DEVELOPMENT OF SPRAY DRIED CHITOSAN-BASED NANOAGGREGATES
CONTAINING LIPID NANOPARTICLES FOR ORAL DELIVERY TO BRAIN
TARGETING USING BROMOCRIPTINE AND ASIATIC ACID AS DRUG
MODELS

Miss Siti Zahliyatul Munawiroh

unAngauasuitudoyaatuiinveineinusaauntnsfing 2554 Aliusnisluadetdyaig (CUIR)
\uuitudoyavestidndwoivendnus Ndsnunadudningidy
The abstract and full text of theses from the academic year 2011 in Chulalongkormn University Intellectual Repository (CUIR)

are the thesis authors' files submitted through the University Graduate School.

A Dissertation Submitted in Partial Fulfillment of the Requirements
for the Degree of Doctor of Philosophy Program in Pharmaceutical Technology
Department of Pharmaceutics and Industrial Pharmacy
Faculty of Pharmaceutical Sciences
Chulalongkorn University
Academic Year 2015
Copyright of Chulalongkorn University



o a ' Y A Y v o o
ﬂﬁW@JuWuﬂl!Llﬂﬂﬂﬁlﬂﬂﬂ1ﬂ1ﬂ1ﬂ%1uwullﬁﬂ‘ﬂﬂ§$ﬂ’é]‘Uﬂ’Jt’J’é]Hﬂ1ﬂuﬂuulslmuﬁﬂ’iiﬂﬂﬁ

aemahngidhvuneiaueslan]d Tus Tuasdaunaznsae@oaniuedunyy

UNANMTATISI9A YU 13

a a (dy I J & = v = a A voAa
InoninusiiludiunilvesmsanmaundngasiSyaninnmansquiindia
aisunaluladndynisy MAININMIFINITNLAZINTFYATIHNTIN
AMZINF¥MAAT PWNAINTAINMIINAY

= =
UnsAnm 2558

'
a a A t4 a @
AUVANTUDIPWIAINTIUNNIINYIAY



Thesis Title DEVELOPMENT OF SPRAY  DRIED
CHITOSAN-BASED  NANOAGGREGATES
CONTAINING LIPID NANOPARTICLES FOR
ORAL DELIVERY TO BRAIN TARGETING
USING BROMOCRIPTINE AND ASIATIC
ACID AS DRUG MODELS

By Miss Siti Zahliyatul Munawiroh

Field of Study Pharmaceutical Technology

Thesis Advisor Professor Garnpimol Ritthidej, Ph.D.

Thesis Co-Advisor Associate Professor Vimolmas Lipipun, Ph.D.

Accepted by the Faculty of Pharmaceutical Sciences, Chulalongkorn
University in Partial Fulfillment of the Requirements for the Doctoral Degree

_______________________________________ Dean of the Faculty of Pharmaceutical Sciences
(Assistant Professor Rungpetch Sakulbumrungsil, Ph.D.)

THESIS COMMITTEE
Chairman

(Associate Professor Parkpoom Tengamnuay, Ph.D.)
Thesis Advisor

(Professor Garnpimol Ritthidej, Ph.D.)
Thesis Co-Advisor

(Associate Professor Vimolmas Lipipun, Ph.D.)
Examiner

(Assistant Professor Walaisiri Muangsiri, Ph.D.)
_____________________________________________________________________ Examiner

(Assistant Professor Nontima Vardhanabhuti, Ph.D.)
External Examiner

(Professor Narong Sarisuta, Ph.D.)



Adandenga yugdls : meviaun Tusennimaan laTasnununienlseneudaseyniaun
Tu'lviudwmumsihdimahagihwineiiauedlasldlus luasUaunas nsaeFeanilue

Aunyy (DEVELOPMENT OF SPRAY DRIED CHITOSAN-BASED

NANOAGGREGATES CONTAINING LIPID NANOPARTICLES FOR ORAL
DELIVERY TO BRAIN TARGETING USING BROMOCRIPTINE AND ASIATIC ACID

= a a s o oA a =
AS DRUG MODELS) ».11/5ny1ineniinusuan: . AY. AT. MUIUNU] HNDLAY, GRIBIERI%

a a I a an o J 9
IMPIUNUDTII IA. DY, AT, IWAUH al]WLl‘ﬁ, 4 i,

o a Y A I &' = k)
M3 waneymau Tuennsnanaudand la Taanwiluasnugiu $alsgnoudie syniaun
Tudtla 2 wiia oymau Tulusiuuda uds (SLN) sazdmnatlaniilassadiaunTu (NLC) Tasldlus Tun

@

a2 |a aa a g 2 § o
F1au udan (BM) uazmma@ﬂmﬂ (AA) L‘]JUEJW%JMLLUU ﬁ {‘5]’Q’lJﬁgﬁﬁ?{l‘wuﬂﬁ@ﬂ%mﬁﬂiﬂﬂﬁgﬂTLI uag

o 1 1

o { 1 T 9 &
HIFAIGAND ﬂ']iWﬁNu']W?ﬁﬂ']’J%ﬁL‘l’ill'lgﬁiJ‘ﬁEjﬂ"llﬂﬂﬂ?ﬁwullﬁjﬂﬂizﬁﬂﬂ’HiJﬁ']Lii]ﬁe]Eﬁ%ﬂWﬁﬁ’ﬂ‘Uﬁuﬂﬂ

Y
A A

Wui Tagldmsoeniuyriia rotatable composite nszuaumMsnundaildinanisimznquasseyniau
Tuatlane2 ¥ila (5 oumanTulufunds nazdmataiin Tassadan Ty ) Fuivvinaveseyniamu
Tuatlamans madnlaTasuadumswunds SLN uay NLC M@0 mandaiifimsIvalud 9n
msandemataenssdanusndu (WXRD) uaz anlwleisudeadunuilamassiimes (DSC) wun
panuuiaveseumau Tuatla (AASLN/AANLC) duedyguiifivingluTaswns Ssaunsanszaieda
¢ T Twenndinaves SLNINLC ffisaenTus Tuasau ludian naznsaeifoan 1 AAuaz BM
aunsognamiiulu SLN uaz NLC 143 anwnsegues BM tazAA vnnaiunddt 1oziituiuetad
sedapilodulaTasuluszuuves SLN uas NLC Fuzdawalidaszoznmmatanldesnsaeidodn
Iganihildlalas iilefeuieuiunsnszaeiluhveseymaniuila  maiuniaves
AASLN t1ag AANLC teraemsifinanunedaseninmanuinm vinmsanuussdn lfhiuiurad
(TEER) wazmsanyriunaosyasiaviesiia confocal wunsidu'lalaanulumsnunis AASLN uay
AANLC tansznieddnnse aunsaiila tight junction tiVeriunsyuaseuily 4.9 M1 uaz 4.23 11
amdwuilonsuiousumsazaensaededniiotesiufer #iune Caco-2 cells AI0n3ZLIUMI
sgnnuad maunsvesraiaeyniau Ty AASLN uas AANLCilenszaesaluhidnada i Caco-2
cells vz1ilu 2.1 naz 1.6 ihmwdwuvesmsnszareluhideunswuuds msany TEER uaz confocal
microscopy 1u bEnd3 cells wun asazasTusufmenaanmsdus Caco-2 cells YOIGATHIHA
oumanTuiiinsdylalamu (CAASLN taz cAASLN) sxduruwadatsnszuumsisinelusad
miﬁﬂﬂi“ﬁuﬁﬂﬂﬁllﬁu’J'WEJ‘l;!ﬂmNQLL“I”TJQ"IJENE]Hﬂiﬂuﬂuvl"llﬁ'u!,!,"ﬁﬁ wazdmaTlafii TnseadienTu idla

& & Yy o A o v 9 o
I@]“]ﬂuﬁjuﬁ’]ﬁWuﬁ’]uﬁ’]lﬂiﬂi“}fﬂﬂﬂﬂ'ﬁiﬂ‘]Jigm']ul:wau']ﬁﬁl"lﬂgﬁuﬂﬁ

'
A

MAI IMMandnIsulazndygaamnssualeloyoida

I maluladndrnssy aeiio¥e 8. n1/3nwMan

Fseinm 2558 aeiio¥e 8.11/5AM151



##5177106133 : MAJOR PHARMACEUTICAL TECHNOLOGY

KEYWORDS: SOLID LIPID NANOPARTICLES / NANOSTRUCTURED LIPID CARRIER /

BROMOCRIPTINE / ASIATIC ACID / SPRAY DRY / CHITOSAN
SITI ZAHLIYATUL MUNAWIROH: DEVELOPMENT OF SPRAY DRIED CHITOSAN-
BASED NANOAGGREGATES CONTAINING LIPID NANOPARTICLES FOR ORAL
DELIVERY TO BRAIN TARGETING USING BROMOCRIPTINE AND ASIATIC ACID
AS DRUG MODELS. ADVISOR: PROF. GARNPIMOL RITTHIDEJ, Ph.D., CO-
ADVISOR: ASSOC. PROF. VIMOLMAS LIPIPUN, Ph.D., 4 pp.

Development of spray dried powder nanoaggregates chitosan-based containing two lipids-
nanoparticles, solid lipid nanoparticles (SLN) and nanostructured lipid carrier (NLC), which using two
drug models bromocriptine mesylate (BM and Asiatic acid (AA) is proposed to enhance oral adsorption
and brain targeting. Spray drying optimization was successfully developed by response surface
methodology using rotatable composite design. Spray drying process lead aggregation of both type
lipid nanoparticles (i.e. SLN and NLC) which increase the size of those lipid nanoparticles.
Incorporation chitosan into spray drying SLN and NLC did not produce poor flowability powder.
WXRD and DCS study showed that spray dried lipid nanoparticles (AASLN and AANLC) were
amorphous in micro size which could easily be redispersed into nanoaggregates of SLN and NLC
loaded drug models. AA and BM could be well-entrapped in SLN and NLC. BM and AA retention of
the obtained spray dried powder was significantly improved with incorporation of chitosan as base on
both SLN and NLC systems. Incorporation of chitosan to spray drying AASLN and AANLC resulted
slower prolonged AA-released than the uncorporated ones. Compared to water dispersion of AASLN
and AANLC, spray dried powder of AASLN and AANLC showed improvement in stability during
storage. TEER (Transepithelial Electrical Resistance) study and confocal microscopy study showed
that incorporation chitosan on redispersed spray dried powder of AASLN and AASLN could open the
tight junction that increased drug transport of 4.9-fold to AASLN and 4.23-folds to AANLC compared
to AA free through Caco-2 cells via paracellular pathway. Permeability study of redispersed spray
dried powder of AASLN and AANLC on Caco-2 cells also showed 2.1-folds and 1.61-folds faster than
its water dispersion (AASLN and AANLC). The TEER study and the confocal microscopy study on
bEnd3 cells showed that incorporation chitosan on redispersed spray dried powder of cAASLN and
CAASLN after passing Caco-2 cells penetrate the endothelial cells via intracellular pathway. These
findings show that the spray dried powder of SLN and NLC chitosan-based formulation can be

employed to oral administration for brain delivery.
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CHAPTER |

INTRODUCTION

Delivery drug to the brain is constrained by the strictest barrier of
blood brain barrier (BBB). The BBB is a continuous endothelial monolayer
cell associated with pericytes and astrocytes. The most physical barrier is due
to the tighter junctions (zonulae occludens) surrounding the cell margin of
the brain capillaries than other junction of other capillary endothelium (Butt
et al. 1990). Furthermore, some drug efflux transporters, specifically the
multidrug resistance transporter, p-glycoprotein, and various organic anion
transporters, are present in this barrier in order to protect the brain from
circulating toxins, xenobiotics and endogenous molecules (Sun et al. 2003;
Smith and Gumbleton 2006).

Based on the circumstance in the BBB, only the tiny entities (<5000
Da), lipid-soluble substances, neutral molecules and weak bases are able to
diffuse passively across to the BBB (Abraham et al. 1994). And oppositely
the  hydrophilic  compounds, small proteins and charged molecules
demonstrate limited permeation (Smith et al. 2004; Béduneau et al. 2007).
Therefore, the lipophilic surface-drug and prodrugs were thus developed
(Sinkula and Yalkowsky 1975) to across the BBB. On the other hand, active
brain targeting strategies have been employed to macromolecules to outwit
the BBB by endocytosis mechanism as an employable pathway similar to the

brain gaining nutrient than other pathways (Smith and Gumbleton 2006).



Incorporating drug into lipid nanoparticles has emerged possibilities to
interact with and pass BBB (Barbu et al. 2009).

However, hydrophobic surface properties of lipid nanoparticles, are
proficiently ~ coated by  opsonins  (plasma  components), such  as
immunoglobulins (1gG), albumin, fibronectin, and then rapidly cleared from
the blood stream by the phagocytic cells (Moghimi et al. 2001; Furumoto et
al. 2004). In order to decrease the adsorption by opsonins in plasma and also
for brain specific targeting, surface modification using several hydrophilic
properties, such as Pluronic F68 or Poloxamer 188 (Borchard et al. 1994;
Yang et al. 1999), poly-ethylene glycol (Brigger et al. 2002; Mistry et al.
2009) and polysorbate 80, have been employed in nanoparticles (Schroder
and Sabel 1996; Kreuter et al. 1997; Alyautdin et al. 1998; Gulyaev et al.
1999; Olivier et al. 1999; Kreuter 2004; Sun et al. 2004; Sant et al. 2008;
Wilson et al. 2008a, 2008b; Gelperina et al. 2010).

One of nanoparticles lipid based formulation is solid lipid
nanoparticles (SLN) and the second generation of lipid nanoparticles is
nanostructured lipid carrier (NLC). SLN has potentially advantages ie.,
widely application spectrum (dermal, oral, intravenous), lower toxicity,
higher loading drug capacity, sterilization ability and best production
scalability (Dingler and Gohla 2002; Blasi et al. 2007). NLC consists of solid
lipid substances with liquid lipids resulting in a structure with more
imperfections in crystal to facilitate the drug solubilization (Souto and Mauller
2006). Lipid and surfactant were wused in SLN or NLC to inhibit P-

glycoprotein mediated efflux of drugs (Wong et al. 2006) and to enlarge drug



transport via intestinal lymphatic systems (Muller et al. 1997; Bargoni et al.
1998). According to these benefits, it is a big challenge to formulate
SLN/NLC into oral formulation which not only can avoid first-pass
metabolism thereby enhances bioavailability with longer-acting circulation in
blood, but also has a specific target tissue.

Recently, using biopolymer of chitosan to modify nanoparticles
surface has improved long-circulating and specific brain targeting of
nanoparticles (Aktas et al. 2005; Tosi et al. 2008; Sheng et al. 2009; Kong et
al. 2010). Furthermore, chitosan, generally regarded as safe (GRAS)
biodegradable polymer, has found its application in many areas of drug
delivery (Kean and Thanou 2010). In addition, the positive charge of soluble
chitosan allows its electrostatic interaction with negative charge of membrane
intestinal cell or mucus and increases paracellular permeability via tight
junction opening (Artursson et al. 1994; Illum et al. 1994; Schipper et al.
1997; Ranaldi et al. 2002). Considering the advantages of SLN/NLC and the
tremendously  promising of chitosan, formulating chitosan-based SLN
systems might be approached to enhance the targeting drug to the brain in the
application of oral administration.

Nevertheless, as an aqueous dispersion, SLN and also the second
generation of lipid nanoparticles, NLC, exhibits long-term stability at 3 years
only (Freitas et al. 1994) and over 3 years by optimizing condition storage
(Freitas and Muller 1998; Freitas 1999). Transforming SLN or dispersion
into dry product allows to prolong long-term stability (Freitas and Miller,

1998b).  Moreover, SLN or NLC granulates or powders can be filled into



capsules, compressed into tablets or incorporated into pellets then applied
through oral administration thereby increase patient’s compliance and
convenience (Pinto and Miller 1999).

The spray dry technique has been an important and widely applied
technique in the pharmaceutical and biochemical fields to transform liquid
dosage form into dry product (Freitas and Muller 1998; Mu and Feng 2001).
The polymeric microsphere drug delivery systems produced by this
technology have a potential to provide various types of administered routes,
targeting systems and long acting parenteral systems (He et al. 1999).
Recently, a new spray dryer that can produce lower particles size of resulting
powder reaching submicron size has been developed (Li et al. 2010). Thus,
developing spray dried SLN/NLC chitosan-based is highly expected to form
microsphere particles which have easier powder handling and longer storage
period.

Bromocriptine mesylate (BM) and Asiatic acid (AA) are two of water
insoluble drugs which have neuroprotective effects to the brain. The activity
of BM as anti Parkinson’s disease (PD) due to its dopamine (DA) D2 agonist
receptor which directly stimulates the dopamine receptors in the corpus
striatum (Rascol et al. 1979; Rascol et al. 2002). And the triterpenoid-
derivative compound of AA also has been shown neuroprotective properties
both in vitro (cultured cells) and in vivo (Mook-Jung et al. 1999;
Krishnamurthy et al. 2009; Xiong et al. 2009). According to their physical
properties, these two drug models probably can pass BBB easily. However,

in oral administration case, these drug models still have limitations on



delivery systems. So, incorporating both BM and AA can be used as model
drugs to formulate dry powder of SLN/NLC chitosan-based formulations.

In this study, spray dried powder of SLN/NLC was developed as
novel strategy to improve intestinal penetration, improve BBB crossing
higher brain level and increase drug half-life. In order to evince this
hypothesis, first, factors influencing spray dried powder of SLN/NLC
chitosan-based are optimized using response surface methodology. Then, the
nanoparticle  morphology and other  physicochemical  properties  were
characterized. In vitro release and stability of BM or AA from SLN/NLC
chitosan-based were also evaluated. Penetration and toxicity of BM or AA
loaded SLN/NLC chitosan-based to intestinal cells model and to brain

endothelial cell model were finally studied. The purposes of this study were:

1. To optimize the development of spray dried powder of lipid
nanoparticles (SLN and NLC) chitosan-based using bromocriptine

(BM) and asiatic acid (AA) as model drugs.

2. To characterize the physicochemical properties of lipid nanoparticles
(SLN and NLC) chitosan-based containing bromocriptine (BM) and

asiatic acid (AA) as model drugs.

3. To study the cytotoxicity and absorption of lipid nanoparticles (SLN
and NLC) chitosan-based containing asiatic acid (AA) as model drugs

on Caco-2 cells.



4. To study the cytotoxicity and absorption of lipid nanoparticles (SLN
and NLC) containing asiatic acid as model drugs on mouse brain

endothelial cells (bEnd3).



CHAPTER Il

LITERATURE REVIEW
1. Blood Brain Barrier (BBB)

Blood Brain Barrier (BBB) was early discovered by Paul Ehrlich in
1885 and later confirmed by Edwin Goldmann in 1913 (Moody 2006). The
BBB is a barrier situated along the blood capillaries in the cerebral cortex
(Reese and Karnovsky 1967). The appearance of BBB in the brain becomes
one of defensive mechanisms to protect the brain from substances which are
neurotoxic in physiological concentrations (Ueno 2007). The components
composing the BBB are brain microvascular endothelial cells, end feet
astrocytes, basement membrane, pericytes and neurons that are physically

similar to the endothelium (Persidsky et al. 2006) (Figure 2.1).

Pericyte

Tight
Junction

Endothelial cell

Neuron Blood vessel lumen

Figure 2.1 lllustration of blood brain barrier (modified from Benny and
Pakneshan, 2009)



The permeability of BBB is controlled by biochemical properties of
brain microvascular endothelial cells (BMVECs) (Pardridge 1999). The
presence BMVECs at interface between blood and the brain consequently
perform other biological functions, including regulate selective matrices from
blood to brain and vice versa from the parenchyma back to the systemic
circulation, transport of micronutrients and  macronutrients, receptor-
mediated signaling, leukocyte trafficking, and osmoregulation (Persidsky et
al. 2006; Zheng et al. 2003).

The BMVECs differ from the most peripheral endothelial cells. The
differences are shown first, the very tight junctions between endothelial cells
which is 50-100 times tighter than other peripheral microvessels (Butt et al.
1990), second, uniform thickness of cytoplasm with lack fenestrations, low
pinocity activity and continuous membrane-based (de Boer and Gaillard
2006; Goldstein 1988) and third, the huge number and volume of
mitochondria (Persidsky et al. 2006) (Figure 2.2). Those differences cause
impediment of the diffusion via paracellular pathway for hidrophyllic solutes,
transcellular pathway for hydrophobic solutes and provides more energy for
enzymes to breakdown compound allowing active and selective transport
nutrient and other compounds into and out of the brain, respectively (Abbott
et al. 2006; de Boer and Gaillard 2006; Rubin and Staddon 1999). Therefore,
Pardridge, et al., (2003) suggested the small-molecule compound crossing
the BBB should have the two molecular characteristics of: 1) molecular mass
under a 400 to 500Da and 2) high lipid solubility. However, as similar as

other membrane cells, the BMVECs have a negative surface charge that



repulse  negatively charged compounds and attract positive charged
compounds (de Boer and Gaillard 2006; Rojanasakul et al. 1992). This
phenomena can be employed to modify the surface substance to enhance

drug interaction.

Tight junction: e
Adherens junction: -

P-glycoprotein: *

Blood

Astrocyte Processes

Figure 2.2 The illustration of the presences tight junctions and adherents
junctions at BBB that causes limitation of paracellular penetration, and P-
glycoprotein that effluxes the compound out from the brain and the presence
of flattened end-feet astrocyte (Cardoso et al. 2010).

The tighter junctions of BMVECs are composed by tight junctions
(TJ) and adherent junction (AD) (Persidsky et al. 2006) (Figure 2.2). The
other unique properties of BBB that inhibit penetrating compound across the
BBB are the presence of astrocytes (Figure 2.1 and Figure 2.2). Astrocytes
are one type of glial cells that cover >99% of the BBB endothelium (Hawkins
and Davis 2005). Interaction of astrocytes with BMVECs hugely enhanced
endothelial cell TJ and reduced gap junctional area (Holash et al. 1993). In
other words, astrocytes modulate the BBB phenotype involved in the
physical BBB properties indirectly (Holash et al. 1993; Persidsky et al.
2006). Recently, the close relation of neuronal cell bodies to brain capillaries

suggests that astrocyte-BMVEC interactions are essential to functionalize
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neurovascular unit which their mutual induction helps to establish the
differentiated phenotype of both the cells involved in the association,
upregulating barrier properties in the endothelium, and specific features of
the end feet astrocytes, including involved in ionic and water regulation
(Abbott et al. 2006).

One of the BBB models are a cancer (cells-line) of mouse brain
endothelial cells (bEnd3 cells). Except can internalize the acetylated low-
density lipoprotein, bEnd3 cells also can maintain BBB characteristics after
repeated passages, barrier functions and flexibility to numerous molecular
interventions as well as low their cost effectiveness (Brown et al. 2007).
Those advantages make bEnd3 cells become popular as a BBB model. Hu
and colleagues (2009) have successfully used these cells as BBB model for
their nanoparticles formulation uptake.

Transendothelial electrical resistance (TEER) value as an indicator of
tightness junctional between endothelial is wused to validate the dense
structure of endothelia (Kuo and Wang 2010). A BBB model with
satisfactory tight junction between brain-microvascular endothelial cells is a
prerequisite to investigate the transport properties across the BBB (Chen et
al. 2014). The electrical resistance and transport of solutes have a non-linear
relationship because solute transport depends on the sum of transport across
all junctional pathways, while TEER depends on areas with the lowest
electrical resistance between single cells (Madara 1998). Gaillard and de
Boer (2000) have determined a threshold TEER value of 131 Qcm? on an in

vitro BBB model. Meanwhile, Callahan et al (2004) concluded that TEER
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value should be higher than 120 Qcm? for proper brain delivery study. Then,
there is a consensus that the in vitro BBB models should show a sufficiently
high TEER of at least 150-200 Qcm?® (Gumbleton and Audus, 2001; Reichel

et al. 2003).

Koto et al (2007) measured the TEER value of monoculture bEnd3
cells increased by days, reaching the maximum of ~ 110 Qcm? at day 8 and
decreased afterwards. This TEER value is much smaller than the in vivo
TEER value of brain parenchymal microvessel which is ~ 1800 Qcm?
(Gumbleton and Audus 2001). In order to overcome the tightness junction on
monoculture of bEnd3 cells, co-cultured with astrocytes could increase
TEER value. Omidi et al (2003) found that bEnd3 cells-co-cultured with C6
glioma cell treated with cAMP elevators showed high TEER value averaging
130 Qcm? Meanwhile, Li et al (2010) co-cultured bEnd3 with rat astrocytes
on 12 Transwells™ using several basement membrant subtitutes resulting
increasing of TEER value up to 170% with base monoculture cells at 8.6
Qcm® Chen et al (2014) used CTX-TNA2 as astrocytes cells to be co-
cultured with bEnd3 cells on 12 Transwell™ displaying an adequate TEER
value at 215 Qcm? In this study, bEnd3 as endothelial cells were co-cultured

with CTX-TNAZ2 as astrocytes cells using collagen type | as coating agent.

2. Human Colon Carcinoma Cell Line (Caco-2) Cells as Model for Intestinal
Epithelial

Caco-2 cells grown on polycarbonate membranes were first used to

predict intestinal drug transport in 1989 (Hidalgo and Borchardt 1990). Since
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then, these cell monolayers have been applied to screen new therapeutic
agents for their intestinal permeability (Artursson and Karlsson 1991), and to
investigate intestinal drug absorption mechanisms (Hidalgo and Borchardt
1990; Ranaldi et al. 1992). Advantages associated with the use of Caco-2 cell
monolayer include its human origin, which permits better correlation with

clinical data.

When cultured on permeable inserts, confluent Caco-2 cells undergo
differentiation, which leads to the formation of apical tight junctional
complexes (Ophir et al. 1995) and the polarized distributions of membrane
enzymes (Chantret et al. 1988), receptors, transport systems (Riley et al.
1991; Hidalgo and Borchardt 1990), ion channels (Thwaites et al. 1993) and
lipid molecules (Simons and Fuller 1985) similar to those found in the human
small intestinal enterocytes (Bailey et al. 1996). Compared with animal
models, the Caco-2 cell culture model permits better control of experimental
conditions, greater data reproducibility and the establishment of transport
mechanisms (van de Waterbeemd and Gifford 2003)

Epithelial cell culture systems have been developed from cells with a
low background expression of transporters, such as the LLC-PK1 (porcine
kidney cells) and MDCK (Madin-Darby canine Kkidney) cells (Evers et al.
1998). LLC-PK1 and L-MDR1 cells monolayers require shorter culture time,
approximately 3-7 days, to reach confluence compared to 21-25 days
required by the Caco-2 cell monolayers, which makes it easier to generate
cell culture systems for drug transport studies. In order to provide a more

robust correlation in this project, the Caco-2 cell monolayers were used in
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addition to the L-MDR1 and LLC-PK1 cells as in vitro cell models for P-gp

mediated drug transport studies (van de Waterbeemd and Gifford 2003).

3. Alzheimer’s Disease

Alzheimer’s disease (AD) is characterized by advanced loss of memory and
cerebral function (Figure 2.3). The cognitive degradation associated with AD
extremely affects the social and behavioral skills of people living with this disease. In
studies of mortality, the age-specific death rate of AD victims is two to four times that

of individuals in the general population (Katzman and Saitoh 1991).

Healthy brain size
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Figure 2.3 AD patient’s brain (https://www.premedhq.com/alzheimers-disease)
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Alzheimer’s disease could be occurred by the deposition of the
amyloid beta protein (senile plaques) into the extracellular synaptic spaces of
the  neocortex, particularly in the temporal and parietal lobes.
Neurodegeneration  affects the cognition function such as learning,
abstraction, judgment, etc. The memory also have been affected with
behavioral consequences such as aggression, depression, hallucination,
delusion, anger and agitation (Olson and Shaw 1969). Pathologically, the
enlargement of ventricular and atrophy of the hippocampus were occurred,
and the cerebral cortex can be seen (Roney et al. 2005).

According to target site of Alzheimer’s disease (Figure 2.3), the
therapeutic strategies to inquiry the central nervous system (CNS) are limited
by the high restriction of tight junctions at the endothelial cells of the blood
brain barrier (BBB). To overcome the burdens of the BBB, polymeric
biocompatible drug carriers have been applied to the central nervous system.
Polymers are promising candidates in the investigation of AD because
nanoparticles are capable of: opening tight junctions (Ranaldi et al. 2002),
crossing the BBB (Barbu et al. 2009) and high drug loading capacity (Blasi et
al. 2007). Lipid nanoparticles incorporated with brain targeting properties
(biopolymers) can be promised as new strategy to overcome the barrier

problem to deliver the drug for Alzheimer’s disease.

4. Parkinson’s Disease

Parkinson's disease (PD) is still the second most common

neurodegenerative disease, after Alzheimer's disease (Chen and Tansey 2011)
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and the most neurodegenerative movement (Schapira 2009). Parkinson‘s
disease (PD) is characterized by a selective neurodegeneration of
mesencephalic  insubstantial nigra pars compacta, the origin of the
dopaminergic nigrostriatal tract (Lang and Lozano 1998) causing the classic
clinical motor features of Parkinson’s disease 1i.e latent tremor, slowed
movement, instable posture and rigidity of muscle (Figure 2.4) (Gelb et al.
1999). The secondary symptoms that might be included are depression and
other emotional changes such as difficulty in speaking, chewing and
swallowing; urinary problems or even constipation; skin problems; and sleep
disruptions (Chen and Tansey 2011). In sporadic cases, the causes and
etiology of PD are still largely uncertain, but some studies have found that
there is a correlation between aging and oxidative stress neuron degradation
in brain (Beal et al. 1998; Emerit et al. 2004; Imam and Ali 2001). For non-
familial forms of PD, it is multiple causes such as genetic predispositions,
environmental toxins, and aging are important factors in initiation and
progression of the disease (Nagatsu and Sawada 2006). Recently, studies
found that neuroinflammation and microglia activation also played important
roles in PD pathogenesis (Chen and Tansey 2011; Hirsch and Hunot 2009;
Tansey and Goldberg 2010).

PD prevalence is age-depended, with an average onset age at 55 years
old, only 4% cases being under 50 years, rapidly increases over the age of 60
years and increases to 4-5% in 85-year-olds. The rate of PD for men is 91%
higher than women (Van Den Eeden et al. 2003). In industrialized countries,

it is estimated at 0.3% of the entire population and about in 1% people over
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60 years of age (de Lau and Breteler 2006). Mortality of this disease is two to
five times as high among affected persons and also a markedly reduction in
life expectancy (Lang and Lozano 1998). In addition, De Lau and Brateler
(2006) have consistently found that older age and smoking habits are the only
risk factors for PD.

Vantriclas
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Figure 2.4 The sites of neurodegeneration and neurochemical pathway in
Parkinson’ disease (modified from Lang and Lozano, 1998)

The aim of symptomatic therapy on PD is to stimulate dopamine D2
in substantia nigra, using dopamine agonists including bromocriptine (ergot
dopamine D2 receptor agonist) (Rascol et al. 2002) with the addition of L-
DOPA for further symptomatic improvement (Kvernmo et al. 2006).
Dopamine agonists restored the nigrostriatal pathway in by increasing
neuroprogenitor cells (5-bromo-2'-deoxyuridine (BrdU)* cells in Parkinson’s

diseases model) (Van Kampen and Eckman 2006). However, clinically
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therapy on Parkinson’s disease with dopamine D2 receptor cause some side-
effects, such as motor fluctuations, dyskinesia and limits drug effectiveness
during the treatment (Nutt et al. 2000). These side-effects, in particular
dyskinesia, are alleged to be due to pulsatile DA receptor stimulation which
strictly reflects plasmatic L-DOPA concentrations during advanced stages of
the disease (Obeso et al. 2000). Therefore, stabilizing plasma concentration
of L-DOPA or using longer-acting dopamine agonists. Thus, it is suggested
to develop a novel formulate the dopamine receptor with longer activity or

extend the half-life of the drug.

5. Bromocriptine

Bromocriptine (2-bromo a-ergocriptine) (BC) is a semi synthetic
derivative of the natural peptide alkaloid o-ergocriptine (Figure 2.5) with
molecular weight of 654.595 g/mol. BC was synthetized by the bromination
of a-ergocriptine with different brominating agents (Schiff 2006). According
to the structure, BC is water insoluble drug. Its mesylate (methanesulfonate)
salt, introduced since 1975 (Brooks 2000), possesses a slightly of 0.8 mg/mL
solubility in water (Florey 1979). The pKa value in methy cellulosol/water
8:2 (w/w was 4.90 £ 0.05). The partition coefficient between of pH 1.2 and n-
octanol was 1:90 and between of pH 7.5 and n-octanol was 1:235 (Giron-
Forest and Schonleber 1992). In a previous study, the solubility of BC
mesylate (BM) had been increased 39 times when the BM was mixed with
pluronic F-127 (Darwish et al. 2005). BM is an unstable in associated with

light and heat which has no exactly melting point but it will melt in the range



18

of 180-230°C (Florey 1979). Analytically, 2.87 mg of BM is equivalent to
2.5 mg of its base form (Moro et al. 1991). BM is known in market as a tablet
(2.5 mg) and a capsule (5 mg) under the name of Parlodel®.

BM, as non-hydrogenated ergot alkaloid, an autooxidation both in
solid and dissolved state is relatively occurred (Giron-Forest and Schonleber,
1992). In hydroxyl-containing solvents, non-hydrogenated ergot peptide
alkaloids are easy to epimerized at C-8 to an equilibrated mixture of the
lysergic and iso-lysergic series. The light-induced addition of water to the
9,10-double bond of bromocriptine to lumi-product. In slight acid condition,
bromocriptine can form the corresponding 10a-methoxy-lumi-derivative by
proton-catalyzed addition of methanol (Giron-Forest and Schonleber, 1992).
BM dosage forms, tablets and capsules have been proven stable at least 4
years at ambient temperature when store in amber glass bottles (Giron-Forest
and Schonleber, 1992). BM in bulk form, is sensitive to heat and light but
stable for up to 3 ears at ambient temperature when stored in sealed
polyethylene bags contained in twist-off amber glass bottles. In solution, BM
is rather labile in aqueous or alcoholic solution, particularly in the presence
of acid, yielding mainly the equilibrated mixture with its 8-epimer and to
smaller extent, its hydrolysis products 2-bromo-lysergamide and 2-bromo-
lysergic acid and their 8a-isomer, respectively. 2-bromolysergamide and 2-
bromolysergic acid are listed by the British Pharmacopeia as impurities D

and E in the monograph.
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Figure 2.5 Chemical structure of bromocriptine (Siegel et al. 1999).

BM is the first dopamine D, agonist a semi-synthetic ergot alkaloid
that used in treatment Parkinson’s disease assisted with L-DOPA (Brooks
2000). Dopamine agonist can be categorized as ergot derived (bromocriptine,
cabergoline and pergolide) and non-ergot derived  (ropinirole and
pramipexole) (Oda et al. 2008). Generally, a three times daily regime of BM
has been employed with an initial dose of 2.5 mg daily then increased by
increments of 2.5 mg every third day up to 40 mg daily (Lees et al. 1978).
BM has slow onset of action (1-2 h) and prolonged half-life (3-5 h)
(Kvernmo et al. 2006). This prolonged half-life explains the lower
dyskinesiogenic potential compared to L-DOPA (Pearce et al. 1998). In
addition, BM is extensively metabolized with a first-pass effect that yields an
oral bioavailability of only 4+2% (Cedarbaum 1987; Kvernmo et al. 2006).

The side effects of BM are most commonly nausea, vomiting,
headache and dizziness. The adverse effects include gastrointestinal (GIT)
troubles, slight absorption, broader liver metabolism and hypotension

(Kopitar et al. 1991). The long-acting injectable form of BM has been
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developed to improve the efficacy and tolerability of BM treatment (Defoort
et al. 1987). BM has been used as a medication for the treatment of non-
influent aphasia because of its physiological effect and its receptor
distribution (Gold et al. 2000). BM is also the cornerstone in most of the
treatment protocols of hyperprolactinemia for infertile women (Colao et al.

2006).

In order to avoid first pass metabolism by liver, the use of BM via
parenteral approach was very limited. Alternatively, vaginal ring had been
developed by Acartirk and Altug (2001) resulting effectively absorption and
decreasing of plasma prolactin level in rabbits for ten days (Acartirk and
Altug 2001). Vaginal tablet for BM has also been clinically successful for
hyperprolactinemia treatment (Darwish et al. 2007; Darwish et al. 2005).
However, it still remains inconveniences and compliances to patients. Thus,
developing BM in oral dosage form with high bioavalability, better
convenience and resulting high compliance is still being challenged to

formulation scientists.

In addition, Esposito et al. (2008) was successfully formulated
bromocriptine loaded SLN. In vitro release Kkinetics demonstrated that
bromocriptine was released in a prolonged fashion for 48 h based on a
dialysis method. This information confirmed that nanolipidic carriers
encapsulation represent an effective strategy to prolong the half-life of

bromocriptine.
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6. Asiatic Acid

Asiatic Acid (AA) (Figure 2.6), is major active component of
medicinal plant Centella asiatica, herb that has been traditionally been used
in Chinese medicine and food science (Zhang et al. 2012). This compound
was reported to possess a wide spectrum of biological activities including
antioxidation, antidepression, antitumor, anti-inflammation, hepatoprotective,
and cardiovascular protection effect (Tracy et al. 2008; Huang et al. 2011;
Kavitha et al. 2011). Neuroprotecive properties of AA have been shown both
in in vitro (cultured cells) and in vivo (Krishnamurthy et al. 2009; Lee et al.

