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Abstract

Project Code : MRG5480077

Project Title : Co-delivery of anticancer drug and NF-KB inhibitor : A novel strategy to improve

chemotherapeutic effect for cancer treatment
Investigator : Dr.Montree Jaturanpinyo Faculty of Pharmacy, Mahidol University
E-mail Address : montree.jat@mahidol.ac.th

Project Period : June 15, 2011 — June 14, 2013

NF-KB is a key signaling pathway in human cancer. Combining a NF-KB inhibitor and
an anticancer drug is an attractive approach for cancer treatment. However, separating the
administration of the anticancer drug and NF-KB inhibitor is uncontrollable in terms of drug
distribution and quantity towards the specific site of action. Therefore, co-delivery of these
compounds in a particulate carrier system constructed with the identical composition would

overcome this obstruction. This study thus aimed to develop liposomes for co-delivery of doxorubicin

(DOX) and BAY11-7085 (BAY), an NF-KB inhibitor. Their physicochemical characteristics were
investigated in terms of entrapment efficiency, size, zeta potential, and stability. Liposomes
entrapping BAY were prepared with various lipid compositions and drug-to-lipid ratios by using either
the thin film (TF) or reverse phase evaporation (REV) method, and subsequently reduced in size by
extrusion through a 200 nm membrane. The results demonstrated that the entrapment efficiency of
BAY in liposomes prepared by TF was higher than those prepared by REV. Inclusion of cholesterol,
reduction of drug-to-lipid ratio, and saturation of lipid chains were found to decrease drug
entrapment. The highest entrapment at 60% was achieved in liposomes prepared by TF and
constructed with SPC (Phospholipon 90G) at the drug-to-lipid ratio of 1:20. The obtained liposomes
were neutral with diameters of 170 nm. This formulation was further loaded with DOX using the pH
gradient technique, yielding ultimate co-entrapment efficiency for DOX and BAY at 90% and 40%,
respectively. Subsequently, the evaluation of the cytotoxic effect in cancer cell lines, including SK-
Hep-1, HepG2 and A549, of the developed formulation was carried out by using an MTT assay. The
results revealed that BAY exhibited the strongest inhibitory effect on the cell viability of SK-Hep-1

due to its high level of basal NF-KB. The combination of the two compounds was found to enhance
the cytotoxic effect toward SK-Hep-1. Liposomal formulations entrapping BAY or DOX either
administered alone or in a co-delivery manner exhibited similar tendency to free drugs with
comparable or more improved efficacy. Consequently, the most potent cytotoxic effect was
obsereved in SK-Hep-1 cells treated with liposomes co-delivering BAY and DOX. In conclusion,
these results clearly demonstrate that liposomes co-entrapping BAY and DOX can be successfully
prepared. The treatment of model cancer cells with liposomes co-delivering BAY and DOX suggests

the feasibility to use them as a novel approach to improve the chemotherapeutic effect.

Keywords: NF-KB inhibitor, BAY 11-7085, Doxorubicin, Liposome, Co-delivery
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Executive summary
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1.1 NF-KB signaling pathways (2)
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1.2 NF-KB in cancers
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Haematological malignancies Solid tumours
- Multiple myeloma -Breast cancer -Ovarian cancer
- Mantle cell lymphoma - Cervical cancer - Melanoma
- Hodgkin’s lymphoma - Prostrate cancer - Cylindroma
- MALT lymphoma - Renal cancer - Squamous cell carcinoma
- Diffuse large B-cell lymphoma - Lung cancer - Oral carcinoma
- myeodysplastic syndrome - Colon cancer - Endometrial carcinoma
- Adult T-cell leukemia (HTLV-1) | - Liver cancer - Retinoblastoma
- Acute lymphocytic leukemia - Pancreatic cancer  -Astrocytoma/Glioblastoma
- Chronic lymphocytic leukemia - Oesophageal cancer
- Chronic myeloid leukemia - Gastric cancer
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1.3 NF-KB and cancer therapies
madaouutainaln  apoptosis  butmaaNztSINANNTaNIHINUNNTHN UV
antiapoptosis factors 1% Bcl-2 %38 Bcl-xL %’%aquﬂmsﬁw’mmaa proapoptosis
\ A A o oA v o
factors L Foxo3a 38 p53 TINI¥NNUVEI NF-KB WuUiIwAsteslasassnunatn
et @081t T Bel-2 ez Bel-xL mmsngﬂﬂis@jﬂﬁlﬁ@mnmmaaﬂI@m NF-xB lu
VIR aTRa (8-10) wanNNRIUNMINARBILITRB VLTI UNNL TN TIANANTHNS

289 IKKOC ®INNIDAANNILAA apoptosis balasnsiAianaln phosphorylation Wazns
\RONRANEUEY Foxo3a (11) NNTBNUNTILNUUTEUNINFHIIINNTIN 287519
Y ~ Y % o o [ < a . & v [
Wil uazaneiIf DsardunalnnanlumstninlvioaduzSaiia apoptosis wunizguls
o -4 A d [ o . & Ada a 1w
NF-kB vhnuannds Gadlaniunuszaurinuses NF-kB lwsasuziinAadnfagudd
1 ¥ Aa o & . o 2 [ = d‘f 3 A oo A
fINALAAANIHLEINAIN  apoptosis  wazvi MAlTasuziSIfadan I Lile
AN lasgugInsyineuted NF-kB  lwaaauziSenuinaunsarinliioasnztSe
1 Q qld&,
AOURWBIABNTINGN bAGDH (3, 12)
ﬂaﬁ;u‘”u"l,@i”ﬁmiw”wmmﬁﬁumL%dﬁﬁﬂi:ﬁﬂ%mwiumﬁ'ﬂm WANLIEG%
uzSnaeria dualunnzduniauses NF-kB danalnes 9 nu lasawizen
Iuﬂﬁju vinca alkaloids L&z topoisomerase inhibitors LG vincristin vinblastin SN38 L&z
. . ¥ & ! ! . . = 2 ' .
Doxorubicin 1J#e1 @288191% Doxorubicin mtﬂummumﬁﬂuﬂqu topoisomerase |l
inhibitor filEiuatuWInaNe wazgnWawlwagluszuuingaen liposome taaaAY
HuRsais nRanInaadluisaauziSInanssia 1% human lung adenocarcinoma,
HelLa cells W&z multiple myeloma cells WuU31 Doxorubicin dausaasulAiia
proliferation LLﬂ:Lﬂ&Jé’@mmsagjiamlaaLs]jaéi’uzﬁamumamsﬂ‘s:@:fuw NF-KB pathway
Mw (13-15)  wanandannonuludihelausiaduunuigihondszauns
° a & o Y .. KA A [
awmpes NF-KB fgd azdesdansinwiey Doxorubicin annningthofidiszauns
H9wpes NF-kB Un@ (16) 3nnmsAn®1398WL31 doxorubincin ﬁaanqm%‘[@ﬂﬁﬂﬁ

DNA 2adtaaatiNnanaLRenie azmz@jﬂﬁ NF-KB ¥9ulagsiung IKK complex ¥

I#ifia phosphorylation uaz degradation 283 IKBOC (14, 17-19) endnuuziTalunga

microtubule-disrupting agents %% pacitaxel ﬁﬁwﬂummszﬁumﬁwmuma\‘i NF-KB

1 [ é . 1 o v a

unw Tilunaaadlu solid tumours WuInenazvilAiianns down-regulate was IKBOC

FINALAANNNIYNUYEY  NF-KB  (20) WAzaINMINaaadls MIA-PaCa-2 human
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A15199 1.2 m@Tﬁu,u:Saﬁﬁqwﬁumsmz@umiﬁwmufnao NF-KB (24)

Anticancer drugs
Irinctecan and SMN38

Daunorubicin, doxorubicin,
vinblastine, vincristine

Iinctecan, SM38,
daunorubicn, etoposide,
actinrmycin D
Daunorbicin

Doxorubicin

Daxorulbicin

Etoposide
Cisplatin
Vinklastine

Vinblasting, vincristine

Paclitaxsl, garcitabine

Gemcitabine

Suberoylaniide
hydroxamic acid

Sodium butyrate and
trichostatin A

Sodium butyrate and
trichostatin A

Sodium butyrate and
suberoylanilide
hydroxamic acid

Possible mechanism

Mobilization and stimulation of the IKK
complex, which doss not require
synthesis of a protein intermediate

The phogphonyation and degradation
of 1B, through the increased activity
of protein kinase C

DMA, deuble-strand breaks are necessary
for increased NF-«B activation and this
is independert of protein synthesis

MNF-kB activation was demonstrated
but the mechanism was not described.

Mobilization and stimulation of the KK
complex, which does not require synthesis
of & protein intermediate

KK independent kB degradation that
requiras the proteasome; phosphorylaticn
of serine 32 and serine 36 is not essential
for doxorubicin-induced IkBo degradation

Increass in the DNA-binding activity
of NF-xB

MEKKA -mediated JUN activation
leading to MF-kB activation

Increazes the degradsation of |kBo

The phogphonyation and degradation
of IkE through the increased activity
of protein kinase C

Stimulated the activation of NF-kE and
increased its activation of the BCL2
promacter; this responss was blocked by
inhibition of the AKT signalling pethweay

Inducing pES5 nuclear translocation and
enhancing the DNA binding of NF-kB

Inducing pE5 nuclear translocation
and enhancing the transactivation
potential of pESs

Met through mechanisms involving
IkBrx degradation, RELA nuclear
translocation, or OMA binding; through
rechanisms involing AKT-dependent
phosphonylation of p300, recruitment of
300 to chromatin, and modulation of
the transactivation potential of p300
co-activator complex

Prclongation of TMF-induced KK
complex activity

The delayed reappearance of
cytoplasmic [xBao; increased DNA-
binding activity of NF-xB

Shownin

Hela cells, colon cancer calls™, MOF-7
breast cancer calls, HT1080 huran
fibrosarcoma cells

A549 hurman lung adenocarcinoma cells

ACH-2 cells and CEM T leukagmia cell lines

HT1080 human fibrosarcoma cells

Helacells

ke 1 /0ke2 " miouse embryonic fibroblasts

BxPC-3, PT45-P1, Capan-1 and A818-4 hurnan
pancreatic cancer cellst

203T human embryonic kidney fioroblast cells
HEL100 normal human epithelial mammary
cells, Hela 53 cells

AS49 hurnan lung adenocarcinoma cells

MIA-PaCa-2 hurnan pancreatic cancer cells

A549 and H157 non-small-call lung cancer cells

AS49, H157, H358, H4B80, H1299
non-small-cell lung cancer cells

H157, H358 and AS49 humean
non-srall-cell lung cancer cells

Hela cels

U237 hurnan leukasmia cslls




1.4 NF-KB inhibitor in cancer therapies

PINRANTIRIWITBINVIBAUFAI IARRTIUNUIMASIAUs NF-KB  pathway
A A A [ 6 =3 % 1 =S A o v 6 = dv ]
Mnsudasnumadunilumian uazagran Mutnalnivldioaduziidasdanis
INHWU NMIWWUWIENS NF-KB inhibitor 39tTuttuansluanvinaulalumswaninwedn
wIdNIsnE lsansSiiiiadeindng  agd lIAeINMTUEINIYINUYed  NF-
kB athadur N pananazlRHan I IINENNTUTZANTAW asnumsAnENTEI RN IUIN
andsjilianuimdglunisld NF-kB inhibitor SauAuMITNIGIINIlTENdUNELT
& a 1 d? dl 1 6 I3 v A [ o a a A
Tifmanaaguwiuguii lwaasuziadndnisszaunsnuees NFkB Aaund 8n
Qq: v a v v Aa o nl t&, 1 v
nmduiziTinnosianszduldiianisiinuies NFkB RN snalwioaduziss

