 1:4, 1:8 LAY 1:16

-17.5

-52.5

Cholic Acid Zetapotential

1:4

1:8 1:16

91/7 17 uana zeta potential 284 Liposome Cholic Acid Tudngaumsineriu

Chaolic Acid Size

280

210

140

70

317 18 uAPILINBYNIATEY Liposome Cholic Acid Tudndaunsnarii
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[ %

2.1.2) UANIRIUIABUNIALAY Zeta potential 289 PC : DCA NERINEIU 1:4, 1:8

LA 1:16

-12.5

-37.5

Deoxycholic Acid Zetapoential

1:4

1:16

917 19 uanY zeta potential 193 Liposome Deoxycholic Acid ludndauisineiu

180

135

45

Deoxycholic Acid Size

T
1:4

1:8

g7 20 wARIILIABNIATE Liposome Deoxycholic Acid ludnaaumsinarii
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o . . dl
2.1.3) HNANNMATUIADUNIALAT zeta potential 4B PC : sodium deoxycholate 7

ATV 1:4, 1:8 LA 1:16

Sodium Deoxycholic Acid Zetapotential
0
-13
-26
-39
52
1.4 1:8 1:16

917 21 uanY zeta potential 494 Liposome Sodium deoxycholic Acid Tudngaunsnariu

Sodium Deoxycholic Acid Size
200
150 —
100 1
m —_—
0 T :
1:4 1:8 1:16

U7 22 uaRITUIABLNIALES Liposome Sodium deoxycholic Acid Tudndauisinariu
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AMNATIN 2 TILARSHANIITATUIABUNIALAL zeta potential 284 liposome N

. . oa’ a <. ] ¥ v dl ! o v !
phosphatidylcholine (PC) waznsating uesdtsznaludndouaudindunsnany 1Hun
1:4,1:8 WAz 1:16 WuInANLTNd R phosphatidylcholine (PC) WATNTAUNA Auase
AUNATBIBUNTA LA zeta potential WD liposome TR R RIS EE R R
phosphatidylcholine (PC) inli1u1naun1aldnaIuazilAn zeta potential L uaUN N

\{l89a1n phosphatidylcholine (PC) Hlassainatlsznaulildiag phosphate aiiilszqiiluau

¥ '
v o A a o !

AaliuNaiNdnda1a89 phosphatidylcholine (PC) 11n3u liposome a41#iAN zeta potential

MTuaunInIuAQeiun zeta potential HANTUNITANARRAALNINNT1 -30 mV A"
Tusnszipgariuiniuanudiniuasansannnazyinlifls liposome NNaUIABYNA MR T
\esannneatnfazunsnsaag ludui ldaaunin (hydrophobic) a4 phospholipid bilayer
TneaunaynIANUNIZANT9Y liposome A¥agMaq 100 - 200 nm"® 1HiagaIninlauin
Tnnjnantiazyinliinsgeanldnvinnans uway Gdnnditazinann liniulBunusaen1s
LA

UDLIAI(18)

2.1.4) Nan1IRFALNLLIUIABUNIALAL Zeta potential 784 liposome NHNTANNA

3 TUANARAIBLANFNaTTL

B size (nm) B Zeta Potential (mv)

260 0

105 15 —E— Il — B B B B B B

130 SRS B B B Bu S B B mm =

s —B— —I— - II | a5 ' 1
+——————————————————————— 60
o B 0
0 Q 2 Q o
3 = 2
Q a
g 2

v

A ~ . . Ao o o
gﬂ‘V] 23 LLZQNM?LLF}EI‘LILVIF;I‘LI“IJmm@HﬂWﬂLL@:: zeta potential 18N liposome NUNTALUNA 3

(#1) worod
(8'1) v0:0d
(aL:L) vorod
(871) ¥DO:0d
(91:1) vo@:0d
(¥:1) vo:0d
(8:1) vo:0d
(9L:1) vo:0d
(#:1) voa:od
(1) voaod
(aL:1) voa:od