2012; Mook-Jung et al. 1999; Xiong et al. 2009).
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Figure 2.6 Chemical structure of Asiatic Acid (AA), molecular weight of 488.70
g/mol (Zhang et al. 2012)

Zhang et al (2012) found that 0.01 to 1.0 pmol/L of AA could give a
protection to neurons from C2-ceramide-induced cell death by antagonizing
mitochondria-dependent apoptosis. AA also decreased cellular production of
reactive oxygen species that been occurred during C2-ceramide treatment.
This result suggested that AA can be used for Alzheimer’s disease. Effect of
AA on other neurodegenerative disease, Parkinson’s disease, also has been
investigated by Xiong et al. (2009). AA showed neuroprotective effects

against rotenone and H,O,-induced cellular injury and that the mechanism
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underlying its protective effects may be related to prevent the mitochondrial
dysfunction.

However, Asiatic acid has limitation to be explored as new drug for
neurodegenerative disease due to its physical properties. One major problem
associated with administration of AA is its low solubility in aqueous which
may delay dissolution causing decreased bioavailability of the drug (‘Yonh-
Liang et al. 2010). Thus, suitable formulation with pharmaceutical approach

is needed to increase its bioavailability.

7. Solid Lipid Nanoparticles

Solid lipid nanoparticles (SLNs) introduced in 1991 are characterized
as nanosphere particles made of lipid and being solid state in room and
human body temperature (Hou et al. 2003; Miiller et al. 2000). SLNs are
unconventional drug delivery system to traditional polymeric nanoparticles
(Mehnert and Mé&der 2001), liposome (Midller et al. 2002b) and emulsion (Hu
et al. 2004) for encapsulating lipophilic drug. SLNs are composed
Nanoparticles are in the submicron size range (50-1000nm) and are
composed of well body tolerated lipid components (Miller et al. 1995;
Schwarz et al. 1994). In order to stabilize lipid aggregate, surfactants or
polymers in a right concentration are employed (Miller et al. 2000).
Surfactants also can modify release profile of entrapped drug in associated
with lipid function and production parameters (eg. temperature) (Schwarz et

al. 1994; zur Mihlen et al. 1998).
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SLNs combine the advantages of polymeric nanoparticles, fat
emulsions and liposomes (Mehnert and Mé&der 2001). They can be produced
on a large industrial scale by high-pressure homogenization (Dingler and
Gohla 2002) and be safely sterilized through aseptic production filtration, y-
irradiation or heating (Mehnert and Maé&der 2001). Moreover, they are less
toxically acceptable like emulsions and liposomes, produce sustained release
due to their solid matrix, similar to polymeric nanoparticles, and surface
modification effectively target specific tissues after parenteral administration
(Cavalli et al. 2003; Yang et al. 1999). In addition, due to their properties,
SLNs are employed to enhance the absorption and bioavailability of poorly
soluble drugs for oral administration (Hu et al. 2004).

The simple way and cost-effective technique to produce SLN in large
scale is using high pressure homogenizer. Basically, there are two techniques
covered in this method which are hot homogenization and cold
homogenization technique For both techniques the drug is dissolved or
solubilized in the lipid being melted at approximately 5+ 10°C above its
melting point. For the hot homogenization technique the drug-containing
melt is dispersed under stirring in a hot aqueous surfactant solution obtained
pre-emulsion. The pre-emulsion is homogenized using hot high pressure
homogenizer produced hot O/W nanoemulsion then cooled down to room
temperature. The lipid recrystallizes and leads to solid lipid nanoparticles.
For cold homogenization, melting lipid containing drug are dispersed in a
cold surfactant solution yielding a pre-suspension. Then this pre-suspension

is homogenized at or below room temperature, the cavitation forces are
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strong enough to break the lipid microparticles directly to solid lipid
nanoparticles. This technique is suitable for heat sensitive material and
therefore can minimize loss of hydrophilic drugs to the water phase (Mdller
et al. 2000). And the alternative approach to produce large scale of SLN is
via microemulsion. The microemulsion should be produced at a temperature
above the melting point of the lipid. The lipid, a mixture of water, co-
surfactant(s) and the surfactant is heated to the same temperature as the lipid
and added under mild-stirring producing a clear dispersion. Then, it is
dispersed in a cold aqueous medium under mild agitation until form solid

lipid nanoparticles dispersion (Gasco and Antonelli 1993).

8. Nanostructure Lipid Carrier (NLC)

Nanostructured lipid carriers (NLC) is the second generation of lipid
nanoparticles, consist of solid lipid matrices with spatially incompatible
liquid lipids resulting in a structure with more imperfections in crystal to
accommodate the drug (Souto et al. 2006). They combine the advantages of
SLN and overcome their limitations, namely, limited drug loading, risk of
gelation and drug leakage during storage caused by lipid polymorphism
(Mdller et al. 2002b).

The NLC has been considered as an alternative to liposomes and
emulsions due to improved properties such as ease of manufacture, high drug
loading, and more flexibility in modulating the drug release profile (Mdller et
al. 2002b, 2002a). Its features, high drug payload, avoidance or minimization

of drug expulsion and enhancement of chemical and physical stability, has
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been represented NLC as new promising colloidal carrier (Teeranachaideekul
et al. 2007).

NLC as one of lipid nanoparticles can be categorized as suitable
formulation for brain targeting drug formulation. Recent studies have been
conducted to investigate this promising formulation. Zhang et al., (2010)
have studied that the pharmacokinetic and tissue distribution of DHA-NLC
were higher than DHA solution after intravenues administration. Kasongo
and colleagues (2011) also have evaluated the potential NLC to deliver
didanosine to brain. They found that Tween® 80 has been shown to have the
ability to facilitate the targeting of colloidal drug delivery systems to the
brain (Kasongo et al. 2011). Other research results also concluded that
incorporation vitamin E with NLC improved baicalein’s stability and the
ability of baicalein to penetrate the brain (Tsai et al. 2012). However, those
NLC preparations are administrated via intravenues which is has less
compliance to patient. So, it is a big challenge to develop NLC for brain

targeting via oral administration.

9. Chitosan

Chitosan which derived from chitin is the most bountiful natural
polysaccharide after cellulose in the amount produced annually by
biosynthesis (Alves and Mano 2008) that supports numerous living organism
(Figure 2.7). Chitin is synthesized via common pathway of polymerization of
N-acetylglucosamine from the activated precursor UDP-GIcNAc (Kumar et

al. 2004).
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Figure 2.7 Chemical structure of chitosan (Agrawal et al. 2010)

The biocompatibility and the biodegradability of chitosan allows its
interesting application in many filed such as exhibits interesting properties
such as biomedicine, waste water treatment, functional membranes and
flocculation (Kumar et al. 2004). Moreover, the non-toxic, non-immunogenic
and non-carcinogenic of degradation products of chitosan is also offering
potential applications on biomedical filed such as gene delivery, tissue
engineering, wound healing (Ueno et al. 2001; Ueno et al. 1999), as well as
for use in antimicrobial, antiviral and immune adjuvant strategies(Chirkov
2002; Singla and Chawla 2001). In addition, biocompatibility of chitosan and
its ability to prolong residence time in the gastrointestinal tract through
mucoadhesion and also its property to enhance absorption by increasing
cellular permeability promises potential oral drug dosage forms (Bowman
and Leong 2006). Moreover, based on its mucoadhessive, chitosans have also
been found to enhance the nasal absorption of peptide (lllum et al. 1994), D-
Arg-kyotorphin in rats (Tengamnuay et al. 2000), nanoemulsion of riperidone

(Kumar et al. 2008) and tetramethyl pyrazine phosphate in rats (Mei et al.
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2008). In addition, due to its biocompatibility, chitosan can be employed to
modify surface has appeared improvement longer-circulating in blood (Kong
et al. 2010; Sheng et al. 2009), specific brain targeting of nanoparticles
(Aktas et al. 2005; Tosi et al. 2008) and better drug retention (Kaasgaard and
Keller 2010).

Based on the positive charged chitosan, it allows the chitosan to
electrostatically interact with cell membranes which have negatively charges
including intestinal cell (Artursson et al. 1994; Ranaldi et al. 2002).
Moreover, chitosan solutions have been shown to increase paracellular
permeability in a reversible which depends on the molecular weight and
degree of deacetylation of the chitosan (Schipper et al. 1997). The
mechanism action of increasing paracellular permeability is mediated by the
positive charges on the chitosan, includes interactions with the tight junction
proteins occludin and ZO-1, redistribution of F-actin, and slight
destabilization of the plasma membrane (Smith et al. 2004). Thus,
incorporating chitosan as a carrier to lipid nanoparticles (SLN/NLC) can
enhance permeability the lipid nanoparticles across intestinal cells by

paracellular pathway.

10. Spray Drying

Spray drying is common technique to transform liquid to solid. Spray
drying also can be utilized to encapsulate oil or other active ingredient by
entrapping it within inert material (Ré 1998). Moreover, formulation

processes including  encapsulation, complexes  formation and  even
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polymerization can be accomplished in a single step (Gharsallaoui et al.
2007).  Although it  exhibits rapidly in  process, modulation on
physicochemical characteristics of the resulting powders potentially occurs
along spray-drying process (Alamilla-Beltran et al. 2005). In addition, spray-
drying is cheaper and takes less time process than freeze drying (Broadhead
et al. 1992; Oakley 1997).

The process of spray drying consists of three steps: (a) atomization
through a spray nozzle, (b) contact of the sprayed feed with warm air, (c)
dehydration of the droplets, and (c) collection of the powder (Figure 2.8).
Practically, the liquid feed is atomized by an atomizer creating a spray of fine
droplets into a chamber of heated air, from which the solvent quickly
evaporates resulting in dried particles (Masters 1990). Resulted dry powders
from spray drying processes can be inhaled as aerosols into the lung,
delivered to the nose, filled into capsules, or pressed into tablets for oral

applications, or even delivered transdermally (Vehring 2008).
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Figure 2.8 Mini Buchi Spray Dryer B-290

(http://micro-encapsulation.eu/microencapsulation/manufacturing/spraydrying.html)

Spray-drying  process allows amorphous structures of drugs or
biomolecules such as protein, peptide when they are prepared from solutions
of pure compounds with the presence of sugars or maltodextrin as additional
excipients. This additional excipient also can stabilize the biomolecules or
drugs during the spray drying process and during subsequent storage
(Saklatvala et al. 1999). In the case of pharmaceutical materials, especially
for oral administration drug, the amorphous solids give many advantages,
such as higher solubility and dissolution rate and sometimes better

compression  characteristics than the corresponding crystalline  solids.
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However, amorphous materials are more thermodynamically unstable than
the crystalline form on storage (Singhal and Curatolo 2004).

Moreover, spray-drying requires particular attention in the process
control because of limitations and the high number of parameters. These
limitations include problems with low yield collection and instability to heat-
sensitive materials. Each process variable is critical and reveals difficulties in
spray-drying optimization attempts. The spray-drying process optimization
involves the evaluation of parameters concerning both spray-dryer condition
and feed formulation (Gharsallaoui et al. 2007).

The next generation of spray dryer is nanospray dryer. Nanospray
dryer is based on a new spray drying concept. This device can produce higher
yield powder with more uniform fine particles size. A complete diagram of
the apparatus is illustrated in Figure 2.9. The liquid sample is fed to the spray
head by a pump. Then the generation of droplets based on a piezoelectric
driven actuator, vibrating around 60 kHz, perforated through stainless steel
membrane (micron-sized holes; 4.0, 5.5 or 7.0 um) in a small spray cap,
ejecting millions of precisely sized droplets per second with a very narrow
distribution. These fine droplets are dried into solid particles which are
collected by electrostatic charging and are deflected to the collecting
electrode. Finally the resulting powder is collected using a rubber spatula (Li,

et al. 2010).
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Figure 2.9 Schematic of the Nanospray Dryer (Li et al. 2010)

11. Response Surface Methodology and Central Composite Design

Response surface methodology, or RSM, is set of mathematical and
statistical techniques to analyze and to form a model describing a response of
interest influenced by several independent variables. RSM can be used to
optimize and predict the response associated to the significant variables.
Mathematically, the response can be expressed as following this equation,

y=f(x,x)+e€ Equation 2. 1
where € represents the noise or error observed, y is the response, x; and x,
are the variables influenced the response. If the expected response of
f(x1,%x;) is denoted as u, then # is called surface response which normally
represented in 3D graphic as the function of combination of two variable.

The models of the relationship between response and independent

variables are fitted using regression analysis. Determination coefficients (R?)
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and lack of fit testing are considered to determine the fitted model. Linear
model (first-order model) and quadratic model (second-order model) are
mostly used in RSM (Montgomery 2005).

According to fitting a second-order model, Box and Wilson in 1951
have introduced central composite design (CCD) as an efficient design of
experiment and minimalist number of experimental runs considering the non-
statistically lack of fit testing. This model, generally, consists of a 2% factorial
with nFruns, 2k axial or star runs and nC center point, geometrically shown

in Figure 2.10.

Figure 2.10 Central composite design with k=3 (Montgomery, 2005)

Billon et al (2000) used RSM to optimize the operating conditions to
maximize production yields and minimize moisture contents of spray dried
acetaminophen microparticles as responses. For the first screening to
determine the significant independent variables, fractional factorial design
was employed resulted that the most significant factors are inlet temperature,
pump rate and their interaction for both formulations containing sodium

carboxy methyl cellulose and feed rate and colloidal silica concentration for



33

the formulation containing microcrystalline cellulose to both of responses.
Then, in order to estimate the optimized operating condition of spray drying,
response surface methodology was used with central rotational composite
design resulting adequate quadratic model for both of responses (Billon et al.
2000).

Tonon and co-workers (2008) also had employed RSM with
central  composite  design to  optimize the variables of inlet
temperature, feed rate and maltodextrin  concentration on  moisture
content, hygroscopicity, process vyield and anthocyanin retention of
acai (Euterpe oleraceae Mart.) powder (Tonon et al. 2008). In this
study, the response of hygroscopicity and process yield were
significantly  influenced by those independent variables which fitted-
well  with  quadratic ~ model. However, moisture  content ~ was
significantly affected by the wvariable of inlet temperature and feed
rate  with which fitted-well with linear model whereas anthocyanin
retention was only influenced by the inlet temperature but fitted well
with quadratic model (Tonon et al. 2008).

Moreover, Ahn and colleagues (2008) wused microencapsulation
entrapment efficiency (MEE) of microencapsulated sunflower oil (MESO) as
the response of four variables including SO concentration, proportion of milk
protein isolates (MPI) to coating wall, soy lecithin concentration, and
homogenizing pressure. RSM was employed by adopted central composite
design resulting only 31 experimental runs with four variables which

revealed quadratic model. In accordance with maximal MEE (94.6%)
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observed in the MESO under optimized conditions displayed about 96.6%
MEE. This result represents that the regression equation which exposed from
was a suitable model to describe the response of the experimented parameters
to the MEE of MESO. Thus, RSM with rotatable central composite design
can be used in both of optimization feed formulation and of spray drying

condition processes (Ahn et al. 2008).
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MATERIALS AND METHODS

1. Materials

1.1  Chemicals
Acetic acid, Sigma-Aldrich, Germany

Asiatic Acid, Guangxi Changzhou Natural Product Development Co., Itd,
China

Bromocriptine mesylate, lot SV-722210-01, Sigma Chemical Co, St Louis,
MO, USA

Chitosan, low molecular weight (50 kDa), Sigma-Aldrich, Germany

Ethylene oxide/propylene oxide block copolymer (Pluronic F-127), BASF,
Maltodextrin, Becthai, Thailand

Rhodamine-6g, Molecular Probes, Eugene, OR, USA

Sorbitane polyoxyethylene monooleate (Tween 80), VWR International Ltd.,
UK

Sorbitane monooleate (Span 80), Fluka Chemika, Germany

Tristearin, TCI, Japan

Trimyristin, TCI, Japan

Ultrapure water (Maxima Ultra Pure Water, Elga-Prima Corp, UK) with a

resistivity greater than 18 MQ/cm was used to prepare all solutions
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1.2 Cell culture
bEnd3 (ATCC® CRL-2999™), American Type Culture Collection, USA
Caco-2 cells, (ATCC® HTB-37™), American Type Culture Collection, USA
Collagen I, Rat Tail, Gibco®, Gibthai Co. Ltd., Thailand
CTX TNA2 (American Type Culture Collection® CRL-2006™), Gibthai Co.
Ltd. Thailand
Dulbecco’s modified Eagle medium (DMEM) high glucose with L-glutamine
(GIBCO), Gibthai Co. Ltd., Thailand
Fetal bovine serum (FBS), Gibco®, Gibthai Co. Ltd., Thailand
Hank’s buffered salt solution (HBSS), Gibco®, Gibthai Co. Ltd., Thailand
Non essential amino acids (NEAA), Gibco®, Gibthai Co. Ltd., Thailand
Penicillin—streptomycin liquid, Gibco Gibthai Co. Ltd., Thailand
Phosphate-buffered saline (PBS), Gibco®, Gibthai Co. Ltd., Thailand
Transwells™ permeable membrane inserts (six wells, 0.4um pore size, 2.44
cm?) (SIGMA), ANH Scientific Co. Ltd, Thailand
Tissue culture flask, Corning T-15 cm? cell culture and Corning T-75 cm? cell
culture, ANH Scienctific Co. Ltd., Thailand
Trypsin— Ethylenediaminetetraacetic Acid (EDTA) 0.05%, Gibco®, Gibthai
Co. Ltd., Thailand
Triton X-100 (SIGMA), Gibthai Co. Ltd., Thailand
2-[4-(2-Hydroxyethyl)-I-piperazinyl]-ethanesulfonic acid (HEPES), Gibco®,
Gibthai Co. Ltd., Thailand
Chamber slide, 8-chambered Nunc® Lab-Tek 11®- CC2" slide, ANH

Scientific, Co. Ltd., Thailand
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1.3 Equipments
Centrifuge, Clay-Adams Safeguard, USA
Confocal Laser Scanning Microscope, Fluoview FV10i, Olympus, Japan
Differential Scanning Calorymetry (DSC), 2000A, Mettler TA, USA
Eppendorf Centrifuge 5810, Germany
FTS Dura Dry MP Microprocessor Controlled Corrosion, FTS System, USA
Mini Blchi Spray dryer B-290, Biichi, Switzerland
Nano Bichi spray dryer B-90, Buichi, Switzerland
High Performance Liquid Chromatography, Shimadzu model LC-8A, Japan
High pressure homogenizer, Emulsiflex-B3, Avestin inc., Canada
Inverted Microscope CKX31, Olympus, Japan
Laminar Cabinet HBB 2448, Holten, Thermo Scientific,. Dreieich, Germany
Scanning Electron Microscope (SEM), Hitachi 5-4100, Japan
Transmission Electron Microscope (TEM), JSM-6700F, JEOL, USA
Ultra Turrax®, IKA-Werke, T50 digital, GmbH & Co., Staufen, Germany
VICTOR®™ Multilabel Counter, 1420-051, Perkin Elmer, USA
Vortex mixer vm-300, Gemmy, USA
Water Jacketed CO; Incubator, Thermo Forma Scientitific 3158, UK
X-Ray Diffraction, SIEMENS D 5000, Germany

Zetasizer, Malvern Instruments, Malvern, UK
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2. Methods

2.1  Preparation and Characterizations of Lipid Nanoparticles
2.1.1 Preparation of BMSLN

The formulations of BMSLN, shown in Table 3.1, were prepared
from preliminary study by hot high homogenization technique. Briefly, lipid
(tristearin and trimyristin for SLN) and span 80 were melted at 10°C above
their melting points as lipid phase into which BM was then dissolved. The
aqueous phase consisting of hot ultrapure water (80°C), tween 80 and
pluronic F127 were added to lipid phase. Then, the mixture was
homogenized using ultra Turrax at 10,000 rpm in 5 min to form emulsion
(o/lw). In order to form nanoemulsion, the resulting emulsion was
homogenized using hot high homogenizer at the pressure of 1000 bar and 5

cycles (water baht temperature at 82.5 °C).

Table 3.1 Formulation composition of BMSLN and BMNLC

% Content (w/w)

Ingredients
SLN NLC
BM 0.025 0.060
Lipid (trisearin:trimyristin=7:3) 1 -
Lipid (tristearin:trimyristin:castor oil=4:2:4 - 1
Surfactant (tween 80: pluronic f127:span
2 2

80=2:1:1)

Purified water to make 100 100
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2.1.2 Particle size and zeta potential measurement

The average particle size, polydispersity index (Pl) and zeta potential
of BMSLN were determined by a Nano-ZS zetasizer (Malvern Instruments,
Malvern, UK) at 25 °C. Each measurement was taken in triplicate.

2.2  Preparation of Spray Dried SLN Chitosan-based
2.2.1 Preparation of SLN chitosan-based containing BM

Low molecular weight of chitosan was dissolved in 1% (v/v) acetic
acid until resulted 1% (w/w) chitosan solution (pH 3.99) followed by mild
agitation using magnetic stirrer at 50°C, 70 rpm over-night. The solution was
then filtered to get rid of dust and other traces impurities and was used as a
stock solution. The stock solution was then diluted in ultrapure water to form
0.5% (w/w) solution.

In order to see how to form SLN chitosan-based, 10 mL BMSLN
dispersion was added consecutively drop wise to an equal volume (10 mL) of
chitosan solution with varied concentration (0.5 and 1% w/w). Chitosan was
let to coat the SLNs in 30-min incubation at room temperature (25°C). TEM
characterization was employed to see the morphology of BMSLN chitosan-
based following method in the next section 2.3.6.

In order to convert SLN chitosan-based into spray dried powder, SLN
chitosan-based was prepared following the method above with 0.5% chitosan
solution. Mini Buchi B290 spray dryer (Buchi, Switzerland) was employed to
spray dry SLN chitosan-based by noticing three processing parameters
conditions i.e. (i) temperature, (ii) feed concentration and (iii) pump rate.

Maltodextrin was added and varied g.s as a filler to form spray dried powder
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of SLN chitosan-based considering variation of feed concentration that would
be designed. The powder was then stored in a humidity controlled cabinet for

a 48 h-period prior to their characterization (Kho et al. 2010).

2.2.2 Experimental design

In order to optimize the spray dried SLN chitosan-based, response
surface methodology was employed. A three factors, five-level central
composite rotatable design 2° principal (Box et al. 1978) was selected to
study the effect of 3independent variables, inlet temperature (X;), pump rate
(X2) and feed concentration (X3). The responses used were the vyield %,
redispersion of nanoaggregate powder size and moisture content of the
nanoaggregates powder. An initial 2° full factorial design was created,
providing the upper (+1) and lower (—1) level values for each -evaluated
parameter (X3-X3) (Table 3.2). A total of 8 experiments were obliged
(factorial points, Table 3.3). Effects and interactions between factors were
derived.

The 8 full factorial designs were expanded to a central composite
design (CCD) by adding 12 ‘“star” points (6 axial points and 6 replicated
centre points, Table 3.2). This design was generated and analyzed by the
statistical software package Design-Expert V. 8 (StatEase Inc., USA).

The studied experimental responses were the results of the individual
influence and the interactions of the 3 independent variables following

polynomial model:
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Y = by + byx; + byxy + b3xs + by x2 + byyx? + bayx?

+Db12X1X5 + D13X1X3 + D3 XXz .eiiiiiiiiiiiiii Equation 3. 1
+D13X1X5 + Dy3X1X3 + Do3XoX3.iiiiiiiiiii Equation 3. 1
Where Y was the measured response, by the intercept term, b;’s (for i = 1-3)
were the linear effects, b;'s were the quadratic effects, b;;'s (for i,j = 1-3,

i<j) were the interaction between the i and j variables. To perform the
statistical data analysis, analysis of variance (ANOVA) was able to determine

the significance of the factors and interactions between them.
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In order to select the model equation, statistically significant at F ratio
(o< 0.05) and high R® were considering then associated with statistically
insignificant lack of fit (a> 0.05) (Asasutjarit et al. 2007). The criteria of
optimization were determined by the minimum inlet temperature on

maximum yield and minimum nanoaggregate size of powder redispersion.
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2.3 Spray Dried Powder Characterization

The spray dried powder of BMSLN chitosan-based resulting from
optimization of spray drying was characterized for their physical properties

following methods.
2.3.1 % product yield.

The obtained sample was collected from the spray dryer collector
chamber and weighed to get the mass of obtained product yield. The %

product yield was calculated following this equation,

% yield = ——obtained 3 1000f.......ovocrerereeereeeeereereesssrereen Equation 3. 2

Winitial solid content

where W, ptainea Was the mass of obtained product yield and Wiy;tial sotid content WaS
the mass of initial solid part in the sample.
2.3.2 Moisture content.

The obtained powder sample of 0.5g was weighed. The residual
moisture content was determined via loss-on-drying using a Mettler Toledo

Deluxe Halogen Moisture Analyzer HR83 (Mettler-Toledo, Belgium).

2.3.3 Size and zeta potential measurement of spray dried powder redispersion
BMSLN chitosan-based (RSPCBMSLN).

The obtained powder sample of 0.3g was dispersed in 10 mL of
water. After 5 min gentle agitation using vortex, nanoaggregate size and zeta

potential were measured following method mentioned in section 2.1.2
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2.3.4 Particle size measurement

The droplet size distribution of the spray dried powder was
determined by a Scirocco 2000 dry powder system provided with a
Mastersizer 2000 wusing laser diffraction (Malvern Mastersizer 2000, UK).
The refractive index of lipid was 1.3300, the absorption value was 0.1 and
the refractive index of maltodextrin was 1.4300. The droplet size distribution
was determined by volume distribution and expressed as mean [d(4,3)]. The

width of the powder size distribution was expressed by the SPAN value:

SPAN = % .................................................. Equation 3. 3

d(0,9), d(0,5) and d(0,1) were the diameter of 90% volume distribution,
diameter of 50% volume distribution (median) and diameter of 10% volume

distribution, respectively.

2.3.5 Particles flowability determination

The Carr's compressibility index (CI), which used as the particle
flowability characterization, was determined by following Equation 3.4. A
bulk density of spray dried powders (ppuky Was determined at tap volume
(Vpui) that was achieved by weighing 4 mL of the bulk of spray dried powder
into a 10-mL measuring cylinder without tapping. Then, in order to
determine (pup), the bulk was tapped using in-house densitometer until 1200
taps to measure Vy,;x. Cl values below 25 indicated free-flowing particles

and values above 40 indicate poor flowability (Podczeck, 1998).

cr = PapzPou)  q0000 Equation 3. 4

Ptap
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2.3.6 TEM analysis

The  nanoaggregate  morphology  was  characterized using a
transmission electron microscope (TEM) model JSM-6700F (JEOL, USA).
The sample was prepared by dropping a formulation which was diluted 10-
fold with ultrapure water on to a copper grid followed by negative staining
with 1% phospho tungstic acid (Luo et al. 2011). In order to get rid of the
water from the sample, desiccators were using for 2 h then the prepared
sample were stored in a controlled humidity chamber until their

characterization.

2.3.7 SEM analysis

The shape and surface morphology of the dry powder was examined
with the scanning electron microscopy (SEM, Hitachi S-4100) after gold

palladium coating onto the powder using an ion coater.

2.4  Development of Spray Dried Powder of BMNLC Chitosan-based
(SPcBMNLC)

Nanostructured lipid carrier (NLC) as the second generation of lipid
nanoparticles had some advantages to increase the stability of model drug
(BM). The ability to avoid drug expulsion was interesting to explore NLC to

be spray-dried (Muller et al. 2002b).

2.4.1 Preparation of BMNLC

BMNLC was generated following the method mentioned in section

2.1. The composition of NLC formulation was prepared following Table 3.1
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in section 2.1. BMNLC was physically characterized by following method in

section 2.1.2.

2.4.2 Spray drying of BMINLC chitosan-based (cBMNLC)

BMNLC  chitosan-based was prepared following the method
mentioned in section 2.2 in optimized condition which resulted from the
experimental design. Spray dried BMNLC chitosan-based was physically
characterized (% product vyield, moisture content, nanoaggregate size, TEM,
and SEM) following methods mentioned in section 2.3. (1-7) and then

compared to spray dried powder of BMSLN chitosan-based.

2.5  Chemical Characterization of BMSLN, BMNLC, Spray Dried Powder of
BMSLN Chitosan-based (SPcCBMSLN) and Spray Dried Powder of BMNLC
Chitosan-based (SPCBMNLC).

In this study, chemically characterization was hard experiment since
the instability of BM as a model drug. In order to avoid degradation by light,

all of experiments were conducted under low light condition.

2.5.1 HPLC procedure

The HPLC determinations were performed using a HPLC (Shimadzu
model LC-8A, Japan) system consisting of a two plungers alternative pump
(Shimadzu LC-20AD, Japan), a variable wavelength UV-detector (Shimadzu
SPD-20A/AV, Japan), operating at 300nm and an injection with a 20 puL
loop. The BDS Hypersil C-18 reverse-phase column (25x0.46cm) by Thermo
Scientific, USA, packed with 5 pm particles was used. The mobile phase

used was a mixture of acetonitrile and buffer ammonium (70:30). The flow
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rate was 1.0 mL min" and the column temperature was room temperature
25°C (Esposito et al. 2008). Linearity and robustness of BM assay were also

conducted.

2.5.2 Drug Entrapment Efficiency (DEE)

Free BM (non-incorporated in the BMSLN or BMNLC) was
separated by ultrafiltration centrifugation technique (Zhuang et al. 2010).
Briefly, 1 mL of BMSLN or BMNLC was placed in the upper chamber of a
centrifuge tube matched with an ultrafilter (Amicon ultra, Millipore Co.,
USA, MWCO 3 kDa) and centrifuged using Eppendorf 5810 from Germany
for 30 min at 4000 rpm and the filtrate with free BM was obtained. The
obtained filtrate was diluted with methanol and filtered through 0.45 p
membrane filters. Afterwards, the resulting solution was analyzed by HPLC
procedures mentioned in 2.5.2. The total drug content in BMSLN or BMNLC
was determined as follows: aliquots of 1 mL BMSLN or BMNLC dispersion
were diluted appropriately by methanol to dissolve the lipid ingredient. Then
the obtaining suspension was filtrated through 0.45 p membrane filters and
analyzed by HPLC procedures (section 2.5.2). The drug loading content was
the ratio of incorporated drug to lipid (w/w). The encapsulation efficiency

(EE) was calculated by the following equations, respectively:

DEE (%) = Zrotat=WFree o 1000 .....ooovieiieeeeeeeee Equation 3. 5

Wrotal

Whrotal, Weree, Were the weight of total drug in SLN or NLC and the weight of

unentrapped drug in ultra-filtrated part.
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2.5.3 Drug retention (DR)

Retention of BM was determined by dispersing approximately 0.3g of
spray dried BM-SLN/NLC chitosan-based powder in 10 mL of Milli-Q H;O
in capped glass vials. One mL of the redispersed of spray dried BM-
SLN/NLC was diluted ad 5 mL of 1% Triton X-100 (dissolved in methanol)
and incubated in shaker for 1 h (100 rpm, 25°C) to extract the drug from
nanoaggregates of SLN/NLC. Then approximately 1.5 mL of sample was
filtered into brown vial (2 mL) and determined using the HPLC method
(mentioned in 2.5.1). The total drug content in spray dried BMSLN/BMNLC
chitosan-based was determined by following the previous procedure
mentioned in drug encapsulation part as well as determining of the amount of
encapsulated BM before spray drying. Drug retention was calculated as the
amount of BM in the spray dried powder relative to the amount of BM in the

SLN/NLC before spray drying:

) __ (BMinspraydriedpowder)

Drug Retention(% x 100%.......... Equation 3. 6

(Kaasgaard and Keller 2010).

(BMbeforespraydrying)

2.6 Development and Comparison of Spray Drying BMSLN/BMNLC and
Nanospray Drying BMSLN/BMNLC Chitosan-based

In order to reduce the nanoaggregates size, Nanospray Dryer B-90
that could produce submicron particles from solution or liquid dispersion was
employed. The nanospray dried powder and their redispersed nanoaggregates
were compared to those obtained spray dried powder and their redispersion
powder. In order to match the condition of this spray dryer, the previous

optimum condition was employed with some adjustments.
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The feeding of both spray drying BMSLN or BMNLC chitosan-based
and nanospray drying BMSLN or BMNLC chitosan-based was prepared by
following the previous method mentioned in section (2.1, 2.2 and 2.3) with
some adjustments. The feed of concentration was at 3% by reducing
maltodextrin ~ concentration. In order to decrease the viscosity, the
concentration of chitosan was reduced from 0.5% to 0.1%. The hot
homogenizing process was fixed on to 7 cycles to obtain smaller droplets of
SLN/NLC. The spray dryer (Buchi B-290 Spray Drier) was set up in
optimum condition (inlet temperature at 115° C, pump rate at 16% and gas
flow rate at 350 L/min). The inlet temperature of Buchi Nanospray dryer B-
90 was 115°C. The gas flow rate was at 350 L/min and the pump setting at
22% from the optimum condition (Li et al. 2010). The powder products were
then characterized by their physical properties (product yield, particles size

and SEM) following the previous methods (section 2.3.1 and 2.3.2).

2.6.1 FTIR analysis

In order to characterize the effects of the different apparatus spray
drying on IR spectra of BM, maltodextrin, BM loaded nanospray dried SLN
or NLC chitosan-based were evaluated by FTIR (Perkin Elmer), using KBr
pellet disk technique. All samples were scanned in the IR range from 400 to
4000 cm™* (Florey 1979). Those IR spectras were then compared to spray

dried BMSLN and BMNLC chitosan-based.
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2.6.2 Wide angle X- ray diffraction analysis

The nanospray dried samples (nanospray dried BMSLN and BMNLC
chitosan-based) were characterized for their crystallography structure by
powder XRD (Siemens 500 D, Germany) as well as maltodextrin. tristearin,
trimyristin and pluronic f127 as lipid component and the spray dried of
BMSLN and BMNLC chitosan-based were also characterized for
comparison. A voltage of 40kV and a current of 50 mA for the generator
were applied with Cu as the tube anode material. The solids were exposed to
a Cu-K radiation, over a range of 26 angles from 5° to 30° at an angular

speed of 2° (26)/min, a sampling interval of 0.001° (Suresh et al. 2007).

2.7  Development and Comparison of Spray Dried Powder of AASLN/AANLC
Chitosan-based

2.7.1 Preparation of AALN/NLC

The concentration of the drug was increased to raise the dose of the
drug in the formulation. From preliminary study, 60mg of AA was the
optimum drug amount that could be dissolved in 1mg of meting lipid.
Therefore, formulations of AA-loaded SLN/NLCs, shown in Table 3.4, were

prepared as follows.

Table 3.4 Formulation of AA-loaded SLN/NLC
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% Content (w/w)

Ingredients
SLN NLC
AA 0.060 0.060
Lipid (tristearin:trimyristin=7:3) 1 -
Lipid (tristearin:trimyristin:castor oil=4:2:4) - 1
Surfactant (tween 80: pluronic F127:span 2 2
80=2:1:1)
Purified water to make 100 100

AASLN and AANLC were prepared by following the method in section 2. 1.
1 with increasing cycles on hot pressure homogenization into 7 cycles (water baht

temperature at 82.5 °C).

2.7.2 Spray drying of AASLN/AANLC chitosan-based

Spray dried AA-loaded SLN/NLCs chitosan-based were produced by
following the method from optimized condition mentioned at section 2 with
some adjustments. To optimize the concentration of drug in dried powder, the
feed of concentration was increased by varying increasing the amount of
AASLN dispersion and reducing the amount of maltodextrin. The
experiments were set as follows Table 3.5. The volume of 0.5% chitosan (in
1% acetic acid) was also modified to reach equal volume of AASLN (10 mL,
25 mL and 40 mL). According to the previous results of spray drying

BMSLN, the product vyield was used as dependent variable which was
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influenced by the feed concentration parameter. The appearance of the
obtained powder was also considered.

Table 3.5 Optimization of feed concentration of spray drying AASLN chitosan-based

AASLN (mL)
10 25 40
Solid (%)
1 A B C
2 D E F
3 G H |

The optimized feed concentration of spray drying AASLN was
employed to spray drying AANLC.

The dry products of AA-loaded SLN/NLC chitosan-based were then
characterized their physical (yield, particles size of RSP, moisture content,
powder particle size, flowability, SEM, TEM, FTIR, WXRD) following the
previous methods (section 2.3.1-7, 2.6.1 and 2.6.2) with some adjustments.

