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CHAPTER I

INTRODUCTION

Silk worms (Bombyx mori Linn.) are insects that its cocoons are useful in silk
processing. Cocoons contain two main substances; sericin and fibroin. Usually they
contain 20-30% of sericin and 70-80% of fibroin. During silk production, sericin is
discarded in waste water. In Thailand, the Queen Sirikit Institute of Sericulture can
derive and purify sericin from waste water._Sericin is useful in various fields such
as biodegradable materials, membrane maierials, functional biomaterials, medical
biomaterials, functional.fibers and fabrics (Zhang, 2002). Sericin is used for
cryoprotectant substances ( Isuyimoto et al., 2001), enzyme immobilization (Zhang et
al., 2004) and wound healing (Zhang, 2002). Several researchers have studied in anti-
free radical activity ot sericin both in vitro and in vive. The opportunity of colon
tumorigenesis was inhibited by using sericin (Zhaorigetu et al., 2001) and the risk of
skin cancer was decreased by reducing oxidative stress (Zhaorigetu et al., 2003Db).

Moreover, sericin was applied in the-air conditioner for inhibiting oxidation or
free radical formation which was toxic for cells (Sarovat, 2003). However, there are
few studies which determire “anti-free radical activity of sericin derived from
wastewater in Thai-sitk production. innovative approaches on a new application of
sericin possessing anti-free radical activity are still needed in order to increase its
value. Then it needs to formulate sericin to be anti-w#inkle products from anti-free
radical activity.

Recently ‘deformable liposomes~ar| Transfersomes® have been a new
interesting drug delivery system for skin administration. There aregnany drugs which
are ‘using/\this 'system to enhance delivery macromalecules” such 'as: gap junction
proteim (Paul at al., 1998), insulin (Guo et al., 2000), antioxidant enzymes: superoxide
dismutase and catalase (Simoes et al., 2004), and Interleukin-2 (Hofer et al., 2004).
The researchers proposed that deformable liposomes; which were more elastic, could
squeeze themselves passing 5-folds smaller pores (Cevc, Schatzlein, and Blume,
1995). Although deformable liposomes are an efficient drug delivery system,
compositions in their formula had an effect on their properties. To date, there is no

study that investigated the effect of deformable liposomes loaded with sericin on its
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physicochemical properties. Therefore, we need to investigate formulation factors
which had affect the properties of deformable liposomes loaded with sericin.

The main purposes of this present study were to find out anti-free radical
activity and to develop a new application of sericin from Thai silk processing in
system of deformable liposomes. Furthermore, this study was to assess the possibility
of producing deformable liposomes loaded with silk sericin as an anti-wrinkle serum.

Objectives

1. To investigate-anti-free radieal aciivity-ofsilk sericin in vitro.

2. To formulate and«investigate the effects of types of edge activators and
ratios of phosphatidy! choline.and edge activators on deformable liposomes.

3. To formulate dispersion systems containing deformable liposomes loaded
with silk sericin as anti-wginkle serum.

4. To investigate anti-free radical activity of deformable liposomes loaded
with silk sericin in vitro.

5. To investigate and compare ékin permeation of deformable liposomes

loaded with silk sericin with those dispersed in anti-wrinkle serum.



CHAPTER Il

LITERATURE REVIEWS

A SILK SERICIN

1. Sources of sericin

Silk is classifi ce that

/
%&" %Iberry silkworms (Bombyx mori

inn.) and the other one Is-Wild silkw ch as Antheraea pernyi inese
Linn.) and the oth Id komﬂs.kAh i (Chi

tussah), Antheraea assama, Antheraea myli ia Tussah), Samia cynthia ricini.
Silk is a linear sequen : i he structure: Ser-Gly-(Ala-Gly),

Figure 1. Structure of silk. Key to refer: A, primary structure of crystalline-coding
region of silk: Ser-Gly-(Ala-Gly),; B, secondary structure of a strand of silk
(Modified from Lamoolphak, 2005; http://www. Scq.ubc.ca/)



Secondary structure of silk is categorized in three groups. First, random
coils refers to the totally disordered and rapidly fluctuating set of conformations
assumed by denatured proteins and others polymers in solution. Second, a-helix
conformation is only one helical peptide conformation which has simultaneous
allowed angles and a favorable hydrogen bonding pattern. The structure of
polypeptide chains arrange in thems I):Zs into helical segments. It takes place when
the carbonyl of amino acid and the djacent amino acid formed H-bond
Third, B-sheet conformaﬂMﬁ pleated eé;_hydrogen bonding occurs between

neighboring polypeptl‘)‘asdﬁh'rathe#than WIQe as in a-helices (Lamoolphak,

2005). N

In silk i mdui:_t_s{;ot silk waste are produced. These wastes
have properties simi I _‘coa(ns-wmc contain two main proteins; sericin and
fibroin.  Sericin is recovere from t /wast water after silk degumming. Silk
degumming takes placesin sses such as by hot water, soap, detergent,
acid, and enzymes (Fabi : ,‘Mossottl and Innocenti, 2003;

Lamoolphak, 2005; Kurloka»_‘Kurloka = Yamazaki, 2004).  Generally, silk
cocoons contain 20-30% of Sericin; Whléh}f!rglébular protein that is soluble in water.
The component G.t‘glk%} ShOWFHFH;IG}HFEQﬁQ

fibroin

Figure 2. Fibroin is wrapped up in sericin.



2. Physicochemical properties of sericin.

Structure of sericin.

Sericin is made of 18 amino acids which the major amino acids are polar
such as serine, aspartic acid and glycine. Amino acid compositions of silk sericin
(grams of amino acid/100 grams of pretein) are demonstrated in Table 1. Sericin
takes on a globular shape, which there 4s.three conformations in the secondary

structures of silk protein; random coils, a-helixand R-sheet (Lamoolphak, 2005).

Table 1. Amino acid _cempesitions: of silk sericin and fibroin (grams of amino

acid/100 grams of proteift) (lil@a Juannez, 887 A8 uaz ude wuzduns, 2530).

Amino aeid sericin fibroin
Non-polar Glycine ‘ 8.66 41.25
Amino acid Alanine p 3.51 28.87
Valine ¢ 3.14 2.63
Weucine T Lo 0.32
Isoleucine T . 077 0.44
Proline i :
Phenylalanine 0.50 0.58
Acid amino acid | | Aspartic acid 17.03 0.78
Glutamic acid 7.46 0.69
Basic amind asid—| Arginine 6.07 0.86
Histidine 1.88 -
Lysine 4.95 0.17
Oxy‘amino acid V| Serine 27.32 1322
Threonine 7.48 0.81
Tyrosine 4.43 10.96
Sulfur-complex Methionine - -
amino acid Cystein 0.20 -
Total 95.08 101.56




Molecular weight.

Size of molecules depends on temperature, pH and processing time (Zhang,
2002). Generally it is ranged from 10-300 kDa.

Description.
Sericin is fine yellow pow:

Solubility. §= -

Sericin is a le rote%dissolved in a polar solvent.

Size of sericin molecule i mall peptides are soluble in cold

(Zhang, 2002). Interaction

water and large mole

Figure 3. Interaction between se;i._qin and H,O mg&cule.

AOUUINEUINTT

Protein content. - — 'y
QW“’I@WT’I“‘W&&HW’IW dRLE

Stability

Sericin is hydrolyzed in acid or alkaline solutions, or degraded by the

protease enzyme (Zhang, 2002).