(91:1) ¥DOBN:Od
(¥:1) VOQEN:Od
(8:1) VOQEN:Od

(91:1) woaeN:0d

o

FNANAARIULANFNTY
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AMNNNTANHINATBINTALNARBNITIIA liposome &38Rs Thin-film hydration method
W31 gAINH phosphatidylcholine i1l deoxycholic acid (PC : DCA) NdRIngaw 41 1 |
TUIABUNIALENNINGATEY IneHIUIARAY 84.92+2.89 nm. usinngmsliirn zeta potential

]

laumneneiued s Nisd1Aun1eana (P<0.05)

< L - . .
AAUN 3 ANHINATEINIAUNARANIILTA liposome LATNITLIFIAFILN curcumin Adlu
AYNA liposome faeR3 Thin-film hydration method
4
3.1)  HanNNTANEYesdndudRdausTdneanIming 3 1iimAe Cholic acid, Deoxy cholic
acid, Sodium deoxycholate WAEN1TLTIYFALEN curcumin 58 liposome
A . . Ao & a =
MN999 3 LARNTUIABUNIALAE zeta potential 184 liposome NENTALNA 3 TUALATHNNS

[ %

19396981 curcumin N8R9NAIU 1:4, 1:8 UAT 1:16

PC:CA:Cur (4:1:5) 173.86 -39.27
PC:CA-Cur (8:1:5) 174.86 46.20
PC:CA:Cur (16:1:5) 327.56 -37.88
PC:DCA:Cur (4:1:5) 207.37 -37.36
PC:DCA:Cur (8:1:5) 335.43 -49.44
PC:DCA:Cur (16:1:5) 503.00 52.47
PC:NaDCA:Cur (4:1:5) 180.15 -57.84
PC:NaDCA:Cur (8:1:5) 109.30 -54.22
PC:NaCA:Cur (16:1:5) 146.83 -37.14
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3.1.1) LAAINANTNFUUELIWIABYNIALAL Zeta potential 184 liposome 7

8791471 phosphatidylcholine (PC) : cholic acid (CA) : curcumin WANFANAY

Cholic Acid Zetapotential
]
-15
=30
=45
-60
1:4 1:8 1:16

91I7 24 uaAa zeta potential 284 Liposome Cholic Acid 11999 Curcumin Tudnadaun

FINNTU
Cholic Acid Size
340
255 —
170 EE— —
85 —— —
0
1:4 1:8 1:16

917 25 uARIUIABYNIATY Liposome Cholic Acid 11939 Curcumin Tudagdauisineriu
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o

3.1.2) WAPNNANTFUUMELIUIABYNIALAL Zeta potential 184 liposome NRTIATL

phosphatidylcholine (PC) uway deoxycholic acid (DCA) : curcumin LANFASY

Deoxycholic Acid Zetapoential

0
15

30

-45 -

1:4 18 1:16

g‘iﬁl 26 WAAY zeta potential 184 Liposome Deoxycholic Acid ﬁ‘i.lﬁ@q Curcumin Tudndaun

RN
Deoxycholic Acid Size

GO0

450

300 1
i i [ 1

O 4 e . e L e
1:4 1:8 1:16

917 27 uARIIUIABYNIATDY Liposome Deoxycholic Acid 111599 Curcumin Tudnaaui

FINGNL



34

3.1.3) WAPINANTNFUUELIWIAAYNALAL Zeta potential 184 liposome 7

87771471 phosphatidylcholine (PC) Way sodium deoxycholate : curcumin WANFANAY

Sodium Deoxycholic Acid Zetapotential

0
-17.5 1 F——
-35 —————————— F—

-52.5

14 18 116

gﬂﬁ 28 LLAMN zeta potential 4249 Liposome Sodium deoxycholic Acid ﬁmif‘g Curcumin 1u

Andounsinaiuy
Sodium Deoxycholic Acid Size

220

165

110 T

) I
o —_— : ; _—
1:4 1:8 1:16

U7 29 uARITLIABLNIALES Liposome Sodium deoxycholic Acid ussq Curcumin T

Andounsariu
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3.1.4) HANNIULFEUINLLIUIADYNIALAY zeta potential 294 liposome NHNIATIN

a dl 1] 1 o d’ .
3 THANAARIULAN FINNUTNLITF] Curcumin

B size (nm) B Zzeta Potential (mV)