2.7.3 DSC analysis

The physical state of AA in powder samples was characterized by a
differential scanning calorimeter (DSC 2000A, Mettler Toledo TA, USA) as
well as, SPCAASLN and SPcAANLC, their physical mixtures and each solid
component of formulation. About 5mg of the above samples were sealed in
standard aluminum pans with lids. All samples were scanned at a temperature
speed of 20° C/min with the heat flow from 25 to 350 °C and protected with

pure dry nitrogen gas at 60 mL/min. Indium was used as the standard
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reference material to calibrate the temperature and energy scale of the DSC
instrument (Castelli et al. 2005).

In order to investigate solid state of AASLN and AANLC, the bulk of
SLN and NLC, blank SLN and NLC and AASLN/AANLC samples were
scanned at 5°C/min heating rate from 25 to 90 °C and -1°C/min cooling rate
from 90 to 0°C. The DSC profile of the bulk lipid of SLN/NLC the lipid

nanoparticles of SLN/NLC and the influence of AA existence were studied.

2.7.4 HPLC procedure

AA was determined using HPLC procedure following Gilnther and
Wagner (1996) with minor modifications. The HPLC, pumps, detector and
column that used were mentioned in section 2.1.4. The sample was detected
at 210nm. The mobile phase used was a mixture of acetonitrile and 10 mM of
buffer phosphate (pH 7.7) (28:72). The flow rate was 1.0 mL.min™* and the
column temperature was room temperature 25°C and the run time was 15
min. Specificity, linearity, accuracy, limit of detection (LOD), limit of

quantification (LOQ) and robustness of AA assay were also conducted.

2.7.5 Drug Entrapment Efficiency (DEE)

The entrapped drug in the AASLN or AANLC was separated by
MobiSpin g-50 column (MoBi Tec GmbH & Co0.KG, Germany). Briefly, 0.5
mL of AASLN or AANLC was placed in the column that had been supported
by a 1.5 mL flip-flop tube and spin for 2 min at 2444 rpm. The sample which
contained AASLN or AANLC (unentrapped in SLN or NLC) was collected

into the bottom of supporting tube. The entrapped drug was determined as
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follows the following method. Aliquots of 0.4 mL sample were diluted
appropriately by methanol with 1% Triton X-100 to dissolve the lipid
ingredient. Then the obtaining suspension was filtrated through 0.45 p
membrane filters. Afterwards, the resulting solution was analyzed by HPLC
following method that mentioned in section 2.8.3. The total drug content in
AASLN or AANLC was determined by following method as mentioned in
the previous without separating the entrapped drug. Drug Entrapment

Efficiency (DEE) was calculated by the following equation:

DEE (%) = “Lenirappeddrug o 10005 e, Equation 3. 7

Wrotal

2.7.6 Drug Retention (DR)

The spray dried powder was prepared by following the method in
section 2.5.3. And then the sample was determined using HPLC by following

the method section 2.7.4. Drug retention was calculated by following Eqg. 5.

2.7.7 Invitro release profile

In order to examine the release profile of spray dried powder
CAASLN and cAANLC, other 2 formulations without chitosan (SPAASLN
and SPAANLC) were also conducted, and the original AASLN and AANLC
formulations were compared. The method on in vitro release profile followed
Esposito et al. 2008 with some modifications. 0.3g of spray dried powder of
CAASLN and cAANLC (also SPAASLN and SPAANLC) samples were
weighed and were filled in size ‘2’ hard gelatin capsules and were placed it

into a dialysis bag (MWCO 3.5 kDA) with 3 mL of water. 3 mL of AASLN
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and AANLC sample were just placed in a dialysis bag (MWCO 3.5 kDA)
and put at the bottom of the vessel for comparison. Prepared samples were
then evaluated for in vitro release using USP XXIII apparatus Il at 37+0.5
°C, at 100 rpm in 500 mL buffer of pH 1.2 for 2 h then replaced the medium
with the same amount buffer of pH 6.8 for both spray dried powder of
AASLN and AANLC chitosan-based (SpcAASLN and SPcAANLC). During
study, 1.5 mL of aliquots was removed at 0, 0.5, 1 and 2h from pH 1.2
medium; 4, 6 and 8 h from pH 6.8 medium and replaced with fresh buffer.
Amount of drug released was diluted with methanol and determined using the

developed HPLC method that mention in 2.7.4.

2.7.8 Stability studies

Chemical and physical stability of spray dried powder of AASLN
(SPCAASLN) and AANLC chitosan-based (SPCAANLC) were assessed at
25+2°C/75£5% RH. The powder samples (SPAASLN, SPcAASLN,
SPaaNLC and SPcAANLC) were weighed of 0.3g and filled in size ‘2’ hard
gelatin capsules, packed in aluminum strips and stored for 3 months. The
liqguid samples (AASLN and AANLC) were placed into amber bottle glass
and stored in the equal condition as powder samples. Samples were analyzed
at 0, 15, 30, 60 and 90 days for drug content, percentage of entrapped drug
and nanoaggregate size (Borhade et al. 2008). Drug content was prepared by
following the method that mentioned in section 2.5.3 and analyzed by
following section 2.7.4 for HPLC analysis. Percentage of entrapped drug was

prepared by following section 2.7.5 and analyzed by following section 2.7.4.
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Nanoaggregate size and Pdl measurement was determined following section

2.3.3.

2.8 Invitro Absorption Studies of Redispersed Spray Dried Powder of AASLN and
AANLC Chitosan-based (RSPCAASLN and RSPCAANLC) on Caco-2 cells

In order to investigate the cytotoxicity and permeability of spray dried
cAASLN/cAANLC as oral drug, Human Colon Carcinoma Cell Line Colon
or Caco-2 cells which represents small intestinal cell model were utilized.
The selected formulation which was spray dried AA-loaded SLN/NLC was

chosen to be studied following the methods below.

2.8.1 Cell culture

Caco-2 cells (ATCC®) were grown at 37°C with 5% CO,/ 95% air
and 90% relative humidity in Dulbecco’s modified Eagle medium (D-MEM)
supplemented with 1% penicillin—streptomycin, 1% nonessential amino acids
(NEAA), and 10% fetal bovine serum (FBS). Caco-2 cells were maintained
in T-25-cm? flasks and were split (1:3) when reaching 80%-90% confluence
using trypsin-ethylenediamine tetraacetic acid (EDTA). Then, Dulbecco’s
modified Eagle medium (DMEM) supplemented with 10% fetal bovine
serum (FBS), 1% nonessential amino acid (NEAA), and 1% penicillin—
streptomycin was added. Culture medium was changed every second day and
cells were grown at a temperature of 37°C in an atmosphere of 85% relative
humidity and 5% CO,. For the transport assay, cells were seeded on top of
Transwell inserts (pore size 0.4pm, 4.67cm?) at a density of ~1x10°cells/well.

Transepithelial  electrical resistance (TEER) was measured and only
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monolayers with a TEER>350 Q*cm® and background subtracted, were used
for transport studies. Cells were differentiated for 20-21 days before the

initiation of the experiments (Sha et al. 2005).

2.8.2 Confocal laser scanning microscopy (CLSM)

The Caco-2 cells were cultured in 8-chambered Nunc® Lab-Tek 11®-
CC?slide until formed monolayers (7 days). The transport pathway of these
fluorescent markers (Rhodamine 6g) across Caco-2 cell monolayers was
visualized with CLSM. The monolayer cells were incubated with
formulations  containing  Rhodamine 6g (R6g) (R6g-SLN/NLC  and
redispersed spray dried R6g-SLN/NLC chitosan-based and non-chitosan-
based) in serum-free DMEM and kept in life-conditions (37°C and 5% CO,).
A control experiment was executed in the same way without adding
formulations. An Olympus FV10i-LIV of Center of Nano Imaging, Faculty
of Science, Mahidol University, Bangkok, Thailand, was used for confocal
imaging. R6g were excited at a wavelength of 516-536nm. The confocal

images of the monolayer cells were captured every 10 min for 2 h incubation.

2.8.3 Assessment of cell viability

The cell viability of Caco-2 cells was measured by the MTT assay for
evaluation of the cytotoxicity of re-dispersed formulations following to
Mosmann (1983) with minor modifications. Approximately 5x10* cells (in
100 pL of cell culture medium) were seeded into the well in 96-well tissue
culture plate. The cells were subsequently cultured under the same condition

as the monolayer preparation for 96 h before use. Just prior to the start of
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each experiment, the medium was removed from the cells, and redispersed
formulation (AA free, SLN blank, RSPSLN Blank, RSPcSLN Blank,
AASLN, RSPAASLN, RSPcAASLN, NLC blank, RSPNLC, RSPcNLC,
AANLC, RSPAANLC and RSPcAANLC) in Hank’s buffered salt solution
(HBSS) was added to each well with following various of dilution of
formulation that contained of AA concentration from 125 pM to 100 pM.
After 2 h treatment, 100 pL 0.5 mg/mL MTT solution was added to each
well, and the cells were incubated for 4 h (37 °C). Then the solution was
removed and in order to dissolve formazan crystals, 100 pL DMSO was
added. The absorbance of formazan was measured at 570nm (Sha et al. 2005)
using VICTOR®™ Multilabel Counter model 1420-051 (Perkin Elmer, USA).
Cell viability was determined by comparing absorbance of solution from
wells containing treated cells with that of untreated cells. Triple replicates

were measured for each concentration.

2.8.4 Transport assay

I™ inserts (pore size 0.4pm, 4.67cm’) at a

Caco-2 cells in Transwel
density of 1x10°cells/well were used in this experiment (mentioned in 2.8.1).
AA transport assays were performed in absorptive (apical to basolateral, A to
B) and secretory (B to A) directions (Figure 3.1). To initiate the experiments,
free AA, formulations (AA free, AASLN, AANLC, RSPAASLN,
RSPAANLC, RSPcAASLN and RSPcAANLC) in buffer solution, Hanks'
balanced salt solution (HBSS) containing 25 mM 2-[4-(2-Hydroxyethyl)-I-

piperazinyl]-ethanesulfonic acid (HEPES) (pH 6.5 for A to B; pH 7.4 for B to
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A; 37 °C), was added to the donor compartment, and 2-[4-(2-Hydroxyethyl)-
I-piperazinyl]-ethanesulfonic acid (HEPES) (pH 6.5 for apical side; pH 7.4
for basolateral side) was added to the receiver compartment (2.5 mL). The A
to B samples were collected from the receiver compartment by complete
replacement of the receiver volume with fresh buffer solution (37 °C) at 0,
15, 30, 60, 120, 240 and 360 min. The 200 pL of B to A samples were
collected at 0, 120 and 240 min. In order to calculate drug uptake, after each
of incubation, the medium was removed and the uptake process was stopped
by washing the cells three times with ice-cold PBS (pH 7.4). The cells were
then trypsinized with trypsin/EDTA, and solubilized with 1% TritonX-100.
Total drug (AA) was quantified following method as described previously in

section 2.7.3 (HPLC) (Chattopadhyay, et al., 2008).

Sample Side  Added Side

Raca Anira

A tn

Raca

Anira

R tn

Figure 3.1 Schematic of dosing and sampling drug transport study (Wandel et
al. 2002).

Flux was determined using receiver compartment compound steady-
state permeability rate. Apparent permeability coefficient (Pap) (cm/s) across

Caco-2 monolayers was calculated via the following equation
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e Equation 3. 8

where AQ/At is a permeability rate (ug/s), Co is an initial concentration in the

donor chamber (xg/cm?®), and A is a membrane surface area (cm?).

Reverse ratio (RR) was computed as

__ Papp (-4

RR =
Papp(a-p)

.......................................................... Equation 3. 9

where Papp,-py is apparent permeability of Apical to Basolateral site and
Pappi-4) is apparent permeability of Basolateral to Apical site (Buchanan

et al. 2007).

2.8.5 Transepithelial electrical resistance (TEER) measurement

During the permeability experiment (section 2.8.4), the transepithelial
resistance (TEER) was also studied. The resistance across the cell
monolayers was measured at given intervals during experiment (0, 15, 30, 60,
120, 240 and 360 min) (Sha et al. 2005) to determine TEER value change
using (Millicell®-ERS meter, Millipore, USA). The observed TEER values
Q.cm2) were corrected with the blank filter resistance (Sirigul et al. 2015).
The mean of TEER value of each group after treatment were statistically
compared using ANOVA analysis and continued with post-hoc Bonferroni

analysis.
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2.8.6 Nanoaggregate size and zeta potential measurement of cAASLN/CAANLC
redispersion (RSPCAASLN/RPScAANLC) before and after passing Caco-2
cells

In order to investigate the penetration of RSPcAASN/CAANLC
through  Caco-2  cells, measurement of  nanoaggregate  size  of
RSPCAASLN/RSPCAANLC and also their zeta potential before permeability
study and after passing Caco-2 cells study was conducted. Before
permeability study, RSPCAASLN and RSPcAANLC and their non-chitosan-
based were measured for their average nanoaggregate size and zeta potential
following procedure in section 2.3.3. In this experiment, monolayer Caco-2
cells were prepared in 6 Transwells™. One hundred pL of RSPcCAASLN and
RSPCAANLC and their non-chitosan-based formulation (RSPAASLN and
RSPAANLC) were placed on apical site of wells. After 2 h incubation, 1.5
mL of samples from basolateral site were taken then examined for their
nanoaggregate size and zeta potential following method in section 2.3.3. The
mean of nanoaggregate size and zeta potential was statistically compared

using paired T-test analysis.

2.9 In vitro Absorption of cCAASLN and cAANLC Redispersion (RSPCAASLN
and RSPCAANLC) on bEnd3 Cells Cocultured with CTX-TNA2

In order to investigate the cytotoxicity, uptakes and permeability of
drug model in the formulation through BBB, bEnd3 cells as a model of BBB

were used. The procedure of this in vitro study followed the method below.
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2.9.1 Cell culture

The bEnd3 (passage 33-34) (ATCC®) with density of 1x10°
cellslcm® were seeded on a culture dish. Seeded bEnd3s were cultured with
endothelial cell medium of Dulbecco’s modified Eagle medium (DMEM)
containing 10% fetal bovine serum (FBS), 1% endothelial cell growth
supplement  (Biocompare), 1% antibiotic  penicillin-streptomycin  solution
(Sigma), 1% NEAA nonessential amino acid solution (Sigma), 1% |-
glutamine (Sigma) and 1% sodium pyruvate (Sigma) in a humidified 5% CO,
incubator at 37°C over 6 days (Chattopadhyay et al. 2008).

The bEnd3s were grown as a monolayer on 25cm® polystyrene cell
culture flasks and 6 or 96 well plates. All cultures were maintained at 37°C in
an atmosphere of 95% air and 5% CO2. The culture medium was replaced on
alternate days until the cells reached ~90% confluence. Confluent cultures
were harvested by washing the cells with medium. The cells were then
detached with a 0.25% trypsin-ethylenediamine tetraacetic acid (EDTA)
solution for 3 min followed by reseeding in cultured flasks (Chattopadhyay et

al. 2008).

2.9.2 Coculture of bEnd3 cells with CTX TNA2 cells

By following Li et al (2010), Chen et al. (2013) and Thongrangsalit et
al (2015) methods, coculturing bEnd3 cell with CTX TNA2 cell as rat
astrocytes cells were conducted. The bottom membrane filter of 6
Transwell™ (Corning Costar, USA) inserts (pore size 0.4um, 4.67cm?) was

coated with collagen type I (100 pg/filter) from Gibco®. Transwells™ filter
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were incubated at 37 °C for 1 h to form gel. After that, the coated
Transwells™ were placed in a laminar air flow cabinet and allowed to air
dry.

CTX TNAZ2, a rat astrocytes cells, were seeded on the bottom of
coated Transwells™ filter at density of 5xl10°cells/filter.  In the inverted
position, the CTX TNA2 were allowed to adhere to the bottom of =~ 1.5 h in
an incubator (37°C) and then cultured upside position for 3 days before
bEnd3 cells were seeded on top of filter. The bEnd3 were seeded at density

of 5x10° cells/filter and cultured for over 6 days (Figure 3.2).

Coat Transwell Seed CTX-TNA2 Adhere for 1.5 h
l onto abluminal site

Culture for 3 days Seed bEnd3 cell Culture for 6 days
onto luminal site

(d) (e) ()
Figure 3.2 Coculturing of bEnd3 cells and CTX-TNA2 cells on different

sides of the Transwell filter with 0.4um diameter pores. The Transwell filters
were coated with rat tail collagen type | (a). CTX-TNA2 cells were seeded
onto the abluminal side of the inverted Transwell™ filter at a density of
5x10° cells per filter, (b). allowed to adhere to 1.5 h, (c). filter was flipped
back and the CTX-TNA2 were cultured for 3 days, (d). bEnd3 cells were
seeded onto the luminal side of Transwell filter at a density of 5x10° cells per
filter and (e). cocultured with astrocytes (CTX-TNAZ2) for an additional 6
days.

The bEnd3 and CTX TNA2 co-cultured cells were washed three

times with HBSS and pre-treated with HBSS for 30 min at 37°C before the
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experiments. TEER value was examined to investigate the tight junction and
integrity of cells. High TEER value was required for transport properties
across the BBB (Kuo and Wang 2010). A TEER value of BBB model for
assessing drug delivery to the brain should be higher than 120 Q.cm?

(Callahan et al. 2004).

2.9.3 Confocal Laser Scanning Microscopy (CLSM)

CLSM procedure of uptake and permeability studies of redispersed
spray dried R6g loaded cSLN/cNLC followed the method as described
previously in section 2.8.2. All of samples were obtained from the basolateral
site of permeability study on Caco-2 cells. The penetration images of
CR6gSLN/cR6gNLCs redispersion (RSPcR6gSLN/RSPcR6gNLC) in  bEnd3
as brain blood barrier model were compared to their non-chitosan and

R6gSLN and R6gNLC dispersion images.

2.9.4 Cell viability

Viability of bEnd3 cocultured with CTX-TNA2 cells in the presence
or absence of free AA, blank as well as redispersed AASLN/AANLC in a
period of 6 h was evaluated by a 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-
tetrazoliumbromide (MTT) assay as previously described in section 2.9.3.
One hundred pL of sample obtained from basolateral site of permeability
study on section 2.8.4. of AA free, AASLN/AANLC,
RSPAASLN/RSPAANLC and RSPcAASLN/RSPCAANLC were placed into
96 wells of bEnd3 cocultured with CTX-TNA2. The samples of blank group

treatments, SLN/NLC blank, RSPSLN/RSPNLC blank, RSPcSLN/RSPcNLC
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blank were obtained from similar technique to section 2.8.4. Cell viability in
the presence of the various treatments was calculated as a percent of control

cells by following calculation in section 2.8.3.

2.9.5 Permeability and uptake studies

Samples were collected from basolateral site of transport study of
formulation on Caco-2 cells in section 2.8.4. AA loaded formulations (AA
free, AASLN, AANLC, AASLN redispersion (RSPAASLN), cAASLNC
redispersion  (RSPCAASLN), AANLC redispersion (RSPAANLC) and
cAANLC redispersion (RSPcAANLC) prepared in Hank’s buffered salt
solution (HBSS) was evaluated in confluent bEnd3 monolayer cocultured
with CTX TNA2 cells. Cells were washed three times with Hank’s buffered
salt solution (HBSS) (pH 7.4, 37°C, 10 mM Hydroxyethyl-Piperazine Ethane
sulfonic Acid (HEPES)) and pre-equilibrated in HBSS for 30 min. After the
equilibration period, HBSS was removed and replaced with the mentioned
previously above. Samples collecting, permeability calculating and drug
accumulation in cells (drug uptake) were conducted following method that
mentioned in section 2.8.4. TEER also was determined to evaluate TEER
value change following method that mentioned in section 2.8.5. Results were
reported as a mean + SD from a minimum of three independent experiments
performed in monolayer cells pertaining to different passages. Differences
among treatment group were considered significant at p<0.05 using one way

analysis of variance (ANOVA) with post-hoc Bonferroni analysis.



CHAPTER IV

RESULTS AND DISCUSSIONS
1. BMSLN, Chitosan and Non-Chitosan-based

Morphology of BMSLN under TEM (Figure 4.1a) illustrates that the
SLN possessed spherical with some oblong shape and nanometer range
diameter. Quite different surroundings of nanoparticles suggested the
presence of polysorbates 80. This surfactant could be applied to modify the
lipophilic surface of SLN into hydrophilic surface to avoid being coated by
specific plasma components (opsonins), such as immunoglobulins (1gG),
albumin, the elements of the complement system, fibronectin, and others, and
then cleared from the blood stream by the phagocytic cells within minutes
(Moghimi et al. 2001; Furumoto et al. 2004). After incubating SLN
dispersion with 0.5% chitosan in 1% acetic acid, the surface of SLN became
smoother and more be seen as a spherical structure (Figure 4.1b). Such
bigger size droplet shown in Figure 4.1b was attributable to chitosan coating
around SLN (cBMSLN) with hydrophilic surface of polysorbates 80.
Aggregation might be possible occurred; the stickiness of the polymer may
have contributed to the partial agglomeration (Sandri et al., 2010; Sarmento

etal.,, 2011; Fonte et al., 2011)
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Figure 4.1 TEM characterization of a. SLN dispersion and b. SLN chitosan-based.

Scale bars equal to 1.0um.

In addition, the size of particles was noticeably larger. By nano-ZS
zetasizer, the particle sizes of chitosan-based SLN (Table 4.1) were
110.5+1.96nm and 164.5+2.23nm for non-chitosan and 0.5% of chitosan-
based SLN, respectively, (Table 4.1) corresponding to the photomicrographs.
The zeta potential of chitosan coated SLN was changed to positive values
due to the positive charge of chitosan which also consistently showed that
chitosan was existed surrounding SLN (Table 4.1). According to Luo et al.
(2011) findings, chitosan might adhere to polysorbate 80 and neutral lipid by
hydrogen bonding. They found that chitosan oligo saccharide (COS) coated a
neutral lipid of NLC (Compritol ATO 888, Miglyol 812 and Gelucire 44/14)

by hydrogen bonding and hydrophobic interaction.
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Table 4.1 Properties of SLN with low molecular weight chitosan, zeta potential and

polydispersity (mean (n=5) = SD)

SLN system Particles size Zeta potential
Pdl
(nm) (mV)
SLN 110.51+1.96 -0.889+0.06 0.44+0.03
SLN + 0.5% chitosan 164.54+2.23 20.04+1.69 0.49+0.02
2. Experimental Design

In this work, a central rotatable composite design was chosen to
describe the effects of variables in the spray drying of chitosan coated SLN
(Box et al. 1978) using three factors of independent variables. This design
offers an ease of investigation a high number of variables at different level
with a limited number of experiments (Ahn et al. 2008). The levels of each
factor were determined based on preliminary experiments (Table 3.2) The
design containing 20 runs; i.e., 8 factorial points, six star points and six
center points as shown in Table 4.2 was generated and analyzed by the
statistical software package Design-Expert V. 8 (Stat Ease Inc., USA).Table
3.2 also shows experimental results the concerning three dependent variables
ranged 31.00% to 85.56% by weight of yield, 254.6nm to 1586nm by size of
redispersed nanoaggregates and 3.18% to 8.32% by weight of moisture
content. Response surface methodology (RSM) was used to form a model
depicting those responses of interest influenced by several significant

independent variables.
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The fitted models of equation chosen were based on the result
statistical analysis shown in Table 4.2. The significant F ratio (a <0.05) of
model p value and non-statistically significant lack of fit (a > 0.05) of three
models indicate that the model equations fitted the data well. The vyield of
product, moisture content and average nanoaggregate size of redispersed
spray dried powder of cBMSLN responses were fitted with linear, quadratic
and quadratic models, described in Equation 4.1, 4.2 and 4.3,

Product yield = 83.76 +0.009 *X;-0.48 *X»-1.48 *X5 .....ccevvinnnnne Equation 4. 1
Moisture content = 30.15-0.42*X; +0.41*X; -0.04*X3 +0.001*X; X,
+0.01*X;X3-0.01*X,X3+0.001*X;%-0.007* X,

F0.002% X5t d et Equation 4. 2
Nanoaggregate size = -6253.31 +73.48*X;1+42.91*X,+169.03* X; X,

-0.01*X; X3-0.29%*X,X3-0.31*X,2-2.75* X2

23,307 X a2 e Equation 4. 3

where X;, X, and Xz were inlet temperature, pump rate and feed concentration,

respectively.

Results of optimization spray drying processes were likewise similar
reported by Oomah and Mazza (2001). The second-order polynomial
equation in terms of coded units the following equations were generated by
the application of response surface methodology to obtain the empirical
relationship between the experimental results on the basis of central
composite design. In general, proceeding with exploration and optimization
using a fitted response surface may produce unreliable results unless the

model exhibits an adequate fit (Omwamba and Hu 2009).
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Table 4.3 summarized the ANOVA analyses of the model of each
response. All of model p values were significant on linear, quadratic and
quadratic models that represention of product yield, moisture content and
average nanoaggregate size model, respectively. And all the lack of fit test p

value of each response also showed insignificance value.

Table 4.3 Statistical analysis of experimental design

Sources
Responses Model R? Lack of fit test Model
p value p value equation
Product yield <0.0001 0.9668 0.0837 Linear
Moisture content 0.0400 0.7437 0.5463 quadratic
Nano aggregate size 0.0108 0.8208 0.0501 quadratic

The analysis of variance (ANOVA) of a linear model of product yield
response was given in Table 4.4. The significance of each coefficient of the
parameter was determined by F value and p value indicating that model
terms were significant. The model F value of <0.0001 implied a significantly
model. Inlet temperature (X;), pump rate (X;) and feed of concentration were
significant model terms (p<0.05). The significance of model p value
(p<0.05), the insignificant lack of fit model value (p>0.05) and the high value
of the R? (0.9668) indicated that the model was acceptable and fit with the

experimental data (Table 4.4).
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Table 4.4 Analysis of variance (ANOVA) of linear model of product yield response

Sum of Mean p-value
Source Squares Df Square FValue Prob > F
Block 83.62998 2 41.8149875

X;-Inlet Temperature 61.08881 1 61.08880958 7.649921363 0.0152

Xo-pump rate 199.949 1 199.9490043 25.03886014  0.0002

xs-feed concentration ~ 2993.794 1 2993.7941 374.9015506 < 0.0001

Residual 111.7977 14 7.985547392
Pure Error 4.87625 3 1.625416667
Cor Total 3450.26 19

Table 4.5 shows that the model was significant model (p<0.05). The model F
value of 0.0400 implied a significant model (p<0.05) (Table 4.5). However, only
interaction of pump rate and feed concentration (x»xs) and the x4> were significant
model terms (p<0.05). Other were found to be insignificant (p>0.005). The significant
of model p value of 0.400 (p<0.05) and the insignificant lack of fit model value of
0.5463 (p>0.05) shown in Table 4.5, indicated that the model was acceptable and fit

with the experimental data.



Table 4.5 Analysis of variance (ANOVA) of moisture content response

Source Sum of Df Mean F Value  p-value
Squares Square Prob > F
Block 10.57670333 2 5.288351667
X;-Inlet Temperature 0.71653217 1 0.71653217 0.9243  0.3645
Xo-pump rate 0.129960479 1 0.129960479 0.167644  0.6930
x3-feed concentration 0.404204193 1 0.404204193 0.521408 0.4908
X1 Xo 0.16245 1 0.16245 0.209554  0.6593
X1X3 0.9248 1 0.9248 1.192957  0.3065
Xo X3 5.2488 1 5.2488 6.770754 0.0315
X, 6.416831432 1 6.416831432 8.277471 0.0206
Xo? 2.409168527 1 2409168527 3.107737 0.1159
X3 0.839916161 1 0.839916161  1.08346  0.3284
Residual 6.20173139 8 0.775216424
Pure Error 2.3707 3 0.790233333
Cor Total 34.77172 19

The model F value of <0.0108 implied a significant model (p<0.05)
(Table 4.6). Only feed of concentration (xs) and its xs* were significant model

terms (p<0.05). Inlet temperature (x;) and pump rate (x;) were found to be
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insignificant (p>0.05). However, the significant model p value of 0.0108 and
the insignificant lack of fit model value 0.0501 (p>0.05) shown in Table 4.6,

indicated that the model was acceptable and fit with the experimental data.

Table 4.6 Analysis of variance (ANOVA) of redispersed nanoaggregate size response

Source Sum of Df Mean F Value P value
Squares Square Prob > F
Block 49475.51 2 24737.75433
X;-Inlet Temperature 84082.43 1 84082.43075 0.912222 0.3675
Xo-pump rate 81585.54 1 81585.54175 0.885133 0.3743
Xs-feed concentration 1061834 1 1061834.446 11.51999 0.0094
X1 Xz 100307.2 1 100307.205 1.088247 0.3274
X1X3 85.805 1 85.805 0.000931 0.9764
Xo X3 4418 1 4418 0.047931 0.8322
X, 349506.8 1 349506.7555 3.791847 0.0874
Xo? 447659 1 447658.9621 4.856714 0.0586
X3® 1570401 1 1570401.283 17.0375 0.0033
Residual 737385.8 8 92173.22418
Pure Error 46084.5 3 15361.5

Cor Total 4164871 19
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2.1  Validation of Model Equations

In order to validate the models, the following diagnostic plots were
employed to confirm the fit models: 1) normal probability plot of studentized
residuals, 2) studentized versus predicted values and 3) Cook’s distance of
run number, generated by Design Expert V.8. 05.

The plot of studentized residual versus normal % probability all of
model described straight line indicating normally distribution residual
(Figure 4.2). The unrevealed any pattern of the plot of studentized residuals
versus predicted values of three models and the less than +3 value that shown
in Figure 4.3, indicated that models were correct and the assumptions to build
the models were satisfied (Montgomery 2005).

Cook’s distance plots of all responses shown in Figure 4.4 were less
than 1.00 indicating that run number did not influence the data response
(Asasutjarit et al. 2007). Other diagnostic graphs (residual vs run, DFBETAS
for intercept vs run and Box-Cox plot)) also show that the models were valid
(see Appendix A). Therefore, these models of three responses generated from
response surface methodology with the rotatable central composite design
were applicable for following prediction of optimum condition set for spray

drying BM-loaded SLN chitosan-based.
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In addition, an experiment was run to prove the prediction response
values using these models. Table 4.7 comprises the experimental results and
the prediction values. The observed values of redispersed nanoaggregate size

and moisture content were correct with bias <5.0%.

Table 4.7 Comparison of the observed and the predicted values

. . Predi rv Bi
Variables Values Response variables edicted  Observe N

value d value (%)

Inl .
niet te('[)”g)erat”re 101 Productyield result (%) 5412 5685 50
Feed rate (%) 23 Moisture content (% 7.43 7.11 4.3

Feed concentration
(%) Redispersed

866.43 825.33 4.7
nanoaggregates (nm)

2.2 Selection of Optimum Formulation

With considering responses and variable condition, the criteria used
to select optimized conditions of spray drying were the maximum product
yield and minimum inlet temperature, pump rate, feed concentration, average
size of nanoaggregates and moisture content. The Design Expert.V.8.05
generated some solutions to meet those criteria shown in Table 4.8. The ten
solutions were presented in Table 4.8, the optimum parameters i.e. inlet
temperature, pump rate and feed concentration ranged 115 to 118.68°C, 16-
16.21% and 10-10.56%, respectively. These optimum conditions could be
carried out to produce spray dried powder of containing BM loaded SLN

chitosan-based.
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3. Effects of Inlet Temperature, Pump Rate and Feed Concentration

on Responses

In order to observe the influence of each parameter to response
surface, The p value of coefficients of the regression fitting model design
from Table 4.4, Table 45 and Table 4.6; and also the value of each
coefficient in Equation 4.1, 4.2 and 4.3 were depicted. Error! Reference
source not found. displays the 3D graphs generated from Design Expert
V.8.05 to obtain the influence of process (inlet temperature and pump rate)

and feed concentration.

3.1 Effects on % Product Yield

Table 4.4 shows significant (p<0.05) linear impact of 3 parameters of
spray drying (inlet temperature, pump rate and feed concentration). The value
of coefficient number (Equation 4.1) showed the positive effect of inlet
temperature and negative effect of pump rate and feed concentration.

Error! Reference source not found..la and Error! Reference
source not found..lb show increasing inlet temperature increased the
product yield. The positive effect of inlet temperature showed that increased
temperature led to a slight increase in product yield both at low and high
level feed concentration or pump rate. This positive effect might be caused
by increasing of the heat efficiency and mass transfer as showed in the

following equation

J=hA(Ta-Ts) o, Equation 4. 4
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where qis the heat transfer rate in J s™ hgis the surface heat-transfer
coefficient J.m%s?°C™ Ais the area through which heat flow is taking place,
m?, Tais the air temperature and Tis the temperature of the surface which is
drying, (°C). The rate of the heat transfer was affected by air temperature. Air
temperature can be increased by increasing inlet temperature. The adiabatic

air drying efficiency (1) was defined by

N=(Te- T T1-Ta) o, Equation 4. 5
where Ty is the inlet (high) air temperature into the dryer, T, is the outlet air
temperature from the dryer, and T, is the ambient air temperature. The

numerator, the gap between Ty and T, is a major factor in the efficiency.

If the air drying is more efficient at high temperature, the potential
pressure and concentration difference are also increasing. The rate of mass
transfer is proportional to the potential difference as showed in the following

equation

AW/dt = K'g AdY oo Equation 4. 6
where wis the mass being transferred kg s*, Ais the area through which the
transfer is taking place, k' is the mass-transfer coefficient in this case in units
kg m?s?, anddYis the humidity difference in kg (of water). kg (of

material).

Moreover, the lower of product loss with exhausted air and residue
accumulation also were observed in the higher inlet temperature resulting

higher product yield (Goula et al. 2003). This was consistent to the results
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from Tonon et al. (2008) and Roccia et al. (2014) that the inlet temperature
was a positive and significant factor to affect product yield of spray drying

natural oil.

Error! Reference source not found..lb and Error! Reference
source not found..lc show the negative effect of the pump rate. Increasing
pump rate resulted in lower product yield at low and high of inlet temperature
and of feed concentration. Increasing pump rate caused ineffectiveness heat
and mass transfer resulting in lower product. Lowering pump rate allowed to
complete  evaporation and decreasing the probability of dispersion
condensation on the chamber wall, thus giving better product yield (Gallo et
al. 2011). This finding was also consistently similar to Toneli et al (2010)
that working with spray drying of inulin.

Error! Reference source not found..la shows the effect of the
negative effect on increasing of the amount of maltodextrin in the feed which
resulted in lower product yield both at low and high level temperature. In this
variable, the increasing feed concentration might be related to an increasing
mixture viscosity which can decrease the effectiveness of drying process then
resulted in lower product yield (Cai et al. 2000). The negative effect of feed
concentration could be seen in Figure 4.5.1c which increasing feed

concentration resulted in lower product yield at low and high pump rate.

3.2 Effects on Moisture Content

According to Equation 4.2, pump rate had a positive effect to

moisture content, while inlet temperature and feed concentration had the
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opposite effect. However, Table 4.5 shows that 3 spray drying parameters did
not linearly significantly affect to moisture content of spray dried powder of
BMSLN chitosan-based. Only the interaction of feed concentration and pump
rate, and quadratic inlet temperature contributed significant effect to moisture
content response.

Error! Reference source not found..2 shows a positive effect of
feed concentration on moisture content in low pump rate and negative effect
in high pump rate. This figure also illustrated that in low feed concentration,
pump rate had a positive effect while in high feed concentration condition
and pump rate had negative effect. The negative effect of interaction between
feed concentration and pump rate might be related to ineffectiveness of the
drying process which occurred in high concentration of feed and also time
contact of feed and heat which is shorter contact lead less evaporation then

resulting higher moisture content. (Hong and Choi 2007).

3.3 Effect on Nanoaggregate Size

Table 4.6 shows that only feed concentration and temperature had a
significant effect on nanoagrregate size of RSPBMSLN chitosan-based,
linear and quadratic, respectively. Error! Reference source not found..3a
shows that increasing the concentration of maltodextrin in the feed had a
markedly positive effect on average nanoaggregates size both in low and high
level temperature. Lower feed concentration led to less amount of dried
substance, thus less cohesion or agglomeration on the drying chamber after

atomization causing smaller redispersed nanoaggregate size (Mosén et al.
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2005). The effect of temperature on size was only slight opposed to the
effect of feed concentration. Elevated temperature led to slightly larger size.
The effect of pump rate on nanoaggregates size of redispersed spray dried
powder showed a negative effect. The smaller size would be obtained when
the pump rate increased both in low and high level temperature. It was
probably assumed that the faster pump rate might cause higher collision of
particles and avoid the formation of bigger mean diameter of nanoaggregates

resulting in smaller nanoaggregate size.

C: Feed Concentration

133
Aclnlet Temperature 124

15 3
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Figure 4.5 Response surface for 1. product yield of cBMSLN powder; a.
effects of inlet temperature and feed concentration, b. effects of feed rate and
inlet temperature, c. effects of inlet temperature and feed rate, 2. A. effect of
feed concentration and feed rate on moisture content, 3. nanoaggregate size
of RSPcBMSLN; a. effect of inlet temperature and feed concentration, b.

effect of feed concentration and feed rate.
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In order to see clearly the effect those three independents (inlet
temperature, feed concentration and feed rate) on nanoaggregate size of
redispersed spray dried BM-SLN chitosan-based, 2D response graphs also

can be depicted (see Appendix B).