' X o [y v = o & [ . o = a
fANINaLIan wazhadaninmdsmduzs asiunsIE NF-KB inhibitor 3984WAG
{ o v =3 1 v ~ U J o v v =3
AN AR UL SINaUARIGBENAUNTINEATH YN IRRINTDRAVUIAVBILN AL
LALAANATILALINNNNTITEN 6 (24)
= L v v 1 = a d'd n"‘v

audsatuldiinadunuansens g wanda 7oo sila (25) NdgnTdy NF-KB &3
' & A . . :
ﬁaaﬂfmﬁﬁﬁmmiﬁiwﬁ’m b0 curcumin, caffeic acid phenethyl ester (CAPE),
resversitol, genistein RIFIATIEHA LT Bay 11-7082, Bay 11-7085, PS-341

(Bortezomib) 81337WN cell permeable peptide 3% SN-50 a3 gene therapy LT

IKBOC-supper repressor iz NF-KB decoy oligodeoxynucleotide (ODN) (24, 26, 27)

A a AR A \ )
I@U NF-KB inhibitors ma’muﬂavl,ﬂﬂ’ﬁaE]m]“n'ﬁ“n“ﬂu@lau@]’]d § NWYa NF-KB pathway

L% KB phosphorylation inhibitors (Bay 11-7082, Bay 11-7085), proteosome inhibitors
(PS-341), nuclear translocation inhibitors (SN-50) &2 DNA binding inhibitors (ODN)
Tnsansidgnianssangnisusanduneulasas NF-KB pathway annniwitiiuaew (24,
27)

NF-KB inhibitors ﬁgﬂﬁuwummfm@ﬁ'ﬂmmaﬂa uwazgnnaaadlunsldidumn
Fuwunss wslgunumduwuzimanssiia 99 NF-KB inhibitors fipangnilasms

(7
o @

U9 IKK/IKB  phosphorylation Lﬂumsaanqm%iuntjuﬁ"[ﬁ%’ummaulamnﬁqa

%2991 IKK/IKB phosphorylation Liwnalnnanfisan wazdenusnuwizda NF-KB
4 Q€ 1
signaling pathways mﬂmﬁmluﬂqu proteosome inhibitors sﬁaaﬂaaaﬂqmiuﬂmmami

&34 LLa:amwaﬂﬂsﬁuﬁﬁwﬁmﬂuﬁwmm (28, 29) Bay 11-7082 az Bay 11-7085 (1%

#8819 NF-KB inhibitors ASHASUSIRE IKKIKB phosphorylation 7ildsuanuaulaiiu
2819N1N INTIVINUNNTITLNUIN Bay 11-7082 waz Bay 11-7085 sannsasninliiie
N3 apoptosis ifu"L@“lmsnaéi‘mSma’mmﬁ@ L% colon cancer cells (30), T-cell leukemia
(31, 32), human B-lymphoma (33) LIue wonanimsle Bay 11-7082 uax Bay 11-
7085 $2WALENGIUNZISITAADY 1T cisplatin (34), paclitaxel (35, 36), doxorubicin (37)

RINIIDLANNNIIN DU AWAIVDILTAS UL T IdaNd NSl wati19@



Asuanmyis s wnannATeawione wazdselamiuas NF-KB inhibitor 71
mmsﬂﬂsx@ummauauaa@iamﬁ’ﬂmLﬁalﬁiwﬁ‘umﬁ’mmﬁwmmﬁ@@iawﬁaﬁmﬁa
@9 9 agn9lsAeun1in NF-kB inhibitor anlFntumdunzSaRaRunInauaud
damysnwsin ansuludasfansantsenuilufs ussnadairasUndaudsonduny
¥uwas NF-KB signaling pathway Tunalnmsviauans 9 wuin delumslwends
W59TIWNLY NF-KB inhibitors Liﬂgjszuuiwmmfu IudazshaaziinInszanean
mMalusemenandenis i‘fun”uqmawﬂﬁmomﬁﬂﬁﬂ&maamifu 9 @i NF-KB
inhibitors ﬁlﬁlﬂwgﬁwmﬁawvl;immmvlﬂghﬂmmu‘ﬁlLﬁ@Tiﬂw%auﬁ'um@ﬁumﬁﬂﬁ
‘nuﬁoﬂ'%mru#ua<1ﬁ*m“?’i'aaﬂq"n%r 3t u"%nmﬁLﬁ@ISﬂﬁ"szmmmmuqu"L@T Galums
LLfTﬁtym@”oﬂdnﬁ‘hLﬂuﬁaaaammmzuumdamﬁmmmﬁmw‘i’amw%aaas’am”mﬁalﬁ
"Lﬂ;jl,ﬁmmﬂﬁﬁmu@ I@ﬂmmsﬂmm}uvlﬁw%mwﬁwLWW:@iaLﬂmmy uazdIumuad
aInssTIle



Objective

1. INANIWAIUINTZLIWASIAUNARTT Doxorubicin W&z NF-kB inhibitor
Taunwbisba Ly Tan TuAIgUINTAN1IIM aneuadbalulauniasoyla
dl = =1 = a a 1 6 = a 1
2. WaAnwudSeuifisudsinamwmssinaasuziSesiads 9 lunaea
naaadvadbaldlauniAunnegn Doxorubicin Laz NF-kB inhibitor Wisusunuenzluny

a
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Materials and Methods

3.1 &@15Lad

3.1

N

3.1.2
3.1.3
3.1.4
3.1.5
3.1.6

3.1.7

3.1.8

3.1.9

3.1

3.1
3.1

3.1

3.1
3.1
3.1
3.1
3.1
3.1

10

1
12

13

14
15
16
A7
18
19

3.1.20
3.1.21
3.1.22

3.1.23

3.1.24
3.1.25

Acetonitrile, HPLC grade (RCI Labscan, Thailand)
Ammonia 25% (Sigma-AIdrich®, USA)

Chloroform (RCI Labscan, Thailand)
Dichloromethane (DCM) (RCI Labscan, Thailand)
Formic acid (Sigma-AIdrich®, USA)

Methanol, HPLC grade (RCI Labscan, Thailand)
Citric acid (Ajax® Finechem, New Zealand)

®
Sodium citrate (Ajax  Finechem, New Zealand)

Sodium hydroxide (Ajax® Finechem, New Zealand)
N-hydroxyethylpiperazine-N’-2-ethane sulfonate (HEPES) (Sigma-
Aldrich®, USA)

Cholesterol (CHOL) (Sigma-AIdrich®, USA)

Hydrogenated Phosphatidylcholine (HPC) (Phospholipon® 90H,
Phospholipids GmBH, Germany, Germany)

Soybean Phosphatidylcholine (SPC) (Phospholipon® 90G,
Phospholipids GmBH, Germany, Germany)

BAY11-7085 (BAY) (Enzo Life Science, USA)

Doxorubicin HCI (DOX) (Masu, Korea)

RPMI 1640 media (Gibco " ,USA)

Fetal bovine serum (FBS) (GibcoTM,USA)

Phosphate Buffered Saline (PBS), pH 7.4 (10x) (GibcoTM,USA)
Trypsin EDTA 10x (Sigma-AIdrich®, USA)

Trypan Blue (Sigma-AIdrich®, USA)

Penicillin-streptomycin (Gibco " ,USA)
3-(4,5-Dimethylthaizol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
(Sigma-Aldrich”, USA)

Dimethyl sulfoxide (DMSO) cell culture grade (Sigma-

Aldrich®, USA)

Dimethyl sulfoxide (DMSQO) AR grade (RCI Labscan, Thailand)
Sterile water for irrigation (SWI) (Thai Otsuka Co. Ltd., Thailand)



3.1.26
3.1.27
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Sephadex G-25 medium (GE Healthcare Bio-Science, Sweden)
1,1’-dioctadecyl-3,3,3’,3'-tetramethyl-indocarbocyanine perchlorate

(Dil dye) (InvitrogenTM, USA)

{ ¢
3.2 1A509dD uazgUnsa

3.2.1
3.2.2
3.2.3

3.24

3.2.5
3.2.6
3.2.7

3.2.8
3.2.9

3.2.10
3.2.11

3.2.12

3.2.13
3.2.14
3.2.15

3.2.16
3.217

®
3.3 LTAaNLSY

Rotary Evaporator (Eyela® N-1000 series Model A3S, Japan)

Lipid Extruder (LIPEX® extruder, Northern Lipid, Canada)
Polycarbonate membrane (Cyclopore® Whatman Track Etched
Membrane 25 mm with pore size of 0.2 Um, USA)

Ultracentrifuge (Beckman, Optimax XP, USA)

Zetasizer (Malvern® instrument Nano ZS series, UK)

HPLC (Agilent Technologies 1200 Series, USA)

HPLC C,;5 reversed column (Advanced Chromatography Technology
ACE 5um C18-AR 250 mm x 4.6 mm, Scotland)

UV/VIS spectrophotometer (Perkin ElmerTM Lambda 35, USA)

®
CO, Incubator (Heraeus = BB15, Germany)

®
Multi well-plate reader (FLUOstar OPTIMA, USA)
Transmission Electron Microscope (TEM) (FEI® TECNAI T20 Gz,
Netherland)

Ultrasonic bath (Branson® Model B-12 Branson Cleaning
Equipment, USA)

Microplate shaker (FINEPCR® Model Mx2, Korea)

pH meter (Mettler Toledo5 Easy, USA)

Incubator (Memmert Beschikung/Loading-Modell 100-800,
Germany)

Centrifuge universal 30 RF (Hettich, Germany)

IX81 motorized inverted microscope (Olympus, USA)

& = & 4 ) &
LIRNUSLIILNSER UGﬂIﬂ%ﬂﬁiﬂ@ﬂﬂﬂ@iUﬂﬂNa‘@miﬁwmﬂ Laboratory of

Biochemistry, Chulabhorn Research Institute leun

3.3.1 SK-Hep- 1 (Hepatocellular carcinoma)

3.3.2 HepG2 (Hepatocellular carcinoma)

3.3.3 A549 (Lung cancer)
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3.4 25NAa9

3.4.1 NMINAWIITNNTILATILHLBIUITNNWVDI Doxorubicin Wag BAY 11-
7085

ATMTIeNeALTIUSuNwues Doxorubicin (DOX) wae BAY 11-7085 (BAY)
T TeAunulalasltinafia  HPLC  (Agilent 1200 series, Agilent
Technologies, USA) ﬁlﬂifmauﬁ’w Photo diode array detector L8z reversed phase C18
HPLC column (250 x 4.6 mm id.,, 5 um, ACE® HPLC, UK) wazld mobile phase
32navuaa8 methanol 60% v/iv LLE]&‘&’] 40% viv ‘ﬁﬁmuwau"nad formic acid 0.1% v/v Lae
ammonia 0.1% viv lagld flow rate #i 1 mL/min aunnd 35 °C lanavaiayIunm BAY
11-7085 Waz Doxorubicin fIANNENIAAYK 254 NM UAZ 480 NM AINEIAL LRTATIIFOL

m’mgﬂﬁawE]\‘l?a%ﬂ’lﬁmi’lzﬂuﬂv’nsra linearity, specificity, precision L8z accuracy