3. Application of sericin

Sericin, derived from silkworm Bombyx mori, is a macromolecular protein
and has been applied for many advantages such as antioxidant, antimicrobial, UV
resistant, and moisturizer. Molecular weight of sericin was found to be related to its
functions. Sericin in range of lower: molecular weight ( < 20 kDa) or sericin
hydrolyzate is used in cosmetics but sericin in range of higher molecular weight ( >
20 kDa) is modified as a coating materials;" degradable biomaterials, functional
membranes, hydrogels, fibers and fabrics. Sericin can be cross-linked, copolymerized
and blended with other artificial materials (Zhang, 2002).

In 1998 the fist evidence forantioxidant activity of sericin was reported by
Kato et al. for itsseffect An. suppression in vitro lipid peroxidation using the
thiobarbituric acid reactive substances (TBARS). Sericin was found to decrease
TBARS at the concentration of 0.8 %. Furthermore they were found that sericin
could inhibit tyrosinase activity«at the concentration of 0.5 and 1.0 %. Antioxidant
activity of sericin might be due to-a remarkably high content of hydroxyl amino acid.
The hydroxy group of amine acid such as serine might be responsible the action by

chelating trace elements such as copper-and-iron.

The followed research was done to discover the mechanism of the
inhibitory effect of sericin against colon tumorigenesis. In 2001, Zhaorigetu et al.
investigated the oxidative stress and‘cell proliferation-of micejafter they treated them
to the state of colon tumerigenesis. They compared the reducing oxidative stress and
the “reducing” cell ‘proliferation<of two 'groups) ©Of, which 'one wasatlded sericin
supplement but another one was not (control). The supplemental sericin was found to
reduce cell proliferation in colon epithelium and to suppress colonic oxidative stress

marker, which was related to the advance of tumorigenesis.

Furthermore, Zhaorigetu et al. (2003a) investigated the protective effect of
sericin on UVB-induced acute damage and tumor promotion in mouse skin. The

formation of skin lesions by UVB light was significantly inhibited by sericin



treatment. The topical application of sericin inhibited the tumor incidence for 94%.
This study showed that topical application of sericin has an inhibitory effect on UVB-
induced sunburn lesions and tumor promotion in mouse skin. Then sericin could be a
useful photoprotective agent against UVB-induced acute damage and tumor
promotion. Moreover, the researchers hypothesized that this mechanism may involve

inhibition of oxidative stress.

The protective effect of sericin-en.tumor promotion revealed suppressing
oxidative stress and Inflammatory responses. The results showed the strong
antitumor-promoting effeet'of.sericin in the mouse skin tumorigenesis model. Sericin
was suggested to use for'cancer chemoprotective agent against skin cancer. Sericin
suppressed an oxidative stress. marker (4-HNE), the protein expression of
proliferation-related.genes (csmyc and e=fos), an important pro-inflammatory mediator
(COX-2) and a pro-inflammatory eytekines and effected tumor promoter (TNF-a).
These finding suggest that ‘Sericin® has suppressive activity against both chemical-
induced skin tumorigenesis and™ UV-radiation- induced skin tumorigenesis by
reducing oxidative stress (Zhaorigetu et al.; 2003b).

Nevertheless, sericin was studied the properties of air filters by coating the
filters with sericin;which revealed not only the antioxidant activities against hydroxyl
radical (OH) but also the antimicrobial activities in silk.sericin from different species
of waste cocoons. The findings showed that sericin clearly reduced the concentration
of the hydroxyl: radicals 'and ‘had+ fungal* and=Microcoeccus inhibition capacity
(Sarovart, 2003).

Sericin” was registered In the patent of Thailand in categories of the
invention from using as wound dressing which the main constituents was silk fibroin
and sericin (Patent of Thailand A61L 27/00, 2000). Two years later Zhang showed
the review publication of applications of natural silk protein sericin in biomaterials.
This publications reviewed that sericin was used in cosmetics, degradable

biomaterials, functional membranes, hydrogels, coated films, wound dressing, cross-



linking agents, suppression lipid peroxidation, inhibition of tyrosinase, cryoprotectant,
fibers and fabrics (Zhang, 2002).

Cho et al. (2003) prepared sericin in nanoparticles forms by diafiltration
method. They used moisture-retaining properties of sericin to react with poly
ethylene glycol (PEG) to obtain self-assembled sericin nanoparticles. Furthermore,
sericin was prepared to microparticles andwas used as immobilized enzyme (Zhang
et al., 2004). Next, the moisturizer properties of sericin were studied in vivo
(Padamwar, 2005). Nevertheless, Teramoio, Nakajima and Takabayashi (2005) also
prepared elastic silk sericin“hydrogel. ' These findings suggested that sericin hydrogel,
which was prepared without.both chemicals cross-linking agent and irradiation, might

be a drug carrier or'scaffeld fortissue engineering.

B. ANTI-FREE RADICAL ACTIVITY

Free radicals are atoms or-molecules.having an unpaired electron which were
unstable and very reactive (Fang; Yang, and Wu, 2002). They adapted themselves
stable by scavenging electreas-from the others.. A free radical is easily formed when a
covalent bond between entities is broken and one electron/ remains with each newly

formed atom.

By definition, a freesradical is any atom such as oxygen and nitrogen with at
least one unpairet electron; and ‘s capable ot existing independently. In human and
many organisms, the use of oxygen In oxidative phosphorylation yields a system of
energy) transfer “by . praductions of| the! transferable® energy” component or ATP.
Although oxygen is necessity for many living organisms, the most of the damage

caused by oxygen could be produced free radical oxygen (Mcanalley et al., 2003).

Any free radical involving oxygen can be referred as a reactive oxygen species
(ROS) or reactive nitrogen species (RNS) if nitrogen is involved. Both are shown in
Table 2. Reactive oxygen species (ROS) are generated under normal conditions as

aerobic metabolism. Their reactive properties make them can react with DNA,
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proteins, carbohydrates and lipids in a destructive manner. Biological systems have
developed antioxidant, which referred to any substance delays or prevents oxidation
of substrate, to combat the effects of radicals (Halliwell, 1997). Oxidative stress is
implicated in the pathogenesis of several diseases including AIDS, Parkinson,
sclerosis and Alzheimer (Curtin, Donovan, and Cotter, 2002).

Table 2. Reactive oxygen and nitrogen species (Halliwell, 1997).

Radicals Nonradicals

Reactive oxygen species

Superoxide anion, 02" Hydrogen peroxide, H,O,
Hydroxyl, OH Hypochiorous acid, HOCI
Peroxyl, ROO Ozone, O3

Alkoxyl, RO Singlet oxygen, ‘A,

Hydroperoxyl, HO,

Reactive nitrogen species

Nitric oxide, NO: Nitrous acid, HNO;

Nitrogen dioxide, NOs Dinitrogen tetroxide, N,O4
Dinirogen trioxide; N,O3
Peroxynitrite, ONOO"
Peroxynitrous-acid, ONOOH
Nitronium cation, NO,"
Alkyl peroxynitrates;;)ROONO

The mitochondria are-a majar site“of generation of free radicals. These free
radicals are initiated by electron transport pathway in respiration, UV light, smoking
and poisoning agent etc. During respiration, mitochondria generates superoxide anion
(O2"), which is converted to hydrogen peroxide (H,O;) by superoxide dismutase
(SOD) both in mitochondria and cytosol. H,O; is diminished by glutathione (GSH)
and catalase. Excess H,O, can react with Fe** to form hydroxyl radicals (OH) via
Fenton reaction. Nevertheless, Haber-Weiss reaction can also be generated OH.
Hydroxyl radical is highly toxic to cells. It continues to react with lipid unsaturated
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fatty acyl chain (LH), lipid radical (L") is produced. This is followed by addition of
oxygen to L to yield a lipid peroxyl radical (LOO’), which further propagates the

peroxidation reaction. The mechanism of oxidation in cell is shown in Figure 4.

mitochondria
ozcwomso 0 Fe’l o Cu’ ikt
H0, 0, +OH~
LH'/\‘H'LOH
Fenton reaction l L

H,0,+ E&* & JF6* «"OM + OH"

ﬂ\ e

l
™ |
Metal catalysed Haber-Weiss reaction i

cytosol

02" + HO, =40+ ol+of
2 '
TN [
)

+

—

Figure 4. The mechanism of-oxidation in C'Jé_}{é;i(l\/lodified from Curtin, Donovan, and
Cotter, 2002; Fang,2Yang, and Wu, 2002).