4. Characterization of Spray Dried Powder of cBMSLN and cBMNLC
4.1  Physical Characterizations
4.1.1 Size, moisture and product yield characterizations

Table 4.9 shows the characterization between spray dried powder of
SLN and NLC loaded BM. Using the same ratio of lipid (Table 3.1) and
process as SLN production, NLC droplets showed smaller size than SLN
droplets. The smaller size of BMNLC than BMSLN might be caused by the
easier of surfactant properties in contact with the present oil (liquid lipid) in
NLC replacing the molten solid lipid than with the only molten lipid in SLN.
However, according to Pdl value (Table 4.9), SLN dispersion is more
uniform size (0.44+0.03) than NLC dispersion (0.53+0.10). The more
uniform in BMSLN may be due to the less of BM loading than in BMNLC.
Zeta potential value of SLN showed small negative charge at -0.89+0.32 mV
indicating that SLN would have slightly less stable dispersion system than
NLC which has higher positive charge at 5.37+0.82 mV. These differences
zeta potential might be caused by the difference charge of the lipid
components. The Adding 0.5% chitosan on both of BMSLN and BMNLC
dispersion resulted bigger size of nanoparticles than their original size

(164nm and 158nm vs 112nm and 101nm). Size of redispersed of spray dried



93

powder of BMSLN (RSPBMSLN) and cBMSLN (RSPcBMSLN) was bigger
than the size of redispersed spray dried powder of BMNLC (RSPBMNLC)
and cBMNLC (RSPcBMNLC) might be contributed by bigger size of
BMSLN droplets at 112.70+3.56nm vs BMNLC at 10lnm The positive
charge of both RSPcBMSLN and RSPcBMNLC caused by the positively
charged of chitosan that deposited at their nanoaggregate surface. Higher
positively charged of nanoaggregates can lead to rapid electrostatic
interaction with negatively charged mucin on small intestinal membrane
(Artursson et al. 1994; Ranaldi et al. 2002). The high number of zeta
potential over than 20 mV also indicated that the redispersion of spray dried
powder of both cBMSLN and cBMNLC was potentially stable size (Mdller
and Jacobs 2002). The Pdl value of RSPcBMSLN (0.41+0.09) was slightly
less than the spray dried BMNLC value (0.46+0.16) stating that

RSPcBMSLN was less uniform than RSPcBMNNLC.
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Table 4.9 Comparison of parameter of SLN and NLC system and their redispersed

spray dried powder (mean (n=5)xSD)

Prepared lipid Nanosystem Redispersed nanoaggregates
Formulation Size ZP (mV)  Pdl DEE Size ZP Pdl DR
(nm) +SD +SD (%) (nm) (mV) +SD  (%)xSD
+SD +SD +SD +SD

BMSLN 112.70 -0.89 044 8633 569.10 -7.37 0.37 22.87
+3.56 +032 10.03 0.07 #1950 031  +0.07 +0.61

cBMSLN 164.5 20.0 049 6387 66271 1937 0.41 47.44
+2.23 +169 002 059 9479 +3.80  +0.09 +0.55

BMNLC 101.62 5.37 053 90.09 468.70 -9.41 0.41 46.12
+5.26 +082 009 +496 #2113 157 011 +1.38

cBMNLC 158.7 184 055 6480 59496 1484 0.46 62.44
+3.89 +123 #0110 #0.38 +63.83 +1.23  +0.16 +0.76

Figure 4.6 shows the log-normal volume distribution of nanolipidic
systems and the nanoaggregates of their powder redispersions. Both the
nanoaggregate size of BMSLN and BMNLC redispersion systems show
increasing size compared to the original size of their BMSLN and BMNLC
(Figure 4.6 and Figure 4.7). Figure 4.6 shows that majority of redispersed
BMSLN and cBMSLN powder formed nanoaggregates have peak size at
412nm for redispersed of BMSLN powder and 477nm for redispersed of
cBMSLN powder. However, even nanosize distribution that disclosed to the
origin of their nanolipidic size also could be observed with and without
chitosan. It is indicated that spray drying BMSLN and cBMSLN can be
partially redispersible and reach nanosize distribution. Similar results also

can be observed in log-normal of volume distribution of BMNLC systems
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(Figure 4.7). Nanosize distribution peak was observed in the original size of
nanoparticles (BMNLC) verifying that spray dried powder of BMNLC could
be partially redispersed. Compared to redispersed of BMSLN systems,
redispersed of BMNLC systems have better volume distribution of
redispersible fraction (Figure 4.7) with smaller size of nanoaggregate
particles, 265nm for redispersed of BMNLC and 412nm for redispersed of

cBMNLC.

The increasing size after spray drying might be due to the heat
involved in the drying process. The inlet temperature was 115°C and the
outlet temperature was 50-60°C. This temperature was possible to melt SLN
and NLC droplets containing lipids i.e. tristearin which has a melting point at
54.5°C (a), 64.3°C (B*) and 73.1°C (B), trimyristin at 32.0°C (a*), 44.0°C
(B*) and 55.5°C (B) (Lutton 1945). The small size of nanoparticles fused to
bigger droplets and made aggregates. The aggregation of SLN or NLC during
spray drying might occur from removal water that switched the properties of
surfactant layer coating (Lee et al. 2003) and might reduce its repulsion and
stabilization effects to their dry powder redispersion (Tewa-Tagne et al.

2007a).

If we compared the amount percent of volume distribution of
BMSLN systems (Figure 4.6) to BMNLC systems (Figure 4.6), it was
observed that SLN systems showed a higher amount of percent volume
distribution than NLC systems. The difference lipid composition between

BMSLN and BMNLC may be due to the particles density of obtained powder
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which affected to amount percent of volume distribution when they were
redispersed (Chen 2004). Figure 4.6 and Figure 4.7 show that the percent
volume distribution of RSPcBMSLN and RSPcBMNLC was less than the
percent volume distribution of RSPBMSLN (1.3% and 19.5% vs 0.7% and
19.2%) and RSPBMNLC (5.8% and 18.6% vs 3.7% and 17.8%). The
stickiness of chitosan may contribute to the loss of product yield resulting in
less amount of percent volume distribution of chitosan-based spray dried

powder of BMSLN and also of BMNLC.
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Figure 4.6 Normal size distributions by volume of BMSLN systems
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Figure 4.7 Normal size distributions by volume of BMNLC systems

Table 4.10 shows spray dried powder characterization of SPBMSLN
and SPBMNLC with and without chitosan as base. Incorporating chitosan on
either BMSLN or BMNLC increased the size of powder. The mean (d(4,3))
and the median (d(0.5)) of cBMSLN and cBMNLC powder showed micron
size at 4.99um and 5.09um while the BMSLN and BMNLC powder were
smaller at 4.74um and 4.77um, respectively.As explained previously that
incorporation  chitosan into BMSLN or BMNLC also increased the
nanoparticles size (Table 4.9), this cause also can explain the increasing size
on spray drying cBMSLN and cBMNLC.

Adding chitosan to both systems (BMSLN and BMNLC) gave
significantly less vyield product. The adhesive effect of chitosan might
contribute to less vyield product. The adhesive effect also affected the
flowability of the powder. The higher ClI of SPBMSLN/SPBMNLC chitosan-

based than their non-chitosan-based indicated that incorporating chitosan
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giving less powder flowability. According to CI number, all spray dried
powder still have good flowability (less than 40) (Podczeck 1998) but for
comparison, spray dried powder of BMNLC system showed higher CI
number indicating less flowability than spray dried powder of BMSLN
systems. The liquid lipid involved in BMNLC lipid nanoparticles might
contribute to this different flowability characteristic.The moisture content of
both systems showed no significantly different (p>0.05). According to the
percentage yield of the result indicated that spray drying process on BMSLN

is more effective than on BMNLC.

Table 4.10 Spray dried BMSLN and BMNLC (mean (n=5)+SD)

Moisture

Formulation Yield Content  SPAN d(4,3) Uniformity  d(v,0.5) cl

(%) (%)
(%)

70.61 5.04 1.43 4.74 0.46 4.34 23.33
SPBMSLN +0.56 +0.20 +0.02 +0.09 +0.01 +0.06 +3.81
68.21 5.40 1.44 4.99 0.47 4,52 26.67
SPCBMSLN +0.78 +0.27 +0.05 +0.24 +0.03 +0.14 +3.81
68.45 5.17 1.44 4,77 0.45 4.38 25.00

SPBMNLC +2.26 +0.82 +0.06 +0.07 +0.02 +0.09 +2.5
65.30 5.21 1.38 5.09 0.44 4.68 28.75
SPCBMNLC +101 041 +004  +0.12 +0.01 +011  +3.31

4.1.2 SEM analysis

It is important to see how the formulation and condition of drying process
process effect on the surface morphology. Examination of SEM micrographs showed
showed that particles size of spray dried powder of BM-SLN and NLC powder ranged
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powder ranged from 0.3um to 2um approximately. The outer topography of spray
spray dried capsules was affected and differentiated by wall composition of SLN or
SLN or NLC (

Figure 4.8.1-4b).

The SEM photomicrographs of the spray dried samples from optimum conditions of
optimum conditions of temperature at 115°C, 16% pump rate and 10% feed

concentration are shown in

Figure 4.8.1-4b. After spray drying, cBMSLN and cBMNLC might undergo
aggregation to larger size and with maltodextrin formed micron size particles.
However, SPCBMNLC (

Figure 4.8.4b) showed a smoother surface than the one of SPCBMSLN (

Figure 4.8.2b). The liquid lipid in NLC particles could be more soften and round up
on powder formation during spray drying process leading to a smoother surface of
surface of microspheres. Incorporated chitosan into SLN and NLC systems resulted in

resulted in rough, less porous but larger powder (

Figure 4.8.2b and

Figure 4.8.4b) than the unincorporated one (

Figure 4.8.1b and

Figure 4.8.3b) due to increasing viscosity of BMSLN and BMNLC (Mi et al. 1999).
The microsphere-shaped powder contributes the flowability which affecting
consistency weight in filling into capsule or tableting process (Gonnissen et al. 2007).
al. 2007). In addition, spray dried powders with positively charged chitosan also
also showed significantly higher zeta potential than those without chitosan. All
All powders had a spherical shape with quite narrow bimodal volume distribution size

distribution size according to the spraying droplet (

Figure 4.8.1-4a).
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All powders had a spherical shape with quite narrow bimodal volume distribution size
according to the spraying droplet (
Figure 4.8.1-4a). The volume distribution of spray dried powder of BMNLC systems
(SPBMNLC and SPcBMNLC) was narrower volume distribution than BMCLN
systems (
Figure 4.8.3a and
Figure 4.8.4a vs
Figure 4.8.1a and

Figure 4.8.2a). It is indicated that spray dried powder BMNLC

systems were more uniform than spray dried powder of BMSLN systems.
The data at Table 4.10 also show the less number of uniformity value of
spray dried powder of BMNLC systems than BMSLN systems with and
without chitosan (0.45 and 0.44 vs 0.46 and 0.47). Less SPAN value of spray
dried powder cBMNLC as Table 4.10 (1.38) indicated that the spray dried

cBMNLC showed better homogeneity than other systems.
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Figure 4.8 Log-normal size distribution by volume graph (a) and SEM
characterization (b) of spray dried nanosystems of : 1) BMSLN, 2) cBMSLN, 3)
BMNLC, 4) cBMNLC.
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4.1.3 TEM analysis

Morphology of BMSLN and BMNLC under TEM (Figure 4.9.1a and
Figure 4.9.2a) illustrates that both of BMSLN and BMNLC had spherical
with some oblong shape and nanometer range diameter. The presence of
polysorbate 80 to modify the surface into hydrophilic surface was shown in
Figure 4.9.1a and Figure 4.9.2a. This surface modification was intended to
avoid BMSLN and BMNLC from being coated by specific plasma
components (opsonins) and then cleared from the blood stream by the
phagocytic cells within minutes (Moghimi et al. 2001; Furumoto et al. 2004).
The presence of chitosan as a cationic polymer and mucoadhesion properties
was also seen in Figure 4.9.1b and Figure 4.9.2b.

The redispersed nanoaggregates of spray dried BMSLN chitosan-
based (Figure 4.9.1d) had a smoother and rounder surface than of non-
chitosan-based (Figure 4.9.1c) followed by those of spray dried BMNLC
chitosan-based (Figure 4.9.2c) and non-chitosan-based (Figure 4.9.2b),
respectively. The nanoaggregates of both former systems showed more dense
solid aggregation of appearance than latter systems indicating of possibly less
stability of later systems than the formers. However, all 4 systems still
showed round surface which might give positive effect on dissolution and
permeation (Mosharraf and Nystrom 1995). Chithrani and Chan (2007) also
found that the uptake spherical nanoparticles were higher than nanorods
shape particles. It indicated that the shape of nanoparticles affected on

permeability and also drug uptake.
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Figure 4.9 TEM characterization of 1.a, BMSLN dispersion 1.b redispersed spray
dried of BMSLN (RSPBMSLN) 1.c redispersed spray dried of cBMSLN
(RSPcBMSLN) and 2.a BMNLC dispersion, 2.b redispersed spray dried of BMNLC
(RSPBMNLC) 2.c redispersed spray dried of cBMNLC. (RSPcBMNLC)

4.2  Chemical Properties Characterization
4.2.1 BM assay method

Specificity The chromatogram of BM was free of interference from
excipients. The peak of BM was symmetrical (Figure 4.10). The retention
time of the peak was reached at 6.19 to 6.298 min. The observation indicated

the assay had adequate specificity.
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Figure 4.10 Chromatogram of bromocriptine mesylate (HPLC condition of
acetonitrile: 10 mM buffer ammonium = 70:30, v/v, flow rate 1.0 mL/min, detected

300nm).

Linearity Calibration of BM was linear in range 2 — 10 ug/mL. The
standard curve of concentrations (pg/mL) against AUC (area under curve)
was y = 10609x + 4410.20 with r= 0.9982 (n=5), where x was concentration
(ug/mL) and y was AUC (Figure 4.11). The regression parameters of the

linearity of the method were reported in Table 4.11.

Table 4.11 Regression parameters of the linearity of system

Regression Parameters Day 1 Day 2 Day 3 Mean £SD
Slope 10609 10252 10629 10496.67+212.12
Y-intercept 4410.20  4401.9 4477 4429.7+41.17

Correlation coefficient (r%) 0.9982 0.9989 0.9983  0.9985+0.0004
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Figure 4.11 Standard Curve of BM (HPLC condition of acetonitrile: 10 mM buffer

ammonium = 70:30, v/v, flow rate 1.0 mL/min, detected 300nm).
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Figure 4.12 The calibration curve was shown the linearity of the method (HPLC
condition of acetonitrile: 10 mM buffer ammonium = 70:30, v/v, flow rate 1.0
mL/min, detected 300nm).
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4.2.2  Drug Entrapment Efficiency (DEE)

The drug entrapment efficiency (DEE) of dry powder of SLN loaded
BM was 86.33+0.07% and the DEE of BM loaded NLC was 90.09+4.96%
(Table 4.9). It is indicated that in the process of both lipid nanoparticles could
make the drug (BM) be well-entrapped into the lipid nanoparticles. It might
be caused by the more soluble BM in the lipophilic phase of NLC which
contained solid matrix and liquid lipid than in SLN which only contained
solid lipids. As it also had been reported by Jenning et al. (2000) that addition
of liquid lipid to the lipophilic phase combined the advantages of the solid
matrix prevented drug leakage, and of the liquid regions (oily compartments)
also showed comparatively high solubility for lipophilic drugs (Jenning et al.
2000). During the cooling process after homogenization, solubility of drug
was deceased. Reducing drug solubility leads to drug expulsion from lipid
nanoparticles. Solubility of various drugs in liquid lipids is higher than in
solid lipids. So, BMNLC which consisted of solid and liquid lipid had higher

DEE value than BMSLN.

4.2.3 Drug retention

The drug retention of SPBMSLN with and without chitosan-based
were 47.44+0.55% and 22.87+0.61%, respectively, while those from NLC
systems, with and without chitosan-based were 62.44+0.76% and
46.12+1.38%, respectively, as listed in Table 4.10. Chitosan as biopolymer
has gel property which is important in the protection of encapsulated drug

from degradation during spray drying process by forming a skin around the
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droplets which absorbs most of the heat and thus could prevent drug
degradation (Zhang et al. 2008). Except to control the nanoaggregates size,
the gel properties of chitosan could avoid the deformation of SLN/NLC that
might happen during spray drying (Mosén et al. 2005). This deformation of
SLN and NLC also could lead to drug release or drug expulsion. In addition,
the comparison result between SLN and NLC systems showed that after
spray drying processes NLC system which has higher entrapment efficiency
could protect BM from expulsion during spray drying processes.

During spray drying the small size of nanoparticles might fuse to
bigger droplets and made aggregates. This condition not only led increasing
mean diameter of nanoaggregate size as mentioned previously but also
releasing some drug out from droplets. NLC which has liquid lipid (oil)
component in it, the lipid nanoparticles might be fused more smooth and did
not cause drug expulsion than SLN which only has solid lipid. Meanwhile,
BM itself is unstable in associated with light and heat which has not exactly
melting point but it will melt in the range of 180-230 °C (Florey 1979). In the
condition of spray drying with inlet temperature 115°C and outlet
temperature 50-60°C, it is possible that un-entrapped BM and the expulsed

drug from lipid droplet underwent degradation during spray drying.



109

6. Development and Comparison of Spray Drying and Nanospray Drying
BMSLN and BMNLC Chitosan-based

Another limitation of spray drying BMSLN and BMNLC was the big
size of redispersed nanoaggregates. A novel technology of spray dryer was
introduced by Buchi Company in order to reduce the nanoaggregates size of

redipersed spray dried powder of BMSLN and BMNLC chitosan.

6.1  Characterization and Comparison of Spray Drying and Nanospray Drying of
BMSLN and BMNLC Chitosan-based

6.1.1 Size, zeta potential and polydispersity characterization

Adjustments to BMSLN and BMNLC production to acquire smaller BMSLN
and BMNLC droplets than the previous displayed in Table 4.9 were successfully
shown in Table 4.12. The BMSLN was significantly larger than BMNLC (p<0.05).
Smaller initial size of BMSLN and BMNLC for this study was caused by the
increasing cycles on hot high pressure homogenizing process. Unlike as expected, the
PdI value of SLN was also higher than Pdl value of NLC that indicating the BMSLN
has broader size distribution than BMNLC. The zeta potential of both systems was
positive on both systems, BMSLN and BMNLC but still counted as low value of zeta
potential. Zeta potential is important information to predict the size stability during
storage (Thode et al. 2000). The well-stabilized nanoparticles have zeta potential in

the range of -15-30 mV (Kesisoglou et al. 2007).
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Table 4.12 The size of SLN and NLC dispersion (mean£SD)

Formula Particles size (nm) Zetapotensial - Polydispersity

(mV) Index (Pdl)
BMSLN 89.85+1.87 6.59+0.50 0.54+0.01

Lipid Nanoparticles
BMNLC 84.66+1.63 3.16£0.58 0.42+0.04

After spray drying, SLN and NLC size underwent aggregation which
led to increasing average size. Table 4.13 shows the different size of
redispersed nanoaggregates between two Kkinds of nanoparticles systems
(BMSLN and BMNLC) and different apparatus of spray dryer. From Figure
4.13, it can be seen that incorporating BMSLN and BMNLC systems with
chitosan as basis showed significantly higher average size than non-chitosan
both in using a spray dryer and a nanospray dryer (p<0.05). However, there
were some interesting findings, different type of nanoparticles showed
different nanoaggregate size. BMSLN which had larger droplet size produced
significant (p<0.05) larger nanoaggregate size than BMNLC. Interestingly,
using nanospray dryer produced significantly smaller size of nanoaggregates
only on BMSLN system. On BMNLC system, using nanospray dryer
produced non-significant (p>0.05) smaller nanoaggregate size (Appendix G).
According to produce smaller nanoaggregate size, the different type of
nanoparticles (SLN and NLC) is more significant to give effect than the type

of apparatus of spray dryer that used. The different type of lipid that used in
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the initial nanoparticles might behave differently producing different

redispersion powder.
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Figure 4.13 Significance difference of average nanoaggregate size of spray and

nanospray dried powder. * = significant at p<0.05.
6.1.2 SEM characterization

There were 4 types of morphologies observed: (a) smooth spherical,
(b) smooth-collapsed, (c) porous spherical and (d) semi-hollow spherical
(Figure 4.19). Smoother surface of spray/nanospray dried in BM-SLN or
NLC was obtained from formulations with added chitosan. The collapsed
surfaces tend to be seen on using spray dryer rather than nanospray dryer.

Less concentration of maltodextrin than the previous experiments (spray
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dried ¢cBMSLN and spray dried cBMNLC with 10% solid) showed slightly
porous surface (Figure 4.19d, 4.19g and 4.19h). It might be also related to
higher stability of the drug since it was reported by Wagner and Warthesen
(1995) that higher concentration of maltodextrins provided protection against
to the core of oxidation. Using biopolymer of chitosan is not just giving
advantage on chemical properties but also on physical properties such as
surface smoother topography. The incorporated BMSLN or BMNLC with
chitosan especially in nanospray dried powder showed less porous than the

unincorporated ones.
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Figure 4.14 shows the different surface between two kinds of spray
dried of BM loaded lipid nanoparticles systems (SLN and NLC). The dried
product of SLN system showed smoother rounded-surface than in NLC
systems. The physical properties similarity of each lipid that involved in SLN
system might lead to the smoother surface than NLC systems. The
evaporation characteristics that exhibited on micrograph of dry powder were
determined by the composition of the preparation. The components of these
two formulations can be differentiated by the difference of lipid composition.
The lipid compositions of SLN were only solid lipid (stearin and trimyristin)
whereas castor oil was involved in the NLC preparation. During drying, feed
that contains lipid nanoparticles droplets undergoes atomization. The droplets
have a tendency to expand, others collapse, disintegrate or even aggregate. In
the spray drying process of BM loaded SLN and NLC with chitosan and
without chitosan, aggregation between droplets was occurred. It was
confirmed by the increasing size of redispersed powder (Table 4.13). The
aggregation or disintegration might lead to porous or irregularly shaped
particles (Masters 1990).

Spray dried SLN system with and without chitosan showed that the
particles were undergone collapse during spray drying and showed irregular
shape. After atomized droplets contact the drying air, the evaporation takes
place from their surface and develops a significant gradient concentration.
The droplets and other additives tend to migrate from the edge to center

minimize the concentration gradient, and this flow is function of the droplet
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viscosity and the vapor diffusion (Tewa-Tagne et al. 2007a; Tewa-Tagne et
al. 2007b). SLN with all solid lipid components which have higher viscosity
than NLC might be difficult to migrate and then lead irregular formation
aggregates. And then formed unrounded shape, after evaporation occurs
(Figure 4.14a and Figure 4.14c). Both SLN or NLC systems using spray
dryer or nanospray dryer showed that incorporated chitosan of lipid
nanoparticles (SLN and NLC) formed more uniformed shape and size than
the unincorporated one. It is indicated that the existence of chitosan during
spray drying plays role in maintaining the uniform aggregation during spray
drying.

Porosity in the surface was less seen in the SLN system than NLC
system using spray dryer or nanospray dryer. The incorporated chitosan also
showed less porous than the unincorporated one. It is indicated that the
component of lipid nanoparticles that involved in the formulation (lipid and
chitosan) is important on porosity formation.

Nanospray dryer apparatus seemed to producing smaller size and
more uniformed shape (Figure 4.14e and Figure 4.14g) than using a spray
dryer (Figure 4.14a and Figure 4.14c). Vibrated membrane mesh in
nanospray dryer which spray dryer does not have, might work to keep the
uniform and smaller dried powder. However, smaller size on the obtained
dried powder from nanospray dryer was confirmed by statistically significant

of redispered nanoaggregate size only for SLN systems (Table 4.13).
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6.1.3 TEM characterization

The TEM micrograph (Figure 4.20) confirmed the different size
characterization  between  redispersed  nanoaggregates SLN and NLC
chitosan-based and non-chitosan-based using nano-zetasizer which  was
mentioned in Figure 4.15. Figure 4.15 shows that incorporation SLN or NLC
with chitosan significantly increase the nanoaggregate size (Table 4.13).
Figures of nanospray dried powder cBMSLN and cBMNLC redispersion
(Figure 4.15a andFigure 4.15b) show the clearly different surrounding
nanoparticles compared to nanospray dried powder of BMSLN and BMNLC
(Figure 4.15c and Figure 4.15d). The different surrounding nanoparticles was
attributable to the chitosan coated the nanoaggregates. Chitosan coating of
BMSLN was regular and rounded coating than in BMNLC. Shape of
nanoaggregates of BMSLN and BMNLC might affect on chitosan coating
because compared to BMNLC systems. It shows that the nanoaggregates of
BMSLN systems (BMSLN and cBMSLN redispersion) were more rounded

than BMNLC systems.
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Figure 4.15 TEM characterization of redispered of dried powder containing lipid
nanoparticles (BM-SLN/NLC): a. nanospray dried SLN in chitosan-based, b.
nanospray dried NLC in chitosan-based, c. nanospray dried SLN non chitosan-based

and d. nanospray dried NLC non chitosan-based. Bars scale equal to 1.0um length.
6.1.4 FTIR characterization

FTIR characterization was employed to investigate whether the interaction
between ingredient during spray drying occurs or not. Comparing with other
ingredients, the ratio between drug and other component was very low (1:49). So, it is
very difficult to recognize the different spectra of BM in the formulation. However,
there is something interesting among 4 figures shown in Figure 4.16¢ shows that
spray dried SLN using spray dryer significant decreased peak on 1643 cm™ which
associated with C=0. It is indicated that the drying process might allow the excipients

to interact with functional group of C=0 in BM. Sharp peaks on 2959.38 cm™ and
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2698.14 cm™ which represent C-H aliphatic asymmetric and C-H aliphatic symmetric,

respectively, also were decreased.
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Figure 4.16 FTIR characterization of spray dried of SLN and NLC systems compared
to bromocriptine (BM) a. nanospray dried BM-SLN chitosan-based, b. nanospray
dried BM-NLC chitosan-based, c. spray dried BM-SLN chitosan-based and d. spray
dried BM-NLC chitosan-based

6.1.5 WXRD characterization

The WXRD characterization showed that the spray dried SLN
systems were more dispersed amorphously than their nanospray dried
systems (Figure 4.17). Spray dried product of NLC systems showed that the
sharp peaks from lipid were still appeared both wusing spray drier and
nanospray drier apparatus (Figure 4.18). Involving heat in the process of

spray drying might be contributed to crystalline peaks that shown at
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nanospray dried BMSLN and BMNLC. In the nanospray drier apparatus (B-
90 Nanospray drier), the dispersion was fed to the spray head by a pump and
flow to vibrating membrane to reach nanofine particles. According to those
processes which tend to size reduction targeting, it seems that maltodextrin as
amorphous agent was not to be well-functionalized. It is indicated that using
nanospray dryer giving fewer advantages to improve the stability of drug.

Moreover, this process was equally time-consuming.
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Figure 4.17 WXRD characterization of spray dried SLN systems; a. bromocriptine,
mesylate, b. pluronic f127, c. tristearin, d. trimyristin, e. spray dried powder of
BMSLN chitosan-based and f. nanospray dried powder of BMSLN chitosan-based
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Figure 4.18 WXRD characterization of spray dried NLC systems; a. bromocriptine,
mesylate, b. pluronic f127, c. tristearin, d. trimyristin, e. spray dried powder of

BMNLC chitosan-based and f. nanospray dried powder of BMNLC chitosan-based

7. Development and Comparison of Spray Dried Nanoaggregates

Containing Asiatic Acid SLN and NLC Chitosan-based

Converting water dispersion formulation to dry product has shown
better chemically and physically stability to the active ingredient. In the
previous study, in spray dried powder -chitosan-based formulation, BM as
drug model did not show a good stability during storage in the formulation.
Some experiments also have been carried out to improve the stability of BM,
but the instability of BM cannot be overcome. However, comparing to the
water dispersion, the dried powder still showed better chemical stability (data
not shown). In this study, Asiatic acid as one of the brain targeted drug was

chosen to replace BM as a drug model to develop the brain targeted delivery
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formulation via the oral route. With some adjustments, the optimized
formulation of BMSLN and BMNLC and also the spray drying condition as
reference was employed to the formulation of spray dried powder of

cAASLN and cAANLC.

In order to increase the dose of drug in dried powder, sixty mg of
Asiatic acid was dissolved in 1 mL of ethanol 95% to improve the solubility
in melted lipid during SLN/NLC production. The initial dose of the obtained
powder was also increased by increasing the AASLN or AANLC dispersion
into the feed and reducing the amount of maltodextrin. Table 4.14 shows in
the product yield of the obtained powder from experiment set in Table 3.5.
The highest product yield was formulation G which containeof 10 mL of
AASLN dispersion with 10 mL of 0.5% chitosan (dissolved in 1% of acetic
acid) and total 2% of solid content included maltodextrin as filler. However,
the total dose of AA in formulation G was less than formulation H which
contained 25 mL of AASLN added 25 mL of 0.5% chitosan (dissolved in 1%
acetic acid) and total 3% of solid content (included maltodextrin). Thus,
formulation H was selested for this study. This formulation was further
employed to spray drying AANLC chitosan-based as comparison for this

study.

Table 4.14 Product yield of obtained cCAASLN powder by varying AASLN dispersion

and amount of maltodextrin

Formulation Product Yield (%) Appearance
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A 72.21 -
B 69.25 -
C 65.32 Sticky
D 74.82 -
E 71.87 -
F 67.87 Sticky
G 78.65 -
H 77.92 -
| 72.14 Sticky

7.1 Size, Zeta Potential and Yield Characterization

Similar to BM formulation, after spray drying, AASLN and AANLC
size also underwent aggregation which lead an augmenting the size.
Incorporating on spray drying AASLN and AANLC with chitosan as base
showed significantly higher zeta potential value on their redispersed powder.
Increasing zeta potential of redispersed spray dried powder of both AASLN
and AANLC chitosan-based also confirmed the deposition of positively
charged chitosan to AASLN and AANLC surface.

Table 4.15 shows the size characterization of AASLN, AANLC and
their redispersed spray dried powder in chitosan base. The AASLN and
AANLC seem has bigger size than BMSLN or even BMNLC, with size of

123.33+3.30nm and 124.7+3.50nm, respectively. Increasing the drug loading
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into the lipid phase from 0.025mg of BM to 0.060mg of AA was responsible
for this increasing size. Between AASLN and AANLC, there is not any
statistically significant different size (p>0.05). The different size was also
shown Dbetween RSPCAASLN and RSPcAANLC which smaller size of
RSPCAASLN than RSPcCAANLC at 527.40+45.83nm and 584.60+58.63nm,
respectively but still not statistically different (p>0.05). The different
solubility of the drug into the lipid phase might contribute to the different

size of nanoparticles.

AASLN or AANLC dispersion shows negative charge zeta potential.
Then addition of chitosan on spray drying AASLN or AANLC increased the
zeta potential up to 41.64+1.42 mV for RSPCAASLN and 33.22+2.32 mV.
The greater zeta potential value is the possibility at the hydrodynamic shear
plane and determined from the particle mobility under an applied field. The
greater zeta potential value gave better stability of nanoparticulate system due
to repulsion effect between charged nanoparticles (Thode et al. 2000).
Reversely, smaller zeta potential value can lead agglomeration, drug
expulsion and eventually breaking the particles during storage (Wissing et al.
2004).

Although spray drying process increased the redispersed nanoparticle
size, but it is interesting that Pdl value of redispersed of cAASLN and
CAANLC was decreased from 0.41 to 0.36 and 0.48 to 0.46, respectively. PdlI
is a measure of dispersion homogeneity, the smaller Pdl value the more
homogenous dispersion. Decreasing Pdl value allowed the nanoparticulate

systems to be less heterogeneity.
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Table 4.15 Size of AASLN and AANLC dispersion, and redispersed nanoaggregates

AASLN and AANLC (mean (n=5)xSD)

Prepared lipid Nanosystem Redispersed nanoaggregates chitosan-based
Formulation
Size (nm)  ZP (mV) Pdl Size (nm) ZP (mV) Pdl
AASLN 123.42 -6.37 0.41 527.40 41.64 0.36
+5.59 +0.54 +0.03 +45.83 +1.42 +0.03
AANLC 124.73 -6.16 0.48 584.60 33.22 0.46
+3.50 +0.60 +0.01 +58.63 +2.32 +0.08

Figure 4.19a shows the log-normal size distribution of AASLN and
redispersed spray dried powder of AASLN and cAASLN (RSPAASLN and
RSPcCAASLN). The redispersed spray dried powder of both AASLN with and
without chitosan was distributed in a bimodal peak. The small peak of
RSPAASLN and RSPcAASLN associated with the original peak of AASLN
indicating after spray drying, small part of AASLN was still in their original
size 123nm and most of AASLN form nanoaggregates with bigger size

527nm.

Figure 4.19b shows a normal volume particle size distribution of
redispersed nanoaggregates of AANLC of bigger size than redispersed
nanoaggregates of AASLN at 584nm. Bimodal peak was also depicted from
the Figure 4.19b. Both of redipsersed spray dried powder of AASLN
(RSPCAASLN) and AANLC (RSPcAANLC) showed increasing size

compared to the original size of their AASLN or AANLC (Table 4.15). The
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aggregation of SLN or NLC during spray drying might be due to removal
water that changed the properties of surfactant layer coating (Lee 2003). In
the dry state surfactants have no longer effective repulsion and stabilisation
properties as observed in water so that in the spray drying process,

aggregation between particles might be occurred and increasing the size of

nanoparticles.
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Figure 4.19 Log distribution size by volume of a. AASLN systems and b. AANLC
systems

Table 4.16 shows spray dried powder characterization of spray dried

powder of AASLN chitosan-based (SPCAASLN) and spray dried powder of
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AANLC chitosan-based (SPcAANLC). According to higher product vyield of
SPCAASLN at 77.46% than SPCAANLC at 74.40%, it is indicated that spray
drying process on AASLN is more effective than on AANLC. All liquid lipid
of lipid component in AANLC might contribute to stickiness of spray dried
powder then resulting in less product yield than AASLN. The more moist dry
powder of SPCAANLC might be also caused by the liquid lipid component in
AANLC. The moisture content also related to flowability of the powder that
giving higher CI value than SPcAASLN. However, according to Podczeck
(1998), all spray dried powder still showed good flowability (less than 40).
According to SPAN, d(4.3) and d(v,0.5), it can be sobserved that the
SPCAASLN is smaller but less uniform than SPCAANLC. The smaller size of
AASLN than AANLC might contribute to the smaller size of SPcAASLN
than SPCAANLC. Figure 4.20 shows in the distribution size of spray dried
powder of both cAASLN and CcAANLC. Both of SPcAASLN and
SPCAANLC showed slight bimodal peak distribution. The broader peak of
SPCAANLC (Figure 4.20b) indicates that the more heterogeneity of
dispersion than the narrower peak SPCAASLN (Figure 4.20a). The different
number of uniformity of (Table 4.16) was also consistent with a log-normal

volume distribution graph of dried powder (Figure 4.20a andFigure 4.20Db).
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Table 4.16 Spray dried powder of AASLN (SPcAASLN) and SPcAANLC

characterization (mean (n=5)+SD)
. . Moisture
Formulation Yield Content  SPAN  d(4,3) Uniformity  d(v,0.5) cl
(%) (%)
(%)
SPcAASLN 77.56 5.23 1.32 5.42 0.48 4.87 25.83
+1.23 +0.17 +0.10 +0.09 +0.03 +0.08 +5.20
SPCAANLC 74.40 5.41 1.54 5.12 0.40 4.57 26.67
+2.10 +0.34 +0.11 +0.38 +0.03 +0.19 +3.81
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Figure 4.20 Log-normal size distribution by volume graph of a. SPCAASLN and b.

SPCAANLC
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7.2 SEM Characterization

Figure 4.21 is shown that the dried product of AASLN chitosan-based
was smoother rounded-surface than dried product of AANLC systems. Spray
dried AANLC systems showed more uniform than the AASLN. According to
SEM analyses and the TEM analysis that redispersed SLN seem more
rounded and solid (Figure 4.21) but the pores were also shown in indicating
that all solid lipid might tend to aggregate irregularly during spray drying.
Related to the characteristic of SLN that all lipid components were solid and
can be melted, the heat that involved in the spray drying process might
contribute to deformation of SLN resulted the less uniformity and the pores
formation of spray dried AASLN systems. Less uniformity observation on
SEM micrograph also was seen in powder measurement using Malvern

Mastersizer 2000 (Table 4.16). Compared to BMSLN systems (

Figure 4.8.2b), it is shown that reducing the amount of maltodextrin (from 10
to 3% solid) gave less collapsed shape and a more rounded shape on the dried

powder.
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Figure 4.21 SEM characterization: a. spray dried SLN loaded AA chitosan-based
(SPcAASLN) and b. spray dried NLC loaded AA chitosan-based (SPCAANLC)

7.3 TEM Characterization

Figure 4.22 is shown that aggregation of AASLN or AANLC were
occurred during spray drying process. The redispersed nanoaggregates of
AASLN showed rounded shape than AANLC. Similar to BM’s systems
results, the solid lipid components that involved in SLN systems might
contribute to a more rounded and smoother shape of redispersed
nanoaggregates of AASLN. The different shape of redispersed of spray dried
powder of cAASLN (Figure 4.22d) than the cAANLC (Figure 4.22b) might
be caused by the difference of interaction between surfactant and lipid

component in both of the initial lipid nanoparticles (SLN and NLC).
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Figure 4.22 TEM characterization: a. SLN loaded AA, b. Redispersed spray dried
SLN chitosan-based loaded AA c. NLC loaded AA and d. Redispered spray dried
NLC chitosan-based loaded AA. Scale bars equal to 1.0pm.