3.4.3 masealalulaaiiann Doxorubincin uaz BAY11-7085 32ai4

msmaaai{&jaLﬁwﬁaﬁﬂmmuﬁuﬁ'ﬂ DOX uaz BAY lwlaluToamisuuy
$UR% URZUULBLAE7 Lﬁaomﬂqmauﬁ'ﬁmamﬁﬂ’mmwmam”';m BAY pnifiunnidn
EjVLaIiJI‘?mﬁauﬁwa‘ﬁ' Thin film %38 reverse phase evaporation (REV) #891N144s DOX 12
anufiunindg lalyloudui5 pH gradient da’ld

3.4.3.1 maesoalaluloafiAunn BAY elu;sﬂl,mmﬁm

Tasudasonadamaiunn BAY Iwlallawldun 35mseson wiia
ludits damdmendaladi usz analasaasan (Cholesterol, CHOL) gnymsdnmlu
\asdu Galunsmasasitlalddinsiuin 2 351&UA thin film method (TF) Was reverse
phase evaporation (REV) I@ﬂg@ﬁ@iﬁuﬁlﬁﬁaL@%ﬂwvl,aiﬂsﬁﬂumﬂﬁuﬁ'ﬂ BAY uaadld

Tua397 3.1
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M13199 3.1 gm@‘h%’uﬁlﬁﬂaL@%ﬂwvl,a‘[ﬂsﬁﬂumuﬁuﬁ'ﬂ BAY

Sample Type Method Drug : Lipid Mole PC : CHOL
ratio (mM) Mole ratio
SPC Thin film 1:10 10:0
1:20 10:0
1:20 7:3
REV 1:10 10:0
1:20 10:0
1:20 7:3
HPC Thin flim 1:20 10:0
REV 1:20 10:0

1) Thin film method (TF)

matesowlaluloufiiuin BAY #2835 conventional thin film method &
dunanadil Sudulasazansdindsznovladuiusznaudly phospholipids
(Phospholipon 90G 738 90H, Phospholipids GmBH, Germany) L8z CHOL (Sigma-
Aldrich, USA) fifiUSunm3an 20 mmol $2um BAY ludavinazansdunss chloroform
methanol (8A3N&IW 2:1 V/v) U‘i‘iﬁﬂu round bottom flask W19 250 mL UWAIBINTELHAE
davazaudunideanlauld rotary evaporator  tialwiAaIudsuu1sn1elu round
bottom flask NwL@W citrate buffer 300 mM pH 4.0 U3u1a3 2mL wenaniiaid
aumalaldlon lasaiuquannndlargindt phase  transiion temperature w89
phospholipids ﬁlﬁ'(Phospholipon 90G, SPC L@l%ﬂ&lﬁqm%n‘lﬁﬁad &% Phospholipon
90H, HPC L@%ﬂuﬁqmwgﬁ 60 °C) @iamﬂw"[aiﬂwﬁLm%'wvl,ﬁma@mm@mql,mﬂaﬂ@U
N3 extrude W% polycarbonate membrane 31,‘1‘3@"11%’1@ 200 nm (Cyclopore®, Whatman,
UK) I@ﬂ“ﬁlﬂ%“m lipid extruder (Northern Lipid, Canada) @vdLLamsLugﬂ‘ﬁl 3.1

2) Reverse-phase evaporation method (REV)
azane Phospholipids &z cholesterol TuiSunas 20 mmol wiauny BAY lu
@1¥aza188un3e dichloromethane 6 mL W& methanol 0.5 mL luananunanama 100

& a a 4 v :
mL NuuLed citrate buffer 300 mM pH 4.0 J3u1a35 2 mL ‘ﬁdﬂﬂl%ﬂ@@@i’]ﬁ’)%it%’ﬂd
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v
Aae. o A ° :

pmamiazasdunideaeinn 3:1 uazfinins sonicate Ngmangil dndy 10 °C Liu

A 10 wfi 1 emulsion Ae3uwla lUszwmearvinazansdunsdeanlasld rotary

evaporator I@m@ﬁ@hqmﬁgﬁﬁ 39 °C wazANAY 0.07 MPa 3unIVidLAian1INaL phase

S o [l A a ' e o A
duaymalaldlaw vinistafiguwnniigandn phase transition temperature w84 luaiil

aU QU

Ifia3on 10 °C daldiduiim 30 wift deanihlaluloafiaiouldinaaswaaunaag
1a8n3 extrude K% polycarbonate membrane ELﬂm}u’l(ﬂ 200 nm (Cyclopore®,

Whatman, UK) laglfia3as lipid extruder (Northern Lipid, Canada)

A)

B)

311 3.1 ansozuazEIuLIZNaUVeILATEY Lipex extruder
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3.4.3.2 maasoalaluToafitAiunn Doxorubicin ‘lugﬂtmm'ﬁ'm

mafunn DoX Iwlalulowrnlaless pH gradient Swanms
wionlalulonian lasvinnnsazane phospholipids USanas 20 mmol luaavinazans
8un3g chloroform : methanol (ET@I‘S’]E&’J% 2:1 vlv) Uiiﬁﬂu round bottom flask Yu1e 250
mL udhanssnasinazanedunisaanlasld rotary evaporator (Eyela, Japan)iiialw
Aaudufguunsnnsls round bottom flask 1SN citrate buffer 300 mM pH 4.0
a2 mL winwiadueymalaldloy lasaiuquamngiiliaggindy phase
transition temperature a4 phospholipids g douilalulawiesonldunsasma
a‘%m@aﬂ@am‘s extrude HIW polycarbonate membrane gLﬂ@mm@ 200 nm
(Cyclopore®, Whatman, UK) 1a Ell’ﬁlﬂ%ia\‘i lipid extruder (Northern Lipid, Canada) i laly
Toufiesonlaluvnsdaon  buffer  meawen  lasvimidumisdasiedas

ultracentrifugation (Optima MAX-XP, Beckman Coulter, Germany) 1 50,000 rpm

a4 °C Juan 30 wfi nIzae@Inal pellet Nlels HEPES saline buffer

9 U

& = ] { v v 1
solution pH 7.4 G488 doxorubicin azasagNaMUTNTL 1 mg/mL duwizlaldlaw

ﬁLLmumzﬂauagﬂumsa:mmﬁqmwgﬁ 39 °C uaz 65 °C #wtulalulouniasouain
SPC waz HPC enuaau nﬂﬁzﬂzl,’;mﬁﬁ’mu@ aju"laiﬂisﬁu uaztin luen DOX BxIzaan

198/3% minicolumn centrifugation

3.4.4 Msdnsamantanisaiinianmwzasennalalulaa
3.4.4.1 Entrapment efficiency
wenssasszaanainlalulondie3s  minicolumn centrifugation 49
l@38391N  Sephadex G-25 ﬁgﬂmi@aﬂumamﬁ@mmm@ 3 mL NTENETULIIN

aznawlaldlay 0.5 mL laadlu column wasvinnstuindsan 2000 rpm 1Juwian 2 Wi

i 25 °C wsshwnissazriliennalalylouusnaanain column Twanenansdaszgn
wiuinagnolu column deaniuszanslaldlaufiusnldluansazans methanol uaz v
MInTImIUSIeNaeas HPLC dald lasdssanTnwlunsidunn (EE, entrapment

efficiency) 1313091 laanauATaa L

Amount of drug in sample

amount ef drugs initially added *100

Entra, E=[
SaErbraprer Toral
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3.4.4.2 PWIAUALNNINITLIYIUINDWNA

> dl = v a

TarwauazmInznsvasrwaauwalaldlanieionld lasmadia
dynamic light scattering ﬁagw 173° @eLA3ad Zetasizer Nano ZS (Malvern Instruments,
UK) Namsnga 25 °C lasviimyia 3 a39

3.4.4.3 Zeta-potential

TN zeta potential epITmuafeunivasarmansldauiunlnii

I@ﬂLﬂ%iad Zetasizer Nano ZS (Malvern Instruments Ltd., UK) ‘ﬁaqm‘vmuﬁ 25+ 0.1 °C

3.4.4.4 Transmission electron microscopy (TEM)
anwmcaadlaldlondin  lamellarity  ®RnInavdlaensmnadia
. . . . . . A { Y v
negative staining transmission electron microscopy Fagnsnirdenlaluloufasnsazans

0.5% (w/v) 183 uranyl acetate (UA)

3.4.5 anwasannzaslalulaadeiiunn BAY uaz DOX $aanw

anuassmwmataimannseslaluloudafunn DOX Taury BAY an
ﬁ(ﬂmmzijﬂmﬁuﬁ'ﬂmﬁﬁuﬁqm%gﬁ 4 4az 30 °C wan 3 1hau lasauaIe
naadivad doxorubin uaz BAY 11-7085 nasIRFaUAIndT HPLC ANIZHIAT
fnua I@U%”aslazﬂ’%mmﬁmﬁaagjmaamswgoam (%remaining) ®1NITOAWIDALAAT

FUNI

3.4.51 @MHUAIENINNINILATN
AMAAIRAHIINMENWIUEIUTUIAUREININTTNBIWIABUNA UAZ
zeta-potential 284 lalulangnanasaumuszuzimmnua

3.4.5.2 ANAIENINNILAN
ANNAIAINGLALLEY DOX WAz BAY 9naTladausiuds HPLC anal
U IANTNRUA Imm”ama:ﬂ%mmﬁmﬁaagmmmiﬁaaaa (%remaining)  ®1N1I0

FUWI DB LAAIRNATT

% Remaining of drug
Ameount of drug remaining

= [amount of drug initially entrapped ¥100
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3.4.6 m‘sﬂ‘mﬁqugma%amwiuﬂaaﬂ‘nﬂaaa
3.4.6.1 NTINIZIABILTAR NS0
maﬁmﬁawangﬂagnLgﬂoluﬂnammﬁ@ T25 ‘ﬁ'aqmgﬁ 37 °C meld
usstnMafidsznaudn 5% Co, lagldamainziassia RPMI1640 wsuLmad SK-
Hep-1 LL8s A549 %38 DMEM #1%ASULTAS HepG2 G'IJi\‘lLaN antibiotic-antimycotic 1% Laz
fetal bovine serum 10% lAUWAIMSIWIZIAES 3 3% YNMNITaNTHTASIAIAIY
phosphate buffered saline (PBS) Wlo¥nsieiu  trypsin-EDTA 1ilwiaan 2 min 7 37°C

2

Lﬁﬁaﬂfﬁlzgﬂuﬂﬂaﬂﬂ’%?ﬂ“llil@LW’lzLﬁﬂx‘lﬂﬂl%a’]ﬂ’ﬁLﬁﬂﬂ L%almi@nm‘i’m’mwmﬁﬁﬁmm

3.4.6.2 MTT assay

gnilumIseasuzswes DOX usr BAY idunnlulalylaw

(K% ad s 21' 6 & o 4
RIUITDATARAULAGILIT MTT HaINNILALILTRaNZLSI51I% 10  cells/well 1w 96-
well plates tHuian 24 12139 maéﬁ:gnﬁwmsﬂuwazﬁ'mh%'umﬁﬁ’mumﬂunm 72
Flud  UStL AU IWINLTAANTOATIOANAINNGNENT MTT tdwian 3 Talug  lag

WSyuLisual OD 1 550 nm AULTAaT b laTue

3.4.7 406

WanInanaduaasluglalais = dudsauunnasgu (SD) ANuUANE1
MIaiAaITeYaNNATIIFAUGIBIT One-way ANOVA with Tukey test's multiple

comparisons i1 p-value %agni1 0.05 (p < 0.05) ugAIHIANNLANGIBLTREAT

NNROA
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Results and Discussion