Moreover, the skin region which always contact with oxygen and increasingly
exposed to ultraviolet (WV) irradiation. Thus, skin damage induced by reactive
oxygen specigs! (RQS) has ificredsed-frony the risk-of photo‘exidation. The resulting
oxidative stress causes cellular damage, changes the pattern of gene expression, leads

pathalegy)to body such as skin-cancers) photatexicity, @nd photoaging.

The anti-oxidation test was categorized on two bases. One was based on free
radical scavenging or anti-free radical activity and another was based on lipid

peroxidation (Sanchez, 2002).
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1. Evaluation of anti-free radical activity

Due to there are many species of free radicals such as O,", H,O,, OH,
HOCI, ONOO™ and LOQO, they have different substrates for taking reaction testing
their anti-free radical activity or their scavenging activity (Sanchez, 2002). Hydroxyl
radical hydroxyl radical is very energetic, short-lived and toxic oxygen species. Its
strong reactivity with biomolecules influgneing it is probably capable of making more
damage to biological system than other ROS*(WWachiranuntasin, 2005). Hydroxyl
radical scavenging activity can often be calculated using the deoxyribose assay
(Halliwell, 1997; Sanchezy2002).

The deoxyribose assay: allows determinations of rate constants of reactions
with hydroxyl radicals (QH): It can assess ahilities to exert pro-oxidant action and to
chelate metal. In this gest, for abilities to scavenge OH, the reaction of this method is
initiated by mixture of ferric ehloride (FeCls) and ethylenediamine tetraacetic acid
(EDTA) in presence of ascorbate-to form/iron(I1)-EDTA (Fe**-EDTA) and oxidized
ascorbate. In the other words; it can use Fe(NH.)2(SO.),, which follow by reacting
with EDTA to form Fe**-EDTA (Togashi et al, 2002). Then Fe*-EDTA reacts with
H,O, to generate OH and Fe*-EDTA in the Fenton feaction. Afterwards, these
radicals attack the sugar deoxyribose which is degraded into fragments of
malondialdehyde (MDA). MDA reacts with thiobarbituric acid (TBA) on heating at
low pH to give a pink chremogen.(Sanchez, 2002).

Thus 'OH scavenging activity of substance added to the reaction is
measured /on“theZinhibition of degradation) of deoxyribose, /AntioXidants which can
scavenge OH, inhibit the formation of a pink chromogen or resulting in the reducing

of an absorption at 532 nm.

2. Evaluation of lipid peroxidation

Lipid antioxidant activity directly tests the ability of an antioxidant to

inhibit the peroxidation of lipoprotein, tissue, fatty acid and membrane. Lipid
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peroxidation is often initiated by adding the metal ions, e.g., as CuSQ4, FeSO,, FeCls;
plus ascorbic acid. In these cases, an antioxidant effect could occur not only by
peroxyl radical scavenging, but also by metal ion chelation. The popular method is
microsomal peroxidation assay (Halliwell, 1997). They contain endogenous
antioxidants, such as a-tocopherol, which is the main membrane antioxidant effective
in inhibiting peroxynitrite (ONOO) al?d can detoxify nitric oxide (NO,) (Curtin,

Donovan, and Cotter, 2002). // /
-~

—

—

C. DEFORMABLE LIPOSOMES

—
DeformableMknow as elastic veéicles, flexible liposomes or

ygte@_, which transports drugs or active ingredients

Transfersomes®, aré the delive

through the skin. They penetr Ff th;rougdfjhe intact stratum corneum (SC) under the
influence of transepiderm moEi;c gra ient, which is shown in Figure 5 (Barry,
2001). Deformable liposomes squeeze ﬁéﬁléelves through skin pores less than one-
tenth the liposomes diameter (B;gﬂ'f;"c”)n, 286_@)._

e 1
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Transfersome movement

Figure 5. Deformable liposomes are driven by the water concentration gradient

through minute pores of the stratum corneum (Barry, 2001).

Commonly, deformable liposomes contain phospholipids such as soya
phosphatidyl choline and egg phosphatidyl choline , surfactant or edge activator,

solvent such as chloroform, ethanol and methanol, buffering agent such as phosphate
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buffer saline pH 7.4 and aqueous compartment which was surrounded by lipid bilayer.
Favorite surfactants were sodium cholate, sodium deoxycholate, Span 80, Tween 80
and oleic acid (ElI Maghraby, Williams, and Barry, 1999; ElI Maghraby, Williams and
Barry, 2000a, 2000b; Cevc and Blume, 2003; Simoes, Tapadas et al., 2004; Lee et al.,
2005). Types of surfactants affect to the efficiency of delivery of deformable
liposomes. Moreover, this effect of. surfactants differs depending on the entrapped
drugs. Thus, it is important to select am appropriate surfactant for optimal drug

delivery.

Furthermore, thes"concentration. of surfactant or the ratio between
phospholipids and surfactant 4s very. important in the formation of deformable
liposomes. It is related tosthe Flexibility or deformability of vesicle membranes.
However, higher coneentration of surfactant may cause a destruction of vesicles.

Deformable liposomes were more effective than the conventional liposomes
because deformable liposemes-detivered both small and large molecules through
intact skin. Deformable liposemes had been used as a carrier for protein and peptides
such as insulin, bovine serum-albumin, vaccines, etc. Deformable liposomes also
prolonged the release and improved the biological-activity in vivo. And they were

reported to increase transdermal delivery of drugs when-applied without occlusion.

Deformable liposemes were characterized for different physical properties
such as vesicle: diameter “which “Was: measured >y uSing photon correlation
spectroscopy or dynamic light scattering method. Other characterizations were
entrapment efficiency; degree-of deformability or permeability, in-vitro drug release,
and confocal scanning laser microscopy (CSLM) study for investigating the

mechanism of penetration of deformable liposomes across the skin (Biju et al., 2006).
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1.  Materials in formulating the deformable liposomes

1.1 Phospholipids

Phospholipids are the major structural components of biological
membranes, so they are the main constituent of liposomes. The most common
phospholipids are phosphatidyl choline meleeules (PC) (New, 1990). Phosphatidyl
choline known as lecithin is amphipathic meleeules which a glycerol bridge links in a
pair of hydrophobic acy! hydrocarbon chains, with a hydrophilic polar head group.

The structure of soybean phosphatidyl choline is represented in Figure 6.

P 0
1]
W\/\ /M —P—, P
V 2 2 . o’?(\o i 0\_,/\”.:\
R N ! O H o |
8]

Figure 6. Structure of soybean phosphatidyTﬁholine.