7.4 FTIR Characterization

A mid-infrared region of 400 and 4000 cm™ were used to exhibit the
infrared bands. The position and intensity of a vibrational band were the
characteristic of specific molecular motion and consequently of the atom
participating in chemical bond, their conformation, and their immediate
environment. Thus, a certain submolecular group produces bands in a
characteristic spectral region (Bunaciu et al. 2010). Shifting, decreasing or
disappearing of vibrational peak also can be indicated a chemical interaction

between the active ingredient with excipients.
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Figure 4.23 illustrates the FTIR spectra of Asiatic acid, physical
mixture of powder SLN and NLC, spray dried powder of AASLN chitosan-
based and spray dried powder of AANLC chitosan-based. IR spectrum of
Asiatic acid (Figure 4.23a) was characterized by principal absorption peaks at
2926.14 cm® (C-H aliphatic asymmetric), 2869.57cm™ (C-H aliphatic
symmetric), 1694.12cm™ (C=0), 3404.61cm™ (O-H), 1049.28cm™ (C-O) (see
Appendix C). In IR spectra of physical mixture (Figure 4.23b and Figure
4.23d), all of the peaks appeared with decreased intensity. The IR spectra of
spray dried powder of AASLN chitosan-based and spray dried powder of
AANLC chitosan-based (Figure 4.23c and Figure 4.23e) show that there was
no significant difference with their physical mixture spectra indicating that
there was no chemical interaction between AA and the excipients during

spray drying of AASLN and AANLC with chitosan-based.
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Figure 4.23 FTIR characterization of AASLN systems; a. Asiatic acid (AA), b.
physical mixture of AASLN, c. spray dried powder of AASLN chitosan-based
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(SPCAASLN), d. physical mixture of AANLC and e. spray dried powder of AANLC
chitosan-based (SPCAANLC).

75 DSC Characterization

DSC characterization is used for investigating crystallinity the
formulation and differentiation between amorphous solids and liquids
(Westesen et al. 1997).The incorporation lipid with amorphous component-
maltodextrin was suggested to increase bioavailability of drug. On the other
hands, maltodextrin is also highly sensitive to water uptake which it would
plasticize amorphous carbohydrates (Kilburn et al. 2004).

Figure 4.24.1 and Figure 4.24.2 show the DSC curves of heating and
cooling process represent the heating and cooling on AASLN and AANLC
production. Relatively sharp peaks were observed in heating of bulk lipid of
SLN and NLC (Figure 4.24.1a and Figure 4.24.2a). The broader peaks of
SLN Blank and NLC Blank indicating of the less pronounced polymorphic
forms (smaller maxima and shoulder) was attributable to surfactant
incorporated in particles and the dispersed state of lipid (Figure 4.24.1b and
Figure 4.24.2b). Incorporation of drug reduced the peak area (decreased

melting enthalpy) (Figure 4.24.1c and Figure 4.24.2c).

In order to investigate the solid state of AASLN and AANLC after
cooling process, DSC curves were observed at 1 ©°C/min cooling rate
represent the cooling process after AASLN and AANLC production. On
DSC curves of bulk lipid of SLN and NLC, two peaks were observed at
48.08 °C and 34.47 °C for SLN bulk attributed to tristearin and trimyristin

respectively and one peak at 46.83 °C for NLC bulk (Figure 4.24.1a and
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Figure 4.24.2a). On cooling of SLN and NLC blank, the solidifications were
occurred at 48.82 °C and 44.12 °C for SLN blank, at 48.48 °C and 45.00 °C
for NLC blank indicating that SLN and NLC without drug were in the solid
state at room temperature (25 °C) or even in body temperature (37 °C)
(Figure 4.24.1b and Figure 4.24.2b). The nanosize and incorporation of lipid
with surfactant on SLN and NLC production did not change the lipid
behavior. On DSC curves of cooling AASLN and AANLC, two peaks were
observed at 48.01°C and 44.17 °C for AASLN and 48.01 °C and 44.17 °C for
AANLC indicating that incorporation of drug (AA) into SLN and NLC did
give significant effect to lipid behavior (Figure 4.24.1c and Figure 4.24.2c).
These results were consistent with Bunjes et al works (1996) that addition of
longer chain triglycerides such as tristearin in lipid nanoparticles preparation

overcome solidification problems of triglycerides nanoparticles.

Figure 4.24.3 shows that the crystalline of AA displayed large broad
exothermic peak at 28.33-53.33°C and a small sharp endothermic peak at
205.33°C and sharp exothermic peak at 332.67°C (see Appendix D). The
crystalline components of formulation, tristearin, trimyristin, pluronic 127
each showed anexothermic peak at 75.67°C, 60.33°C and 59.67°C
respectively (Figure 4.24.3b, Figure 4.24.3c and Figure 4.24.3d). As an
amorphous compound, maltodextrin showed a very large broad exothermic
band from 32.67 to 211.67°C (Figure 4.24.3e). The physical mixture of
SPCAASLN and SPcAANLC (Figure 4.24.3f and Figure 4.24.3h), all
components in the formulation (i.e. tristearin, trimyristin, pluronic F127 and

maltodextrin) still showed a sharp exothermic peak at 71.33°C and two
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exothermic peaks at 55.33°C, 46.33°C which associated with the shifted

peaks of tristearin, trimyristin and pluronic F127, respectively.

For comparison, SPCAASLN peaks were less appeared than the peaks
of SPCAANLC. It is indicating that SPCAASLN was less crystalline ordered
structure than SPCAANLC. The next WXRD data was used to confirm these
differences. The DCS system of SpcAASLN and SpcAANLC showed that
the exothermic peaks of the crystalline components were broader and the
curve was more similar to DCS curve of maltodextrin (Figure 4.24.3g and
Figure 4.24.3i). This phenomenon suggested that the spray dried of lipid
nanoparticles (AASLN and AANLC) with maltodextrin as filler existed in an

amorphous state.
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Figure 4.24 DSC characterization, (1) Heating (5°C/min) and cooling (1°C/min ) of
SLN; a. Bulk SLN lipid (tristearin:trimyristin=7:3) after tempering, b. SLN Blank and
c. AASLN, (2) Heating (5°C/min) and cooling (1°C/min) of NLC a. Bulk NLC lipid
(tristearin:trimyristin:castor oil=2:1:2) after tempering and c. AANLC, (3) Heating
(5°C/min) of a. BM, b. tristearin, c. trimyristin, d. pluronic F127, e. Maltodextrin, f.
Physical mixture of AASLN (PMAASLN), g. spray dried powder of cAASLN
(SPcAASLN), h. physical mixture powder BMNLC (PMAANLC) and i. spray dried
powder of CAANLC (SPCAANLC).

7.6 WXRD Characterization

X-ray diffraction was conducted for the study of -crystallinity and
polymorphism of lipid nanoparticles (Bunjes et al. 1996). Therefore, these
measurements were performed in order to compare the crystalline nature of

the investigated lipid particles of spray dried powder of AASLN and
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AANLC. Figure 4.25 shows the X-ray diffractograms of spray dried powder
AASLN and AANLC chitosan-based compared to their lipid particles

components, solid surfactant and also their physical mixture.

Figure 4.25, AA itself (Figure 4.25a), the solid lipid components
(tristearin, trimyristin) and also the surfactant (pluronic F127) were shown as
crystalline components. Numerous sharp peaks were shown in those spectra
(Figure 4.25b, Figure 4.25c and Figure 4.25d) (see Appendix E). On the other
hands, maltodextrine that used as filler in the spray drying of AASLN and
AANLC was shown as amorphous component (Figure 4.25e). Physical
mixtures on both systems (SPCAASLN and SPcAANLC) were shown that
the sharp peaks were decreased significantly (Figure 4.25f and Figure 4.25h).
If we compared, on the diffraction pattern of physical mixture on SLN
system (Figure 4.25f), those peaks seemed more appeared than on NLC
systems (Figure 4.25g). It is indicating that the crystalline components give
stronger effect in physical mixture of SLN system than in NLC systems.
However, peaks in physical mixture were broader and weaker than in bulk
material indicating that adding maltodextrin also can reduce the crystallinity

of dispersion.

Figure 4.25g and Figure 4.25i shows the diffraction pattern of spray
dried powder of cAASLN (SPCAASLN) and spray dried powder of cAANLC
(SPCAANLC). As expected the crystalline character of lipids was more
decreasing than the physical mixture more similar to maltodextrin pattern.
The characteristic of B*/ B modification of tristearin and trimyristin (arrows)

were appeared on both SPCAASLN and SPcAANLC, but SPcAASLN was
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weaker than SPCAANLC. The differences of crystalline character between
SPCAASLN and SPcAANLC might be due to less ordered structure of SLN
than NLC which also confirmed by DSC data. According to these results, the
expulsion of oil might be occurred during shelf life of spray dried powder of
AANLC. However, in both types of spray dried powder of lipid nanoparticles
(AASLN and AANLC) chitosan-based, using maltodextrin as filler decreased
crystallinity of the lipid matrix and tends to amorphous system which is

easier to disperse.
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Figure 4.25 WXRD characterization of spray dried AASLN and AANLC chitosan-
based; a. AA, b. tristearin, c. trimyristin, d. pluronic F127, e maltodextrin, f. physical
mixture AASLN chitosan-based, g. spray dried powder of AASLN chitosan-based
(SPCAASLN), h. physical mixture AANLC chitosan-based and i. spray dried powder
of AANLC chitosan-based (SPCAANLC).

7.7  Chemical Properties Characterization

7.7.1 AA assay

Specificity The peak of AA was indicaed by a symmetrical single

peak (Figure 4.26). The retention time of the peak was at 12.166 to 12.562
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min. This observation showed an adequate specificity of the assay. This
result was different from the previous study by Glnther and Wagner (1996)
that found the retention time of AA at 24.4 min. Different condition of HPLC
such as different column, different mobile phase (including ratio) suggested

the different results.
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Figure 4.26 Chromatogram of Asiatic acid (AA) (HPLC condition of acetonitrile: 10
mM buffer phosphate = 28:72, v/v, pH 7.7, flow rate 1.0 mL/min, detected 210nm).

Linearity, Calibration of BM was linear in range 0.4 — 8.0 pg/mL.
The standard curve of concentrations (mg/mL) against AUC (area under
curve) was y = 3869x + 167.96 with r=0.9989 (n=5), where Xx was
concentration (ug/mL) and y was AUC (Figure 4.27). The regression

parameters of the linearity of the system was reported in Table 4.17.
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Figure 4.27 The calibration curve was shown the linearity of systems on the range of
concentration 0. 4-8 pg/mL of AA (HPLC condition of acetonitrile: 10 mM buffer
phosphate = 28:72, v/v, pH 7.7, flow rate 1.0 mL/min, detected 210nm).

Table 4.17 Regression parameters of the linearity of system

Regression Parameters Day 1 Day 2 Day 3 Mean +SD
Slope 3869 4311.5 3943.2 4050.23+227.50
Y-intercept 167.96 165.96 169.55 167.82+1.80
Correlation coefficient (r*) 0.9989 0.9994 0.9994 0.9992+0.0003

Linearity of the method was revealed a linear correlation between
concentration added and concentration found from the accuracy test and was

reported in Figure 4.28.
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Figure 4.28 Calibration curve was shown the linearity of the method (HPLC condition
consisting of acetonitrile: 10 mM buffer phosphate = 28:72 v/v, pH 7.7, flow rate 1.0
mL/min, detected at 210nm).

Robustness In order to evaluate robustness of the method, one
chromatographic  parameter was changed while the other parameters
remained unchanged. The method robustness was tested after changing the
final pH of mobile phase (7.6 to 8.0). The results revealed that the method
was robust for these small changes at final pH. In addition the effect of the
percent of organic solution on retention time and peak area was studied by
varying acetonitrile proportion from 26 to 30%. The results showed that the
variation of pH of the mobile phase of £0.2 units and organic strength of the
mobile phase of +2% did not have a significant effect to retention time and
peak area (AUC) (% RSD <2.0) illustrating the robustness of the method

(Table 4.18 and Table 4.19).



143

Table 4.18 The robustness test results of the method by varying pH

pH of Mobile Phase RT (min) Peak
7.5 12.230 15400
7.6 12.340 15580
1.7 12.341 15900
7.8 12.452 15800
7.9 12.454 15780
Average 12.363 15692
SD 0.09 200.30

% RSD 0.76 1.28
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Table 4.19 The robustness test results of the method by varied the acetonitrile

proportions in the mobile phase

Acetonitrile proportion (v/v) RT (min) Peak
26 12.110 15570
27 12.280 15632
28 12.441 15700
29 12.460 15300
30 12.542 14600
Average 12.367 15450.40
SD 0.17 294.84
% RSD 1.39 191

7.7.2 Drug entrapment efficiency

Drug entrapment efficiency (DEE) of AASLN and AANLC was

57.17+2.37% and 62.08+1.79%, respectively (Table 4.20). Compared to BM

results (Table 4.9), drug entrapment efficiency of AA in SLN and NLC was

lower. Since the solubility of BM and AA in water is similar at 0.1 mg/mL

(Florey 1979; Kim et al. 1997), the lower DEE of AA might be contributed

by the less solubility of AA in the lipid phase than the solubility of BM in

lipid phase. The solubility of drug in lipid (melted lipid) and also in water

affected to the entrapment drug in lipid phase of nanoparticles.
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Entrapment efficiency will contribute to stability of the drug.
According to result (Table 4.20), the higher DEE of AA in NLC indicated
that process and ingredients of the formulation of NLC were more able to

keep AA to be entrapped in lipid and avoid degradation.

7.7.3 Drug retention

The drug entrapment efficiency of AA in SLN and NLC also affects
the total drug content (Table 4.20). It was shown that the drug retention of
AANLC was higher (91.39+0.23%) than the drug retention of AASLN
(66.42+0.61%). The lipid components of NLC on AANLC which is consisted
of liquid and solid lipid could be the drug expulsion. This result was
consistent to DEE result, which the higher DEE will contribute on stability of
drug then resulting high drug retention. Therefore, preventing the drug from

water reduced the degradation drug (Oppenheim 1981).

In spray drying process, drug retention of SLN and NLC systems
showed different results. The drug retention of SPcAANLC was higher
(98.07£0.93%) than drug retention of SPCAASLN (82.16+0.17%). These
results also were consistent with the DEE results, that higher DEE increased
the stability of drug resulting higher drug retention. Since the drug lost might
be occurred on the unentrapped drug, the role of the NLC formulation on
keeping the drug from expulsion leads the higher drug retention of
SPCAANLC than SPcAASLN. The high drug retention consequence of both
systems indicated that the spray drying process could maintain the stability of

AA.
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Comparing to BM results (Table 4.9), these results were significantly
higher than the previous study on BM. Since the DEE of BM in SLN and
NLC was similar to DEE of AA in SLN and NLC, the higher drug expulsion
of BM during spray drying of SLN and NLC might tend to firmly occurred
than in AA. Easier drug expulsion leads to the easier drug to be degraded.
Since using the same lipid component, so the crystalline behavior of the drug
its self might contribute to the expulsion and the stability during spray

drying.

Table 4.20 Drug entrapment efficiency (DEE) and drug retention (DR) (mean

(n=5)£SD)

Parameter Drug Entrapment efficiency (%) Drug retention (%)
AASLN 57.17+£2.37 66.42+0. 61
AANLC 62.08+1.79 91.39+0.23
SPCAASLN - 82.16+0.17
SPCAANLC - 98.07+0.93

7.7.4 Invitro release study profile

Figure 4.29 shows the release profile of AA from AASLN and
AANLC showed controlled drug release. In SLN or NLC, drug release was
controlled by the surrounding lipid barrier during a long time release study
(Mdller et al. 2000). At pH 1.2 which conducted for 2 h, only 2.80% of AA

could be released from SLN and 2.2% of AA from NLC. The slower release
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of AA from NLC might be caused by the high solubility of AA in the lipid
phase of NLC resulting prolonged release drug. Interactions between drug—
lipid molecules, between surfactant lipid molecules and solubility of the drug
in the molten and solid lipid, play a major role on drug release. The
difference of the melting point of lipid was considered as important
parameters determining the structure of the SLN and also NLC matrix which
would be contributed on releasing drug from droplets (zur Mihlen et al.
1998). After 2 h, the medium was changed to pH 6.8 mimicking intestinal
condition. In pH 6.8, the release profile of the drug also showed controlled
release profile. After 8 h, 16.89% of the drug was released from SLN and
14.31% from NLC. The weak acid of AA may be responsible for its

increasing dissolution in higher pH condition (pH 6.8).
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Figure 4.29 In vitro release of AA of SLN and NLC in situ pH change. AA were
released from AASLN and AANLC at pH 1.2 for 2 h then replaced to medium to pH
6.8 for 6 h. Error bars represent standard deviations of the mean based on three

replicates.
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Figure 4.30 shows the in vitro release profile of spray dried powder of
AASLN (SPAASLN) and spray dried powder of AANLC (SPAANLC).
Figure 4. 30 shows a controlled release on both SPAASLN and SPAANLC.
After 2 h, only 2.87% of AA that could be released from NLC and 4.58%
could be released from SLN. It is consistent with the released-AA from
AASLN and AANLC (Figure 4.30) that AA was easier to release from SLN
system than from NLC. After 8 h from beginning or 6 h in pH 6.8 media, the
controlled release was also shown and released 35.48% AA of SPAASLN
and 31.94% AA of SPAANLC. This prolonged release of AA was expected
since as brain drug targeted should have stale plasmatic drug levels and
prolong drug action. Previous research by Brodaty et al. (2005) found that
the prolonged release Galantamine demonstrated a safe and effective
treatment for mild and moderate Alzheimer’s disease (AD). Compared to
AASLN and AANLC, the spray dried powder of them showed greater drug
released than their SLN and NLC dispersion. Spray dried with maltodextrin
as filler has been involved to change the crystallinity of lipid into the

amorphous state causing a faster dissolution (Figure 4.24 and Figure 4.25).
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Figure 4.30 In vitro released of Asiatic acid of SPAASLN and SPAANLC in situ pH
change. AA from SPAASLN and SPAANLC were released at pH 1.2 for 2 h then
replaced to medium to pH 6.8 for 6 h. Error bars represent standard deviations of the

mean based on three replicates.

Figure 4.31 shows in vitro release profile of spray dried AASLN
chitosan-based (SPCAASLN) and spray dried powder of AANLC chitosan-
based (SPCAANLC). The profile release of AA was similar to release profile
of AASLN and AANLC, but at 8 h, 23.69% AA-released from SPcAASLN
and 19.79% AA-released from SPcAANLC. The smaller AA-released of
SPCAASLN and SPcAANLC than the unincorporated one (SPAASLN and
SPAANLC) might be caused by the presence of chitosan. The mucoadhesive
chitosan played a key role in the release of drug suggested a matrix like
system resulting from the mechanical interlocking of the long polymer
chains, with the potential for hydrogen bond formation between hydroxyl
group of chitosan and SLN and NLC’s surfactant (Learoyd et al. 2007). This
physical mechanism is the so-called ‘interdiffusion’. The slower AA-release

from SPCAASLN and SPcAANLC supported the objective of this study to
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form prolonged AA-released since the prolong AA was needed to brain

delivery (Esposito et al. 2008).
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Figure 4.31 In vitro released of AA of SPAACSLN and SPCAANLC in situ pH
change. AA from SPCAASLN and SPCAANLC were released at pH 1.2 for 2 h then

replaced to medium to pH 6.8 for 6 h. Error bars represent standard deviations of the

mean based on three replicates.
7.8  Stability Study
7.8.1 Chemical stability of drug content

Oppenheim (1981) has stated that if the drug degrades in an aqueous
environment. The time of contact with water will influence the amount of
drug incorporated into the nanoparticles. The manufacturing procedure
should minimize the time over which degradation may occur.This study was
aimed to figure out the stability of drug content during storage under room

temperature (25°C).

Figure 4.32a shows the stability of AASLN compared to SPAASLN.

After 90 days storage, the drug content of AA in SPAASLN was 82.36%
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whereas in AASLN was 71.25% from initial drug content. It is indicated that
removing water minimized the drug degradation. Dehydration reduced the

hydrolysis that might be occurred on AA.

After 90 days storage, the percentage of drug content in SPCAASLN
was 97.73% which was significantly higher than without chitosan. It is
indicated that chitosan reduced the AA degradation. The lower pH condition
might be responsible to increase the stability of AA since AA is a weak
organic acid which more tends to be nonionized in lower pH condition. The
nonionized entity of AA facilitates drug to stay in a lipid base and reduced

the possibility of drug degradation.

Comparing to AANLC systems, AANLC systems shows better
stability than AASLN systems (Figure 4.32b). But, the similar phenomenon
also was shown between AANLC, SPAANLC and SPcAANLC formulation
which the dried powder of cAANLC was better than the water dispersion of
AANLC. After 90 days storage, the drug content was 86.76%, 98.06% and
7491% for SpAANLC, SPcAANLC and AANLC, respectively (Figure
4.32b). The drug was easier to undergo the degradation when the drug was
released from nanoparticles. Better stability of AANLC systems was
contributed by the higher DEE in initial AANLC than in AASLN which is
affected to the solubility of drug in lipid phase of nanoparticles. More
solubility drug in NLC lipid phase played important role to reduce drug
expulsion during storage which could reducing drug degradation (Wissing et

al. 2004).
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Figure 4.32 Comparison of stability of drug content (AA) in nanoparticles
dispersion and in their dry powder; a). Content of AA in AASLN and spray
dried powder of SLN (SPCAASLN) and b). Content AA in AANLC and
spray dried powder of NLC (SPCAALNC). Error bars represent standard

deviations of the mean based on three replicates
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7.8.2 Chemical stability of entrapped drug

Chemical integrity of drugs entrapped in nanoparticles is another
fundamental aspect of the overall stability evaluation of this study. It is
important in order to analyze not only the particle size but also the eventual
leaking of the drug from the carrier during storage. This study was conducted

to evaluate the stability of entrapped drug during storage.

Figure 4.33a and Figure 4.33b show the entrapped drug of spray dried
powder of AASLN (SPAASLN) and AANLC (SPAANLC) was more stable
than the water dispersion of AASLN and AANLC.After 90 days storage, the
entrapped drug in SPAASLN and SPAANLC were 7891 and 83.50%
whereas in the water dispersion of AASLN and AANLC were 67.56% and
73.73%. It is indicated that removing water from the environment reduced

the drug leaking.

Figure 4.33 shows percent of drug entrapped in droplet comparing to
drug content. It is surprising that the trend of those graphs after 15 days
showed that the entrapped of the spray dried powder chitosan-based
(SPCAASLN and SPcAANLC) compared to drug content was more stable
than the other formulations (AASLN, SPAASLN, AANLC and SPAANLC).
It is indicated that chitosan contributed to reducing the drug leaking from
droplets. Chitosan was dissolved in 1% acetic acid which resulted in lower
pH condition (pH 5.55). This lower pH condition reduced the aqueous
solubility of AA which increased the partition coefficient of AA and kept the
drug entrapped in nanoparticles. Furthermore, the hydrogen bond between

the hydroxyl group of chitosan and AASLN or AANLC’s surfactant might
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form a mechanical interlocking of long polymer chains that played a role on
impairing drug leaking of SPaAASLN and SPcAANLC (Learoyd et al.
2008). It is suggested to concern about increasing drug entrapment efficiency

during SLN and NLC production to increase the stability of the drug during

storage.
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Figure 4.33 Drug entrapment efficiency stability; a. SLN and spray dried powder of
SLN chitosan-based and b. NLC and spray dried powder of NLC chitosan-based.

Error bars represent standard deviations of the mean based on three replicates.
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7.8.3 Stability size and polydispersity index

Figure 4.34a and Figure 4.34b displayed the stable size of AASLN
and AANLC and redispersed spray dried powder of AASLN and AANLC
(RSPAASLN, RSPcAASLN, RSPAANLC and RSPcAANLC). Both graphs
show that AASLN and AANLC significantly changed to bigger size during
storage (p<0.005) (see Appendix G). After 90 days storage, the size of
original AASLN and AANLC was increased from 122.96 to 160.74nm for
AASLN and from 12460 to 163.00nm for AANLC. As mentioned
previously, low zeta potential of both initial AASLN and AANLC played the
role of instability size during storage. These results also confirmed the

stability sizes prediction from zeta potential value (Table 4.15).

However, Pdl of both AASLN and AANLC systems was more stable
than Pdl of redispersion powder of AASLN and AANLC, RSPcAASLN and
RSPcCAANLC. The polydispersity Index (Pdl) value explained about the
uniformity. The lower Pdl value of AASLN and AANLC shows consistency
result with stable droplets size during storage than the redispersed
nanoaggregtes size of cAASLN and cAANLC. The graphs show that Pdl
values of SLN systems have a tendency to increase indicating that the trend
of uniformity of the size was become less during storage. This condition
might be caused instability of droplet size can lead agglomeration and also
drug expulsion following by degradation drug (Lee 2003). Meanwhile, the
Pdl values of AANLC systems seem not to reveal any trend and tend to a
constant value, indicating that the uniformity size on AANLC systems was

more stable than AASLN systems then also related to chemical stability.
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Figure 4.34 Comparison of size stability (average size and polydispersity index (Pdl)
value); a. AASLN system with their RSPCAASLN and b. AANLC system with their
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157

7.9  Permeability Study of Redispersed Spray Dried Powder of AASLN and
AANLC Chitosan-based on Caco-2 Cells

7.9.1 Confocal Laser Scanning Microscopy (CLSM) study

Confocal laser scanning microscopy (CLSM) study was conducted to
observe penetration of RSPCAASLN and RSPcAANLC through Caco-2
cells. Rhodamine 6G (R6g) was utilized to replace AA in SLN and NLC
formulations, then also in the spray dried product of them with and without
chitosan as base. Our finding obtained from confocal microphotographs of
monolayer Caco-2 cells treated by R6gSLN, RSPR6gSLN, RSPcR6gSLN,
R6gNLC, RSPR6gNLC and RSPcR6gNLC  demonstrated  paracellular
localization (extracellular) (Figure 4.35). Fluorescent-cells image of the
group treated with chitosan-based showed higher intensity than without
chitosan indicating chitosan could enhance uptake and penetration of SLN
and NLC through Caco-2 cells. The positive charge of chitosan might
contribute on cell uptake since membrane cell has a negative charge revealed

an easy uptake reflected by high intensity of the fluorescent image in cells.

Figure 4.35 also shows the different rate of permeability of various
treatment group formulations. It was shown that the R6gSLN and R6gNLC
tend to have slower penetration than redispersed spray dried powder of
cR6gSLN (RSPcR6gSLN and RSPcR6gNLC) since the strong intensity was
started at 30 min and the group of redispersed spray dried powder, the strong
intensity was started at 10 min. It was proven that the existence of a positive
charge of chitosan could increase the interaction between the RSPCAASLN

and RSPcAANLC with the negative charge of the cell membrane. The
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mucoadhesive properties of chitosan played the important role of the more
drug uptake (van der Lubben, et al., 2001). Smith et al. 2004 found that
chitosan-mediated tight junction disruption on epithelial cells by the positive
charges on the chitosan included interactions with the tight junction proteins
occludin and ZO-1, redistribution of F-actin, and slight destabilization of the
plasma membrane. Thus, incorporating chitosan as a carrier to lipid
nanoparticles (SLN/NLC) can enhance permeability the lipid nanoparticles

across intestinal cells by paracellular pathway.

The possible mechanisms for the particles to pass through the
gastrointestinal (and other physiological) barriers could be paracellular
passage particles ‘‘kneading’®> between intestinal epithelial cells for
extremely small size (<50nm), endocytotic uptake particles which absorbed
by intestinal enterocytes through endocytosis if the particles size ~500nm and
also lymphatic uptake particles adsorbed by M cells of the Peyer’s patches
for bigger particle (particle size <5mm) (Florence 2004). According to this,
the possible mechanism for all formulation is following endocytosis pathway
since the particle size of all formulation from 100nm to 600nm. However,
according to the Pdl value of each formulation that indicated broad
distribution size, it is still possible that any small particles from the all
formulation to penetrate through Caco-2 by paracellular pathway, especially
when the tight junction was opened. Polysorbate 80 also which able to
modify the lipophilic surface into hydrophilic compound also can lead
paracellular pathway uptake. It can be proposed that both redispersed spray

dried of AASLN (RSPcAASLN) and redispersed spray dried powder of
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AANLC  chitosan-based = (RSPCAANLC) penetrated Caco-2 cells by

paracellular pathway.
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Figure 4.35 Confocal Laser Scanning Microscopy (CLSM) study of R6gSLN,
RSPR6gSLN, RSPcR6gSLN, R6gNLC, RSPR6gNLC and RSPcR6gNLC on Caco-2
cells for 2 h incubation. Paracellular localization of R6g fluorescence was noted

(arrow).
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7.9.2 Toxicity Study on Caco-2 cells

One of major requirements for drug formulation should be non-toxic.
MTT assay were to carry out toxicity of RSPCAASLN and RSPcCAANLC on
Caco-2 cells viability shown in Figure 4.36 and Figure 4.37. Comparing to
80% cell viability of control group, only RSPcSLN blank that significantly
decreased until 63.82%  (p<0.05) (see Appendix H). Meanwhile,
RSPCAASLN and RSPcAANLC did not show ttoxicity in the highest
concentration (100 pM). It is indicated that the existence of AA itself also
has a positive effect on cell viability.

The toxic RSPcSLN blank might be also caused by the interaction of
chitosan with cells more intensely than other formulations. Although chitosan
was generally regarded as safe (GRAS) biodegradable polymer and also had
been found its application in many areas of drug delivery (Kean and Thanou
2010), Schipper et al. (1997) observed some toxic effect of certain chitosan
in Caco-2 cells. Except chitosan, the other component of formulations also
contributed to toxicity of the formulation. It can be seen that the cell viability
tend to increase with the diluting formulation from equal to 100 pM to 12.5

MM of AA.

Even though the other formulations did not show toxicity effect on
Caco-2 cells on concentration 100 pM (biggest concentration) with no
significant difference from 80% of cell viability, which is indicated safe
formulation (Sha et al. 2005), the cells viability of SLN systems (Figure 4.41)
were lower than NLC systems (Figure 4.42) (63.72-88.62% vs 73.71-

89.88%). Since AA also contributed on cell viability, the higher cell viability
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of NLC systems treatment might be due to the ease of AA-released from
NLC systems than from SLN systems. The ease AA-released from NLC

systems then could reduce killing the cells.
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Figure 4.36 Toxicity study on Caco-2 cells between different treatment groups; AA

free, SLN blank, RSPSLN blank, RSPcSLN blank, AASLN, RSPAASLN and
RSPCAASLN. Toxicity study were conducted in equal concentration of AA
concentration at 100 uM, 50 uM, 25 uM and 12.5 uM. Error bars represent standard
deviations of the mean based on three replicates.* represents significantly different to
80% cell liability.
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Figure 4.37 Toxicity study on Caco-2 cells between different treatment groups; AA
free, NLC blank, RSPNLC blank, RSPcNLC blank, AANLC RSPAANLC and
RSPcAANLC. Toxicity study were conducted in equal of AA concentration at 100
MM, 50 pM, 25 pM and 12.5 puM. Error bars represent standard deviations of the
mean based on three replicates.

7.9.3 Permeability on Caco-2 cells

Figure 4.38 shows that after 2 h incubation, cumulative drug transport became
relatively constant in many groups treatment. Comparing to AA free, AA in SLN or
NLC and also in their spray dried powder with and without chitosan showed higher
drug transport. Since paracellular and endocytosis pathway are the possible pathways
of those formulations, the hydrophilic surface of those formulations (AASLN,
AANLC, RSPAASLN, RSPcAASLN, RSPAANLC and RSPCAANLC) might role on
higher paracellular transport resulting higher drug transport. After 2 h incubation, the
cumulative drug of the group with chitosan (RSPCAASLN and RSPcAANLC)
treatment showed the significant highest percentage of drug transport at 49.40% and
42.90% (p<0.05) (see Appendix 1). Chitosan with its positive charge and

mucoadhesive properties might play the role on opening tight junction resulting high
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drug transport through Caco-2 cells. These results were comparable with Fonte et al.
(2011) that found their coating SLN with chitosan significantly increased the

cumulative transport of insulin.

For comparison of drug transport of AASLN and AANLC vs the redispersed
powder of AASLN and AANLC with and without chitosan, it seems that the smallest
size of particles did not show the higher drug transport. These results were supported
by Yin Win and Feng (2004) found that the nanoparticles with 500nm size were able
to be uptake by Caco-2 cells by 1.8 folds greater than the nanoparticles with 50nm

size.

Comparison between AASLN systems and AANLC systems, it is shown that
the AASLN showed higher drug transport than AANLC systems. After 6 h incubation
53.66% of drug was transported from RSPCAASLN, while only 46.45% of drug was
transported from RSPCAANLC. Non chitosan groups also were shown the similar
trend which after 6 h incubation, 38.39% of drug was transported from RSPAASLN

and 34.91% from RSPAANLC (Figure 4.38).
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Figure 4.38 Cumulative drug transport of AA through Caco-2 cells between treatment
groups of AA Free, AASLN, RSPAASLN, RSPcAANLC, AANLC RSPAANLC and
RSPcAANLC. Error bars represent standard deviations of the mean based on three

independent experiments were omitted to obtained clear image.

Since after 2 h incubation, the amount of drug transport was in
relatively constant drug cumulative, apparent permeability (Pap,) of this study
was calculated at 2 h incubation. Relatively constant of drug indicated a
steady state condition. Figure 4.39 shows that after 2 h incubation, the
absorptive flux (apical-to-basolateral, A-to-B) was found to be statistically
significant  difference for any treatment groups (AASLN, AANLC,
RSPAASLN, RSPcAASLN, RSPAANLC and RSPcAANLC) compared to
the media control (AA free) (see Appendix ). Groups with RSPCAASLN and
RSPCAANLC  treatment also  showed significantly  (p<0.05)  higher
permeability (2.46x10° cm/s and 2.19x10®° cm/s) than a group of AASLN,

AANLC, RSPAASLN and RSPAANLC indicating that the AA from
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RSPCAASLN and RSPcAANLC system could permeate Caco-2 cell in
significant higher amount (p<0.05) than AA in water dispersion of AASLN,
AANLC and AA free. This result showed that incorporation AASLN and
AANLC with chitosan and also adding maltodextrin and then spray drying
them, gave positive contribution in permeability process. The positive charge
of chitosan not only increased the electrostatically interaction between
nanoaggregates and Caco-2 cell membrane (Ranaldi et al. 1992) but also had
mucoadhesive property that allowed much more nanoaggregates of AASLN
or AANLC attached and easy to permeate (van der Lubben et al. 2001) either
paracellular or transcellular pathway (Fonte et al. 2011). The graph in Figure
4.44 also shows that RSPCAANLC had significant lower permeability than
the RSPCAASLN (p<0.05), the castor oil as liquid lipid component of NLC
might lead less interaction between lipid nanoparticles and the cell membrane
so AA in RSPcCAANLC could not penetrate as easy and rapid as in

RSPcCAASLN.
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Figure 4.39 Permeability study on Caco-2 cells between different treatment groups:
AA free, AASLN, AANLC, RSPAASLN, RSPcAASLN, RSPAANLC and
RSPcAANLC. Error bars represent standard deviations of the mean based on three
independent experiments.* represents significantly different (p<0.05) to AA free
group. ** represents significantly different to original lipid nanoparticles (AASLN
and AANLC)

Figure 4.40 shows that all formulations did not show drug reverse ratio
(<2.00). RSPAASLN treatment group showed the smallest reverse ratio (0.38),
indicated that this formulation less tendency to reverse the drug (AA) from Caco-2
cells (Mensch et al. 2010). It is concluded that lipid nanoparticles especially AANLC,
redispersed spray dried powder of AASLN and redispersed spray dried powder of
AANLC chitosan-based could improve the permeability in the small intestine.