NSRRI DNAIEHIBIUITNIWVD9 DOX Uaz BAY

AaumInamdIuIidudasnauwn Ity nsAizalSinmuessn wadu
ﬂiﬂﬂ"ﬁﬁ@ia"l,ﬂslumsmquqmmwmaa@i’ﬁ'uﬁvlﬁﬁ'aﬁm 331 anuesas M3
aatdasen 1dudn IwmIANEIATIHAYINMINAWIADILATIERLTIUS U WUad DOX &9
[ Q o QI v =1 & (= Qs Qg: H ngl = 1
Wuaendanlumsiwuziss uaz BAY duiduansdues NF-kB ndgniauuzienu

o A o =2 A , & v A v & .
MIAALAaN BAY N1YNMIANEA 1HhaINNINNANIINAaaIN L aIa N Laas WA IINIT
Wen DOX sawAn BAY fumwilimasugnilunmsdmaziselaiiuesneg luassuzse
VANZLRES

; _ . 4

Eﬂﬁ 4.1 WY 4.2 WRAI UV-VIS absorption profiles 484 BAY and DOX 4
BAY ﬁmmsg@ﬂﬁuuadgdq@ﬁmmsmﬂﬁu 210 WAL 254 nm &% DOX mmig}ﬂﬂﬁu
Lmagaq@ﬁm’mm’mﬁu 254 LA 480 %aﬁaLL&T’jwmiﬁaaaa*’ﬁﬁ@ﬁqmawﬂ'ﬁmsgmﬂﬁmm
166 winMIaTeh@aI189% UV-VIS spectrophotometry 812 bigIN15aYNANTAATIERLTS
ﬂ%mmfnaam‘:ﬁ'&aawﬁ@"l,@i”w%“awﬁ'ulumtﬁﬁgmﬁuﬁ'ui’msluvlaiﬂfﬁu 1$h899NAINNT

A qq/' ™ £ % eq: nq// ad ‘:SI I ad a €d‘ dld
QANAULEIRWILTaUAY  a3udT  HPLC  Fadluitmsdessdnanansausnansnd

e ' % o [ ~ R & add , @
QmauumLmn@mnuvl,@mﬂaﬂwmzmaLﬂumUmw ST FNNI I TWAIWN
Wi wmigidSnns lagannmsnawidsminneials HPLC sanInaylaniz
AllwntiassA laaanaadlua1en 4.1
A o { = o

Nammmﬁzﬁmuamlugﬂﬁ 4.3 TILFAIANEHE chromatogram Vad DOX

WAz BAY WU41 DOX NeNaNIaunana? baluil pH éintiu anTUaaNN HPLC column fiat
A . ' =& ' &

BAY @ailauiili hydrophobic §4nin mﬁnnmmsgﬂﬂﬁmmuummimzqmﬂ@ﬁ@g
W11 DOX s‘fiaﬁmig@ﬂﬁmmﬁ 254 Laz 480 nm AfN retention time N 11.42 WM &%
A ' { \ i i { A o
BAY mﬁmmi@@nﬁmmﬁ 254 nm 4N retention time N1 21.99 w7 TIANBUE
chromatogram 28481 IYNRANTRANANHHSAUAL JFNUIAT UAZUONNHOLINTALIN A%

ad a 6 A a (% ad c?l/d a 6 aq/' a
FNIIATIERTIUTUIME83T HPLC #3913z &3 1T La T e RN INRUNIFAIT9Ha bib
v 0/ v & ad a {J v ' . .
LIATWTANN bA sﬁmﬁmmmewm:gﬂmwaaumwgnmama"l,ﬂmw ICH guideline 1u

WaTe specificity, linearity, precision L8 accuracy dold (38)



Abs,

Abs.

1.2000 . i

210 nm
1.03007/

254 nm

0.5000+

0.0000 1

i
20000 400.00 600.00

51fi 4.1 UV-VIS Spectrum of BAY

800.00

1.0000 T T

06000 233 nm

0.6000

254 nm

04000~

480 nm

288 nm 495 nm

0.2000 -

0.0000 L

200.00 400.00 800.00

gi.l‘ﬁ 4.2 UV-VIS Spectrum of doxorubicin

800.00
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Stationary phase

C18 reverse phase HPLC column (250 x 4.6 mm id., 5 ym, ACE®)

Mobile phase 0.1% formic acid+0.1% ammonia and methanol in a ratio of 4:6
Flow rate 1 mL/min
Temperature 35 °C
Detector Diode array at wavelength of 254 and 480 nm
254 nm
480 nm

Time (min)

31/fi 4.3 HPLC Chromatogram 189 DOX g BAY
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4.1 Specificity
o as___a ¢ a - e 4

Specificity  VBIIBMTAATIEHUULAAINIANNENNITD INTAATZAETN

Ga9n7leaen9a1zad WalnInaunuansan g ludrsunsgiudsenauvasdsy ssiiia
a =1 I £Z t:? PP ad a [

nnmudsanwmaad udu (38) lunnanasit specificity 1935MAATzRDN
amamaulagmaUSuufisy chromatograms sawkad ludunlsludrsulaluloudslaun
phospholipid Uz cholesterol DOX BAY uazenfignwaniinnuluduludniy (qun 4.4-
4.6) INHWANINARBINUIN  chromatogram  VaIaNTUAR=THA bl loLaadsdd peak 0
¥ v o o Aa § C? a tu o
TaUNUARALEITAADY BaNINNHNTUENTATIZRAIN DOX uaz BAY lasyinsda
o A v o A a a ) a o A v | @
ENANITNTUN 5 ug/mL 1WSUIRIUALMIAAA IHRNNRANNUTUTUYINAY LAz

Mmalienzdimauilanamnlean chromatogram (3U7 4.7 uaz 4.8) liwuaiw

V.
=

1 a ' A @ o o aa < & =2 v & 1 ad
LANANN WU RYRIATYNNROA (p > 0.05) @]G%%ﬁ]ﬁﬂﬂﬂﬂ?iﬂ@ﬂﬂdﬁ]d‘ﬁl%L‘H‘H’J']’J‘D'ﬂ’]i

AATEARTANVTUNIZIZAINNNIAITIUNTINAUA

7\, =254 nm

7\, =480 nm

3111 4.4 HPLC chromatogram vava unaw laiufldiadoa laly oy



A)
A =254 nm
7\. =480 nm
B)
7» =254 nm
A =480 nm

;saJv"'i 4.5 HPLC chromatogram 284 DOX (A) waz DOX WauAL lusis (B)
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A)
A =254 nm
A =480 nm
B)
A =254 nm
A =480 nm

3111 4.6 HPLC chromatogram 284 BAY (A) uaz BAY wantinnuludu (B)
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311 4.7 M3uTouen AUC 289 BAY Uaz BAY NiNguTINNL DOX NANuLTTu 5

pg/mL (n=3).

270+
260
250 [ |
2 : —r—
2400 ——+— .
[ J
230
220 T T
0 v
= O
& 4
AS O
& o
)
5
Sk
Q

3111 4.8 MITouiisuen AUC 289 DOX uaz DOX WRNTINNL BAY fanultudy

5 pg/mL (n=3).
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4.2 Linearity
ﬂ’J’]&JLﬂuL&u@l‘N“ﬂﬂdﬂ’ﬁ%Lﬂi’]zﬁﬁlﬂ%% HPLC ﬁmwmmﬁu 254 nm 183 DOX
[l v v { ‘é 1
Rs BAY Qﬂ(ﬁ]ﬁ’)ﬁ]ﬁ@ﬂl%“ﬁ?dﬂ’)’]&lLﬂl&]?luﬁ’]iﬁ 1-30 pg/mL mmwxlmmgmmadml,maz
A & [ X v 1 & Aq o CZR 7 % .
TRAMUFIIDW AN ANUALA NN (y) wazaNUTNTUVeIENT (x) lagld regression
. 2] a [ A a . . a ¥ o :’
analysis vL(ﬂﬂ’]ﬁﬂJﬂ’]iL"ﬁx‘lLﬁ%@]N JIN1IUTEL Y linearity Tﬂdﬂ’]i’lLﬂ‘i’]zﬁﬁﬁ]tgﬂﬂﬂT’] 3
AL NUANANIN
{ . . A a 3 {
AN 4.2 URAS regression line parameters of BAY TIANEHA8 HPLC 7
A [} v v A ' Y et a af et o 6
254 nm ‘N&LWH'NQ'J']NWN“H%E"(’]?VI 1-30 pg/mL WU'J']VL@ﬂWﬁNﬂizﬁYI‘Eﬁ%ﬁSJWWE
. - 2. 4 4 . o v e A
(correlation  coefficient, r) " 0.9991 ITIFINIMAIAIFIUN  0.99 WEAILALARIND
o v 6 A v ada 6 A A A A % 4&1
AMUFUNWDILTILRUAIIVDIITILAINEW ‘Ii\‘iglm 4.9 LLﬁ@x‘iﬂi’]W&l’]@]ig’]%Laa&l‘ﬁda‘iﬂﬂl%

INNINARAIDRTE 3 AT LAUFUNIILEILAWATIVAINITILATIER BAY 62835 HPLC Aa
y = 63.234X + 16.300

1087 x Az y AANNITNTY (ug/mL) wae AUC 284 BAY NAATe#a183% HPLC 1 254
nm @NE1AU

ANINN 4.3 UEAI regression line parameters of DOX TINATNEHAE HPLC 7

& ) % % ci 1 Y [ a oY [ o 6

254 nm Gnﬂumdmmmwumiﬂ 1-30 pg/mL Wﬂﬁﬂiﬂﬂﬂﬁuﬂizﬁﬂﬁﬁ%ﬁwwuﬁ

. - 2 4 4 . o Y& &

(correlation  coefficient, r) " 0.9997 TWIFININUIAIZIUN  0.99 WEAILALARIND

o v 6 A v ada [ A A a A % 4&1

AMUTUNWDLTILRUAIIVDIITILAINEW ‘Ij\‘igﬂﬂ 4.10 LLﬁ@]GﬂSWWN’W]ij’W%L%&&l‘ﬁd&'ﬁ’]\ﬁl%

ANNINARAIDRTE 3 AT LAUFUNIILEILEWATIVAINITILATIZH DOX @283T HPLC fa
y = 52.053X — 1.2670

108 x WAz y ABANNUNTY (ug/mL) Laz AUC 284 DOX N3laTzial835 HPLC 1 254

nm eNNEIAU
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M1319% 4.2 Regression line parameters 189 BAY 3Aa1e#lagid HPLC @372707 254

nm

Linearity parameters 1% run

nd
2 run

rd
3 run

Average SD

Correlation coefficient, r2 0.9991
Slope of regression line 63.434
Y-intercept 14.470

0.9988
63.585
14.723

0.9993
62.684
19.708

0.9991 0.0003
63.234 0.483
16.300 2.954

1000 -
900 -
800 -
700 -
600 -
500 -
400 -
300 -
200 -
100 -

AUC

Concentration (ug/mL)

3111 4.9 Linearity curve 289 BAY @3391@7 254 nm

20



26

M1319% 4.3 Regression line parameters 284 DOX 3101z 1a83% HPLC a129707 254

nm
Linearity parameters 1% run 2nd run 3rd run Average SD
Correlation coefficient, r2 0.9998 0.9996 0.9998 0.9997 0.0001
Slope of regression line 52.053 52.300 51.805 52.053 0.248
Y-intercept -0.8282  -2.9642 -0.0087 -1.2670 1.5258
800 -
700 -
600 -
500 -
Q
2 400 -
300 -
200 -
100 -
0 T T T 1
0 5 10 15 20

Concentration (ug/mL)

511 410 Linearity curve 189 DOX @5193071 254 nm
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4.3 Precision