Lecithin can be derived‘ffrbrr’ﬁ both. natural and synthetic sources.
Lecithin from natural source is different in the length and degree of saturation. Plant
sourced lecithin is less saturated than mammalian sourced that it influences to be less
the transition temperature. Membranes made from egg yolk lecithin have a phase
transition temperature. (T.). from_-15 °C._to -70 °C compare_ with membrane from
mammalian sources which' aretusually!in.the.range 0[°Ctoc40 °C. The transition
temperature, is the temperature which membrane passes from a tightly ordered in gel
or solid phase tora\liquid crystalline phase which thé molecules are\more freedom of
movement. Liposomes forms completely when they are prepared at temperature
higher than the transition temperature (T>T.). Soy lecithin is usually used in

preparing liposomes because most drugs degrade at high temperature.
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1.2 Edge activator

Edge activator is often a single chain surfactant, having a high
radius of curvature, which destabilize lipid bilayers of the vesicles and increase
deformability of the bilayers (Cevc et al., 1996; Elsayed et al., 2007). Sodium
cholate, sodium deoxycholate, sorbitan monooleate (Span 80), polyoxyethylene
sorbitan monooleate (Tween 80) and oleicsacid are used as edge activators (El
Maghraby, Williams, and Barry, 1999; EI Maghraby, Williams, and Barry, 2000;

Cevc and Blume, 2003; Lee etal., 2005). Structures of surfactant are shown in Figure
7.

0
i
cI;H2 ©-C~CH, (GH,); CH, CH=CHCH,{CH,},CH,
HO WG, —©
B
HO “oH
A B

=H(OCHCHa ) O 0
CHy0 ~{CHCH20)4 -CHCHR0 —C ~CHp(CHa)sCHR GH SCHC 15 (CHa)CH,

Sum o'W +X £t r = A

C

Figure 77 /The strocture of edge activator such as sodium cholate (A), Span 80 (B) and
Tween80 (C).

Edge activator influences to characteristics of deformable
liposomes. The effect of edge activator is different depending on drug, type of edge
activator and ratio between PC and surfactant. It is important to select type of

surfactant and PC:surfactant ratio for optimal drug delivery.
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1.3 Organic solvent

In general, methanol, ethanol, ether (diethyl, diisopropyl,
petroleum), hexane, benzene, chloroform, dichloromethane, and other hydrocarbons
can be used for preparation of liposomes (Arpornpattanapong, 1996). Organic solvent
are used for dissolving phospholipids before continuing the next procedure in

preparing liposomes.

1.4 Aqueous compartment

Because of phosphalipids are amphiphilic substances which they
form bilayer spontaneously when-dispersed in an excess of aqueous solution. Thus,
they must compose.0f agueous compartment which may be only distilled water or
dissolved hydrophilicsmaterials init. Aqueous phase can be buffered but it may

disturb forming liposomes at high.concentration.

2. Method for preparing the deformable liposomes

2.1 Mechanical dispersion

This method 1s the simplest in coneept, the lipids are dried down
onto the glass containergvessel to be film and_then dispersed by addition of the
aqueous medium;-1ollowed by shaking. | Upon hydration, the tipids swell and peel off
the glass container in sheets, generally to form multilamellar vesicles (New, 1990).
Four_ofthe basic, methads of mechanicalidispersiontare hand-shaken’ multilamellar

vesicles (MLVSs), non-shaken vesicles, pro-liposomes and freeze dry.
2.2 Solvent dispersion
In this class of methods, the lipids are first dissolved in organic

solvent, before it was brought into contact with the aqueous phase. At this step, the

phospholipids align themselves into a monolayer and then they forms liposomes after
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removing the organic solvent (New, 1990). Methods in these groups are ethanol
injection, ether injection and water in organic phase that they divided in techniques
for formation of droplets, double emulsion vesicles, multilamellar liposomes, reverse-
phase evaporation vesicles, stable plurilamellar vesicles. Liposomes prepared by
solvent dispersion methods have a higher encapsulation efficiency of aqueous phase

than other methods.

Especially, lipesomes formed byreverse-phase evaporation techniques
entrap the aqueous phase up to 65% at low salt concentrations and under optimal
conditions and encapsulaie€ven large macromolecules with high efficiency (Torchilin
and Weissig, 2003).

Szokaand Papahadjopoulos developed this method in 1978. Firstly the
w/o emulsions was prepared and -reversed to o/w emulsions during the preparing
processes. After the dioplets.were formed by bath sonication, the solvents in the
preparation were removed by srotary evaporator. The emulsion was dried to a
semisolid gel in evaporator uader-vacuum. Fhe next step was to vigorous vortex the
gel in order to bring about-the-cellapse of the water droplets. The lipid monolayer
which enclosed the collapses vesicles initiate to—adjacent and intact vesicles,

formations of the otter leaflet of bilayer of a large unilamellar vesicles (LUVS).

The vesicles,were_unilamellar and_had a diameter of 0.5 pum. The
percentage ofwentapsulation“usually was:greater ‘than 50%.~But excess lipid might
disturb the collapse of gel. In conditions of more than 100 mg of lipid and 300 pl of
PBS;.the collapse.occurredywhen adding the agueaus phase’and it made multilamellar
vesicles (MLVs) (New, 1990). The main drawback of this methodis the exposure of
the material to be encapsulated to an organic solvent, which may lead to denature
some drugs. Thus, this method should aware of stability of entrapped material when

contacting with organic solvent.
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2.3 Detergent solubilization

In this group of method, phospholipids are brought into contact
with detergent to form mixed micelles. The basis feature is to remove the detergent
forms pre-form mixed micelles containing phospholipids, where upon unilamellar
vesicle form spontaneously. Although molecules of detergent can be easily removed
from the mixed micelles by dialysis, this iechnique are not very efficient in term of

percentage entrapment values attainable (Neww,1990).
3. Properties.of the deformable liposomes
3.1 Types'of wesicles

Deformable liposomes made by reverse phase evaporation are both
unilamellar and muitilamellar:vesicles depending on concentration of phospholipid
and ratio of aqueous phase and organic phase. At concentration of 2% PC and ratio of
aqueous and organic phase at“1:3 forms unifamellar vesicles, and have heterogeneous
size distribution between 160-1000 nm, which their sizes range in large unilamellar
vesicles (LUVSs) (iNew; 1990; Torchilin-and Weissig,2003).

3.2 Deformability

Deformability’ is+/used! ‘to | describe capacity of deformable
liposomes to penetrate through pore sizes which smaller than their sizes. Cevc,
Schatzlein, and “Blume £(1995)<feported that~a Suspefision Of Trarsfersomes® or
deformable liposomes with an average diameter of 500 nm can be transported through
the pores 5 times smaller nearly as rapidly and efficiently as pure water. Furthermore,
the size of deformale liposomes before and after the pore passage is nearly the same
(Cevc, Schatzlein, and Blume, 1995). This property of deformable liposomes is
claimed that they have more advantages for transdermal delivery of macromolecules.
The choice of edge activators may play an important role in the transdermal delivery
of their loaded materials (Lee et al., 2005).
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3.3 Encapsulation

Generally drug entrapment depends on preparation method, PC
concentration and property of entrapped material. For encapsulation of deformable
liposomes also depends on type of edge activator and PC:surfactant ratio (El
Maghraby, William and Barry, 2000).