It is interesting that the redispersed spray dried powder of AASLN and
AANLC showed less reverse ratio than their original AASLN and AANLC (0.38 and
0.51 vs 0.59 and 0.54). As known that surfactants also played role increase the

modulator of drug efflux (Goppert et al. 2005, Huang et al 2008) the dehydration
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during spray drying process might alter the surfactant properties (Lee 2003) which
might reduce their modulator effect on drug reverse. It is not satisfied that
incorporation of chitosan into spray drying AASLN and AANLC increase the drug
reverse (0.41 and 0.65). The muchoadhesion chitosan might play a role the residence
time of the drug on the cell surface that not only increase permeability but also
increase the interaction between drug and drug efflux transporters. However, the
increasing drug reverse ratio is still less than 2.00 which considered as moderate

reverse drug.
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Figure 4.40 Reverse ratio of AA free, AASLN, AANLC, RSPAASLN, RSPcCAASLN,
RSPAANLC and RSPcAANLC on Caco-2 cells. Error bars represent standard

deviations of the mean based on three independent experiments.
7.9.4  Uptake study on Caco-2 cells

Figure 4.41 shows the association of drug with cells during
permeability study. It is shown that the groups that treated by incorporated
AA in SLN and NLC and also spray dried in chitosan-based increased

permeability compared to AA free. Chitosan incorporation increases
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significantly to the uptake drug by Caco-2 cells. Positive charge of chitosan
also indicated not only rapid electrostatically interaction but easier
association which led high drug uptake amount. In addition, mucoadhesion of
biopolymer-chitosan also provide mucus layer (Kawashima and York 2008;
Cui et al. 2009; Fonte et al. 2011) that could improve nanoaggregates of
AASLN and AANLC form RSPcAAASLN and RSPcAANLC interface on
Caco-2 cells and oral absorption (Bowman and Leong 2006). These results
also highlighted the misconception that the smaller nanoparticle size, the
better the cellular can be resulted. Yin Win and Feng (2004) found that there

IS an optimum size range of particles that shows the best cellular uptake.

From Figure 4.41, it was shown that NLC systems (AANLC,
RSPAANLC and RSPcAANLC) seemed easier to associate to Caco-2 cells
than SLN systems (AASLN, RSPAASLN and RSPcAASLN). As colloidal
drug carrier, NLC systems which contain solid and liquid lipid provided
flexible form to achieve higher drug uptake in Caco-2 cells than SLN
systems which contained solid lipid only (Miller et al. 2002a). This uptake
drug result was consistent with confocal laser scanning microscopy study

(Figure 4.35).
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Figure 4.41 Uptake study on Caco-2 cells between different treatment groups; AA
Free, AASLN, AANLC, RSPAASLN, RSPcAASLN, RSPAANLC and
RSPcAANLC. Error bars represent standard deviations of the mean based on three

independent experiments.
7.9.5 TEER study on Caco-2 cells

Transepithelial electrical resistance (TEER) reflects the impedance to
the passage of small ions through the physiological barrier and is recognized
as one of the most accurate and sensitive measures of epithelial cells integrity
(Rutten et al. 1987). Results of the TEER experiments are expressed as
percentage of the initial resistance value of the monolayer, which was
401.30+50.44 Q.cm? (n = 24).

Figure 4.42 shows TEER value on Caco-2 cells by experiment. After
2 h incubation, TEER value become in constant value. Except control group
(without  treatment), all group treatment underwent significant TEER
decreasing (p<0.05) at 39.25-93.74% (see appendix J). Decreasing of TEER

value reflected loss of barrier function of epithelial cells and also opening of
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the tight junction. However, decreasing TEER value that can open tight
junction should over than 50% decrease (Briske-Anderson et al. 1997). In
this  observation, only RSPcCAASLN and RSPcAANLC that showed
decreasing TEER value until 39.25+4.32% and 47.19+5.37% which are over
than 50% decrease indicating opening tight junction. The incorporating
AASLN and AANLC with chitosan decreased TEER value. The positive
charge of chitosan might play a role on reversible effect on TEER value (Sha
et al. 2005). Ranaldi et al. (2002) also found that chitosan was the only
cationic polymer that displayed an irreversible effect on the tight junction at
0.01%. It can be possible to conclude that incorporating chitosan on spray
drying AASLN and AANLC could open the tight junction of Caco-2 cells

(0.0125%).

The TEER value after incubation of RSPCAASLN and RSPcAANLC
groups was observed in the next 24 h and the value reached almost the same
TEER value before incubation at 388.15+38.12 Q.cm® or 96.67% back,
indicating that after removing the integrity of cells recover. This result also
indicated that chitosan in the formulation had recovery properties tendency
and also showed a quite safe polymer to Caco-2 cells as a model of epithelial

cells.
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Figure 4.42 Percentage of TEER change value on Caco-2 cell between different
treatment groups. Error bars represent standard deviations of the mean based on three

independent experiments.
7.9.6 Size and zeta potential behavior in permeability study on Caco-2 cells

Figure 4.43 shows nanoaggregates measured after passing Caco-2
cells compared to before passing Caco-2 cell on permeability study. After
passing Caco-2 cells (2 h incubation), the average nanoaggregate size of all
formulations was significantly decreased. Before passing Caco-2 cells,
average nanoaggregate size of redispersed spray dried powder of AASLN
and AANLC in apical site was measured 444.28nm and 399.78nm,
respectively. After passing Caco-2 cell, the size of RSPAASLN was
326.12nm and 344.28nm for RSPAANLC. Size of RSPcAASLN before
passing Caco-2 cells was 527.40nm then after passing Caco-2 cells became
448.70nm and for RSPCAANLC was 584.60nm then became 480.78nm.

Since from CLSM images confirmed that the nanoparticles penetrate Caco-2
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cells via paracellular pathway, the significant decreasing size after passing
Caco-2 cell suggesting disaggregation of nanoparticles generating smaller
nanoparticles on endocytosis pathway. The mean diameter number of all
groups was found a small number less than 50nm (data not shown). These

small particles might penetrate through Caco-2 cells by paracellular pathway.
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Figure 4.43 Nanoaggregates size of redispersed spray dried powder of AASLN
chitosan-based and spray dried powder of AANLC chitosan-based, before and after
permeability study. Error bars represent standard deviations of the mean based on

three replicates.

Figure 4.44 shows the change of zeta potential value of redispersed
spray dried powder of CcAASLN (RSPcAASLN), cAANLC (RSPcAANLC)
and RSPAASLN, RSPAANLC for comparison. Zeta potential as an indicator
of surface charge of nanoparticles was important to facilitate nanoparticles to
be uptake by epithelial cells in intestinal mucus which has a negative charge.
Most of zeta potential value of nanoparticles is attributed to their surfactant

or other charged component nanoparticles. Zeta potential values of
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RSPAASLN and RSPAANLC before passing Caco-2 cells were -16.92 mV
then became -9.17 mV after passing Caco-2 cells. The milieu of the apical
site of transwell brings the negative surface charge. The increasing zeta
potential of nanoaggregates from RSPAASLN and RSPAANLC might be
caused by reducing surfactant surrounding their nanoaggregates during
penetration. Zeta potential of RSPCAASLN was 41.64 mV then after passing
Caco-2 cells became -9.24 mV. The decreasing zeta potential was also
occurred in RSPAASLN from -16.70 to -12.61 and RSPcCAANLC from 33.22
mV to 172 mV after passing Caco-2 cells. The negative charge of
RSPAASLN might be attributed to the milieu of the apical site of transwell
which the bEnd3 were seeded on. On RSPcCAANLC, changing zeta potential
value from positive value to negative value was caused by the interaction of
chitosan with the epithelial cells to facilitate the cells uptake nanoparticles or
nanoaggregates via paracellular pathway. The standard deviation of this
group was higher than the mean because of the different charge of zeta
potential value of each sample (see Appendix K). The nanoparticles or
nanoggregates permeated Caco-2 cells only surrounded by surfactant which
had a negative charge. Meanwhile, on RSPCAANLC, some nanoparticles or
nanoaggregates might still be surrounded by small amount of chitosan
resulting slight positive charge of zeta potential. The nanoparticles or
nanoaggregates were only surrounded by surfactants (Tween 80, Span 80 and
pluronic F127) would be contributed on surface hydrophilicity of

nanoaggregates. The hydrophilic surface could avoid the nanoaggregates
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from disappearance in the blood stream by phagocytic cells (Moghimi et al.

2001; Furumoto et al. 2004).
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Figure 4.44 Zeta potential of redispersed spray dried powder of AASLN and AANLC
chitosan-based, before and after permeability study. Error bars represent standard

deviations of the mean based on three replicates.

7.10 Permeability Study on bEnd3 Cells Cocultured with CTX-TNAZ2 Cells

7.10.1 Confocal Laser Scanning Microscopy (CLSM) study

bEnd3 cells are immortalized mouse brain endothelial cell line
exhibiting endothelial properties. It expresses von Willebrand factor, vascular
endothelial growth factor receptors and can internalize acetylated low-density
lipoprotein (Pepper et al. 1997). Due to their rapid growth, ease of
maintenance over repeated passages, formation of functional barriers and

amenability to numerous molecular interventions, bEnd3 cells are interesting
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BBB model (Brown et al. 2007). So, in this study, bEnd3 was selested as

BBB model.

Confocal microscopy study was conducted to observe penetration and
distribution of the formulation in bEnd3 monolayer.
Figure 4.45 illustrates confocal microphotographs of bEnd3 cells treated with the
penetration and distribution of the formulation from basolateral site of Caco-2 cell
permeability study which dyed with rhodamine 6g (R6g) in bEnd3 cells (clear images
(clear images can be seen in Appendix I).
Figure 4.45 shows the fluorence of R6g from all of formulations (SLN,
RSPSLN, RScSLN, NLC, RSPNLC and RSPcNLC) was internalized within
cells and was localized in cytoplasmic compartments. Therefore, it is
concluded that AASLN, RSPAASLN, RSPcAASLN, AANLC, RSPAANLC
and RSPCAANLC  penetrated DbEnd3 monolayer through cells by
intracellularly pathway. In previous study, it was found that the lipid
nanoparticles across BBB via passive diffusion (Abraham et al. 1994),
endocytosis pathway (Smith and Gumbleton 2006). Meanwhile, Kaili et al.
2009 found that the uptake lactoferin-nanoparticles loaded Coumarin-6 by
bEnd3 cells were time-, temperature- and concentration-dependent and
suggested active endocytosis mechanism. In addition, Martins et al. 2012 also
found that SLN stabilized with polysorbate 60 and 80 are internalized by

glioma cell lines by an energy dependent mechanism.

Figure 4.45 shows that incorporating chitosan on spray dried powder of

Rh6gSLN or R6gNLC increased the rate of penetration. The R6gSLN and
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R6gNLC nanoaggegates from RSPcRR6gSLN and RSPcR6gNLC penetrated
slower than the spray dried of R6gSLN and R6gNLC with and without
chitosan. The group of spray dried R6gSLN and R6gNLC, fluorescent cells
picture could be seen at 10 min of incubation while in a group of R6gSLN
and R6gNLC, and fluorescent cells were seen after 20 min of incubation.
Intensity of fluorescent cells that were outlined by chitosan incorporated
groups (RSPcR6gSLN and RSPcR6gNLC) also increased than without
chitosan group (RSPR6gSLN and RSPR6gNLC). The mucoadhesion of
chitosan might play a role to increase the drug uptake by increasing the
residence time of the drug on the cell surface (Kotzé et al. 1999). It is
indicated that although the mechanism has not been fully understood, by
which spray dried of cR6gSLN and cRg6NLC delivery systems can be

developed for more efficient delivery to brain targeted drug.
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Figure 4.45 Confocal Laser Scanning Microscopy (CLSM) study of R6gSLN,
RSPR6gSLN, RSPcR6gSLN, R6gNLC, RSPR6gNLC and RSPcR6gNLC on bEnd3
cells. Intracellular localization of R6g fluorescence was noted (arrow).

7.10.2 Toxicity study on bEnd3 cells cocultured with CTX-TNA2

To evaluate the potential of oral formulation of AA loaded RSPcSLN
and RSPcNLC to be delivered across BBB, cell viability study was carried
out using MTT assay with bEnd3 as the model cell line. MTT is added to a
cell culture and is modified into a dye by enzymes associated metabolic
activity in a live cell (formazan forming). The cell viability of placebo-SLN,
NLC, RSPSLN, RSPNLC, RSPcSLN, RSPcNLC and AA free treatment

groups were also tested for comparison.

Figure 4.46 and Figure 4.47 show the formulation effect on percent
cells viability. In this experiment, the concentrations of AA in each
formulation were not exactly determined because formulations of all
treatment groups were collected from basolateral site of permeability study
on Caco-2. Concentrations of AA in each formulation cells were correlated to

drug transport from the permeability study on Caco-2 cells (Figure 4.38).

According to percent cells viability that not less than 80% (Sha et al.
2005), it could be seen that all formulation, including the Blank SLN and
NLC, free AA, SLNAA-SLN, AA-NLC, redispersed nanoaggregates of
AASLN and AANLC chitosan-based did not show toxicity effect (>80%).
Figure 4.46 and Figure 4.47 show that blank SLN and blank NLC affected in
less cell viability than drug without formulation (AA free). It might be caused

by surfactant that involved in SLN or NLC, but still considered as safe
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surfactant. So, it was prudent to use the formulation for further permeability
study on bEnd3 without dilution. And all these results demonstrated that AA
loaded RSPcSLN and RSPcNLC as a potential tool to cross BBB via oral

administration.
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Figure 4.46 Toxicity study on bEnd3 between different treatment groups; AA free,
SLN, RSPSLN Blank, RSPcSLN Blank, AASLN, RSPAASLN and RSPcAASLN.

Error bars represent standard deviations of the mean based on three replicates.
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Figure 4.47 Toxicity study on bEnd3 between different treatment groups; AA free,
NLC blank, RSPNLC Blank, RSPcNLC Blank, AANLC RSPAANLC and
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RSPcAANLC. Error bars represent standard deviations of the mean based on three

replicates.
7.10.3 Permeability study on bEnd3 cells cocultured with CTX-TNA2

Monolayer bEnd3 cells cocultured with CTX-TNA2 were treated by
several formulations taken from basolateral site of transport study of Caco-2
cells. After 2 h incubation, all of the treatment group were significantly
different with media control (AA Free). The percentage of all group
treatments showed higher percent transport (32.64-56.64%) than the control
group (AA free) (24.44%) (Figure 4.48). The lipid nanoparticles of AASLN,
AANLC, RSPAASLN, RSPcAASLN, RSPAANLC and RSPcAANLC
treatment group which prior passed Caco-2 cells were easier to penetrate
bEnd3 cells by intracellular pathway than the free drug. The powder
redispersion of both AASLN and AANLC with and without chitosan showed
higher drug transport than the original AASLN and AANLC. It is indicated
adding maltodextrin on spray drying showed improve permeability on bEnd3
cells cocultured with CTX-TNA2 which prior passed Caco-2 cells. The
redispersion of spray dried AANLC groups (with and without -chitosan)
showed slightly better drug transport than the spray dried of AASLN group.
The nanoparticles might be changed their behavior during passing Caco-2

cells.
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Figure 4.48 Percentage transport of AA through bEnd3 cells cocultured with CTX-
TNAZ2 between treatment groups of AA Free, AASLN, RSPAASLN, RSPCAANLC,
AANLC, RSPAANLC and RSPCAANLC. Error bars represent standard deviations of
the mean based on three independent experiments were omitted to obtained clear
graph image.

Figure 4.49 shows that after 2 h incubation, except the AANLC
group, all treatment groups show higher permeability than the control group
(free  AA). RSPcAANLC group showed the highest permeability than other
groups but did not significantly higher compared to RSCAASLN (p>0.05)
(see Appendix ). The highest permeability of RSPCAANLC group might be
caused by the presence of small amount of chitosan surrounding their
nanoaggregates. As known before, RSPCAANLC after passing Caco-2 cells
still a had positive charge (Figure 4.44). The positively charged of
nanoaggregates  increased the  electrostatic  interaction  between  the

nanoaggregates and endothelial cells. According to the zeta potential

measurement from Figure 4.44, other groups (RSPAASLN, RSPcAASLN,
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and RSPAANLC) which consisted of only nanoparticles or nanoaggregates
of lipid stabilized by surfactant could not interact with bEnd3 cells as fast as

RSPCAANLC resulting lower apparent permeability.
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Figure 4.49 Permeability study of AA on bEnd3 cells cocultured with CTX-TNA2
between different treatment groups; AA Free, AASLN, RSP-AASLN chitosan-based,
AANLC and RSP-AANLC chitosan-based. Error bars represent standard deviations
of the mean based on three independent experiments.* represents significantly
different (p<0.05) to AA Free group.** represents significantly different to their
original nanoparticles of AASLN and AANLC group.

Figure 4.50 shows that there was no treatment showing drug reverse ratio
value over than 2.00. The lower drug reverse ratio drug ratio (Mensch et al. 2010) was
satisfying the possibility of the hypothesis that the SPCAASLN and SPCAANLC
could be employed as an oral drug, could permeate BBB then could be targeted to
brain delivery.

The smallest drug reverse ratio value of RSPCAANLC group indicated that

this in this formulation the drug underwent the less reverse than other groups. The
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smallest drug reverse ratio of this also explained the high percentage drug transport in

the RSPCAANLC group (Figure 4.48).
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Figure 4.50 Reverse ratio of between different treatment groups, AA free, AASLN,
AANLC, RSPAASLN, RSPcAASLN, RSPAANLC and RSPcAANLC) on bEnd3
cells. Error bars represent standard deviations of the mean based on three independent

experiments.

7.10.4 Uptake study on bEnd3 cells cocultured with CTX-TNA2

Figure 4.51 shows the association of drug during permeability study. It was
shown that the AASLN had the lowest uptake drug compared to other treatments
groups. More intensity on picture of AANLC and RSPCAANLC from CSLM study

also confirmed the higher uptake drug (

Figure 4.45). The more flexibility of lipid behavior of AANLC and
RSPCAANLC might be one of the factors to increase drug uptake to bEnd3

cells. Figure 4.51 also shows the drug was easier to be uptake by cells in
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RSPCAASLN and RSPcCAANLC chitosan-based groups than only on
AASLN and AANLC groups. The positive charge of chitosan might involve
in faster attaching then easier to nanoaggregate to be uptaken. Mucoadhesive
property of chitosan made the redispersed spray dried powder of AASLN
chitosan-based (RSPCAASLN) and redispersed spray dried powder of
AANLC chitosan-based (RSP-AANLC) were faster and easier to be uptake
by cells than AASLN and AANLC (van der Lubben et al. 2001). The
remained of surfactant coated also contributed to the enhancement of drug
uptake by binding the nanogreegates to the inner endothelial lining of the
brain capillaries and subsequently, particles deliver drugs to the brain by
providing a large concentration gradient, thus enhancing the passive

diffusion; brain endothelial uptake by phagocytosis (Alyautdin et al. 1998).
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Figure 4.51 Uptake AA after 6 h incubation between different treatment groups; AA
free, AASLN, redispersed spray dried powder of AASLN chitosan-based (RSP-
AASLN), AANLC and redispersed sray dried powder of AANLC chitosan-based
(RSP-AANLC) by bEnd3 cells cocultured with CTX-TNAZ2. Error bars represent

standard deviations of the mean based on three independent experiments.
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7.10.5 TEER study on bEnd3 cells cocultured with CTX-TNA2

Transendothelial electricity resistance (TEER) study using the mouse
endothelial cell line, bEnd3 cocultured with rat astrocyte cells, CTX TNAZ2,
was conducted to explore the mechanism penetration of oral administration
of RSPCAASLN and RSPcAANLC through BBB for brain delivery.
Coculturing the endothelial cells (bEnd3) with astrocyte cell (CTX-TNAZ2)
was conducted to increase TEER. Using Corning Transwell™ membrane
with diameter size of 4.67 cm? TEER value of bEnd3 alone was 139.13+4.44

Q.cm?. Meanwhile, TEER value of bEnd3 cocultured with CTX-TNA2

revealed 3.7 times higher than in bENd3 alone at 515.33+66.67 Q.cm® The
higher TEER value of the cell model is important to represent the tight
junction of BBB. This TEER value also is significantly higher than TEER
value of Caco-2 cell which is only 401.29+50.44 Q.cm® This different TEER
value Caco-2 cells and DbENd3 cell cocultured with CTX-TNA2 cells
represent enough to be used together as the small intestine and BBB model.

The TEER study (Figure 4.52) shows that the TEER values of all
group treatment were significantly decreased after 2 h incubation. Except the
group of RSPAANLC and RSPcAANLC, the decreasing of TEER values
was about 84.80-92.12% (Appendix 1). Even the decreasing of TEER value
reflected on loss of barrier function, if the decreasing was less than 20% the
integrity of bEnd3 cells were always maintained in a safe condition (Fonte et
al. 2011). On group of RSPAANLC and RSPcAANLC, after 2 h incubation,
TEER values were decreased at 79.76+0.44% and 66.32+9.11%. The

decreasing TEER value of RSPAANLC group was quite high but did not
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significantly different from 20% decrease, so it is still considered the barrier
function of cells is still safely maintained. The quite high decreasing of
TEER value of RSPCAANLC was 34%, which is over than 20%, might be
indicated by losing cells integrity which reflected on increasing permeability
coefficient (Figure 4.49). According to zeta potential determination passing
Caco-2 cells, it is indicated that some chitosan might be existed of
RSPCAANLC group then contributed on decreasing of TEER value.
However, this decreasing did not indicate the opening of the tight junction
because the threshold of opening tight junction is over 50% decrease (Briske-
Anderson et al. 1997). According to these TEER value changes, it is
indicated that RSPCAASLN and RSPcAANLC could not open the tight
junction of BBB model. These results also confirmed RSPcCAASLN and
RSPCAANLC penetrated BBB by intracellular pathway. It can be studied
further the mechanism of penetration whether by passive diffusion or
endocytosis pathway as other researchers found that the lipid nanoparticles
across BBB via passive diffusion (Abraham et al. 1994), endocytosis

pathway (Smith and Gumbleton 2006).
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Figure 4.52 Percentage of TEER change value on bEnd3 cell between different
treatment groups; AA free, AASLN, RSP-AASLN chitosan-based, AANLC and RSP-
AANLC chitosan-based. Error bars represent standard deviations of the mean based

on three independent experiments.



CHAPTER V

CONCLUSIONS

Response surface methodology could be employed to optimize spray drying
process and feed concentration of spray dried SLN chitosan-based. Temperature had a
positive influence on product yield, nanoaggregates size and moisture content. Feed
rate had a negative influence to product yield and nanoaggregates, but positive
response to moisture content. Feed concentration showed a negative response to
product yield and moisture content in high temperature, but a positive response to
nanoaggregate size.

The models of product yield, redispersed nanoaggregate size and moisture
content of dry powder were fitted well with the linear, quadratic and quadratic
equation model, respectively. The optimum conditions suggested from the program
also could be applied for NLC as promising lipid nanoparticles. Spray drying SLN
and NLC containing model drug could produce spherical shape particles and have a
tendency to form an amorphous dispersion. Spray dried powder of SLN and NLC
containing drug model can be redispered into nanoaggregate of SLN and NLC
particles. Nanospray drying also could produce a more rounded and smaller spherical
microparticles powder and smaller redispersed nanoaggregate particles.

The model drug can be entrapped better in NLC more than SLN. The high
entrapment efficiency of NLC containing modal drug lead better stability of dried
powder NLC containing model drug was better than the dried powder SLN.

Converting the water dispersion of SLN and NLC and adding chitosan as

based into dried powder prolong the drug release than the SLN and NLC dispersion.
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Spray dried powder of SLN and NLC increase the drug transport, drug uptake and the
apparent permeability of model drug both through Caco-2 cell and bEnd3 cell
cocultured with CTX-TNAZ2. Thus, it is concluded that spray dried powder of AASLN
and AANLC were a potential vehicle for AA oral delivery application tend to
paracellular pathway penetration on Caco-2 cells and intracellular pathway on bEnd3
cell cocultured with CTX-TNAZ. Incorporating chitosan on spray drying AASLN and

AANLC could enhance permeability by opening the tight junction of Caco-2 cells.

Permeability test on bEnd3 as represent blood brain barrier also showed higher
permeability on group of RSPCAASLN and RSPCAANLC. The confocal study and
TEER showed that RSPCAASLN and RSPCAANLC are inclined to more intracellular
penetration pathway. From those findings, it was concluded that SPCAASLN and

SPcAANLC chitosan-based can be employed to oral administration for brain delivery.
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APPENDIX B

2D RESPONSE SURFACE



Design-Expert® Software
Factor Coding: Coded
Yield (%)
® Design Points

85.56

31

X1 = A: Inlet Temperature
X2 = B: Pump rate

Coded Factor
C: Feed Concentration = 0.000

Design-Expert® Software
Factor Coding: Coded
Yield (%)
® Design Points

85.56

31
X1 = A: Inlet Temperature
X2 = C: Feed Concentration

Coded Factor
B: Pump rate = 0.000

Design-Expert® Software
Factor Coding: Coded
Yield (%)

85.56

31

X1 = B: Pump rate
X2 = C: Feed Concentration

Coded Factor
A: Inlet Temperature = 0.649

B: Pump rate

C: Feed Concentration

C: Feed Concentration

-0.6

Yield (%)

-0.2 0.2

A: Inlet Temperature

Yield (%)

0.6

\ \
-0.2 0.2

A: Inlet Temperature

Yield (%)

0.6

B: Pump rate

0.5
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Design-Expert® Software
Factor Coding: Coded
Moisture content (%)

® Design Points

8.32
318
X1 = B: Pump rate
X2 = C: Feed Concentration

Coded Factor
A Inlet Temperature = 0.000

Design-Expert® Software
Factor Coding: Coded
Average Nanoaggregate Size (nm)
® Design Points
1586

254.6
X1 = A: Inlet Temperature
X2 = C: Feed Concentration

Coded Factor
B: Pump rate = 0.000

Design-Expert® Software

Factor Coding: Coded

Average Nanoaggregate Size (nm)
1586

254.6

X1 = B: Pump rate
X2 = C: Feed Concentration

Coded Factor
A: Inlet Temperature = 0.026

Moisture content (%)
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APPENDIX C

FOURIER TRANSFORM INFRARED CHARACTERIZATION



Bromocriptine

216

Peak Wavelength (cm™)

Functional Group

3253.91

2959.38

2698.14

1732.96

1647.74

1445.83

1220.27

1174.74

1047.64

H-bonded OH groups, NH; stretching

C-H aliphatic asymmetric

C-H aliphatic symmetric

C=0 stretching (carbonic acid)

NH, bending, C=0, C=N stretching (Amida land I1)

C-H deformation in aliphatics

C-O stretching

C-O stretching (phenolic hydroxyl groups)

C-O deformation (methoxyl group)




Asiatic acid

217

Peak Wavelength (cm™)

Functional Group

3404.61

2926.14

2869.57

1694.12

1049.28

Stretching vibration in O-H

C-H aliphatic asymmetric

C-H aliphatic symmetric

C=0 stretching of carboxylic acid

C-O deformation (methoxyl group)
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APPENDIX D

DIFFERENTIAL SCANNING CALORIMETRY



DCS Characterization

Sample Temperature (°C) AH (W/g)
Bromocriptine 215.33 -10.8243
219.67 113.703
Tristearin 76.67 -9.66284
Trimyristin 60.33 -13.60140
Pluronic f127 59.67 -5.83034
Maltodextrin 32.67 - 211.67 -0.22403 — (-1.24714)
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Differential Scanning Calorimetry

Sample Temperature (°C) AH (W/g)
Asiatic Acid 28..33-53.33 -0.03133 — (-0.00312)
205.33 0.09498
332.67 -0.21358
Physical mixture powder of 71.33 -9.17289
AASLN
55.33 -5.94949
46.33 -5.93368
Physical Mixture Powder of 46.00 -5.66175
AANLC
54.33 -5.20293
71.67 -7.57573
Spray dried powder of 45.00 -0.87786
AASLN chitosan-based
56.67 -0.92568
73.00 -1.41103

36.67-164.00  -1.30727 — (-0.53692)
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Continue
Sample Temperature(°C) AH (W/g)
Spray dried powder of 44.00 -0.91639
AANLC chitosan-based
55.00 -0.86532
73.00 -1.28651
36.67-165.00 -1.33625 — (-0.60079)
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APPENDIX E

WIDE XRD CHARACTERIZATION
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Bromocriptine

Angle 2 Theta (°) Intensity Count

5.0914928 3936
12.43379 4506
13.234352 1051
14.2865192 3936
15.7275308 1346
16.7568248 1025
17.1456692 2008
20.9197472 1339

22.3378856 1694
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Tristearin

Angle 2 Theta (°)  Intensity count

5.914928 2501
16.5967124 1035
16.9626836 1355
19.3414964 7871
22.2463928 1401
23.1613208 5259

24.2363612 5185




Pluronic f127

Angle 2 Theta (°)

Intensity Count

14.636038

15.0870812

19.2042572

23.3900528

26.3635688

909

950

6865

5885

945
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Trimyristin
Angle 2 Theta (°) Intensity count

7.4245592 3059
16.9398104 2040
17.5573868 1477
19.3872428 8440
22.0634072 1804
23.2299404 {23

24.0762488 7729




Nanospray dried powder of BMSLN chitosan-based

Angle 2 Theta (°)  Intensity Count

19.08989 1503
23.32143 1172
24.0305 1039

Nanospray dried powder of BMNLC chitosan-based

Angle 2 Theta (°) Intensity Count
19.27288 1436
19.3415 1447
19.38724 1458
20.91975 1058
22.93259 1029

23.18419 1202
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Asiatic acid
Angle 2 Theta (°) Intensity Count
7.65971 793
12.60032 2035
12.94342 2205
13.69824 2757
15.07063 3005
16.09992 1059

16.67175 1152




Physical mixture powder of AASLN

Angle 2 Theta (°) Intensity Count
5.875602 1468
19.39366 2733
23.07625 2294
24.197 1915

Physical mixture powder of AANLC

Angle 2 Theta (°) Intensity Count
19.1649 3428
19.3708 3509
23.1449 3177

24.1055 2865
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Spray dried powder of AASLN

Angle 2 Theta (°) Intensity Count
19.3708 4357
23.1677 3959
24.0598 3785

Spray dried powder of AANLC

Angle 2 Theta (°) Intensity Count
19.4165 5421
23.0991 5048

24.0141 4854
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APPENDIX F

NANOAGGREGATES SIZE
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APPENDIX G

SIZE STABILITY



Size Stability (mean (n=5) £SD (hm))

240

] Time (min)
Formulation
0 15 30 60 90
SLN 122.96 120.65 132.48 157.89 160.74
+5.63 +12.01 +9.65 +12.34 +9.34
SPAASLN 444,75 445.35 450.78 478.98 496.37
+27.17 +22.35 +31.32 +18.19 +17.84
SPCAASLN 5274 542.98 524.76 578.1 595.09
+45.83 +40.45 +49.56 +47.53 +48.34
NLC 124.6 133.875 156.76 165.34 163
+4.25 +7.8 +10.32 5.6 +13.34
SPAANLC 398.89 402.32 420.65 418.23 426.64
+30.00 +31.76 +26.56 +34.67 +28.97
SPCAANLC 584.6 594.73 590.43 619.75 630.34
+58.63 +42.9 +49.57 +48.43 +47.89
Tests of Normality
Kolmogorov-Smirnov? Shapiro-Wilk
Group
Formulation o ictic  Df  Sig.  Statistic df Sig.
0 day AANLC 77 3 1.000 3 .961
AASLN 179 3 999 3 .947
RSPAANLC 179 3 999 3 951
RSPAASLN A77 3 1.000 3 971
90 day AANLC .180 3 .999 3 .945
AASLN .201 3 .995 3 .858
RSPAANLC 191 3 997 3 .898
RSPAASLN 175 3 1.000 3 .997




Tests of Normality
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Kolmogorov-Smirnov? Shapiro-Wilk
Group
Formulation Statistic Df Sig. Statistic df Sig.
0 day AANLC 77 3 . 1.000 3 .961
AASLN 179 3 . .999 3 947
RSPAANLC 179 3 . 999 3 951
RSPAASLN A77 3 . 1.000 3 971
90 day AANLC .180 3 . .999 3 .945
AASLN .201 3 . .995 3 .858
RSPAANLC 191 3 . 997 3 .898
RSPAASLN 175 3 . 1.000 3 .997
a. Lilliefors Significance Correction
Paired Samples Statistics
Group Day Mean N Std. Deviation Std. Error Mean
0 day 272.2292 12 157.00221 45.32264
90 day 311.9392 12 159.14531 45.94129
Paired Samples Correlations
N  Correlation Sig.
0 day & 90 day 12 .997 .000
Paired Samples Test
Paired Differences si
ig.
Std. 95% Confidence Interval J
Std. . daf  (2-
Mean o Error of the Difference )
Deviation tailed)
Lower Upper
0 day — 90 -39.71 12.78 3.69 -47.82990 -31.59 -10.76 11  .000

day
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APPENDIX H

TOXICITY (MTT ASSAY)



243

Percentage of cell viability of toxicity study on Caco-2 cells between different groups
(mean (n=3) £SD)

Percentage cell viability (%)

Group Treatment

100.0 uMm 50.0 uM 25.0 uM 12.5 uM
Control 100.00£3.39  100.00+3.39  100.00+3.39  100.00+3.39
AA Free 77.66+1.68 81.56+1.36 85.18+3.08 86.62+4.59
SLN blank 79.80£3.11 81.84+5.17 83.98+3.64 88.25+4.04
RSPSLN blank 78.96+2.63 80.72+6.27 80.91+3.55 83.32+2.94
RSPcSLN blank 63.82+4.48 77.6615.28 77.194+7.98 80.54+4.84
AASLN 78.56+3.49 78.40+4.18 80.82+2.94 82.58+6.18
RSPAASLN 76.9242.94 77.66+4.91 82.0245.30 83.14+7.94
RSPcCAASLN 74.1345.44 78.59+3.49 82.0245.00 82.21+6.59
NLC blank 80.10+6.14 80.96+1.38 83.34+3.95 85.39+5.86
RSPNLC blank 80.21+2.96 80.77+5.83 82.41+2.90 85.06+1.61
RSPcNLC blank  73.71£9.62 77.0616.16 78.70+4.11 79.49+5.94
AANLC 79.05+5.80 80.10+8.68 82.07+2.40 85.06+9.08
RSPAANLC 709.27+7.79 80.0045.56 82.84+7.44 89.8846.61
RSPcAANLC 78.34+4.90 80.00+7.26 81.1746.10 84.31+4.93




Tests of Normality

Group Treatment Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig.  Statistic df  Sig.
100.0 uM  Control 183 3 999 3 933
AA free 211 3 991 3 817
SLN Blank 318 3 887 3 344
RSPSLN Blank 304 3 907 3 407
RSPcSLN Blank 216 3 988 3 194
AASLN 198 3 995 3 .868
RSPAASLN 204 3 993 3 .843
RSPCAASLN 187 3 998 3 915
NLC Blank 175 3 1.000 3 .990
RSPNLC Blank 229 3 981 3 739
RSPcNLC Blank 186 3 998 3 .920
AANLC 236 3 977 3 711
RSPAANLC 194 3 9% 3 .886
RSPCAANLC 217 3 988 3 791
50.0 uM  Control 183 3 999 3 933
AA free 349 3 832 3 194
SLN Blank 202 3 994 3 .851
RSPSLN Blank 176 3 1.000 3 975
RSPcSLN Blank 337 3 855 3 253
AASLN 184 3 999 3 927
RSPAASLN 219 3 987 3 .780
RSPcAASLN 198 3 995 3 .868
NLC Blank 198 3 995 3 870
RSPNLC Blank 189 3 998 3 .909
RSPcNLC Blank 371 3 785 3 .078
AANLC 192 3 997 3 .896
RSPAANLC 205 3 993 3 841
RSPCAANLC 183 3 999 3 933

244



Continue

Group Treatment Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig.  Statistic df  Sig.
25.0 uM Control 183 3 999 3 933
AA free 215 3 989 3 .800
SLN Blank .207 3 992 3 831
RSPSLN Blank 357 3 815 3  .150
RSPcSLN Blank 367 3 794 3 .100
AASLN 204 3 993 3 .843
RSPAASLN 181 3 999 3 942
RSPCAASLN .365 3 J97 3 .107
NLC Blank 278 3 940 3 528
RSPNLC Blank .198 3 995 3 .870
RSPcNLC Blank .236 3 977 3 712
AANLC 178 3 999 3 956
RSPAANLC 237 3 976 3 .705
RSPcAANLC 310 3 899 3 .383
12.5 uyM Control 183 3 999 3 .933
AA free 374 3 J76 3 .058
SLN Blank 177 3 1.000 3 .962
RSPSLN Blank .204 3 993 3 .843
RSPcSLN Blank .365 3 798 3 .110
AASLN 279 3 939 3 523
RSPAASLN 176 3 1.000 3 981
RSPCAASLN 217 3 988 3 .790
NLC Blank 181 3 999 3 941
RSPNLC Blank .339 3 850 3 .240
RSPcNLC Blank .303 3 909 3 415
AANLC 233 3 979 3 .723
RSPAANLC 271 3 947 3 .558
RSPCAANLC .363 3 802 3 .120

a. Lilliefors Significance Correction
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Test of Homogeneity of VVariances

Levene

Concentration Statistic dfl df2 Sig.
100.0 pM 957 13 28 513
50.0 uM .860 13 28 .600
25.0 uM 1.336 13 28 251
12.5 uM .888 13 28 575
ANOVA
Sum of Mean )
Squares Square 10
100.0 uM  Between Groups 741.409 13 57.031 2.251 .035
Within Groups 709.332 28 25.333
Total 1450.740 41
50.0 uM  Between Groups 104.979 13 8.075 .258 994
Within Groups 878.019 28 31.358
Total 982.999 41
25.0 uM  Between Groups 160.318 13 12.332 562 .863
Within Groups 614.304 28 21.939
Total 774.622 41
12.5uM  Between Groups 399.764 13 30.751 .953 516
Within Groups 903.273 28 32.260

Total 1303.037

41
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Post Hoc Tests



95% Confidence
Dependent Mean Std. . Interval
Variable Group Treatment Group Treatment Difference  Efror Sig.
Lower  Upper
Bound  Bound
100.0uM  Control AA free 2341 4110 1000 -13685 18.368
SLN Blank 0205 4110  1.000 -15.822 16.231
RSPSLN Blank 1041 4110 1.000 -14.985  17.067
RSPcSLN Blank 16.182° 4110 0045 0.1560  32.209
AASLN 1413 4110 1.000 -14.614  17.439
RSPAASLN 3.08 4110 1.000 -12.942 19.111
RSPCAASLN 5871 4110 1.000 -10.155  21.898
NLC Blank -0.103 4110  1.000 -16.130  15.923
RSPNLC Blank 0215 4110 1.000 -16.241 15812
RSPcNLC Blank 6.288 4110 1000 -9.739 22314
AANLC 0946 4110  1.000 -15.081 16.972
RSAANLC 0.727 4110 1.000 -15.300  16.753
RSPCAANLC 165  4.110 1.000 -14.371  17.682
AA free Control 2341 4110 1000 -18.368  13.685
SLN Blank 2136 4110 1000 -18.163  13.890
RSPSLN Blank -1.300 4110 1000 -17.327  14.726
RSPcSLN Blank 13841  4.110 202 2185  29.868
AASLN -929 4110 1000 -16.955  15.098
RSPAASLN 743 4110 1000 -15283  16.770
RSPCAASLN 3530 4110 1000 -12.49  19.556
NLC Blank 2445 4110 1000 -18471 13582
RSPNLC Blank 2556  4.110 1000 -18582  13.470
RSPcNLC Blank 3946 4110 1000 -12.080 19.973
AANLC -1.396 4110 1000 -17.422  14.630
RSAANLC -1615 4110 1000 -17.641  14.412
RSPCAANLC -686 4110 1000 -16.712  15.340
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Continue
95% Confidence
Dependent Std. , Intervel
Variable Group Treatment  Group Treatment Difference  Error Sig.
Lower  Upper
Bound  Bound
1000uM  SLN Blank Control -205 4110 1000 -16.231 15823
AA free 213 4110 1000 -13890 18.163
RSPSLN Blank 83% 4110 1000 -15190  16.862
RSPcSLN Blank 15978 4110 052 =049 32.004
AASLN 1208 4110 1000 -14819 17.234
RSPAASLN 2880 4110 1000 -13147  18.906
RSPCAASLN 5666 4110 1000 -10.360  21.693
NLC Blank -308 4110 1000 -16.335 15718
RSPNLC Blank -4196 4110 1000 -16.446 15607
RSPCNLC Blank 6.083 4110 1000 -9.944 22109
AANLC 740 4110 1000 -15286  16.767
RSAANLC 522 4110 1000 -15505 16.548
RSPCAANLC 1451 4110 1000 -14576 17.477
RSPSLN Blank  Control 10410 4110 1000 -17.067 14.985
AA freg 1300 4110 1000 -14.726 17327
SLN Blank -8360 4110 1000 -16862 15190
RSPcSLN Blank 15142 4110 089 -85 31168
AASLN 372 4110 1000 -15655  16.398
RSPAASLN 2044 4110 1000 -13983 18.070
RSPCAASLN 4830 4110 1000 -11196 20.857
NLC Blank 1144 4110 1000 -17.171  14.882
RSPNLC Blank -1256 4110 1000 -17.282 147708
RSPcNLC Blank 5247 4110 1000 -10.780 21273
AANLC -095 4110 1000 -16.122 15931
RSAANLC -314 4110 1000 -16.341 15712
RSPCAANLC 615 4110 1000 -15412 16.641
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Continue
95% Confidence
Interval
D\igfir;gfgt Group Treatment Group Treatment Di:‘\lfleerzrr]]ce Esrtrddr Sig.