Precision maamﬁmﬁ:ﬁgﬂﬂiuﬁuﬁoLmummlui’u WRZIZHINGINN
A . . 4 . - .
AR (intra-day and inter-day) (38) “04@1 intra- and inter-assay precisions ONURAIDE
IuEULLuumad@h relative standard deviation (RSD, %) lasaNUTNTY 3 fNVa9 BAY Way
DOX ONILATZAGINIEN 6 asIneluiul@edni (intra-day precision) waz Aelu 3 T4
a 1w . L. { v & A o '
fafanu (inter-day precision) AN319N 4.4 Uaz 4.5 UFAIIAARAT %RSD TI61nIN 1.5%
A i \ Ao AN v & 4 aa a ed o £ a L.
Taaglut eI uiimue (<11.0%) TlfAwIITMITezinauwdull Precision
AA
N6
4.4 Accuracy

AdA & v & & v a ) a Aa

Accuracy  Ba9I5 AT ARl ARTIIe NI TN Assiuva ST nidag)
=) 1 1 { d =3 %
39U INAFBUARANEINTOATIAREUNY D9 Accuracy RN Tavszifinlaannns
fwmdSunaunaranuIsmedaiaadadIouisunuylsumuasasalasinlaass
uazdwameananlugduuuen percent recovery (%) (38) Ssluminanasitldnasaulas
Tfanuuduvas BAY waz DOX 3 J=@LLNa@3I988Y accuracy Va93IDNTIATIZNN
o & { L { <& {
WAIWITH NONTWN 4.6 Uaz 4.7 WUINAUARY %recovery TadNd BAY uaz DOX N
Aemzidny HPLC siuagluzig 100.11-105.53% Tadudnfiaglutisnoaniuld (8o-

v & 1 a =) { L J { |
110%) waadliAuinisnsitenzinwamul accuracy Mtduldauanasgin

A9 4.4 Intraday (n=6) and interday (n=18) precisions 183 BAY ‘ﬁ

AT RA1835 HPLC

Concentration (ug/mL)  Intraday Precision Interday Precision
(% RSD) (% RSD)

1 1.50 1.11

10 0.34 0.34

30 0.23 0.43

A1919N 4.5 Intraday (n=6) and interday (n=18) precisions 2aJ DOX i

AT RA183T HPLC

Concentration (ug/mL)  Intraday Precision Interday Precision
(% RSD) (% RSD)

1 0.97 1.75

10 0.31 0.25

30 0.45 0.52




M13199 4.6 f1 %Recovery U84 BAY AaNe#a183T HPLC

28

Added Measured % Recovery Mean + SD
concentration concentration
(ug/mL) (ug/mL)
6.250 6.480 106.37
6.560 104.96 105.53 + 0.74
6.578 105.24
12.500 12.690 101.52
12.685 101.48 101.52 + 0.04
12.695 102.56
25.000 25.020 100.08
25.021 100.08 100.11 £ 0.04
25.039 100.16
A15197 4.7 fn %Recovery 184 DOX ATe#a2183T HPLC
Added Measured % Recovery Mean + SD
concentration concentration
(Mg/mL) (Mg/mL)
6.250 6.444 103.11
6.370 101.92 102.71 £ 0.68
6.443 103.10
12.500 12.758 102.06
12.741 101.93 102.19 £ 0.34
12.821 102.57
25.000 25.634 102.54
25.739 102.96 102.80 + 0.23
25.728 102.91
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maasanlalulsuiaiuny BAY uas DOX

o Ao & v & =
Talulouiduaynafidansuzginsinay dsznauduainwitiny (membrane) (v
% 1 t:i | Q :/ U ] a 1 1 1 > u?: ‘é o uq/' c? a
Anguiidwipmainlaguinadesivsenisstinuvedlalulow Saukanuiifiaan
mIsdidaunugastu (bilayer) vadludu (lipids) Nilguaut@nrausi1 (hydrophilic)
uazlaimaui (hydrophobic) agluluanaidsanu lasdunldreutihvasluanalusiiiu
v a a (= 1 > Qq;/ 1 { :l Q a Qs Qs Qs :’ d
whnnwAadugwnsluaesniing  wazswnvavinzikeanauNaNUIgMai 99
A o & a AV Y . o v & @
mi‘nmumﬂluwmﬂumaavl,aiﬂisnwuamwwvl,maummlﬁmmsnhmunﬂiuLaqamaa
s ldreuthle lusaenluanavasssfizeuiaanngninuin liluwipmeinszning
%umaawmﬂﬂua%mﬂiﬂﬂﬁm mzlm@;ﬁmimumﬂ@‘luvl,aiﬂiéﬁuﬂmmwuﬂu
auauiamaadmezassnsiu  wennnidsAninmlumufuinvamimnnvouuss
' Y o & | @ v A ' ad a a o o &
"Lmaumﬂwuagﬂ‘uvlfnwu“nLﬂumuﬂiznaumaﬂaiﬂm LAZATANILATUNANGIY  AI1hb
a 1 T, 1 v = =1 = &
mmﬁ]ﬂiua’suﬁﬁmaLuuluﬂ’lsﬁﬂmm’mLﬂuvl,ﬂvlmqfluﬂ'mﬂmﬂ BAY uay DOX @9d
an P ~ ' o . @ . = v P

auauiamaadmanwiuandranu wnueglueunalalyloudsiiu Sseumala
Wlzufldgnamaseusdudsz@niawmafiuin - awa  mMIneIwe  zeta

potential LLAZAMNUAITNTNYD Q‘L“kﬂﬁﬂ

Y 73 %)
4.5 nwasantaldlnaiNaiunn BAY
{ [ A o o & o
3UN 4.1 wsadlawsaiemauaiizes BAY deansazyaadmeonindiutiinin
luiana octanol-water log P uazdianmazmslutimenuegluansen 4.8 lasvialuud
o & o ' = ' & A o v &
Tuduzasnaluladlunmsipunnasiulalulondy og P iJudnilsboanrarerianliinu
feguaIiTesznivluanavasasuazuianulalulawldatening hansolianug az
= ™ 1 aq/' %™ A 1 g’ d‘vu dq’e/ v & =
mmmmurmaglu*’nu"lmwuﬂsaaauuwluvlaiﬂiéﬁw #ANANHANHEILFAI A LAWDIAI
. D v 4 L g
lazauih Mufiansazaisvesm i 9 das Sae log P gauaastannaldzeuiing
~ & o & v R & o & Aa '
Wininnduvasluanavedsns nndeyadasduianuldd BAY wwdusandanala
Taut uazldanIazanendn anuan log P Nung
a L ' = Qs & a w A
autvlaguds lidnenumsdnsniaiuin BAY laluloy Siluwiuidsiilaly
{ v & Q a a v 1 d =) 1 =)
lzufazldinunn BAY gniaSualasinaiia 2 oiia ldun TF usz REV Sanafiaudazziia
NGO UANLATDIDRMAITY T ULzMINTLIWIRaRMA asnulaldlaud
w3 ldlummesasgnaiuguamauaznINIzNsIaeuMa Nl IwIuTUYes
HRINUlaENIaaRLLHUNTaY polycarbonate Nifizillauuianiwualif 200 nm iiald
A = ' A A o o . &
o lalulounuuwIaan  LazNIINIZAINLVWIA MTIUAL  TIUWIANTNRUAAINE1ILTI
mnaagmengnMenshdvnefiingsulunmsinsuzisaieldodighnme  (39)
lagiTaruaugindsznau it aaaIneNda lN% ADMILeIN @iaqmauﬁ'ﬁmamﬁ
manmwed lalulsugnyhnis@nslunmanssdt



O
PN e
HaC 0
CHs~C
CHj

31]‘7; 4.11 la3389tadvad BAY

A1519N 4.8 qmauﬂﬁmam:ﬁmﬂmwmm BAY

Molecular weight 249

Solubility (ug/mL) 1.62 * 0.49

Log P 3.09 £ 0.05
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4.5.1 Entrapment efficiency

Ussanimwmadonn BAY  Iwlalulowfiessuannsudszneludi
san@nluikdas  uaritiasuuang e]LLam"Li’Lumswﬁ 4.9  NNINARBINUIN
ﬂi:ﬁﬂﬁmwmnﬁuﬁﬂ@‘iwqmﬁvléfﬁa 24.60% nlaldloufie3onain HPC @ap3s TF
1%“11m:ﬁﬂizﬁﬂﬁmwmilﬁuﬁngaq@ﬁ 60.47% wulwlalUlawiaSouain SPC eress
CHRLE %ﬂ@mJﬂﬁﬂizﬁwfmwmilﬁuﬁ'ﬂmsﬁﬁqmauu‘“ﬁ%auﬁﬂﬂamiwﬁL@]’%‘ﬂu@hsl
5% TF sisindenfientszanns 5-15% (40-42) aaiuilszAnSawmsiiunn BAY ‘ﬁlg\‘iﬂ’i’]
60% smuaasliiFuionalnmaiuin BAY luVLaIﬂIGﬁudwLﬁ@%ﬁﬂ@gmauﬁ'@ﬁvlajmauﬁw
2849 BAY {84asA5814UD hydrophobic interaction fuwsiinwitIudwlsuaslalyloy

A19199 4.9 Uz ANTAwnILAunnTad BAY b kaldlsunieIauanlosin aasain

lududean uazifdneg

Entrapment efficiency (%)*

Lipid composition Lipid : Drug
TF REV
(Mole ratio) (Mole ratio)
SPC : CHOL 1:10 35.75 + 4.06 35.85 + 6.69
(10:0) 1:20 60.47 + 7.05 48.37 + 1.51
SPC : CHOL
1:20 32.43 £+ 5.82 26.23 + 2.08
(7:3)
HPC : CHOL
1:20 24.60 + 7.61 -
(10:0)
* Values represent the mean * SD, n=3
4.5.1.1 HawdIonId@ N lBNRAD LN
TasvalumaAusnansi lisausinlwassanuaslaly loui i

ANMURNWUSAUFN partition coefficient WazdaN1TaLAEVBIAILNMWLUHIEINUEIW sl
aa9lal oy mﬂ@ﬁmﬁfu;‘]ﬂuﬁqmvl,ﬂsl,umﬁfdﬁ'wuaavla‘[ﬂisnuvlsjﬁoqﬂﬁuﬁa U3zANTNIN
& o o & P . .. a A a @ o o '
msiiunnainduagnudn partition coefficient TagUsurmenivdut i ludrsuas lugans
AUz ANTAWNIILALUAN a9 IIAONINNNNIANEINLIT USeANTAMWNNILALUNN BAY

A X A L oA o ' ' v A ;:; =&
Tulalilauimudniney 2 winldaaaaInluatadgnda MNwWANLIn 1:10 tw 1:20 49
WalTuaaE It 1:5 WUWUIRENUNNAANEIRNINYDI U was BAY b bal

=) v 4 o v A q’n é, AI Q
sansaiadulslulonldilavlvideon Salnngmsaiifeduanmydusivas BAY

TUNIINWEIW LUNY AIhaaINEIMINRENda AN Aan Mt lwnsAnEdalUAa 1:20
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4.5.1.2 wavasarwdsznavlusin

luﬂﬂiﬂ@aaomﬁﬁﬂmwamad gel-to-liquid crystalline phase transition
temperature 2891 UN% TINHINILEN cholesterol ludUAaUszANTAMWANTIAUAN BAY
Tulalulaw

WRUBJd gel-to-liquid crystalline phase transition temperature 284 sl
tiesonlalylouioiunin BAY andnwlaslluiuaassiialdun SPC uaz HPC
%a‘laiﬂmmgnm’%‘wim?%‘ TF fAsandmluasndelagiui  1:20 MIANBINLD