3.4 Leakage

Liposomes«membranes are semi-permeable membranes, so the
entrapped material can.generaie leakage by osmotic pressure due to its difference
concentration between each side. of membrane. Leakage can occur during the
manufacture and storage/conditions; Cholesterol is used to reduce permeability of
membrane to water soluble molecules; stabilizing and increasing rigidity of vesicles
(Elsayed et al., 2007). Deformable‘liposomes are composed of edge activator which
increasing deformability of membranes.<“Thus, deformable liposomes should be

awared of leakage, especially4n case of entrapping water soluble molecules.

D. STABILITY OF LIPOSOMES FORMULATION

Liposomes -change in two ways: chemical degradation and physical
degradation. Chemical changes involving oxidation of PC can be minimized by these
following precautions.| “Preparationsof PC “should siart with freshly purified PC,
freshly distilled solvent, avoid high temperature, carryout process.in, the absence of
oxygden,deoxygenate “with ‘hitregen, stare suspension /inan”inert)atmosphere and

include an anti-oxidant into lipid membrane (New, 1990).

Physical changes can take place in liposomes with the passage of time.
Liposomes may aggregate, fuse, or leak their inside drug contents. Leakage and
fusion of vesicles can take place from lattice defects in membranes.  These
particularly occur in small unilamellar vesicles (SUVs) when it was prepared below

the phase transition temperature (T¢), which it can minimize by annealing. On the
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other hand, aggregation and sedimentation of neutral liposomes is brought about by
Van der Waals interactions, which it tends to be take place in large vesicles. It can
minimize by including a small amount of negative charge in the lipid mixtures (New,
1990). Moreover, cholesterol is used for stabilizing and increasing rigidity of
membrane for prevention leakage. Methods of investigation problems of liposome
instability fall in two ways. First .is calculation the entrapment efficiency for

investigating leakage and second Is examination the sizes of liposomes after storage.

E. SKIN PERMEABILILTY

The skin epidermis gonsisis of three main layers- the stratum corneum, the
granular layer and the basal dayer: The most important barrier for transdermal
delivery is the stratum corneum. It-forms by keratinized cells, protein-rich cells and
intercellular lipid layers which this layer is nonliving structure. Generally, drug
administration moved through skif studies in topic of in vitro skin permeation for

screening and comparing the capaeity of formulation to across skin.

The passage of skin-penetration imvelves skin structures which it is
demonstrated in. Flgure 8 (Sinko, 2006). The important factors influencing the
penetration of drug into skin are concentration of disselved drug (Cs), the partition
coefficient between.‘the skin and the vehicle (K),-diffusion coefficients which
represent the resistance of ,drug_molecule movement through vehicle (D) or skin
barrier (Ds).

In \vitroy skin, permeationsis usually studied by vefti¢al Franz(diffusion cell.
The donor compartment contains the applied drug to contact with the stratum
corneum. After passing through skin, drug enters to the receptor compartment.
Permeated drug is analyzed and calculated before plotting versus time to compare
capacity of skin permeation.
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CHAPTER Il

MATERIALS AND METHODS

The experiments were divided into six parts:
PART A: CHARACTERIZATION OF SILK SERICIN PROTEIN

1. Evaluation of moleetlar mass of sericin by sodium dodecyl
sulfate - polyacrylamide gel electropharesis (SDS-PAGE)

2. Quantification of protein by Lowry method

PART B: DETECTION OF ANTI-FREE RADICAL ACTIVITY OF
SERICIN BY DEOXYRIBOSE ASSAY

PART C: PREPARATION"" AND" EVALUATION OF DEFORMABLE
LIPOSOMES VERIFIED IN COMPOSITIONS

PART D: FORMULATION OF gErRUM OR DISPERSION SYSTEM
CONTAINING “DEFORMABLE LIPOSOMES ~AND EVALUATION OF
PHYSICAL STABILITY

1.-“Formulation of dispersion systems
2. Preparation.of deformable liposomes in dispersion systems

3. Bvaluation of physical stability of liposomes formulation

PART E:"DETECTION ¢ OF “ ANTI-FREE] “RADICAL - ACTIVITY OF
DISPERSION SYSTEM CONTAINING DEFORMABLE LIPOSOMES LOADED
WITH SERICIN

PART F: SKIN PERMEATION STUDY OF DEFORMABLE LIPOSOMES
LOADED WITH SERICIN COMPARING WITH SERICIN IN OTHER SYSTEMS
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MATERIALS

Acetic acid (Merck, Germany, lot no. 422)

Acrylamide (Sigma-Aldrich, Germany, lot no. 20K0164)

Albumin from bovine serum, electrophoresis grade (Sigma-Aldrich, Germany, lot no.
045K0676)

Ammonium persulfate (APS Finechem, Austialia, lot no. FOJ138)
Bis-acrylamide (Sigma-Aldrich, Germany)

Bromophenol blue (Merck, Germany, fot n0.8122)

Carbopol ultrez-10 (Noveon, Belgium, lot no. EC481ZG863)

Chitosan, 95% deacetylation, /MW 550,000 Da (Seafresh chitosan lab company,
Thailand)

Chloroform, AR grade (Labscan Asia, Thailand)

Cholesterol (Sigma-Aldrich, Germany, 1ot no. 084K0136)

Coomassie brilliant blue'R-250"(Merck, Germany, lot n0.617)

Copper (1) sulphate hexahydrate (Ajax Finechem, Australia, lot no. AF502341)
2-Deoxyribose (Fluka, South Korea, lot no. 1170194)

Disodium ethylene diamine tetraacetic acid (T Chemical, Thailand)

Disodium hydroger phosphate (Merck, Germany, ot no.-125)

Ethanol (Merck, Germany)

Ferrous ammonium-sulphate (Merck, Germany)

Folin-ciocalteu’s phenol reagent (Merck, Germany.)

Glycerol (May, & Baker, England, lotina. 07162)

Hydrogen peroxide (Merck, Germany, lot no. 602)

L-aseorbic,acid (Roche, Germany, lot no. TLB0405864)

Mannitol (Merck, Germany)

2-Mercaptoethanol (Sigma-Aldrich, Germany, lot no. 58H0066)

Methanol (Merck, Germany)

Poloxamer 407 (BASF, Germany, lot no. WPM2527C)

Potassium dihydrogen phosphate (Merck, Germany, lot no.127)

Sericin (generous gift from the Queen Sirikit Institute of Sericulture, Thailand)
Sodium carbonate (Ajax Finechem, Australia, lot no. AF405220)



Sodium chloride (Merck, Germany, lot no. 324)

Sodium dodecyl sulfate (Ajax chemicals, Australia)
Sodium hydroxide (Merck, Germany, lot no. 630)

Sodium potassium tartrate (Farmitalia Carlo Erba, Italy)
Soy bean lecithin, Phospholipon 90 (Rhodia, Germany)
Span 80 (East Asiatic Company, Thailand, lot no. 56648)
TEMED (Sigma-Aldrich, Germany)

2-Thiobarbituric acid (Sigma-Aldrich, Germany, lotno. 066K0750)
Trichloroacetic acid (Fluka, Germany, lot no. 1222401)
Tris HCI (Sigma-AldrichyGesmany, lot no. 116K5422)
Triton® X-100 (Sigma-Aldrich, USA, |6t no. 065K0122)
Tween 80 (East Asiatic €ompany,.Thailand, lot no. 55055)

APPARATUSES

Analytical balance (AG 285, Mettler Toledo, Switzerland)

Analytical balance (PG403-S, Mettier Toledo; Switzerland)