600 0 7

450

300 0 —E—B— BB B BB

150 1

45 —

(1) novoaod |

o
I
(s:8:1) novo:od |

-60

(5i:1) NDYDDd
(§:9111) NDYDDd
(g:p:1) INDvD:0d
(g:8:1) IND:vD:0d
(S'91:1) INDiv0:0d
(S::1) INDiv0a:0d
(5:8:1) INDwDQ:0d

—
(01:1) novoaod |
—
o
|
|
|
|
|

(1) nOivoaeN:Od |

(g91:1) indvoeNOd |

(5:8:1) IN2:v0a:0d
(§:%iL) INDiYDQEN:Dd
(s:91:1) INDvDQ:0d

(5:#:1) IND:WDQeN:Od
(§:#:1) IND:YDQEN:Od
(5:91:1) NDwDEN:Dd

v

A ~ . . Ao o o
gﬂVI 30 Lmeﬂ’\?LLF}EI‘LILVI?.I‘LI‘IJu’mméﬂ’}mL@z zeta potential 184 liposome NUNTALUNA 3

a dl 1 o d! .
TUANAARIULANFNAUTILTF] Curcumin

Cholic acid

917 31 LAANANETUENIINIENIWTBY phosphatidylcholine (PC) Alansatinm 3 1tiandngdau

WANEINNAWTIU99q Curcumin
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[ % |

ANANINT 3 TIUAAITUIATDIAYNIA WAY zeta potential T84 liposome NERTNAIU
phosphatidylcholine (PC) : Bile Salt : curcumin NLANEINAYE WUF1TUIABYNT1AT D

liposome 711939 curcumin H1uIAaRNATUATWRBINILALIUIABUNIALEY liposome 71

1l o

131Au399 curcumin watuntsiindued 9 ldlTud1ATYN19atia tWaesann curcumin &
=

AuaNLRLTuasnsazataun laid (solubility in water < 0.1mg/ml) azidinunsnsnag] ludi

dl 1 oi/ . - . | a [ o” a o 4

Nldoauiin (hydrophobic) 984 phospholipid bilayer LiuLAgIaNUNTALIA mﬂuﬂwmmm

liposome Haunaluniu daunanasan zeta potential Tdwumanwansnsiua N9 llad Aty

3.1.5) HANNTIATIZILETNNUFREN (%Entrapment Efficiency)

1.) Standard curve 284 curcumin T4ALATIEERLLATEY HPLC Taeld

v
[

condition #ail
Column: C-18 column (250 mm x 4.6 mm, 5um)
Mobile phase: Acetonitrile waz DI water Tudmdau 50:50 viv
Running time: 10 U
Injection volume: 20 uL
Flow rate: 1 ml/min
Retention time: 7.2 W7

Detector: UV detector wavelength 421 nm
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Standard curve curcumin
12000000
y = 19769x - 124357

10000000 R2= 0099977  .*
8000000

6000000

4000000

2000000 — =

0 100 200 300 400 500 600
-2000000

gﬂﬁ 32 AR standard curve U481 curcumin
nsaessifsunuansage 1
Limit of detection (LOD) = 1 um

Limit of quantification (LOQ) = 0.5 um
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2.) HaN13IAINZFLBFN U8 (%Entrapment Efficiency) AagtAaad HPLC

AT 4 WARSKANNTALATIZLETNNDUFAEN (%Entrapment Efficiency)

Formulation AUC %Entrapment
PC: CA: Cur (1:4:5) 1023806.333 66.5136
PC : CA: Cur (1:8:5) 1347382.667 75.9503
PC : CA: Cur (1:16:5) 1416189.333 92.8903
PC : DCA : Cur (1:4:5) 1038790.111 58.8373
PC : DCA : Cur (1:8:5) 1824511.500 93.8740
PC: DCA : Cur (1:16:5) 1785956.833 98.6159
PC : NaDCA : Cur (1:4:5) 1642114.167 88.3432
PC : NaDCA : Cur (1:8:5) 1841092.667 99.4200
PC : NaDCA : Cur (1:16:5) 1864184.889 99.1714