UseANTAMWNNSAUNN BAY HUAARIBENININN 60% % 25% iatlasulusiuan
4 » 4 "
SPC %4l phase transition temperature < 0 °c 1w HPC %4l phase transition

temperature  U3zanms 55 °C lasviald SPC 1flw  phospholipids  WULNENAN
phosphatidylcholines lisudafia C16 waz C18 luwnedi HPC W lwaiuidsiwnan
LLUUL@U’Jﬁ"LLLLGiQﬂﬁ’]sLﬁaIN@T’JLLﬁ? Gvarwlusualumoldanuanlumsvodlaiuasii
Wifaanalidusndoy uazifinszozvinevesluanaizniny phospholipid (43) sanalw
hydrophobic interaction SzWindaneldaSUaUaNaT waelaiuring phase transition
temperature  Aigmsantananladnd  fluidity ﬁgd‘ﬁfmﬁmﬁ@Lﬂ%NﬁOfﬁﬂﬂIﬂIGﬁ&l N
ewistnawnininan s Asdssansawmsiiunnansilisausiwanasfialwlaly
Truwuindszansammsifuinfum udmadwiafivanusnivesmeltanfuan
viaRuanwdudvedlasu 44-47) Wasnmsinduuesiuifdu hydrophobic i
Auwdawlosi  uiindaneftauditunmsinenluassinnoindsinsmwmsifunn
BAY simanasialtluiuafia HPC Afanwduds Ssonvedineldinnavas fluidity Va4
wibsnuzaslalulauiudianuddgunniAuiifidu  hydrophobic dadszdniniwms
Aurnwes BAY Twlalulow fesansnwmclassairomsaives BAY ‘ﬁ'ﬁﬁyj sulfonyl
WA cyanide %aﬁqmauﬁ'ﬁﬁﬁmgﬁqa 219IUNIUNIFAAUNINVRILNANATEY BAY Lfﬂﬁj‘ﬁ%u
Tusiulunianwlaluloulasamzainsdaiiousinadiidu  hydrophobic  siudauiin
sudounnn

HAIaIMILEY CHOL aslusrsudansifiunn BAY lulaluloufiesua
an sPC lagldsandmlussnaaloind 1:20 Anuddszinsawmsifiuinanasie
50% Lilawdin CHOL aslugasdnsufidanaiulanluauas phospholipid:CHOL #1 7:3 &
anmunmebgldan 2 sungda CHOL G'fiaLﬂuiuLaqaﬁvlaj"nauﬁwLﬁuﬁuLLﬂdﬁ'mﬂ&Lu
wisnudwlasuaslaluloy  iesanlassaofiduunuuses CHOL  simiinaw
wanzaudamsunsnan i luwianulalylawannnin BAY sﬁaﬁ%gﬁﬁf’;ga (43) 9039
AuNamMyIsorawntinnuaas Widuinmaa CHOL mluqm@‘h%’mfummma@
UseAnSmwnnsiiunnan i limausingy carotenoid waz ibuprofen lulalulaw’le (47,
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& =) { { 4 ~ v 1 v o v L= lel

48) ansingnikianaiananmn CHoL iumanillaidadng lalulauudavinld wkanu
. e g { A &‘ ! Y g { a 1

vadlalulond Rigidity AvAnduniaananaldinae fluidity asngmnnlgenit phase

transition temperature (43) @3%UAIINNBAUTIBNINTAA fluidity WINBAIIZFINAGBNTT

PYaRAUILENTAMWANTLALANUDI BAY

4.51.3 HaVIIDNITLAILN

NaTIITMIeIBNGa U @NEAIwnIsiiunn  BAY Qﬂﬁm&ﬂmms
w3olalulaumamefiafuand1ons 2 55laun TF uaz REV "lahﬂwgﬂm%‘wﬁumﬂ
sPC wlusudsznaunan aanmsenswuindszansmwmaiiunn BAY lwlalylaudi
L@3uua1N3T TF sudds=antmwniianind® REV (o < 0.05) sniiulunsdivaslaluloui
wspuannsandmenaaluinlaslusf 1:10 WoRsonualszantawmsRunnasls
Tlauiassnannsansuends lusiwlasluad 1:20 wwnwuirlaluloufiiasoudeds TF
ﬂizﬁﬂfmwrw’]slﬁuﬁﬂqaq@ﬁ 60% luwvaedlalulouiiasondinds  REV 1ol
ﬂszﬁﬂ%mwmslﬁuﬁﬂqaq@ﬁ 48% L%@Jﬁlmﬂﬁﬂ TF ffulﬁﬂsz?m%mwmnﬁuﬁ'ﬂﬁqaﬂ’h
2191ina N3 Partiion 2a3lalananzniInaTua asanlasdnduaanisiaseu
apmalaldloudieds REV fuﬂﬂlﬁa@mﬂ%‘[ﬂmmﬁ@ large unilamellar vesicles
Iummz‘ﬁl?% TF fl?ulﬁm#ﬂ’m“ﬁﬁ@ multilamellar vesicles (49) ﬁ‘f‘iamm@awaaﬁ‘hu’mfu
wikanwi i Aansaudatusznieigmaiuazntanuannddu §INa bAlAaMS
partition maaIwLaqamaaﬂmﬂwﬁfaﬁgulmzmnmsm%'wmn‘*fmm:amﬂs:ﬁw%mwmi
nnfuasled  egslsfenulunsdinaslalilsufiesonannsandmeaeluiulasluad
1:10 sdUsAnSMWMBAUANSzRINIEesdTInaldITY (o > 0.05) anauasuinann
UsinaenludnsuiunnldvinlwiAansdusvassenlwmsions donald BAY liaansa

VAUAN L?Tﬁgjwﬁfaﬁ'u"lﬁa 619 awysfﬁ@”aﬁvlﬁaﬁﬂﬁ AR aWAUNT

4.5.2 2W1A KAZNINIZALVRINDHAA

°um@1LLazmsﬂs:mmmn@agamwao"laiﬂ‘[mwﬁl,ﬁuﬁ'ﬂ BAY uaadbilua1a
7 4.10 uaz 4.11 Namﬁm@aaawudwagma%lﬂwﬁﬁuﬁﬂ BAY ﬁmmmaﬁﬂag’lwﬁw
133.8-228.9 nm mmLmﬂ@hwawm@agmmfui‘fuﬂ”wﬁmaa"lmu”uﬁl“ﬁm’%‘mmmz
SEmifitesoulalylaw ﬁhumsﬂ‘s:mwm@agmﬂ'ﬁ?uwmwm PDI tiilszanme 0.1 o9
LLamlﬁLﬁuﬁdmim:mﬂ"um@agmﬂﬁuﬂu snuiwlaluloufie3suann HPC I@Ulugﬂﬁ
4.12-4.18 ifu"L@TLLamgﬂ histograms vasaynalalylouedninensg Bawudansmens
ATZLVWIALUL unimodal geaaRasnudl PDI mifilalulawdie3oausindvmadinin
200 nm u,a:ﬁmiﬂszmwm@ﬁmufmﬁaammﬂmsmuquLLa:a@mm@Immin@mu

a

Aa o A
LALUIWNN I AN ARWAN 200 nm

U
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A1319% 4.10 muwa‘y&mmaﬂaiﬂwﬁlﬁuﬁ'ﬂ BAY

Particle size (nm)*

Lipid composition Lipid : Drug
TF REV
(Mole ratio) (Mole ratio)
SPC : CHOL 1:10 156.4 £ 5.7 1419+ 85
(10:0) 1:20 170.3 £ 5.1 133.8 £ 11.6
SPC : CHOL
1:20 164.1 £ 5.2 146.7 £+ 1.4
(7:3)
HPC : CHOL
1:20 228.9 + 13.0 -
(10:0)

* Values represent the mean  SD, n=3

@15197 4.11 Polydispersity index va4lalulauflfiunn BAY

PDI*
Lipid composition Lipid : Drug
TF REV
(Mole ratio) (Mole ratio)
SPC : CHOL 1:10 0.07 £ 0.02 0.06 £ 0.01
(10:0) 1:20 0.11 £ 0.01 0.08 £ 0.01
SPC : CHOL
1:20 0.06 + 0.03 0.08 £ 0.03
(7:3)
HPC : CHOL
1:20 0.37 £ 0.02 -
(10:0)

* Values represent the mean & SD, n=3
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5111 4.12 nMInTzaLIwIeawneaadlalulauniAunn BAY Ga@3aua1n SPC 7

u 9

o '

aaawlasluauassndalusun 1:10 lagdd TF

1 1 = @ é 1
311 4.13 m‘mi:mmlun@a‘y&mmaﬂaiﬂhuﬁmunn BAY $91@384371n SPC 71

saanlasluatadendalaaun 1:10 lagds REV

H { & o =& {
31 4.14 ﬂ’]iﬂizﬁ]’lEl‘llu’]@E]kbﬂ’lﬂ‘lladeaIﬂIﬁliﬂJﬁLﬂ‘Uﬂﬂ BAY $91@38437n SPC 71

aaaIwlauluatadtnda i 1:20 lagas TF
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H { & o £ {
5111 4.15 nM1InTzALIMIRawAead lalUlaunAuAn BAY Gai@38ua1n SPC 7

u 9

> '

aaawlasluarassndaluaun 1:20 lagds REV

{ {l @ o =
Ell‘ﬁ 4.16 ﬂ’]iﬂiz"ﬂqﬂ"ﬂuﬂ@awﬂqﬂﬂlaﬂqa‘[ﬂieﬁ“ﬁl,ﬂﬂﬂﬂ BAY Gﬁ\‘]L@%UNﬁ]qﬂ SPC uay

A o .

CHOL (7:3) Naasnamlasluauasenda luiun 1:20 lag3s TF

1 1 = o &
;Jll"?l 417 ﬂ'ﬁﬂ‘izﬁﬂUT%’]@@%I’HWDQGVLNI‘LIIGIINﬁLﬂUﬂﬂ BAY T9La 383910 SPC LAz

A o

CHOL (7:3) fisanamlasluavassndelugiui 1:20 lagss REV
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1] 1 = o & 1
3171 4.18 mim:mwmcﬂa‘@mﬂmaﬂalﬂimﬁmunn BAY $41@38437n HPC N

aaanlasluavasendalosun 1:20 lagds TF

4.5.2.1 wavasawdsznavluain

agma"LaIﬂImuﬁm%'wmn phospholipids  agndLaenlasisanain
Tooluauasondoluaind 1:20 de3s TF swnuinafievasluiuildiesouinadasma
oA I@Umi,mﬂvla‘[ﬂsﬁuﬁm%mm SPC famaldnnin HPC (p < 0.05) Fousasli
Lﬁudﬁmmﬁlmﬁmaavl,w”mfudwa@iammmmamql,mﬂ dasanmalgluiuifanudue
HPC) ahuedoadnlalulouiudany  rigidiy ‘ﬁ'ga Godunaunann  phase
transition temperature ﬁgd lianumaanudangulunsldsmaiaduagnalald
Ton  eavusowulvaiuilidusiau spe dwinlwlaluloufiduwmemanninlusi

% '

597 1 HPC (50)

4.5.2.2 HaV9IDLAILN

nnfeAdedownin el lsufesowanis TF  sneiusfie
multilamellar vesicles w3t REV anlilalulonsiia oligolamellar vesicles @9
Toovaldudalaltlowsfia multiamellar vesicles azflawafilnanitsfia oligolamellar
vesicles (43, 49) ﬁdLL&I“'L&I}JIGHML@%‘HW}%aaﬁ%‘azgﬂa@mm@ﬂ@ﬂmsﬂ@mummmug
Do 200 nm  awelsl)lsuiesonlananmisauwaisarasinadavuwalalylaw
mowasmsanawiald  lesanawalslulauidnuasdmiinuiteaninlunsdives
REV siazanansauanaanlaieniiiorinmsnariu membrane ganalvlelaluloudid