Centrifuge bottles polycarbonate (10.4 ml)(Beckman Instruments, USA)
Centrifuge (ALC® eentrifugette, Biomed group, thatiand)

Heating bath (Neslab RTE 7, Becthai, Thailand)

Hot air oven (UL50;-Memmert, Germany)

Electrophoresis set (BioRad; USA)

Extruder (Lipex™, Northern Lipids, Canada)

Light microscope (Nikon Eclipse E200, Japan)

Micrepipette (Biohity Kintand)

Modified Franz diffusion cells (Crown glass, USA)

Particle size analyzer (Mastersizer 2000 Ver 5.1, Malvern Instruments, UK)
Pear-shaped flask 500 ml (Schott Duran, Germany)

pH meter (Model 420A, Orion, USA)

Quartz cell (Starna, UK)

Refrigerator incubator, (FOC 225i, Chatcharee holding, Thailand)

Rotary evaporator (Rotavapor R-215, Buchi, Switzerland)
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Scanning electron microscope (Model JSM-5410LV, JEOL®, Japan)
Sonicator (Transsonic digitals, EIma, Germany)

Syringe needle guage No. 23 (Nipro Corporation, Japan)
Transmission electron microscope (Model 1230, JOEL®, Japan)
Ultracentrifuge (L80, Beckman, USA)

Ultrasonic bath (Transsonic digitals T900/H, Elma, Germany)
UV-visible spectrophotometer (U\/-1601; Shimadzu, Japan)

Vortex mixer (Vortex Genie-2, Scientific Industries, USA)

Water bath (WB 22, Memmeri; Germany)

METHODS

PART A
CHARACTERIZATION OF SILK SERICIN PROTEIN

1.  Evaluation of molecular mass of sericin by sodium dodecyl sulfate -
polyacrylamide gel electrophoresis (SDS-PAGE) (Walker, 2002)

There were 2 lots of sericin donated and-used-in this study. Sericin O (Ser
0O) was used in the-preliminary study while sericin N {Ser N) was used in all other
topics of the investigation.

Firstly, sericin-first lot (Ser O), seriein-second lot (Ser N) and bovine
serum albumin (BSA) were dissolved in phasphate buffer saline (PBS) to be solutions
at 2 mg/ml and then diluted for desired concentrations, 30-80 ug and 5-10 ug per one
loading; 10 pl, respectively.Secondly; stockisolution“of acrylamide was prepared by
weighing 49.2 g of acrylamide mixed with 0.8 g of bis-acrylamide. Thirdly, the other
stock solutions were prepared as belowed section:

a) 2 M Tris HCI (pH 6.8, 8.8).

b) 0.1, 4 and 10% sodium dodecyl sulfate.

¢) 0.1% bromophenol blue.
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d) Loading dye 4x was prepared by mixing 4 g of SDS, 1.6 g of Tris HCI
(pH 6.8) and 25 ml of deionized water, followed by stirring and adding 0.02 g of
bromophenol blue, stirring again and adding 5 ml of glycerol.

e) Staining solution was prepared by mixing 0.25% coomassie blue R-
250, 50% methanol and 10% acetic acid.

f) Destaining solution was prepared by mixing 5% methanol and 7.5%
acetic acid.

Then, separating.buffer was prepared by mixing 75 ml of 2 M Tris HCI
(pH 8.8), 4 ml of 10% SPS and 21 ml of deionized water. Moreover, stacking buffer
was prepared by mixing25 m! 0F2 M Tris HCI (pH 6.8), 4 ml of 10% SDS and 71 ml
of deionized water. Lasily, electrophoresis buffer was prepared by mixing 3 g of Tris
HCI, 14.4 g of glycerol and 1 g .of SDS.

After preparing stock solution, it was step of running electrophoresis.
First of all, samples were denattired in separating buffer by heating to 90 °C for 10
min. Secondly, main gel was freshity prepaﬁédiat 10% acrylamide by adding 5.5 ml of
the deionized water, 2.5 ml of 4% separat’i‘n'g' buffer, 2 ml of 50% acrylamide, 50 pl
of 10% ammonium persuifate-and-10-pl-of LEMED. The'main gel was rapidly loaded
into gel plates for 4-in 5 parts. The procedure IS demonstrated in Figure 9. Then the
mixture was added by 0.1% SDS above the gel for preventing it from contacting with
air and waited for 20 mini.résulting gel. Excess SBS was removed before adding the

top gel.
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_ Gel plates  Main gel or separating gel
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When gel had.‘,alr,e‘ady forbfgd-_:electrophoresm buffer was poured
approximately hajbart height. Moreover, freshly mmn{ 28 pl of 2-mercaptoethanol

with 1 ml of Ioadmﬁ_dye 4x before mixed each sample w W\PJ\ 2.5 pl of loading dye 4x,
except the marker.j hen, the mixture was heated at 95 °C for 5 min before it was
cooled in the ice and was:brought centrifugation. Carefully loading each sample into
each lane, slowly‘added or preventing/lown-it out:

Next;-electraphoresis buffer Wags added)all /over the €lectrophoresis set.
The conditions during running electrophoresis were 100 V, about 2 h and monitored
color of bromophenol blue. When the color reached the front, the current turned off.

Carefully removed the gel from gel plates, stained the gel by coomassie
brilliant blue R-250 and washed by the destaining solution for many times with gently
shaken.
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When the edge of the gel was clear, it meant completely destaining so
washed by purified water and kept the gel in plastic and wrapped it by the foil until it
dried. It was important that the main gel and the top gel must be prepared rapidly. If
it had formed gel before loading, it could not be added. Be careful to avoid bubble
formation, it made incomplete separation. Duplicated test for checking precision of
the method and ran samples compared with the marker for determining the molecular

masses.

2. Quantification.oiprotein by Lowiry method (Walker, 2002)

The proteinscontents of both lots of sericin were detected by Lowry
method comparing to BSA ./ Hirstly, disselving sericin and BSA in distilled water to
be solutions at 2 mg/ml and diluted for desired concentrations. Then, stock solutions
of complex-forming reagent such as 2% Na,CO3;, 1% CuS0O,4.5H,0 and 2% sodium
potassium tartrate was prepared. This complexing-forming reagent should be fresh-
prepared in the ratio 100:1:1, respectively.. Moreover, 2 N NaOH was prepared.
Next, it was step for testing -which started by mixing samples in various
concentrations of 1 ml with 2-N-NaOH 200 pl;, heated at 90 °C 20 min and let it cool
down to room temperature.then2-mi-of complex-forming reagent was added and
left it for 10 min before adding 200 pl of Folin Ciocaliau’s phenol reagent. Samples
were kept at room temperature for 45 min before measuring the absorption at 550 nm

with distilled water as blafik’

2.1 Validation of Lowry-method

The analytical parameters used for validation were linearity, accuracy

and precision.

2.1.1 Linearity
Three sets of eight concentrations of BSA and both lots of

sericin solutions ranging from 0.05 to 0.40 mg/ml were prepared and analyzed.
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Linear regression analysis of the absorbances versus their concentrations was

performed. The linearity was determined from the coefficient of determination (R?).