Lower  Upper

Bound  Bound
100.0 uM RSPcSLN Blank  Control -16.182°  4.110 045 -32.209 -156
SLN Blank -13.841  4.110 202 -29.868 2.185
RSPSLN Blank -15.978  4.110 052 -32.004 .049
RSPcSLN Blank ~ -15.142  4.110 089 -31.168 .885
AASLN -14.770  4.110 112 -30.796 1.256
RSPAASLN -13.098  4.110 320 -29.124 2928
RSPCcAASLN -10.311 4.110 1.000 -26.338 5.715
NLC Blank -16.286°  4.110 042 -32.312 -.259
RSPNLCBlank ~ -16.397"  4.110 039 -32424 -371
RSPcNLC Blank 9895 4110 1.000 -25.921 6.132
AANLC -15.237  4.110 083 -31.263 189
RSAANLC -15456  4.110 072 -31.482 570
RSPcAANLC -14527  4.110 131 -30.553 1.500
AASLN Control -1412 4110 1000 -17.439 14.614
AA free 929 4110 1000 -15.098  16.955
SLN Blank -1.208  4.110 1.000 -17.234  14.819
RSPSLN Blank =372 4110 1.000 -16.398  15.655
RSPcSLN Blank 14770 4.110 A12 0 -1.256  30.796
RSPAASLN 1672 4110 1000 -14.3%4  17.698
RSPcAASLN 4459 4110 1.000 -11.568  20.485
NLC Blank -1516  4.110 1000 -17542 14511
RSPNLC Blank -1.627 4110 1000 -17.654  14.399
RSPcNLC Blank 4875 4110 1000 -11.151  20.902
AANLC -467 4110 1.000 -16.493  15.559
RSAANLC -686  4.110 1.000 -16.712  15.340
RSPcAANLC 243 4110 1.000 -15.783  16.270




Continue
95% Confidence
Interval
D\igﬁggf:t Group Treatment  Group Treatment Di?g;i?m Esrtrdo'r Sig.

Lower  Upper

Bound  Bound
100 uM RSPAASLN Control -3085 4110 1000 -19111 12,942
AA free 743 4110 1.000 -16.770  15.283
SLN Blank -2.880 4110 1000 -18906  13.147
RSPSLN Blank 2044 4110 1000 -18070 13.983
RSPcSLN Blank ~ 13.098  4.110 320 2928 29.124
AASLN -1672 4110 1000 -17.698  14.354
RSPCAASLN 2788 4110 1000 -13240 18813
NLC Blank -3188 4110 1000 -19.214 12.838
RSPNLC Blank -3300 4110 1000 -19.326 12.727
RSPCNLC Blank 3203 4110 1000 -12.823 19.230
AANLC 2139 4110 1000 -18166  13.887
RSAANLC -2.358 4110 1000 -18.384  13.668
RSPCAANLC -1429 4110 1000 -17.455 14597
RSPCAASLN Control -5871 4110 1000 -21.898  10.155
AA free -35300 4110  1.000 -19556  12.496
SLN Blank -5.666 4110  1.000 -21.693  10.360
RSPSLN Blank -4830 4110 1000 -20.857 11.196
RSPcSLN Blank ~ 10.311 4110 1000 5715 26338
AASLN -4459 4110 1000 -20485 11.568
RSPAASLN -2.787 4110 1000 -18.813  13.240
NLC Blank 5975 4110 1000 -22.001  10.052
RSPNLC Blank -6.086 4110 1000 -22112  9.940
RSPcNLC Blank 4165 4110 1.000 -15.610  16.443
AANLC 4926 4110 1000 -20.952  11.100
RSAANLC -5.145 4110 1000 -21.171  10.882
RSPCAANLC -4216 4110 1000 -20242 11811
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Continue
95% Confidence
Interval
D\sgﬁgﬂf? Group Treatment Group Treatment Dixeiaezce Esrtrdo'r Sig.

Lower  Upper

Bound  Bound
100 pM NLC Blank Control 103 4110 1000 -15.923 16.130
AA free 2445 4110 1.000 -13582 18471
SLN Blank 308 4.110 1.000 -15.718  16.335
RSPSLN Blank 1144 4110 1.000 -14.882 17.171
RSPcSLN Blank 16.286"  4.110 042 259 32312
AASLN 1516 4110 1.000 -14511  17.542
RSPAASLN 3188 4110  1.000 -12.838 19.214
RSPCcAASLN 5975 4110 1.000 -10.052  22.001
RSPNLC Blank -111 4110 1.000 -16.138  15.915
RSPcNLC Blank 6.391 4110 1.000 -9.635 22418
AANLC 1.049 4110 1.000 -14978  17.075
RSAANLC 830 4110 1000 -15.196 16.856
RSPcAANLC 1.7589  4.110 1.000 -14.268  17.785
RSPNLC Blank  Control 2146 4110 1.000 -15.812 16.241
AA free 2556 4110  1.000 -13.470  18.582
SLN Blank 420 4110 1.000 -15.607  16.446
RSPSLN Blank 125 4.110 1.000 -14.771  17.282
RSPcSLN Blank 16.397°  4.110 .039 371 32424
AASLN 1627 4110 1.000 -14.399  17.654
RSPAASLN 3299 4110 1.000 -12.727  19.326
RSPcAASLN 6.086 4.110 1.000 9940 22112
NLC Blank A11 4110 1.000 -15915  16.138
RSPcNLC Blank 6.502 4110 1000 9524 22.529
AANLC 1160 4.110 1.000 -14.866  17.187
RSAANLC 941 4110 1.000 -15.085  16.968
RSPcAANLC 1870 4.110 1.000 -14.156  17.897
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Continue
95% Confidence
Interval
D&gﬁgﬂ?:t Group Treatment Group Treatment Di:‘\:eeraerr]\ce ESr tr%r Sig.

Lower  Upper

Bound  Bound
100.0 uM RSPcNLC Blank  Control -6.288 4110  1.000 -22.314 9.738
AA free -3946 4110  1.000 -19.973  12.080
SLN Blank -6.083 4110  1.000 -22.109  9.944
RSPSLN Blank 5247 4110 1.000 -21.273 10.7795
RSPCSLN Blank 9895 4110 1000 -6.132 25921
AASLN -4875 4110  1.000 -20.902 11.151
RSPAASLN -3.203  4.110 1000 -19.230 12.823
RSPcAASLN -416 4110 1.000 -16.443  15.610
NLC Blank -6.391 4110 1000 -22418 9635
RSPNLC Blank 6502 4110  1.000 -2252  9.524
AANLC -5.342 4110 1000 -21.369 10.684
RSAANLC -5561 4110 1000 -21588  10.465
RSPCAANLC -4632 4110 1000 -20659 11.394
AANLC Control -946 4110 1000 -16972  15.081
AA free 13% 4110  1.000 -14.630 17.422
SLN Blank -741 4110 1.000 -16.767  15.286
RSPSLN Blank 0954 4110  1.000 -15.931  16.122
RSPCSLN Blank 15237 4110 083 -789  31.263
AASLN 467 4110 1.000 -15559  16.493
RSPAASLN 2139 4110 1000 -13.887 18.166
RSPCAASLN 4926 4110 1000 -11.100 20.952
NLC Blank -1.049 4110  1.000 -17.075  14.978
RSPNLC Blank -1.160 4110  1.000 -17.187  14.866
RSPcNLC Blank 5342 4110 1.000 -10.684  21.369
RSAANLC -219 4110 1000 -16.245 15.808
RSPCAANLC J11 4110 1.000 -15.316  16.736
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Continue
95% Confidence
Interval
D\?zﬁggfgt Group Treatment Group Treatment Dipfﬂeiae?]ce ESr tr(:)'r Sig.

Lower  Upper

Bound  Bound
100.0 uM RSPAANLC Control -727 4110 1000 -16.753  15.300
AA free 1615 4110 1000 -14412 17641
SLN Blank -522 4110 1.000 -16548  15.505
RSPSLN Blank 314 4110 1000 -15712 16.341
RSPcSLN Blank 15456  4.110 072 -570 31482
AASLN 6859  4.110 1.000 -15.340 16.712
RSPAASLN 2358 4110  1.000 -13.668  18.384
RSPCAASLN 5145 4110 1000 -10.882 21171
NLC Blank -830 4110 1000 -16.856  15.196
RSPNLC Blank -941 4110 1.000 -16.968  15.085
RSPcNLC Blank 5561 4.110 1.000 -10465  21.588
AANLC 219 4110 1000 -15808  16.245
RSPCAANLC 929 4110 1000 -15.098  16.955
RSPCAANLC Control -1.656  4.110 1000 -17.682 14371
AA free 6859 4110 1000 -15.340 16.712
SLN Blank -1451 4110 1000 -17477 14576
RSPSLN Blank -615 4110 1.000 -16.641 15412
RSPcSLN Blank 14527 4110 131 -1.500  30.553
AASLN =243 4110 1000 -16.270  15.783
RSPAASLN 1429 4110 1000 -14597  17.455
RSPCAASLN 4216  4.110 1000 -11.811 20.242
NLC Blank -1.759 4110 1.000 -17.785  14.268
RSPNLC Blank -1.870  4.110 1.000 -17.897  14.156
RSPcNLC Blank 4632 4110  1.000 -11.394  20.659
AANLC -710 4110 1000 -16.736 15316
RSAANLC -929 4110 1000 -16.955  15.098
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Percentage of cell viability of toxicity study on b.End3 cells between different groups
(mean (n=3) £SD)

Percentage cell viability (%)
Group Treatments

100.0 uM
Control 100.00+5.46
AA Free 90.24+4.79
SLN Blank 89.00+4.43
RSPSLN blank 87.09+2.44
RSPcSLN blank 84.69+3.08
AASLN 87.7746.01
RSPAASLN 86.59+6.34
RSPcAASLN 84.36%3.26
NLC Blank 91.32+2.33
RSPNLC blank 96.88+6.81
RSPcNLC blank 96.22+4.34
AANLC 93.09+3.44
RSPAANLC 94.8346.13
9.32+6.44

RSPcAANLC
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Tests of Normality

Kolmogorov-Smirnov? Shapiro-Wilk

Group Treatment
Statistic df Sig. Statistic df Sig.

original  Control 344 3 . 842 3 219
AA free 176 3 : 1.000 3 982
SLN Blank A77 3 . 1.000 3 973
RSPSLN Blank 248 3 . 968 3 .658
RSPcSLN Blank 300 3 . 912 3 426
AASLN 176 3 : 1.000 3 .988
RSPAASLN 178 3 . 999 3 954
RSPCAASLN 362 3 . 804 3 124
NLC Blank 178 3 : 999 3 952
RSPNLC Blank 234 3 . 978 3 Jq17
RSPcNLC Blank 332 3 . 863 3 276
RSPAANLC 312 3 . 895 3 371
RSPAANLC 197 3 . 9% 3 875
RSPCAANLC 180 3 . 999 3 .946

a. Lilliefors Significance Correction



Test of Homogeneity of VVariances
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Levene .
Statistic dfl df2 SIg.
512 13 28 .898
ANOVA
Sum of :
Squares df Mean Square F Sig.
Between Groups 916.519 13 70.501 3.030 .007
Within Groups 651.477 28 23.267

Total 1567.997 41




Post Hoc Tests

Multiple Comparisons

Bonferroni
95% Confidence Interval
Group Treatment  Group Treatment _Mean Std. Error Sig.
Difference
Lower Upper
Bound Bound
Control AA free -10.239 3.938 1.000 -25.598 5.120
SLN Blank -8.994 3.938 1.000 -24.353 6.365
RSPSLN Blank -7.092 3.938 1.000 -22.451 8.267
RSPcSLN Blank -4.688 3.938 1.000 -20.047  10.671
AASLN -1.766 3.938 1.000 -23.125 7.593
RSPAASLN -6.585 3.938 1.000 -21.944 8.774
RSPCAASLN -4.365 3.938 1.000 -19.724  10.99%4
NLC Blank -11.318 3.938 697 -26.677 4.041
RSPNLC Blank -16.883" 3.938 .018 -32.2412 -1.524
RSPcNLC Blank -16.225" 3.938 .028 -31.584 -.866
AANLC -13.085 3.938 227 -28.444 2.274
RSPAANLC -14.833 3.938 071 -30.192 526
RSPcAANLC -11.318 3.938 697 -26.677 4.041
AA free Control 10.239 3.938 1.000 -5120  25.598
SLN Blank 1.244 3.938 1.000 -14.115  16.603
RSPSLN Blank 3.147 3.938 1.000 -12.212 18.506
RSPcSLN Blank 5.551 3.938 1.000 -9.808  20.910
AASLN 2473 3.938 1.000 -12.886  17.832
RSPAASLN 3.654 3.938 1.000 -11.705 19.013
RSPCAASLN 5.874 3.938 1.000 9485  21.233
NLC Blank -1.079 3.938 1.000 -16.438  14.280
RSPNLC Blank -6.644 3.938 1.000 -22.003 8.715
RSPcNLC Blank -5.986 3.938 1.000 -21.345 9.373
AANLC -2.847 3.938 1.000 -18.206 12.512
RSPAANLC -4.595 3.938 1.000 -19.954  10.764
RSPcAANLC -1.079 3.938 1000  -16.4379  14.280
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Continue
95% Confidence Interval
Group Treatment  Group Treatment Difl\::rz:ce Std. Error  Sig.
Lower Upper
Bound Bound

SLN Blank Control 8.994 3.938 1.000 -6.365 24.353
AA free -1.244 3.938 1.000 -16.603 14.115
RSPSLN Blank 1.903 3.938 1.000 -13.456 17.262
RSPcSLN Blank 4.306 3.938 1.000 -11.053 19.665
AASLN 1.229 3.938 1.000 -14.130 16.588
RSPAASLN 2410 3.938 1.000 -12.949 17.769
RSPCAASLN 4.630 3.938 1.000 -10.729 19.989
NLC Blank -2.323 3.938 1.000 -17.682 13.036
RSPNLC Blank -7.888 3.938 1.000 -23.247 7.471
RSPcNLC Blank -7.230 3.938 1.000 -22.589 8.129
AANLC -4.091 3.938 1.000 -19.450 11.268
RSPAANLC -5.839 3.938 1.000 -21.198 9.520
RSPCAANLC -2.323 3.938 1.000 -17.682 13.036

RSPSLN Blank  Control 7.092 3.938 1.000 -8.267 22.451
AA free -3.147 3.938 1.000 -18.506 12.212
SLN Blank -1.9023 3.938 1.000 -17.262 13.456
RSPcSLN Blank 2.404 3.938 1.000 -12.955 17.763
AASLN -.674 3.938 1.000 -16.033 14.685
RSPAASLN 507 3.938 1.000 -14.852 15.866
RSPCAASLN 2.727 3.938 1.000 -12.632 18.086
NLC Blank -4.226 3.938 1.000 -19.585 11.133
RSPNLC Blank -9.791 3.938 1.000 -25.150 5.568
RSPcNLC Blank -9.133 3.938 1.000 -24.492 6.226
AANLC -5.994 3.938 1.000 -21.353 9.365
RSPAANLC -1.742 3.938 1.000 -23.101 7.617
RSPCAANLC -4.226 3.938 1.000 -19.585 11.133
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Continue
95% Confidence Interval
Group Treatment  Group Treatment Dh"\fei:ce Std. Error  Sig.
Lower Upper
Bound Bound

RSPcSLN Blank  Control 4,688 3938 1.000 -10.671 20.047
AA free -5.551 3938 1.000 -20.910 9.808
SLN Blank -4.306 3938 1.000 -19.665 11.053
RSPSLN Blank -2.404 3938 1.000 -17.763 12.955
AASLN -3.078 3938 1.000 -18.437 12.281
RSPAASLN -1.897 3938 1.000 -17.256 13.462
RSPCAASLN 323 3938 1.000 -15.036 15.682
NLC Blank -6.630 3938 1.000 -21.989 8.729
RSPNLC Blank -12.195 3938 402 -27.554 3.164
RSPcNLC Blank -11.537 3938  .609 -26.896 3.822
AANLC -8.397 3938 1.000 -23.756 6.962
RSPAANLC -10.145 3938 1.000 -25.504 5.214
RSPcCAANLC -6.630 3938 1.000 -21.989 8.729

AASLN Control 7.766 3938 1.000 -7.593 23.125
AA free 2473 3938 1.000 -17.832 12.886
SLN Blank -1.229 3938 1.000 -16.588 14.130
RSPSLN Blank 674 3938  1.000 -14.685 16.033
RSPcSLN Blank 3.078 3938  1.000 -12.282 18.437
RSPAASLN 1.181 3938 1.000 -14.178 16.540
RSPcAASLN 3.401 3938 1.000 -11.958 18.760
NLC Blank -3.552 3938  1.000 -18.911 11.807
RSPNLC Blank 9.117 3938 1.000 -24.476 6.242
RSPcNLC Blank -8.459 3938 1.000 -23.818 6.900
AANLC -5.320 3938 1.000 -20.679 10.039
RSPAANLC -7.068 3938 1.000 -22.427 8.291
RSPCAANLC -3.552 3938 1.000 -18.911 11.807
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Continue
95% Confidence Interval
Group Treatment  Group Treatment .Mean Std. Error  Sig.
Difference Lower Upper
Bound Bound

RSPAASLN Control 6585 3938 1000  -8.7743 21.944
AA free 3654 3938 1000  -19.013 11.705
SLN Blank 2410 3938 1000  -17.769 12.949
RSPSLN Blnk -507 3938 1000  -15.866 14.852
RSPCSLN Blank 1897 3938 1000  -13.462 17.256
AASLN 1181 3938 1000  -16.540 14.178
RSPCAASLN 2220 3938 1000  -13.139 17579
NLC Blank 4733 3938 1000  -20.092 10.626
RSPNLC Blank 10298 3938 1000  -25.657 5.061
RSPCNLC Blank 9640 3938 1000  -24.999 5.719
AANLC 6501 3938 1000  -21.860 8.858
RSPAANLC 8249 3938 1000  -23.608 7.110
RSPCAANLC 4733 3938 1000  -20.092 10.626

RSPcAASLN ~ Control 4365 3938 1000  -10.994 19.724
AA free 5874 3938 1000  -21.233 9.485
SLN Blank 4630 3938 1000  -19.989 10.729
RSPSLN Blank 2727 3938 1000  -18.086 12,632
RSPCSLN Blank -323 3938 1000  -15.682 15.036
AASLN 3401 3938 1000  -18.760 11.958
RSPAASLN 2220 3938 1000  -17.579 13.139
NLC Blank 6953 3938 1000  -22312 8.406
RSPNLC Blank 12518 3938 327 -27.877 2.841
RSPCNLC Blank 11860 3938 497 -27.219 3.499
AANLC 8721 3938 1000  -24.080 6.638
RSPAANLC 10469 3938 1000  -25.828 4.890
RSPCAANLC 6953 3938 1000  -22.312 8.406
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Continue
95% Confidence Interval
Group Treatment  Group Treatment .Mean Std. Error  Sig.
Difference Lower Upper
Bound Bound

NLC Blank Control 11318 3938 697 -4.041 26.677
AA free 1079 3938 1000  -14.280 16.438
SLN Blank 2323 3938 1000  -13.036 17.682
RSPSLN Blnk 4226 3938 1000  -11.133 19.585
RSPCSLN Blank 6.630 3938  1.000 -8.729 21.989
AASLN 3552 3938 1000  -11.807 18.911
RSPCAASLN 4733 3938 1000  -10.626 20.092
NLC Blank 6.953  3.938  1.000 -8.406 22312
RSPNLC Blank 5565 3938 1000  -20.924 9.794
RSPCNLC Blank 4907 3938 1000  -20.266 10.452
AANLC 1768 3938 1000  -17.127 13591
RSPAANLC 3516 3938 1000  -18.875 11.843
RSPCAANLC 000 3938 1000  -15.359 15.359

RSPNLC Blank  Control 16.883° 3938 018 1,524 32.242
AA free 6.644 3938  1.000 -8.715 22.003
SLN Blank 7888 3.938  1.000 7471 23.247
RSPSLN Blank 90791 3938  1.000 5,568 25.150
RSPCSLN Blank 12195 3938 402 -3.164 27,554
AASLN 9117 3938 1.000 -6.242 24476
RSPAASLN 10298 3.938  1.000 -5.061 25.657
NLC Blank 12518 3938 327 -2.841 27.877
RSPNLC Blank 5565 3938  1.000 -9.794 20924
RSPCNLC Blank 658 3938 1000  -14701  16.0169
AANLC 3797 3938 1000  -11.562 19.156
RSPAANLC 2049 3938 1000  -13.310 17.408
RSPCAANLC 5565  3.938  1.000 -9.794 20.924
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Continue
95% Confidence Interval
Group Treatment ~ Group Treatment .Mean Std. Error  Sig.
Difference Lower Upper
Bound Bound

RSPCNLC Blank ~ Control 16.225° 3938  .028 866 31.584
AA free 5986  3.938 1.000 -9.373 21.345
SLN Blank 7230 3938  1.000 -8.129 22.589
RSPSLN Bink 9133 3938 1.000 -6.226 24.492
RSPCSLN Blank 11537 3938 609 -3.822 26.896
AASLN 8459 3938  1.000 -6.900 23.818
RSPAASLN 9640  3.938  1.000 -5.719 24.999
RSPCAASLN 11.860 3938 497 -3.499 27.219
NLC Blank 4907 3938  1.000 -10.452 20.266
RSPNLC Blank -658  3.938  1.000 -16.017 14.701
AANLC 3139 3938  1.000 -12.220 18.498
RSPAANLC 1391 3938 1.000 -13.968 16.750
RSPCAANLC 4907 3938 1.000 -10.452 20.266

AANLC Control 13085 3938  .227 -2.274 28.444
AA free 2.847 3938 1.000 -12.512 18.206
SLN Blank 4091 3938 1.000 -11.268 19.450
RSPSLN Blank 59937 3938  1.000 -9.365 21.353
RSPCSLN Blank 8397 3938 1.000 -6.962 23.756
AASLN 53197 3938  1.000 -10.039 20.679
RSPAASLN 6501  3.938  1.000 -8.858 21.860
RSPCAASLN 8721  3.938 1.000 -6.638 24.080
NLC Blank 1768 3938 1.000 -13.501 17.127
RSPNLC Blank 3797 3938 1.000 -19.156 11.562
RSPcNLC Blank 3139 3938 1.000 -18.498 12.220
RSPAANLC 1748 3938 1.000 -17.107 13611
RSPCAANLC 1768 3938 1.000 -13.591 17.127




264

Continue
95% Confidence Interval
Group Treatment  Group Treatment _Mean Std. Error  Sig.
Difference Lower Upper
Bound Bound

RSPAANLC Control 14833 3938 071 -526 30.192
AA free 4595  3.938  1.000 -10.764 19.954
SLN Blank 5839  3.938  1.000 -9.520 21.198
RSPSLN Bink 7742 3938  1.000 -7.617 23.101
RSPCSLN Blank 10.145 3938  1.000 -5.214 25.504
AASLN 7068  3.938  1.000 -8.291 22.427
RSPAASLN 8249 3938 1.000 -7.110 23.608
RSPCAASLN 10469  3.938  1.000 -4.890 25.828
NLC Blank 3516  3.938  1.000 -11.843 18.875
RSPNLC Blank 2049 3938  1.000 -17.408 13.310
RSPCNLC Blank 1391 3.938  1.000 -16.750 13.968
AANLC 1748 3938  1.000 -13.611 17.107
RSPCAANLC 3516  3.938  1.000 -11.843 18.875

RSPCAANLC Control 11318 3938  .697 -4.041 26.677
AA free 1079 3938  1.000 -14.280 16.438
SLN Blank 2323 3938  1.000 -13.036 17.682
RSPSLN Blank 4226 3938  1.000 -11.133 19.585
RSPCSLN Blank 6.630  3.938  1.000 -8.729 21.989
AASLN 3552 3938  1.000 -11.807 18.911
RSPAASLN 4733 3938  1.000 -10.626 20.092
RSPCAASLN 6.953  3.938  1.000 -8.406 22.312
NLC Blank 000  3.938 1.000 -15.359 15.359
RSPNLC Blank 5565  3.938  1.000 -20.924 9.794
RSPCNLC Blank 4907 3938  1.000 -20.266 10.452
AANLC 1768 3.938  1.000 -17.127 13.591
RSPAANLC 3516 3.938  1.000 -18.875 11.843

* The mean difference is significant at the 0.05 level.
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2h Omin Os 5ms 2h Omin Os 6ms b 2h Omin Os S5ms

2h Omin 0s S5ms 2h Omin 0s 5ms X 2h Omin Os 5ms

Confocal Laser Scanning Microscopy (CLSM) study of R6gSLN, RSPR6gSLN,
RSPcR6gSLN (first row), R6gNLC, RSPR6gNLC and RSPcR6gNLC (second row)
on Caco-2 cells at 2 h incubation. Paracellular localization of R6g fluorescence was
noted (arrow).
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Chromatogram of sample from basolateral site after 2 hour incubation on permeability
study of RSPCAASLN, detected Asiatic acid (AA) with RT at 12.940 min and UC
9926 (HPLC condition of acetonitrile: 10 mM buffer phosphate = 28:72, v/v, pH 7.7,
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Chromatogram of sample from basolateral site after 2 hour incubation on permeability
study of RSPCAANLC, detected Asiatic acid (AA) with RT at 13.052 min and AUC
10961 (HPLC condition of acetonitrile: 10 mM buffer phosphate = 28:72, v/v, pH 7.7,
flow rate 1.0 mL/min, detected 210nm).
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Drug Transport on Caco-2 cells (mean (n=3) + SD)

Treatment Drug Transport at 2 h incubation (%)
AA free 10.29 £ 0.15
AASLN 24.80 £ 0.92
AANLC 26.20 £ 0.58
RSPAASLN 35.11+£0.38
RSPcAASLN 49.40 £ 0.64
RSPAANLC 32.44 £ 0.81
RSPcAANLC 42.90+ 041

Tests of Normality

Kolmogorov-Smirnov? Shapiro-Wilk
Group

Treatment  Statistic Df Sig.  Statistic df  Sig.
AA free 202 3 . 994 3 .854
AASLN 307 3 . 903 3 .397
AANLC 269 3 . .949 3 .566
RSPAASLN 343 3 . 843 3 .222
RSPcAASLN 262 3 . .956 3 .599
RSPAANLC 244 3 . 971 3 676
RSPcAANLC 188 3 . .998 3 .913

a. Lilliefors Significance Correction



Test of Homogeneity of Variances

Drug_transport
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Levene Statistic dfl df2 Sig.
1.792 6 14 173
ANOVA
Drug Transport
Sum of Squares df Mean Square F Sig.
Between Groups 2947.480 6 491.247 1326.718 .000
Within Groups 5.184 14 370
Total 2952.663 20

Post Hoc Tests

Drug Transport

Multiple Comparisons

Bonferroni
95% Confidence Interval
Group Group _Mean Std. Error  Sig.
Treatment Treament Difference Lower Upper
Bound Bound
AA free AASLN -13.467° 497 000 -15.305  -11.629
AANLC -24.912" 497 .000 -26.750 -23.074
RSPAASLN  -38.376 497 .000 -40.214  -36.538
RSPCAASLN -16.543" 497 .000 -18.381 -14.705
RSPAANLC -22.864" 497 .000 -24.702 -21.026
RSPCAANLC  -33.036" 497 .000 -34.874 -31.198
AASLN AA free 13.467 497 .000 11.629 15.305
AANLC -11.445" 497 .000 -13.283 -9.607
RSPAASLN -24.909" 497 .000 -26.747 -23.071
RSPCAASLN -3.076" 497 .000 -4.914 -1.238
RSPAANLC -9.397" 497 .000 -11.235 -7.560
RSPCAANLC  -19.569" 497 .000 -21.407 -17.731




270

Continue
95% Confidence Interval
Group Group _Mean Std. Error  Sig. L
Treatment Treament Difference ower Upper
Bound Bound
AANLC A free 24.912° 497 .000 23.074 26.750
AASLN 11.445° 497 .000 9.607 13.283
RSPAASLN -13.464" 497 .000 -15.302 -11.626
RSPCcAASLN 8.3694" 497 .000 6.531 10.207
RSPAANLC 2.048" 497 .022 210 3.886
RSPCcAANLC -8.123" 497 .000 -9.961 -6.286
RSPAASLN  Afree 38.376°  .497 .000 36.538 40.214
AASLN 24909  .497 .000 23.071 26.747
AANLC 13.464° 497 .000 11.626 15.302
RSPCAASLN 21.833° 497 .000 19.995 23.671
RSPAANLC 15.512° 497 .000 13.674 17.349
RSPCcAANLC 5.3402° 497 .000 3.502 7.178
RSPCAASLN  AA free 16.543° 497 .000 14.705 18.381
AASLN 3.076° 497 .000 1.238 4.9139
AANLC -8.369" 497 .000 -10.207 -6.531
RSPAASLN -21.833" 497 .000 -23.671 -19.995
RSPAANLC -6.321" 497 .000 -8.159 -4.484
RSPCAANLC -16.493" 497 .000 -18.331 -14.655
RSPAANLC  AA free 22.864° 497 .000 21.026 24.702
AASLN 9397 497 .000 7.560 11.235
AANLC -2.0479" 497 .022 -3.886 -.210
RSPAASLN -15.512° 497 .000 -17.350 -13.674
RSPCAASLN 6.3215"  .497 .000 4.484 8.159
RSPcAANLC -10.171° 497 .000 -12.009 -8.333
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Continue
95% Confidence Interval
Trfa:ftjr:znt Ti;?g:nt Di:;leeraezce Std. Error - Sig. Lower Upper
Bound Bound
RSPCAANLC AA free 33.036° 497 000 31198  34.874
AASLN 19569° 497 000 17.731 21.407
AANLC 8.123° 497 000 6.286 9.961
RSPAASLN -5.340° 497 000 -7.178 -3.502
RSPCAASLN 16.493° 497 000 14.655  18.3313
RSPAANLC 101717 497 000 8.333 12.009

*. The mean difference is significant at the 0.05 level.
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Permeability AA on Caco-2 cells (mean ( n=3) £ SD)

Treatment Apparent Permeability (Papp) (cm/s)
AA free 5.19E-06+7.66E-08
AASLN 1.20E-05+4.76E-07
AANLC 1.36E-05+2.94E-07
RSPAASLN 1.78E-05+1.91E-07
RSPcAASLN 2.46E-05£3.22E-07
RSPAANLC 1.68E-05+4.11E-07

RSPcAANLC 2.19E-05+2.10E-07




Tests of Normality

Kolmogorov-Smirnov®

Shapiro-Wilk

Group Treatment

Statistic df Sig.  Statistic df Sig.
AA free 176 3 . 1.000 3 .988
AASLN 307 3 . .903 3 .397
AANLC 334 3 : .859 3 .266
RSPAASLN .302 3 . 911 3 421
RSPcAASLN .262 3 . .956 3 .598
RSPAANLC 244 3 : 971 3 .676
RSPcAANLC 179 3 . .999 3 .948
a. Lilliefors Significance Correction
Test of Homogeneity of VVariances
Coefficient Permeability
Levene Statistic dfl df2 Sig.
1.690 6 14 196
ANOVA
Coefficient Permeability
Sum of
Squares df Mean Square F Sig.
Between Groups .000 6 .000 2364.037 .000
Within Groups .000 14 .000

Total .000 20
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Post Hoc Tests

Bonferroni

Multiple Comparisons

Coefficient Permeability

95% Confidence Interval

Group Treatment Group Treatment Mean Difference Std. Error  Sig.
Lower Upper
Bound Bound
AA free AASLN -6.82708E-06°  2.567E-07 0.000 -7.78E-06  -5.88E-06
AANLC -.000011833510000°  2.567E-07 0.000 -1.28E-05  -1.09E-05
RSPAASLN -.000026900476667°  2.567E-07 0.000 -2.79E-05 -2.60E-05
RSPCAASLN -.000008382276667°  2.567E-07 0.000 -9.33E-06 -7.43E-06
RSPAANLC -000011578343333°  2.567E-07 0.000 -1.25E-05 -1.06E-05
RSPCAANLC -.000019851010000°  2.567E-07 0.000 -2.08E-05 -1.89E-05
AASLN AA free .000006827076667°  2.567E-07 0.000 5.88E-06  7.78E-06
AANLC -000005006433333°  2.567E-07 0.000 -5.96E-06  -4.06E-06
RSPAASLN -.000020073400000°  2.567E-07 0.000 -2.10E-05 -1.91E-05
RSPcAASLN -.000001555200000°  2.567E-07 0.001 -2.50E-06  -6.05E-07
RSPAANLC -.000004751266667°  2.567E-07 0.000 -5.70E-06  -3.80E-06
RSPCAANLC -000013023933333°  2.567E-07 0.000 -140E-05 -1.21E-05
AANLC AA free .000011833510000°  2.567E-07 0.000 1.09E-05  1.28E-05
AASLN .000005006433333°  2.567E-07 0.000 4.06E-06  5.96E-06
RSPAASLN -.000015066966667°  2.567E-07 0.000 -1.60E-05 -1.41E-05
RSPCAASLN .000003451233333°  2.567E-07 0.000 250E-06  4.40E-06
RSPAANLC 2.55167E-07" 2.567E-07 1.000 -6.95E-07  1.20E-06
RSPcAANLC -.000008017500000°  2.567E-07 0.000 -8.97E-06 -7.07E-06
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95% Confidence Interval