A = A A v  ad @
PYUIANLANNINNLATDNAIYAD TF VL@
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4.5.3 Zeta potential

Zeta potential vaslaluloufifunn BAY usasliluased 4.12 wuinden
lug9 -1.72 §19 -3.16 mV %aagiwﬁaalﬂuﬂmo iiasanluaiudldlunmaiesoanduludn
ﬁ"l,mmmh:a;

M19191 4.12 Zeta potential a3 balulonfAunn BAY

Zeta potential (mV)*

Lipid composition Lipid : Drug
TF REV
(Mole ratio) (Mole ratio)
SPC : CHOL 1:10 -3.16 + 0.31 -1.99 £ 0.33
(10:0) 1:20 -2.50 + 0.54 -1.81 £ 0.62
SPC : CHOL
1:20 -3.03 £ 0.78 -2.04 + 0.41
(7:3)
HPC : CHOL
1:20 -1.72 £ 0.64 -
(10:0)

* Values represent the mean & SD, n=3

4.6 Liposomes entrapping doxorubicin

DOX Lﬂumsﬁﬁqmauﬂ’ﬁﬁlﬂuwaéauﬁ@h pKa 7 8.6 (51) Teanlaseaing
mamﬁlugﬂﬁ 4.19 DOX Lﬂum‘sﬁﬁqmauﬂ'@ amphiphilic Tagdsznaudosind lisay
inleturidan planar anthraquinone wazdufimautinde amino sugar éﬁaaglugﬁﬁ,mn@”’;
16 @iu DOX mm‘mgnLﬁuﬁ'niuvlalﬂisnuvlﬁvﬂluwﬁfaﬂ%ﬁ%@deﬁﬁmoLmunma
ﬂ‘fuagﬁuanwu:madmal,ﬂﬁﬂwzmwmao DOX 8814 lsATBNUNTAITLMIALAN  DOX
F3TAIENTY TF w30 REV tinuinUseauanudumaitiiosainmssrves DOX aen
naumalalulow ﬁLﬁqu%’QOaNﬂaﬁlLﬂu amphiphilic Va95as  (52) eatiniedl
mMIWaWIMILAunn DOX lap3s pH gradient 9asifiunn DOX 1%3‘1J°7'1|Lmﬂ@°a"l’?
melulaluloy (53-57) G93msisuanmaesonlalyloulwidwesadanimidunse

v

o { \ { A { a
LLﬂtﬂ’]ﬂ’]iLﬂﬁﬂ%ﬁﬂ’]Wﬂ’]UuaﬂvLaIﬂI%Ngﬁ.ﬂ’]’l:ﬁmuﬂa’m ‘Ij\‘lLﬁaL@lN DOX LN
2

D eR.

' ' o A L e
yazaanowanlalilay DOX ﬁlzaQlugﬂ"l,wmemsmﬁ]:uwmmgmUluvlaiﬂiﬁnusnom
I o A o Aa a ' 2 A & o v A
snmzdunia  uazuandudaliegluannznfionuaiosninnit G9isnstvh A
UseRnSawnsiiunn 8nnsaanssivad DOX aanantaluloyle assiuds pH gradient
ﬁagmﬁaﬂmlﬂumﬂﬁuﬁ'ﬂ DOX lulassn1339u% thadnnUss&@nSaIwnsiAunn BAY

Tulaldlounanadiainisiéu CHOL ad1bd T lalu e g9l nauduann
phospholipids l@lf SPC waz HPC wiNe9atinaLaen
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O OH O

OH
(JJos
H

O O OH O, O

NH-

317 4.19 lassaianiizas DOX

gﬂ‘ﬁ' 420 uaaINavadanwlsznavluiudanisiiunn DOX s’fia”laiﬂsﬁugﬂ
WisNaedt TF laald SPC w38 HPC (Jusiudsznay LALDNRATIIAGILANTNAN L
WALLTUA 200 nm DINERAINILEY DOX whgasazanansven lalulauduing 6o
wifiwu laluloufiessuain SPC sansatfiunn DOX ladszans 85% Gewnninla
lloufie3onain HPC @esnansouiunn DOX ldUszanm 60% Seuaaslwiinin
UszenTnwmanunn DOX Lﬁﬂ;jvlaiﬂisﬁuifuﬁuﬁ'u phase transition temperature 284
Tsiudild nsenwmyIsanawninsiwwuinsfutn DOX LﬂTﬂ;ijaIﬂImwifuﬂfuagﬂm
AN gUnni Uz shavadlviniiasonlalulon (58) lasmsifiu DOX L?Tﬂgj"laiﬂiwﬁ
L@IBNIN egg phosphatidylcholine %\‘lﬁ phase transition temperature @‘Ii”l 0 °C w130
Lﬁuﬂszﬁwﬁmwrmﬁuﬁ'ﬂ'l@“’[@mﬁwqmﬂgﬁmamm’;:mﬂ 21 1ilw 60 °C (58) Fauaa
11)%”Lﬁmﬂqmﬁgﬁﬁmmzaulumuﬁuﬁﬂ DOX Lﬁﬁgj"laiﬂiﬂifnmfuﬁaaqdﬂdﬁ phase
transition temperature vaslusiudlFiasouduagnsmnn %alumﬁa‘i’aﬁlﬁqmmnﬂﬁ 65°C
fMIUNTIALNN DOX Liﬁgj"laIﬂImwﬁL@%'UNmﬂ HPC %98 phase transition temperature
ﬁ 55 °C @vaifuddNal%“”[aiﬂisﬁuﬁﬁLﬂéﬂuﬁ]ﬁﬂ SPC S'fidﬁ phase transition temperature @:h
0 °c ussldanzlumsiunnd 39 °c ifu‘lﬁﬂs:ﬁw%mwmﬂﬁuﬁ'ﬂﬁgaﬂdﬂamimuﬁ
\@38NaNn HPC %ﬂumm@aamavl,ﬂifumagiﬁ'ﬁﬁuﬁaﬂ SPC Juaiddsznaunanin
maasonlslulouiitasansansofiuin BAY 'lad LLa:’L‘ﬁqm%nﬁﬁLﬁUﬂ”ﬂ DOX 'luig

U U

o A f (% d (%
ANUNDIISD Uﬂaﬁﬂuﬂ’]il,ﬁallaa']ﬂmaﬁ BAY VL@]
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100+
& 80
>
=]
5
.E 60_
£
%]
=
“E‘ 40+ )
s - SPC liposome
= -©- HPC liposome
=
= 204

0 15 30 45 60 75 90
Time (minute)

317 4.20 wavassulsznayladulunafiunn Dox Lﬁﬁg&"l,aiﬂsﬁu

4.7 mawadoalaluTosndiatAunn BAY uaz DOX Sanw
NeuTIssranasuleuaasliiiuinn Ut NF-KB pathway laamsls

a3tugs  NF-KB swsaruanyhdemsaauauwasdandmwuzsold auiwnslia

fUs9 NF-KB Tiunusnsnuussedaduummemsinsuuulnaifinaula ainelsfos

MIEUENTWIzRIs N IUNZLS UasaaEUL9 NF-KB ifumavl&immmﬁazmuqums
nyzppesnluieme  wazanusuwizdadmanele  lesanenunandnanims
AuFULALAT NN EAWDBIAIN @”@ifuﬂﬁmumms'am”ﬂ@U@T’waﬁﬁﬁﬂwmnﬂuagmﬂﬁa
a’mLﬂﬁ%ﬁmmmﬁ'}mLLfTﬂmvmf:"l@T (39, 59-61) Gevilasmsfunnenvasossiialile
aUMALALINY vﬁamﬁlﬁﬁdamLwnﬁubluagkmﬂﬁﬁqmau%ﬁmﬁauﬁ'uvl,@i” 62) luns
'ﬂ@maaf:ﬁasgaLﬁmﬁaﬁﬂmm’mLﬂuvl,ﬂ"l@“tuﬂ'mﬁuﬁﬂ BAY uaz DOX Taunuluayniala
Iﬂimw‘ﬁammmmmmvlﬂql,ﬂmmyﬁﬁadmﬂﬁ

Tunsdnmessilaldianne  sPc inasdisznavlusiusiaidionlsny
w3olalulaw Taglalulowifiunn BAY wiia Multiamellar gmm%‘mm‘fuﬁauﬁw%% TF
uazanualaunMInarIwaNiuIugdasiia 200 nm @iammfuﬁomsq DOX g laly
Tasuda835 pH gradient @9laluloufiifiunin BAY uaz DOX 32w azgnavasauludiu
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Usz@nSmwnsiiunn ?l%ﬁ@aiioﬂ"lﬂ ﬂ’“liﬂ?.i’il’]il"ll%’]@‘lﬂiiaﬂ’]ﬂ zeta potential LR AN

Iﬂix‘iﬁ%”]d"ﬂ'ﬂ\‘i a‘lé‘ﬂ’]ﬂ

a A [~ (%]
4.7.1 Us£aN5AIWAISLALNN
U3z ANTAIWNIILALUND BAY ez DOX 1u‘1&IﬂI‘ﬁNLLa@dvlﬂuEﬂﬁ 421 lag
WUIMAUTZENTAIWNSALUNN DOX way BAY ayjﬁﬂs:mm 90% WA 40% ANNAAL LAD
wSosuisunulalulouniAunnianiy DOX WuindseanTnIwnstAunn DOX ﬁ'agﬂl,mu
{ = L 1 R Qq// 1 1 Qs & 34 Y & 1 =3 g
A8 WALLAUANIINAL BAY nulaianuuandsni (p > 0.05) 9 lAlAwInnsAuAn
BAY % MIRINANIENUADLTZANTA W LazNa bNIILALNA DOX Liﬂgjvl,aiﬂiw atnvlsn
ANWLINUIZRNTAWASLALAN BAY HhAARIINN 60% LT 40% tUadimIAUnnIINAL
DOX (p < 0.05) awLﬁaammﬂmmq’uaamzmumﬂﬂﬁwann:mﬂuanmaq"LaIﬂISﬁu
NN LT UNa19a283 TN B9 FaIHIBNIZLIRNNINTINNIINIZAINLAD LazLia
= o v Aa . 1 )
nlaluloulnd Fevldiiansgyids BAY 210013 partition sewdnsdarazansusin
aznaw wazlaldloula anuidsnanadulandatawanueitmsinunneglnlalu Ty
= A a < o an A A o A o A
fszninwiiudasmiguant@ennden log P AdmIagannn drenden log Uhunand
A 1 1 ' =3 > > v 1 = a a s tﬂl
Aaayflutig 1.7-4.0 1aldlouana labsnunsaiunnalsnlaatnedlszansniwiiniitasann
. dl a &/ 1 o o ' ¥ 3 1 1
A13 partition MNAAUTzRI1IAIINRzaNBLaL babU Taw mwalﬂmuuﬂa@ﬂaaﬂaaﬂg

meuan laaginaisulaifanmadfswulaianiziiasas (42)

1 BAY entrapment efficiency
EE DOX entrapment efficiency

100
80
~ 60 1
N
=
= 40- __
20
0 T T T T
) o > o
Q&m O&z O&e O&z
& & & &
g ¢ 4% 4
QV' Q0 Q0 O
< <’
Q,?' QV'

31 4.21 dszEnSmwmaiiunn BAY waz DOX ulalulaw (Data

represent mean and SD as error bar of three experiments.)
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4.7.2 BW1ABHNA

muﬁ@agmﬂhﬂLaﬁiﬂmaavlaiﬂimuﬁﬂiaaaauiﬂﬂ"?% dynamic light scattering
LLam"li’Lugﬂﬁ 422 Feflvwiadszainm 170 nm HeIIINMINARIWANILIWIIIA 200
nm sﬁa"laiﬁmmme@haﬁ'ulunﬂ@h%’u (p > 0.05) wanaNHen PDI AUz ms 0.1 T1iFin
d’]ﬁmsm:mmmmmgmﬂﬁ'uﬂu (data not shown)

4.7.3 Zeta potential

N zeta potential madvlaTﬂISﬁwLLamvH’lugﬂﬁ 4.23 Tasiidrszwie -2.50 to -3.39
mV Gﬁavl,aiﬁmmLmﬂ@mﬁ'u‘lunﬂ@‘iﬁuazmﬁﬁfﬂﬁ’m”tymaaﬁﬁ (p > 0.05).