Each value presents the mean +_ S.D. (n=3); *P < 0.05 compared in all formulation

100

%Entrapment Efficiency
44 ~
o o

n
w

1:45 1:85 1165
917 33 uamen s FauauEuNUEaeT (%Entrapment Efficiency) lugss PC : CA : Cur
Tugnsngdausing

(*P < 0.05 compared with PC : CA : Cur in all formulation)
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75

50

%sEntrapment Efficiency

25

1:4:5 185 1:16:5

317 34 uamsn1snfsaumenBunEann (%Entrapment Efficiency) Tugms PC : DCA : Cur

lugnsndausnge) (*P < 0.05 compared with PC : DCA : Cur in all formulation)

100

%Entrapment Efficiency

1:4:5 1:8:5 1:16:5

917 35 uamen s FauaUENNMENE1 (%Entrapment Efficiency) 1uggs PC : NaDCA :

Cur lugnsdausinge (*P < 0.05 compared with PC : NaDCA : Cur in all formulation)
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ANA13199 4 TILAAIAT %EE 2184 liposome N phasphatidylcholine, NTATNARAL

. | & 1 = 1 v v a 091 dd‘
curcumin uasdlsznau naluusdazgnsacidndounnudindunazainuasnsatinan
WANFANaY IeNINNTANENAT89TANTALNARBAY %EE 284 liposome WLINA %EE 184
liposome M sodium deoxycholate \fluavAlsznauiiuualiinnliinn %EE gandgasng
cholic acid (CA) wag deoycholic acid (DCA) \ussAtlszney waldldunnmraiuegnal
UIAATYN9ATE InedlAn %EE a2l 99.42% lugms PC : NaDCA : Cur (1:8:5) Teaannéad
AUaNUIAB8Y Arafat M et al. 31 sodium deoxycholate HAna1N170lNsANLLTNN

faenlFrandnege”
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UNN 5

agluasiansunadas

ANNNIANHIMATRENWI Tz ULt den Tugt iUy liposome Tneldnsmving 3 9iln
1&un cholic acid (CA), deoxycholic acid (DCA) @ ¥ sodium deoxycholate 391U
phosphatidylcholine (PC) Tugmnsndausing-lunisa314 liposome iatingaen curcumin e
Uszidunnianiifians liposome lun1annanan (physical properties) l4iun 1u1naynA
ﬂﬁ‘%’ﬂﬁ”uaﬁﬂiéﬂ’]ﬂ (zeta potential) N199LATIZULTNIUAYL (%entrapment efficiency;
%EE) WU4NgRT liposome ‘ﬁmmmuﬁﬂqm PC : NaDCA : Cur (8:1:5) ﬁmmmwmma?ﬁ

WAL 109.30 nm TIHIUIAANNI1GATEUT WAL zeta potential ALY -54.22 mV Tne

b4
o o o <

anyegag N nIALFIE1 curcumin 14

& (17)

wapadeaynIAiANLanasliinznguiu

o 1% aa

99.42 % Lwﬂ,aﬂﬁ-ﬁLLmﬂﬁﬁq@ﬁﬂqm@%u@ﬂﬁqﬁﬁﬂmﬁmymmnm (P<0.05) TmeinnsiniAusaen
curcumin A1e b liposome a1 AanalnAasn curcumin SUAUIATIAE19E 91
phosphatidylcholine

V\‘iuzuﬁzLﬁuigﬁdﬁizuuﬁﬁzﬁ'dﬂ’]sLugﬂLL‘Ll‘LI liposome 71l bile acid (cholic acid (CA),
deoxycholic acid (DCA) Way sodium deoxycholate (NaDCA)) Flussdlsznatshudnmo
FugaTANNan g ImNN Lanlun1 9 dean lE LHaNnnATANENTIRAN s AN e
AN EUANTAN 1IN 8NN F9ATNN AN U LABTR LAY 111 duTEntaAT]

(chemical properties) %138 @x1iAn19T93ne1 (biological properties) tlwf
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