Group Treatment Group Treatment ~ Mean Difference Std. Error Sig.
Lower Upper
Bound Bound
RSPAASLN AA free .000026900476667"  2.567E-07  0.000 2.60E-05 2.79E-05
AASLN .000020073400000"  2.567E-07  0.000 1.91E-05 2.10E-05
AANLC .000015066966667 2.567E-07  0.000 1.41E-05 1.60E-05
RSPCAASLN .000018518200000"  2.567E-07  0.000 1.76E-05 1.95E-05
RSPAANLC .000015322133333"  2.567E-07  0.000 1.44E-05 1.63E-05
RSPCAANLC .000007049466667"  2.567E-07  0.000 6.10E-06  8.00E-06
RSPCAASLN AA free .000008382276667"  2.567E-07  0.000 7.43E-06 9.33E-06
AASLN .000001555200000"  2.567E-07  0.001 6.05E-07  2.50E-06
AANLC -.000003451233333"  2.567E-07 0.000  -4.40E-06 -2.50E-06
RSPAASLN -.000018518200000"  2.567E-07 0.000  -1.95E-05 -1.76E-05
RSPAANLC -.000003196066667°  2.567E-07 0.000  -4.15E-06 -2.25E-06
RSPCAANLC -.000011468733333"  2.567E-07 0.000  -1.24E-05 -1.05E-05
RSPAANLC AA free .000011578343333"  2.567E-07  0.000 1.06E-05 1.25E-05
AASLN .000004751266667"  2.567E-07  0.000 3.80E-06 5.70E-06
AANLC -2.55167E-07 2.567E-07 1.000 -1.20E-06  6.95E-07
RSPAASLN -.000015322133333" 2.567E-07 0.000  -1.63E-05 -1.44E-05
RSPCAASLN .000003196066667"  2.567E-07  0.000 2.25E-06  4.15E-06
RSPCAANLC -.000008272666667"  2.567E-07 0.000  -9.22E-06 -7.32E-06
RSPcAANLC AA free .000019851010000"  2.567E-07  0.000 1.89E-05 2.08E-05
AASLN .000013023933333"  2.567E-07  0.000 1.21E-05 1.40E-05
AANLC .000008017500000"  2.567E-07  0.000 7.07E-06  8.97E-06
RSPAASLN -.000007049466667"  2.567E-07 0.000  -8.00E-06 -6.10E-06
RSPCAASLN .000011468733333"  2.567E-07  0.000 1.05E-05 1.24E-05
RSPAANLC .000008272666667"  2.567E-07  0.000 7.32E-06  9.22E-06

*, The mean difference is significant at the 0.05 level
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Uptake Drug Study on Caco-2 cells (mean n=3+SD)

Formulation Drug uptake (pg/cm?)
AA Free 5.30E-07+1.85E-07
AASLN 6.56E-07+1.39E-07
RSPAASLN 8.51E-07+2.27E-08
RSPcAASLN 7.90E-07+3.69E-08
AANLC 7.25E-07+4.33E-08
RSPAANLC 8.89E-07+4.547E-08

RSPcAANLC 8.24E-07+1.947E-08
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4

2h Omin Os 6ms 2h Omin Os 6ms 4 2h Omin Os 6ms

2h Omin Os 6ms

2h Omin Os 6ms

Confocal Laser Scanning Microscopy (CLSM) study of R6gSLN, RSPR6gSLN,
RSPcR6gSLN (first row), R6gNLC, RSPR6gNLC and RSPcR6gNLC (second row)
on bEnd3 cells at 2h incubation. Intracellular localization of R6g fluorescence was
noted (arrow)
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Drug Transport on bEnd3 cells cocultured with CTX-TNAZ2 cells (mean (n=3)xSD)

Formulation Drug Transport (%)
AA Free 24.60 £ 2.48
AASLN 38.46 £ 2.37
RSPAASLN 32.64 + 3.59
RSPcCAASLN 4726 +1.78
AANLC 54.31+7.08
RSPAANLC 48.45 + 3.88
RSPcAANLC 56.64 + 1.46

Tests of Normality
Group Kolmogorov-Smirnov Shapiro-Wilk

Treatment  gatistic  Df Sig. Statistic df  Sig.
AA Free .323 3 .878 3 318
AASLN 314 3 .893 3 362
RSPAASLN 341 3 847 3 233
RSPcAASLN 178 3 1.000 3 .959
AANLC 270 3 .949 3 .564
RSPAANLC .306 3 904 3 399
RSPcAANLC 181 3 999 3 939

a. Lilliefors Significance Correction



Test of Homogeneity of Variances
Drug Transport

Levene Statistic dfl df2  Sig.
2.245 6 14 100
ANOVA
Drug Transport
Sum of Squares  df Mean Square F Sig.
Between Groups 2399.163 6 399.860 429.963 .000
Within Groups 13.020 14 .930
Total 2412.183 20
Post Hoc Tests
Multiple Comparisons
Drug Transport
Bonferroni
95% Confidence
Group Group Mean s Interval
Treatment Treatment  Difference  Error g Lower Upper
Bound Bound
AA free AASLN -13.587" 787 .000 -16.500 -10.674
AANLC -22.394" 787 .000 -25.307 -19.481
RSPAASLN -29.214" 787 .000 -32.127 -26.301
RSPcAASLN -7.291" 787 .000 -10.203 -4.378
RSPAANLC -21.541" 787 .000 -24.454 -18.628
RSPcAANLC -31.564" 787 .000 -34.477 -28.651
AASLN AA free 13.587° .787 000 10.674 16.500
AANLC -8.807" 787 .000 -11.720 -5.894
RSPAASLN -15.627° 787 .000 -18.540 -12.715
RSPCAASLN 6.296° .787 .000 3.384 9.209
RSPAANLC -7.954" 787 .000 -10.867 -5.041
RSPcAANLC -17.977° 787 .000 -20.890 -15.064
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Continue
95% Confidence
Group Group .Mean Std. sig. Interval
Treatment Treatment Difference  Error Lower Upper
Bound Bound
AANLC AA free 22.394 187 .000 19.481 25.307
AASLN 8.807" 187 .000 5.894 11.720
RSPAASLN -6.820" 187 .000 -9.733 -3.907
RSPCAASLN 15.104 187 .000 12.191 18.016
RSPAANLC .853 787  1.000 -2.060 3.766
RSPCAANLC -9.170" 187 .000 -12.082 -6.257
RSPAASLN  AA free 29.214 187 .000 26.301 32.127
AASLN 15.627 187 .000 12.715 18.540
AANLC 6.820°  .787  .000  3.907 9.733
RSPCAASLN 21.924 187 .000 19.011 24.836
RSPAANLC 7.673 187 .000 4.761 10.586
RSPCAANLC -2.349 187 207 -5.262 563
RSPCAASLN AA free 7.291° 187 .000 4.378 10.203
AASLN -6.296" 187 .000 -9.209 -3.384
AANLC -15.104" 187 .000 -18.016 -12.191
RSPAASLN -21.924" 187 .000 -24.836 -19.011
RSPAANLC -14.250" 187 .000 -17.163 -11.338
RSPCAANLC -24.273" 187 .000 -27.186 -21.360
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Continue
95% Confidence
Group Group 'Mean Std. sig. Interval
Treatment Treatment Difference Error Lower Upper
Bound Bound
RSPAANLC AA free 21.541 187 .000 18.628 24.454
AASLN 7.954" 187 .000 5.041 10.867
AANLC -.853 787 1.000  -3.766 2.056
RSPAASLN -7.673" 187 .000 -10.586 -4.761
RSPCAASLN 14.250° 187 .000 11.338 17.163
RSPCcAANLC -10.023" 187 .000 -12.936 -7.110
RSPCAANLC AA free 31.564" 187 .000 28.651 34.476
AASLN 17.9777 787 000 15064  20.890
AANLC 9.1696" 187 .000 6.257 12.082
RSPAASLN 2.349 187 207 -.563 5.262
RSPcAASLN 24.273" 187 .000 21.360 27.186
RSPAANLC 10.023" 187 .000 7.110 12.936

*. The mean difference is significant at the 0.05 level.
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Permeability AA on bEnd3 cells cocultured with CTX-TNAZ2 cells (mean (n=3)£SD)

Formulation Apparent Permeability (Papp) (cm/s)
AA Free 1.27E-05+4.41E-07
AASLN 1.94E-05+2.80E-07
AANLC 1.64E-05+1.26E-07
RSPAASLN 2.40E-05+1.56E-07
RSPcAASLN 2.74E-05+3.66E-07
RSPAANLC 2.36E-05+8.18E-07
RSPcAANLC 2.86E-05+7.39E-07

Test of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Group
Treatment

Statistic  Df  Sig. Statistic Df Sig.
AA free 323 3 . 878 3 318
AASLN .305 3 905 3 403
AANLC 341 3 847 3 234
RSPAASLN 178 3 1.000 3 .960
RSPcCAASLN 270 3 949 3 .564
RSPAANLC .306 3 904 3 .399
RSPcAANLC 181 3 999 3 .939

a. Lilliefors Significance Correction
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Test of Homogeneity of VVariances

Coefficient Permeability

Levene Statistic dfl df2 Sig.
2.220 6 14 103
ANOVA

Coefficient Permeability

Sum of Squares Df Mean Square F Sig.

Between Groups .000 6 .000 417.767 .000
Within Groups .000 14 .000

Total .000 20
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Post Hoc Tests
Multiple Comparisons

Coefficient Permeability

Bonferroni
Grou G 95% Confidence Interval
Treatmznt Tre;?;Ent Di:‘\;leerzrr]wce Std. Error Sig.
Lower Bound Upper Bound

AA free AASLN -.0000084" 3.998-07 000  -9.89E-06 -6.94E-06
AANLC -.0000113" 3.99E-07 .000 -1.28E-05 -9.85E-06

RSPAASLN -.0000148" 3.99E-07 .000 -1.62E-05 -1.33E-05

RSPcAASLN -.0000037" 3.99E-07 .000 -5.16E-06 -2.21E-06

RSPAANLC -.0000109" 3.99E-07 .000 -1.24E-05 -9.41E-06

RSPCAANLC -.0000156" 3.998-07 000  -1.74E-05 -1.45E-05

AASLN AA free .00000842" 3.99E-07 .000 6.94E-06 9.89E-06
AANLC -.00000290" 3.99E-07 .000 -4.38E-06 -1.43E-06

RSPAASLN -.00000635" 3.99E-07 .000 -7.83E-06 -4.88E-06

RSPCAASLN 00000473 3.99E-07 00  3.26E-06 6.21E-06

RSPAANLC -.00000247" 3.99E-07 .000 -3.95E-06 -9.97E-07

RSPCAANLC ~ -.00000754~  3.99E-07 00  -9.02E-06 -6.06E-06

AANLC AA free .0000113" 3.99E-07 .000 9.85E-06 1.28E-05
AASLN .0000029" 3.99E-07 .000 1.43E-06 4.38E-06

RSPAASLN -.0000034" 3.99E-07 .000 -4.92E-06 -1.97E-06

RSPCAASLN .0000076" 3.99E-07 .000 6.16E-06 9.11E-06

RSPAANLC .0000004 3.99E-07 1000  -1.05E-06 1.91E-06

RSPcAANLC -.0000046" 3.99E-07 o000  -6.11E-06 -3.16E-06
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Continue
Grou G 95% Confidence Interval
Treatmznt Tre;)r:znt Dili\lflei{:)rr]]ce Std. Error Sig.
Lower Bound Upper Bound
RSPAASLN  AA free .0000148" 3.99E-07 .000 1.33E-05 1.62E-05
AASLN .0000064" 3.99E-07 .000 4.88E-06 7.83E-06
AANLC .0000034" 3.99E-07 .000 1.97E-06 4.92E-06
RSPCAASLN 00001117 3.99E-07 .000 9.61E-06 1.26E-05
RSPAANLC .0000039" 3.99E-07 .000 2.40E-06 5.36E-06
RSPcAANLC -.0000012 3.99E-07 210 -2.66E-06 2.89E-07
RSPCAASLN  AA free 10000037" 3.99E-07 o0  2.21E-06 5.16E-06
AASLN -.0000047" 3.99E-07 .000 -6.21E-06 -3.26E-06
AANLC -.0000076" 3.99E-07 .000 -9.11E-06 -6.16E-06
RSPAASLN -.0000111" 3.99E-07 .000 -1.26E-05 -9.61E-06
RSPAANLC -.0000072" 3.99E-07 .000 -8.68E-06 -5.73E-06
RSPcAANLC -.0000123" 3.99E-07 .000 -1.37E-05 -1.08E-05
RSPAANLC  AA free .0000109" 3.99E-07 .000 9.41E-06 1.24E-05
AASLN .0000025" 3.99E-07 .000 9.97E-07 3.95E-06
AANLC -.0000004 3.99E-07 1.000 -1.91E-06 1.05E-06
RSPAASLN -.0000039" 3.99E-07 .000 -5.36E-06 -2.40E-06
RSPCcAASLN .0000072" 3.99E-07 .000 5.73E-06 8.68E-06
RSPcAANLC -.0000051" 3.99E-07 .000 -6.54E-06 -3.59E-06
RSPCAANLC  AA free .0000160" 3.99E-07 .000 1.45E-05 1.74E-05
AASLN .0000075" 3.99E-07 .000 6.06E-06 9.02E-06
AANLC .0000046" 3.99E-07 .000 3.16E-06 6.11E-06
RSPAASLN .0000012 3.99E-07 210 -2.89E-07 2.66E-06
RSPcAASLN .0000123" 3.99E-07 .000 1.08E-05 1.37E-05
RSPAANLC .0000051" 3.99E-07 .000 3.59E-06 6.54E-06

*, The mean difference is significant at the 0.05 level.
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Drug Uptake of AA on bEnd3 cells cocultured with CTX-TNAZ2 cells (mean
(n=3)£SD)

Formulation Drug uptake (mg/cm?)
AA Free 2.63E-05+1.08E-05
AASLN 4.18E-05+5.60E-06
RSPAASLN 4.78E-05+£3.81E-06
RSPcAASLN 6.13E-05+8.10E-06
AANLC 6.68E-06+7.05E-06
RSPAANLC 6.20E-05+5.70E-06
RSPcAANLC 6.34E-05+1.16E-05

Tests of Normality

Group Kolmogorov-Smirnov® Shapiro-Wilk
Treatment Statistic df Sig. Statistic df Sig.
AA free 323 3 . .878 3 318
AASLN 314 3 : .893 3 362
AANLC 341 3 . 847 3 233
RSPAASLN 178 3 . 1.000 3 .959
RSPCAASLN 270 3 . 949 3 564
RSPAANLC 306 3 . 904 3 399

RSPCANLC 181 3 . 999 3 939
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Tests of Normality

Group Kolmogorov-Smirnov* Shapiro-Wilk
Treatment Statistic df Sig. Statistic df Sig.
AA free 323 3 . 878 3 318
AASLN 314 3 . .893 3 .362
AANLC 341 3 . 847 3 233
RSPAASLN 178 3 . 1.000 3 959
RSPCcAASLN 270 3 . 949 3 564
RSPAANLC .306 3 . 904 3 399
RSPCANLC 181 3 . 999 3 939

a. Lilliefors Significance Correction

Test of Homogeneity of Variances
Drug Transport

Levene Statistic dfl df2 Sig.

2.245 6 14 100
ANOVA
Drug Transport
SS:::H‘(;z df S“(;Il(j:?e F Sig.
Between Groups 2399.163 6 399.860 429.963 .000
Within Groups 13.020 14 .930
Total 2412.183 20

Post Hoc Tests
Multiple Comparisons
Drug Transport

Bonferroni
95% Confidence
Group Group Mean Std. i Interval
Treatment Treatment Difference  Error g- Lower Upper

Bound Bound
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AA free AASLN -13.587" .787  .000 -16.500 -10.674
AANLC -22.394" .787  .000 -25.307 -19.481
RSPAASLN -29.214" .787  .000 -32.127 -26.301
RSPCAASLN -7.291" .787  .000 -10.203 -4.378
RSPAANLC -21.541" .787  .000 -24.454 -18.628
RSPCcAANLC -31.564 .787  .000 -34.476 -28.651
AASLN AA free 13.587" 787  .000 10.674 16.4996
AANLC -8.807" 787  .000 -11.720 -5.8945
RSPAASLN -15.627" 787  .000 -18.540  -12.7147
RSPCcAASLN 6.296 .787  .000 3.384 9.2090
RSPAANLC -7.954" .787  .000 -10.867 -5.0413
RSPCAANLC -17.977° 787 000  -20.890  -15.0641
Continue
95% Confidence
Group Group ‘Mean Std. Sig. Interval
Treatment Treatment Difference  Error Lower Upper
Bound Bound
AANLC AA free 22.394 787  .000 19.481 25.307
AASLN 8.807°  .787 .000 5.894 11.720
RSPAASLN -6.820" .787  .000 -9.733 -3.907
RSPcAASLN 15.104 .787  .000 12.191 18.016
RSPAANLC .853 .787 1.000 -2.060 3.766
RSPCAANLC -9.170" 787  .000 -12.082 -6.257
RSPAASLN  AA free 29.214 .787  .000 26.301 32.127
AASLN 15.627" .787  .000 12.715 18.540
AANLC 6.820" 787  .000 3.907 9.733
RSPCAASLN 21.924 787  .000 19.011 24.836
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RSPAANLC 7.67334° .787  .000 4.761 10.586
RSPcAANLC -2.349 787 207 -5.262 .563
RSPCAASLN AA free 7.291 .787  .000 4.378 10.203
AASLN -6.296" .787  .000 -9.209 -3.384
AANLC -15.104" .787  .000 -18.016 -12.191
RSPAASLN -21.924" 787 .000 -24.836 -19.011
RSPAANLC -14.250" .787  .000 -17.163 -11.338

RSPcAANLC -24.273" .787  .000 -27.186 -21.360




95% Confidence

Group Group _Mean Std. Sig. Interval

Treatment Treatment Difference  Error Lower Upper
Bound Bound

RSPAANLC AA free 21.541 787  .000 18.628 24.454

AASLN 7.954" .787  .000 5.041 10.867

AANLC -.853 .787 1.000 -3.766 2.060

RSPAASLN -7.673" 787  .000 -10.586 -4.761

RSPCcAASLN 14.250° .787  .000 11.338 17.163

RSPCcAANLC -10.023" .787  .000 -12.936 -7.110

RSPCAANLC AA free 31.564" 787  .000 28.651 34.476

AASLN 17.977 787  .000 15.064 20.890

AANLC 9.170° .787  .000 6.257 12.082

RSPAASLN 2.349 787  .207 -.563 5.262

RSPCAASLN 24.273" 787  .000 21.360 27.186

RSPAANLC 10.023" 787  .000 7.110 12.936

*. The mean difference is significant at the 0.05 level.
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APPENDIX J

TRANSEPITHELIAL ELECTRICAL RESISTANCE (TEER)
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Decrease of TEER value on Caco-2 cells (mean (n=3)+SD)

Treatment Percentage TEER decrease at 2 h (%)
Control 96.97+0.51
AA free 83.75+3.98
AASLN 92.21+2.41
AANLC 93.74+2.53
RSPAASLN 59.79+6.36
RSPCcAASLN 39.25+4.32
RSPAANLC 56.48+3.00

RSPcAANLC 47.19+5.37




Tests of Normality

Kolmogorov-Smirnov? Shapiro-Wilk
Group Treatment
Statistic df Sig. Statistic ~ df Sig.
Control 313 .895 .368
AA free .310 .899 .382
AASLN 199 995 .866
AANLC 249 .968 654
RSPAASLN 311 897 377
RSPCAASLN 196 .996 877
RSPAANLC 177 1.000 963
RSPcAANLC 247 .969 .662
a. Lilliefors Significance Correction
Test of Homogeneity of VVariances
TEER
Levene Statistic dfl df2 Sig.
1.525 7 16 229
ANOVA
TEER
Sum of Squares df  Mean Square Sig.
Between Groups 9926.137 1418.020 124.082 .000
Within Groups 182.849 16 11.428
Total 10108.986 23
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Post Hoc Tests
Multiple Comparisons

TEER
Bonferroni
95% Confidence
Group Group _Mean Std. Sig. Interval
Treatment Treatment  Difference  Error Lower Upper
Bound Bound
Control AA free 6.566  2.760 845  -3.757 16.888
AASLN -4541 2760 1.000 -14.864 5.781
AANLC -3.226 2760 1.000 -13.549 7.097
RSPAASLN 8.991 2.760 138 -1.331 19.314
RSPCcAASLN 53.232°  2.760 .000 42.909 63.555
RSPAANLC 18.031°  2.760 .000 7.708 28.353
RSPcAANLC 43.145"  2.760 .000 32.823 53.468
AA free AA free -6.566  2.760 845  -16.888 3.757
AASLN -11.107"  2.760 027  -21.430 -.784
AANLC -9.792  2.760 075 -20.114 531
RSPAASLN 2425 2760 1.000 -7.897 12.748
RSPcAASLN 46.666  2.760 .000 36.344 56.989
RSPAANLC 11.465°  2.760 021 1.142 21.787
RSPCAANLC 36.579°  2.760 .000 26.257 46.902
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Continue
95% Confidence
. Group Group ‘Mean Std. Sig. Interval
reatment Treatment  Difference  Error Lower Upper
Bound Bound
AASLN AA free 4541 2760 1.000 -5.7814 14.864
AASLN 11.107°  2.760 .027 .71845 21.430
AANLC 1315 2760 1.000 -9.0074 11.638
RSPAASLN 13.533°  2.760 .004  3.2099 23.855
RSPCAASLN 57.773°  2.760 .000 47.4507 68.096
RSPAANLC 22.572°  2.760 .000 12.2491 32.894
RSPCcAANLC 47.686°  2.760 .000 37.3639 58.009
AANLC AA free 3.226 2760 1.000 -7.0966 13.549
AASLN 9.792  2.760 .075 -.5308 20.114
AANLC -1.315 2,760 1.000 -11.6380 9.007
RSPAASLN 12.217°  2.760 .012 1.8947 22.540
RSPCAASLN 56.458"  2.760 .000 46.1354 66.781
RSPAANLC 21.256°  2.760 .000 10.9339 31.579
RSPcAANLC 46.371°  2.760 .000 36.0486 56.694
RSPAASLN AA free -8.991  2.760 138 -19.3140 1.331
AASLN -2425 2760 1.000 -12.7481 7.897
AANLC -13.533°  2.760  .004 -23.8553 -3.210
RSPAASLN -12.217°  2.760 012 -22.5400 -1.85
RSPCAASLN 44241 2.760 .000 33.9181 54.563
RSPAANLC 9.039 2.760 133 -1.2835 19.362
RSPCAANLC 34.154"  2.760 .000 23.8313 44477
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Continue
95% Confidence
Group Group _Mean Std. Sig. Interval
Treatment Treatment  Difference  Error
Lower Upper
Bound Bound
RSPCAASLN  AA free -53.232"  2.760 .000 -63.555 -42.909
AASLN -46.666°  2.760 .000 -56.989 -36.344
AANLC 57.773°  2.760 .000 -68.096 -47.451
RSPAASLN -56.458"  2.760 .000 -66.781 -46.135
RSPcAASLN -44.241"  2.760 .000 -54.563 -33.918
RSPAANLC -35.202°  2.760 .000 -45.524 -24.879
RSPcAANLC -10.087  2.760 .060 -20.410 236
RSPAANLC  AA free -18.031°  2.760 .000 -28.353 -7.708
AASLN -11.465"  2.760 021 -21.787 -1.142
AANLC -22.572"  2.760 .000 -32.894 -12.249
RSPAASLN -21.256"  2.760 .000 -31.579 -10.934
RSPCAASLN -9.039  2.760 133 -19.362 1.284
RSPAANLC 35.202°  2.760 .000 24.879 45.524
RSPcAANLC 25.115"  2.760 .000 14.792 35.437
RSPCAANLC  AA free -43.145° 2760  .000 -53.468  -32.823
AASLN -36.579"  2.760 .000 -46.902 -26.257
AANLC -47.686°  2.760 .000 -58.009 -37.364
RSPAASLN -46.371"  2.760 .000 -56.694 -36.049
RSPcAASLN -34.154"  2.760 .000 -44.477 -23.831
RSPAANLC 10.087  2.760 .060 -.236 20.410
RSPcAANLC -25.115"  2.760 .000 -35.437 -14.792

*. The mean difference is significant at the 0.05 level.
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TEER value on bEnd3 cells cocultured with CTX-TNA2 cells (mean (n=3)xSD)

TEER (Q.cm?)

Treatment
Oh 6h
Control 418.00+£31.19 420.67+24.13
AA Free 441.33+20.03 373.67+6.51
AASLN 466.67+36.02 400.33+17.89
AANLC 449.67+31.09 384.00+42.15
RSPAASLN 451.33+29.14 407.33+11.01
RSPcAASLN 628.67+44.66 542.67+15.28
RSP-AANLC 487.33+14.05 388.67+9.02
RSPcAANLC 449.00+23.52 288.67+11.59
Paired Samples Statistics
Mean N Std. Deviation Std. Error Mean
TEER at Ty 474.0000 24 67.47818 13.77393
Pair 1
TEER at Tg 383.1667 24 68.28945 13.93953
Paired Samples Correlations
N Correlation Sig.

Pairl TEERat To& TEER at T, 24 716 .000




Paired Samples Test
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Paired Differences

95% Confidence Sig. (2
Std. Std. Error Interval of the t g
Mean . . tailed)
Deviation Mean Difference
Lower Upper
TEER T, —
0 90.833 51.196 10.450 69.215 112.451 8.692 23 .000

TEER T340




TEER value change on bEnd3 cells cocultured with CTX-TNAZ2 cells (mean

n=3+SD)
Treatment Percentage TEER change at 2 h (%)
Control 100.80+5.41
AA Free 84.80+4.79
AASLN 85.93+3.15
AANLC 85.44+8.16
RSPAASLN 90.40+3.88
RSPcAASLN 86.67+7.72
RSPAANLC 79.76%0.44
RSPcAANLC 64.49+5.95
Tests of Normality
Group Kolmogorov-Smirnov? Shapiro-Wilk
Treatment Statistic Df Sig. Statistic Sig.
1.00 175 3 1.000 .998
2.00 .282 3 .936 510
3.00 274 3 .945 547
4.00 337 3 .854 .250
5.00 .362 3 .804 124
6.00 344 3 841 218
7.00 .326 3 873 304
8.00 .209 3 992 825

a. Lilliefors Significance Correction
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Test of Homogeneity of VVariances
TEER

Levene Statistic dfl df2 Sig.
1.796 7 16 157
ANOVA
TEER
Sum of Squares df Mean Square F Sig.
Between Groups 2339.981 7 334.283 17.889 .000
Within Groups 298.986 16 18.687
Total 2638.967 23
Post Hoc Tests
Multiple Comparisons
TEER
Bonferroni
95% Confidence
Group Group Mean Std. i Interval
Treatment Treatment Difference  Error g- Lower Upper
Bound Bound
Control AA free 15.804°  3.530 011 2.604 29.004
AASLN 14.177°  3.530 .028 977 27.377
AANLC 14.278"  3.530 .026 1.078 27.478
RSPAASLN 15.960° 3530  .010 2.760 29.160
RSPcAASLN 14.080°  3.530 .030 .880 27.280
RSPAANLC 27.357°  3.530 .000 14.157 40.557
RSPcAANLC 35.911°  3.530 .000 22.711 49.111
AA free AA free -15.804  3.530 011 -29.004 -2.604
AASLN -1.627 3.530 1.000 -14.827 11.573
AANLC -1526 3530 1.000 -14.726 11.674
RSPAASLN 1555 3,530 1.000 -13.044 13.355
RSPcAASLN -1.724 3530 1.000 -14.924 11.476
RSPAANLC 11.553 3.530 134 -1.647 24.753
RSPcAANLC 20.106°  3.530 .001 6.907 33.306
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Continue
95% Confidence
Group Group ‘Mean Std. Sig. Interval
Treatment Treatment Difference  Error Lower Upper
Bound Bound
AASLN Control -14.177°  3.530 .028 -27.377 -.977
AA free 16270 3.530 1.000 -11.573 14.827
AANLC 1013 3,530 1.000 -13.099 13.301
RSPAASLN 1.782 3530 1.000 -11.418 14.982
RSPCcAASLN -097 3,530 1.000 -13.297 13.103
RSPAANLC 13.180  3.530 .051 -.020 26.380
RSPcAANLC 21.734" 3530 .000 8.534 34.933
AANLC Control -14.278"  3.530 .026 -27.478 -1.078
AA free 1526 3530 1.000 -11.674 14.726
AASLN -101  3.530 1.000 -13.301 13.099
RSPAASLN 1681 3530 1.000 -11.519 14.881
RSPcAASLN -198 3.530 1.000 -13.398 13.001
RSPAANLC 13.079  3.530 .054 -121 26.279
RSPCAANLC 21.632° 3530  .000 8.432 34.832
RSPAASLN Control -15.960"  3.530 .010 -29.160 -2.760
AA free -155 3,530 1.000 -13.355 13.044
AASLN -1.782 3,530 1.000 -14.982 11.418
AANLC -1.681 3,530 1.000 -14.881 11.519
RSPcAASLN -1.880  3.530 1.000 -15.080 11.320
RSPAANLC 11.398  3.530 147 -1.802 24.598
RSPCAANLC 19.951°  3.530 .001 6.751 33.151
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Continue
95% Confidence
. Group Group _Mean Std. Sig. Interval
reatment Treatment  Difference  Error Lower Upper
Bound Bound
RSPcAASLN Control -14.080°  3.530 .030 -27.280 -.880
AA free 1724 3530 1.000 -11.476 14.924
AASLN .097 3,530 1.000 -13.103 13.297
AANLC 198  3.530 1.000 -13.001 13.398
RSPAASLN 1.880 3530 1.000 -11.320 15.080
RSPAANLC 13.277° 3.530 .048 077 26.477
RSPcAANLC 21.831° 3530 .000 8.631 35.031
RSPAANLC Control -27.357°  3.530 .000 -40.557 -14.157
AA free -11.553  3.530 134 -24.753 1.647
AASLN -13.180  3.530 .051 -26.380 .020
AANLC -13.079  3.530 .054 -26.279 121
RSPAASLN -11.398  3.530 47 -24.598 1.802
RSPCcAASLN -13.277°  3.530 .048 -26.477 -.077
RSPCAANLC 8.553  3.530 JA73 -4.646 21.753
RSPcAANLC Control -35.911"  3.530 .000 -49.111 -22.711
AA free -20.107"  3.530 .001 -33.306 -6.907
AASLN -21.734" 3530  .000  -34.933 -8.534
AANLC -21.632"  3.530 .000 -34.832 -8.432
RSPAASLN -19.951°  3.530 .001 -33.151 -6.751
RSPcAASLN -21.831"  3.530 .000 -35.031 -8.631
RSPAANLC -8.554  3.530 Ja73 -21.753 4.647

*. The mean difference is significant at the 0.05 level.
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APPENDIX K

SIZE AND ZETA POTENTIAL EVALUATION



Sample Size (d.nm) Pdl Zeta Potential
AASLNapicalsitel 123.1 0.369 -5.96
AASLNapicalsite2 129.9 0.438 -7.07
AASLNapicalsite3 126.9 0.432 -6.85
AASLNapicalsite4 122.1 0.396 -5.93
AASLNapicalsite5 115.1 0.426 -6.05
Mean 123.42 0.4122 -6.372
SD 559392528  0.029055 0.544169091
AANLCapicalsitel 151.3 0.489 -5.8
AANL Capicalsite2 148.4 0.484 -6.25
AANL Capicalsite3 148.3 0.476 -7.11
AANLCapicalsite4 145.8 0.485 -6.11
AANL Capicalsite5 150 0.483 -5.53
Mean 148.76 0.4834 -6.16
SD 2.06712361  0.004722 0.599916661
RSPAASLN-apicalsitel 414.2 0.362 -16.9
RSPAASLN-apicalsite2 4275 0.261 -14.9
RSPAASLN-apicalsite3 467.6 0.42 -17.8
RSPAASLN-apicalsite4 477.8 0.526 -17.6
RSPAASLN-apicalsite5 434.3 0.589 -17.4
Mean 444.28 0.4316 -16.92
SD 27.1725413  0.130163 1.177709642
RSPcAASLN-apicalsitel 583.9 0.388 42.6
RSPcAASLN-apicalsite2 545.3 0.336 39.3
RSPcAASLN-apicalsite3 467.7 0.355 42.7
RSPcAASLN-apicalsite4 4954 0.407 42.3
RSPcAASLN-apicalsite5 544.7 0.343 41.3
Mean 527.4 0.3658 41.64
SD 45.8258661  0.030475 1.420563269
RSPAANLC-picalsitel 380.3 0.416 -19.3
RSPAANLC-apicalsite2 370.8 0.414 -16.9
RSPAANLC-apicalsite3 424.8 0.387 -15.3
RSPAANLC-apicalsite4 387.9 0.367 -14.8
RSPAANLC-apicalsite5 435.1 0.398 -17.2
Mean 399.78 0.3964 -16.7
SD 28.4339058  0.020305 1.776231967
RSPcAANLC-picalsitel 596.2 0.383 31.8
RSPcAANLC-apicalsite? 545.1 0.391 33.9
RSPcAANLC-apicalsite3 505.3 0.458 32.1
RSPcAANLC-apicalsite4 635.1 0.576 37
RSPcAANLC-apicalsite5 641.3 0.49 31.3
Mean 584.6 0.4596 33.22
SD 58.626871  0.079135 2.329592239
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Continue
Sample Size (d.nm) Pdl Zeta Potential

AASLNbasolateralsite(after120min)1 209.7 0.442 -12.5
AASL Nbasolateralsite(after120min)2 221.6 0.356 -11.2
AASLNbasolateralsite(after120min)3 217 0.465 -11
AASLNbasolateralsite(after120min)4 213.3 0.37 -9.71
AASLNbasolateralsite(after120min)5 254.9 0.472 -11.9
Mean 223.3 0.421 -11.262
SD 18.207828  0.054323 1.05129444
AANL Chasolateralsite(after120min)1 247.8 0.374 -16.6
AANL Chasolateralsite(after120min)2 2714 0.422 -11.2
AANLCbasolateralsite(after120min)3 267.1 0.344 -14.1
AANL Cbhasolateralsite(after120min)4 240.9 0.378 -12.4
AANLCbasolateralsite(after120min)5 2335 0.313 -9.43
Mean 252.14 0.3662 -12.746

16.4876621  0.040733 2.747376931
RSPAASLN-basolateralsite(after120min)1 335.7 0.789 -9.86
RSPAASLN-basolateralsite(after120min)2 272.3 0.65 -7.51
RSPAASLN-basolateralsite(after120min)3 269.3 0.693 -11.6
RSPAASLN-basolateralsite(after120min)4 371.9 0.636 -7.98
RSPAASLN-basolateralsite(after120min)5 381.4 0.679 -8.92
RSPAASLN-basolateralsite(after120min) 326.12 0.6894 -9.174

53.3117435  0.060094 1.629042664
RSPcAASLN-basolateralsite(after120min)1 396 0.693 -3.83
RSPcAASLN-basolateralsite(after120min)2 438.8 0.697 5.32
RSPcAASLN-basolateralsite(after120min)3 401.1 0.671 -2.63
RSPcAASLN-basolateralsite(after120min)4 524.5 0.562 5.32
RSPcAASLN-basolateralsite(after120min)5 483.1 0.559 4.53
Mean 448.7 0.6364 1.742
SD 54.9319124  0.069999 4.569974836
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Continue
Sample Size (d.nm) Pdl Zeta Potential
RSPAANLC-basolateralsite(after120min)1 372.9 0.595 -18.4
RSPAANLC-basolateralsite(after120min)2 309.5 0.539 -7.57
RSPAANLC-basolateralsite(after120min)3 350 0.451 -8.49
RSPAANLC-basolateralsite(after120min)4 367.3 0.428 -14.8
RSPAANLC-basolateralsite(after120min)5 321.7 0.404 -13.8
Mean 344.28 0.4834 -12.612
SD 27.8444249  0.080575 4.530791322
RSPcAANLC-basolateralsite(after120min)1 547.7 0.358 -19.9
RSPcAANLC-basolateralsite(after120min)2 463 0.451 -3.13
RSPcAANLC-basolateralsite(after120min)3 443.1 0.39 -115
RSPcAANLC-basolateralsite(after120min)4 423.6 0.489 -1.75
RSPcAANLC-basolateralsite(after120min)5 526.5 0.369 -9.91
Mean 480.78 0.4114 -9.238
SD 53.7914212  0.056341 7.290820941
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