200+
— —
150
E
=
~ 100
8
P
50+
0 T T
> S & S
e‘& Q&Q 0&0 0&2‘
& & & &
Q:&l &g& ﬂ}& +§&
> it O O
d A X
Q,Y'

U1 4.22 awaeynalalyloufiiunn BAY waz DOX (Data represent

mean and SD as error bar of three experiments.)

0
24
3 T
& L
= -4
=
2
2 -6
8
N 5
-10 T T T T
& & & &
s°& %°& %°& séo
S S S S
@3 4\& +\~Q $\‘Q
& » o o
) ? 9 49
%V

gﬂ‘ﬁ 4.23 Zeta potential maaagmﬂ"laiﬂiﬂmﬁl,ﬁuﬁ‘ﬂ BAY W&z DOX (Data

represent mean and SD as error bar of three experiments.)
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4.7.4 anwazla3ias1g
Eﬂﬁ 4.24 LRAIANWENE transmission electron photomicrograph (TEM)
' A & o A o = '
gaglaluloulsn wazlaldloufAunn BAY waz DOX MiaSuuain SPC mwmﬂunn

d3ulaldlondanszlassassuuy oligolamellar vesicles

Figure 4.24 N\W TEM WUU negative staining 289 lalulaafii@Souan SPC

A) Empty liposomes

(A)

(B) BAY liposomes
(C) DOX liposomes
(D)

D) BAY-DOX liposomes
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a { & ¥ [ Y
4.8 nsilsziinanuasaninsas laldlsuntiunn BAY waz DOX 3980w
=1 = = d. ) Qs o L= =Y
AMNAIINTWNIILAT uaznamaomwiduilasandami iy sadn
szuzmwmanuTnesadalulay  lunimesasitlalulouamwe 200 AaSpuain
U =) ‘é Qs 1 Q =Y qq/’
SPC ¢at3T TF Gaifiunin BAY uaz DOX Tiunu gnusziliuanuasaninnimaad uas

mﬂmwﬁqmﬁgﬁﬁﬁmu@

4.8.1 ANNAIFNINNILAK

anuasEMWaLAdas BAY war DOX mAunntilulalulsy ansndu
\Jugeseazm 2 Lﬁauﬁ'qmmgw 4 U8 30 °C ¢183% HPLC Dnanisnasadlausasly
lugufl 4.25-4.28

Tunsdivas BAY fAdnsanuessnwdl 4 °C wuisasmsifensansd
Lmﬂﬁua@mLﬁagmﬁuﬁ’ﬂlu"lamisnu Taafiszoziian 2 1@auiin BAY ﬁgmﬁuﬁ'ﬂiﬂam
Tou trenamelUtszanm 20 % Wanlsauiisuny BAY 1u3ﬂmsa:aw$awudwﬁms
danamelUUszanm 40 % Gedliduinmafunnasilwlaluloinamunsatioia
ANMNAIEAIWURY BAY e ﬁaLL:J”dﬂumiﬁﬂmf:"lsjvl,ﬁﬁ’lmﬁzqﬂavl,aLﬁmﬂ”umil,ﬁaw
ganBwas BAY udanmIRasanlasiaieanaiimafeusaisuas BAY duinifiaann
UfA381 hydrolysis FIANUAITANALRNTUYDS BAY ﬁgﬂLﬁuﬁ'ﬂVLﬂuVLaIﬂImumfuaﬁﬁ]
duwwazluanazes  BAY ﬁaa@LLanﬂT’]ngﬁfqﬂquLaMImw‘*ﬁaLﬂua’mvlmﬁuﬁﬁmmvlsj
mauﬁwga 9unilas BAY ﬁnﬂmslﬁamammﬁmﬂﬁﬁ%m hydrolysis 'la 8¢9 lsAaawuin
dleofnwanuessnwd 30 °C s va BAY ffunnluwlalulon wia BAY Tuzy
mIazanaTwdeNameruaFRIsluaa 1 i Seuaasliiduwinmaiuanwues BAY
ifuLﬂuﬂa"Lﬂﬁi‘fuﬁ'uqmﬁgﬁ wazmsiiunn BAY lwlalulawlianunsafiastlasiuns
Lﬁauaa’mvlﬁasmauymi

lunsdiaas DOX ﬂ%ﬁagiugﬂmmzmﬂ watAunn s lalulouwuindanuns
FAWARAATINILUZINT 2 Liaw 7l 4 °C IINTILIHMIITENHIBINNLINANUAITNN
289 DOX lugﬂmia:mmfu%uagjn”uﬂ%”mmmﬁfm LT QAR UE9 pH (63, 64) o
m‘srﬁluaqmmq]ﬁﬁammiqﬂﬁﬁﬁfmmnéammﬂ"l,@ﬁ” @97 30 °C wui1 DOX (Fausay'ly
Uszanme 20% laglinuanuuanednsszning DOX Iugﬂmiazmw%aﬁl,ﬁm”ﬂ‘luvl,aiﬂ
Ton GonalnnsiFoussneuas DOX ifmﬂuﬂﬁﬁ%muuu hydrolysis (63, 64) FITUNE
mMInesasinsideaansas DOX manvuasazasuaziiunnlwlalyloyliuand et
% 81918t981naIN DOX Qmﬁuﬁ'ﬂagjmUluLLﬂuﬁﬂmao"laImu



-©- BAY solution
-0~ BAY-DOX liposomes
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3111 4.25 ANNAIRMWNLANVEI BAY 11 4 °C 3281781 2 LAaw (Data

represent mean and SD as error bar of three experiments.)

-©- BAY solution
-o- BAY-DOX liposomes

100
80
60-

40-

%remaining

20+

0 T T T T @ 1
0 10 20 30 40 50 60 70

Time (days)

3111 4.26 ANNAIRMWNILANVEI BAY 11 30 °C 328211 2 Laaw (Data

represent mean and SD as error bar of three experiments.)
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-0~ DOX solution
-0~ BAY-DOX liposomes

IOOW
80
60+

40+

%remaining

20

0 T T T T T T 1
0 10 20 30 40 50 60 70
Time (days)
311 4.27 ANUAIRNIWNIGLATIZEY DOX 11 4 °C 32191 2 LAa (Data represent

mean and SD as error bar of three experiments.)

-©- DOX solution
-6— BAY-DOX liposomes

100
80+
60

40+

%remaining

201

0 T T T T T T 1
0 10 20 30 40 50 60 70

Time (days)

3111 4.28 ANuAIRAINNIILATIEY DOX N1 30 °C 32821781 2 LAaw (Data

represent mean and SD as error bar of three experiments.)
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4.8.2 ANMNAIENINNIINILATN
anuasgmwmamaniwaadlaldlawifiuin BAY usz DOX Fmnugn
Usnidiudl 4 °C uaz 30 °C uszaziim 3 e ludusmaaynia uaz zeta potential
HAMINARDIN 4 °C 282187 3 LA UNUTITIALIZMINTTALIWIABLANA
yoglalulonlidmafsuudas (gﬂﬁ' 4.29) anslsfenuloiuiianiiz 30 °C wui
Vl&wm@LLa:mim:mwm@agmﬂmaa"laiﬂimwLﬁ'uﬁuaﬂnmmﬂmwmm 1 1@au
e'fiaLLa@alﬁLﬁuﬁaﬂawu"szﬂaamwﬁmmUnmﬁqzmnuﬁﬁ (gﬂ'ﬁ' 4.30) Gyonafiasunan
mamengy wianaeuTnvasaymalallay @iuludu zeta potential vaslalyloy
wuhilunliulufienmadoiivamaayne (gﬂﬁ 4.31 uae 4.32) lawen zeta potential
maa"taiﬂimwﬁﬁuﬁqmwgﬁ 4 °c Mifmadasnudadluszozing 3 1iow LL@iLﬁaqmﬁQﬁ
Tunsifiusneudsdmdn 30 °C siwwuin1 zeta potential Juwiliuaeas 819
ilasunaInnIsLFaNaANUUUL hydrolysis 289 phospholipids @ailuadndsznavaaslaly
Imw%wﬂﬁ lysophospholipid LL.ae free fatty acid (65, 66)
PNNANMINARDILUAUANNAIFAINMINAR  uazmunsvaddisulalylsy
ﬁw“’wmi‘fmfuﬁ'ﬁ’]ﬁ'@agj’lm:mnm 2-3 1fan asiwmInaseugnivasdylalylouin

Y o Qs { g 1 ~ U { a | A (%
el sulalulruniasoudnlna LLa:muvhﬁqqu]u 4 °C \Juyzuziaan A% 7 %
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[1Size (nm) —e—PDI
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3171 4.29 ?Jm@LLa:mim:ﬁnﬂmm@]agmﬂvlaiﬂisﬁuﬁﬁ'ﬂlﬁu BAY Waz DOX 9
4 °C 3282180 3 LADw (Data represent mean and SD as error bar of three

experiments.)
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311 4.30 BwauaznInIzNBIWInaRa lalulsaninniin BAY uaz DOX #1
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NF-KB is a key signaling pathway in controlling the initiation and progression of human
cancer. Several studies have demonstrated that inhibition of this pathway can enhance
the effectiveness of anticancer drugs. Therefore, combination of NF-KB inhibitor and
anticancer drug is an attractive approach for cancer treatment. In this study, liposomes
co-entrapping doxorubicin (DOX) and BAY11-7085 (BAY), a NF-KB inhibitor, were
developed and their characteristics were investigated in terms of entrapment efficiency,
size and zeta potential. Liposomes entrapping BAY were prepared with various lipid
compositions and drug-to-lipid ratio by using thin film (TF) or reverse phase evaporation
(REV) method, and subsequently reduced in size by extrusion through 200 nm
membrane. The results demonstrated that the entrapment efficiency of BAY in
liposomes prepared by TF was higher than those prepared by REV. Inclusion of
cholesterol, reduction of drug-to-lipid ratio and saturation of lipid chain were found to
decrease drug entrapment. The highest entrapment at 60% was achieved in liposomes
prepared by TF and constructed with Phospholipon-90G at drug-to-lipid ratio of 1:20.
The obtained liposomes were neutral with diameter of 170 nm. This formulation was
further loaded with DOX by pH gradient technique, yielding an ultimate co-entrapment
efficiency of DOX and BAY at 87% and 43%, respectively. In conclusion, these results
clearly indicate that liposome for co-delivery of DOX and BAY can be successfully
prepared. Further evaluation in cancer cells of developed formulation will be carried out
to ensure the combination of their therapeutic effect. As the outcomes of this strategy, it
would become a promising and potential cancer treatment.
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