2.1.2 Accuracy
Five sets of three concentrations of Ser O at 0.10, 0.20 and 0.40
mg/ml were prepared and analyzed. The absorbance of each concentration was
inversely calculated from the standarcd curve to obtain the estimated concentration.
The accuracy of the method was determined-from the percentage of recovery. The
percentage of recovery was.the ratios of the estimated concentrations and the real

added concentrations muitiplied by 100.
2.1.3 Precigion

a) Within run precision
Five'sets of three concentrations of Ser O at 0.10, 0.20 and
0.30 mg/ml in the same day were determined. The percent coefficient of variation (%

CV) of each concentration was-determined.

by Between run precision
Five sets of three concentrations of Ser O at 0.10, 0.20 and
0.40 mg/ml on five<different days. The between run“precision was determined by

analyzing the percent coefficient of variation (% C\) of each concentration.

Acceptance criteria

For accuracy, the percentage ofrecovery sheuld-be within 85-
115%cof each concentration, whereas the percent coefficient of variation for both
within run and between run precision should be less than 15% (EMEA, 1995; EMEA,
1999; U.S. FDA, 2001).
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PART B
DETECTION OF ANTI-FREE RADICAL ACTIVITY OF SERICIN BY
DEOXYRIBOSE ASSAY (Togachi et al., 2002)

Step of preparing the stock solution started firstly by dissolving sericin,
ascorbic acid and mannitol in distilled water to be solutions at 6.4 mg/ml. And they
were diluted by 2-fold serial dilution to concentrations at 3.2, 1.6, 0.8, 0.4, 0.2 and 0.1
mg/ml. Secondly, stock solutions were ‘prepared - such as 150 mM NaCl, 5 mM
deoxyribose, 2 mM Fe(NH4)2(SO,),.6H,0, 2. mM EDTA, 0.03% H,0, and 2.8%
trichloroacetic acid in distilled water. | Lastly, 1% thiobarbituric acid was prepared in
50 mM NaOH. Afterwards,first of the reaction, 1 ml of 150 mM NaCl was pipetted
in test tubes, mixed wiih 04 ml of ‘5 mM deoxyribose and 0.4 ml of each sample.
Then, iron (I1)-EDFA was fresh-prepared by mixing 2 mM Fe(NH,;)2(SO04),.6H,0
with 2 mM EDTA in/1:1 ratio about 5 min before using. And, 0.4 ml of iron (I1)-
EDTA and H,0,, were added; mixed-and incubated at 37 °C for 1 h. Followed by
1ml of 1% thiobarbituric acid in-50-mM NaOH was added before adding 1 ml of 2.8%
trichloroacetic acid in the mixitre-aboved.. Heating at 90 °C for 15 min, then ice-
cooling it by ice for 15 min before placing it about 45-min to room temperature.
Lastly, the absorption-was-measured-ai-532-nm-for-both each sample and distilled
water sample as biank. Mannitol was used as positive: control and the activity was

compared with ascorbic acid.

1. VMalidation of deaxyribose assay

The analytical parameters used for validation were linearity; accuracy and

precision.

1.1 Linearity
Three sets of eight concentrations of mannitol ranging from 0.10 to
6.40 mg/ml were prepared and analyzed. Linear regression analysis of the
1/absorbances versus their concentrations was performed. The linearity was

determined from the coefficient of determination (R?).
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1.2 Accuracy
Five sets of three concentrations of mannitol at 0.40, 0.80 and 3.20
mg/ml were prepared and analyzed. The absorbance of each concentration was
inversely calculated from standard curve to known the estimated concentration. The
accuracy of the method was determined from the percentage of recovery. The
percentage of recovery was the ratios of the estimated concentrations and the real
added concentrations multiplied by 100.

1.3 Precision

a) Withingun precision
Five sets of three concentrations of mannitol at 0.20, 0.80 and
3.20 mg/ml in the same day were determined. The percent coefficient of variation (%

CV) of each concentration\was determined.

b) Betwgen run‘precision®
Five setsof three concentrations of mannitol at 0.20, 0.80 and
3.20 mg/ml on five different-days. The between.run precision was determined by

analyzing the percent coefficient of variation (% C\/) of eaeh concentration.

Acceptance criteria
Foraccuraey, the percentage, of recovery should be within 85-
115% of each, cancentratian; whereas ithe percent) coefficient of variation for both
within run and between run precision.should be less.than 15% (EMEA, 1995; EMEA,
1999; U'S. FDA, 2001).
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PART C
PREPARATION AND EVALUATION OF DEFORMABLE LIPOSOMES
VERIFIED IN COMPOSITIONS

1.  Preparation of deformable liposomes (New, 1990; Torchilin and
Weissig, 2003)

Deformable liposomes (DL) were“prepared by reverse phase evaporation
and verified in types of surfactant and raties of PC and surfactant at appropriate
concentration of PC. LWVs«were proposed from this technique. The preliminary
study was investigated DL ai'3.56% PC.: Ser N was used for loading in liposomes.

Preparation of stock solutions was first step that started by dissolving
sericin in distilled watér to be stock solution at 50 mg/ml or 5% sericin. Then, stock
solution of phosphatidyi choline (PC)" or soybean lecithin was prepared at
concentration of 50 mg/ml or 5% PC in chloroform both with and without surfactant;
at 90:10, 85:15 and 80:20 as the ratio of PC:surfactant.

Afterwards, soybean PC was calculated to-get final lipid concentration at
3.5% in 30 ml of final volume liposome preparation.. Secondly, 12 ml of stock
solution of 5% PC+was mixed with 33 ml of chloroform in case of conventional
liposomes (CL), or was added with various ameunts of surfactants and 33 ml of
chloroform imcase of deformable liposomes (Table 3). ' Thenjadded it in the 500 ml
pear shaped flask. Introduced 15 ml of distilled. water into theylipid solution by
rapidly ihjecting through a needle gauge " No.23 ‘from/a 5 ml syringe followed by
closing the system and sonication in bath sonicator for 5 min. Then, the flask was
transferred directly to the rotary evaporator. Dry it down gently at 37 °C and vacuum

(300 mbar) about 30 min until gel forming.

Released the vacuum, removed the flask, and subjected it to vigorous
agitation by vortex mixer until gel collapsed and was transformed into viscous fluid or

suspension liposome. Afterwards, 15 ml of 5% sericin was added to hydrate lipid at
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the same temperature without reduce pressure until causing homogeneous liposomes
suspension obtained (New, 1990). Removed the flask, replaced the stopper and

reduced size by sonication for 60 min.

Table 3. Compositions of CL and DL in various ratios of PC and surfactant™.

Type of liposomes surfactent PC:surfactant
(by weight)

CL - 100:0

DL Span'80 90:10

85:15

80:20

T'ween 80 90:10

85:15

80:20

*Each formulation was fixed % PE; loaded with 5 % sericin and prepared in triplicate.
2. Bvaluation of deforimabie 1posoines
The characteristics such as appearance, size and size distribution, the
percentage of entrapment-efficiency, deformability=index and anti-free radical activity
of each formulation were investigated.
2.1 Iicroscopic appearamces
The appearances of liposomes and deformable liposomes were

observed in shape, size, aggregation and type of liposomes. They were observed and
photographed under the microscope with magnification of 10x100.
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2.2 Scanning electron microscopy (SEM)

Surface characteristics of CL and DL were observed by scanning
electron microscope. Samples were adhered on the glass slide for preparing by a
specific fixation technique. Samples were fixed, dehydrated, dried mounted, and
coated with gold. The scanning electron microscopy observed and demonstrated in
photographs.

2.3 Transmission-electron microscopy (TEM)

The bilayersof'CL and DL were investigated by TEM. Samples were

examined by negative staining technique and observed the results in photographs.

2.4 Partigle size analysis

Laser particle sizer (Mastersizer 2000 Ver 5.1) was used to observe

particle size of liposomes and“deformable lipasomes.

2.5 Entrapmentefficiency

The-volume of 2 ml of liposomes suspension was pipetted into the
microcentrifuge assembby The encapsulated protein was separated by
ultracentrifugation at 62,000 rpm at 4 £C-for 360 min. Theprecipitates containing
with sericin liposomes were lyzed by adding 3.5.ml of 1% Triton X-100. After
sonicated and incubated at 37-¢C-for 30 min,the clear'solution wasS-assayed by Lowry
method. The absorbances were monitored at 550 nm and compared with the standard
curve of sericin solution. The supernatants were also analyzed by Lowry method. All
analyses were determined in triplicate and calculated the percentage of recovery. The
entrapment efficiency was calculated by equation below (Peltonen et al., 2004; Dubey
et al., 2006).
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Entrapment efficiency (%) = Total protein content in vesicle x 100

Initial protein content added

Statistical analysis of differences in the Entrapment efficiency was
performed by using Analysis of Variance (ANOVA). A P-value of 0.05 was taken as

the level of significance.
2.6 Deformability index

Deformability” of vesicles was evaluated by using an extruder
(Lipex™, Northern Lipids, Canada), which this method modified from Song and Kim
(2006). Conventional liposomes and defermable liposomes were diluted fives times
with PBS. Five hundred microliters of the diluied samples was extruded through a
sandwich of two sheets of 200 and 50 nm polycarbonate membrane (Nuclepore®,
Whatman, USA) under 5 mbar (300 kPa) of nitrogen pressure. The weight of passed
samples was monitored and caleulated to-deformability index by following equation
(Gupta et al., 2005). Size of*vesicles was determined by Zetasizer before and after
extrusion. The deformability-indexes of deformable liposomes were compared with

conventional liposomes.

Deformability index = j (ru/rp)°

where:

]° =~ weight of dispersian which passedithe membrane within 10 min
rv = size of vesicles (after passes)

r, = size of membrane pores

2.7 Hydroxyl radical scavenging activity

Samples were detected hydroxyl radical scavenging activity by

modified deoxyribose assay which was described above in Part B.
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2.8 Leakage

The initial preparations were diluted with PBS pH 7.4. The volume
of 200 ul of diluted samples was pipetted into the microcentrifuge assembly, capped
and sonicated at 37 °C for 30 min. Efflux of protein was assayed by periodic
ultracentrifugation at 62,000 rpm at 4 °C for 360 min. The precipitates were lyzed by
dissolving in 1 ml of 1% Triton X-100.+ Both precipitates and supernatants were
tested by Lowry method.for observing the remaining protein. Percentage of recovery
was calculated for approving the accuracy of analytical method. Leakage was
determined from entrapmeni-eificiency after storage for 4 weeks in refrigerator.
Statistical analysis of differences in the entrapment efficiency was performed by using
Analysis of variance (ANOVA).: A P-value of 0.05 was taken as the level of

significance.

PART D

FORMULATION OF SERUM OR DISPERSION SYSTEM CONTAINING
DEFORMABLE LIPOSOMES AND EVALUATION OF PHYSICAL
STABILITY OF LIPOSOMES FORMULATION

1.  Formulation of dispersion systems

Dispersion system was.formulated by-using hydrophilic polymers. Three
types of polymers were chitesan (high- moleculan” weight); Poloxamer 407 and
Carbopol ultrez-10; which gave pH._as base, neutral and acid, respectively. Each
polymer /was 'determined “the appropriate; amount; /to" form ‘.gel “with various
concentrations; 1-4% chitosan, 15-30% Poloxamer 407 and 0.5-1% Carbopol ultrez-
10.
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2. Preparation of deformable liposomes in dispersion systems

The mixing ratio between gel and deformable liposomes was 1:1.
Consequently, the physical appearances were investigated such as color, clarity, odor,

spreadability, smoothness, pH and viscosity.
3. Evaluation of physical stability ef liposomes formulation

After mixing for.24 h, dispersion system which loaded with deformable
liposomes was kept in the'refrigerator at 4-8 °C for 24 h and heated at 30 °C for 24 h
(Carstensen, 1990). [Each formulation was run for 6 heating-cooling cycles and
physical appearances vere investigated after passing 6 heating-cooling cycles. The
most stable formulation was selected for further study. Moreover, sericin content in

the dispersion system awvas investigated by, Lowry method.

PART E
DETECTION OF ANTI-FREE RADICAL ACTIVITY OF DISPERSION
SYSTEM CONTAINING -DEFORMABLE LIPOSOMES LOADED WITH
SERICIN

Samples were detected hydroxyl radical scavenging activity by modified

deoxyribose assay which was deseribed in Part B,

PART F
SKIN )PERMEATIONSSTUDY |0F DEFORMABLE L IPFOSOMES LOADED
WITH,SERICIN COMPARING WITH SERICIN IN OTHER SYSTEMS

The abdominal skin of a new born pig was excised and inspected for any
defects. The underlying fat was carefully removed from the stratum corneum. The
excised skin was cleaned, wrapped with aluminium foil, and stored in a freezer. In
vitro skin permeation was determined by using Franz vertical diffusion cell modified

from Song and Kim (2006). Each skin surfaces should be more 2.271 cm? which was
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a diffusion cell area. The frozen skin had been thawed and soaked with PBS (pH 7.4)
for 1 h before equilibrated. It was set in place with the stratum corneum facing the
donor compartment and the dermal side facing the receptor compartment. The
receptor medium was approximately 14 ml of PBS (pH 7.4), stirred with magnetic bar
in a circulating water bath which controlled temperature at 37 £0.5 °C. The skin was
equilibrated for 1 h and gently rocking the cell for repelling the bubbles. One
milliliter of samples was applied at donor/cempartment non-occlusive. The volume
of 1 ml of samples from the receptor compartment were taken periodically and
replaced with PBS to keep constant volume in.receptor compartment. Samples were
analyzed for amount of sericin which permeated through pig skin by Lowry method.
When the cumulative amount (M) was plotted versus time, slope was observed. Then
the value of slope was divided by .concentration of drug in donor (Cy) for gaining the
permeability coefficients(P) as shown below (Sinke, 2006). Notably, P was
determined from thesdiffusion coefficient (D), the partition coefficient (K) and
thickness of membrane (h) which influenced to the permeability.

PSCyt

BA7E 7 SRS
h

where:
M = cumulative amount of sericin (mg)
R <= permeability coefficient {crn/h)
S V= surface area (cm°)
Ca—+ coneentration,of drugqdn-denor(mg/ml)
t Y '=time (h)
D =diffusion coefficient
K = partition coefficient
h

= thickness of membrane



CHAPTER IV

RESULTS AND DISCUSSION

PART A
CHARACTERIZATION OF SILK SERICIN PROTEIN

1. Evaluation of molecular masses of sericin by sodium dodecyl sulfate -

polyacrylamide gel electrophoresis (SDS-PAGE)

The electrophoresis'was run by using 5-10 pg BSA, 30-80 pg Ser N and
30-80 pg Ser O per 104, respectively.” BSA was used for evaluating reliability of the
method and checking molecular masses from the marker. The results showed in
Figure 10 which samples were in 13% aceyamide. It was found that the molecular
mass of BSA, 67 kDa (Terada et ak; 2002), was truly run electrophoresis between 50-
75 kDa. This result suggested that the-method for running SDS-PAGE was reliable.

Both lots of sericin were run i gel, the molecular mass of them were in
range 10-250 kDas, The result was close to the previoussstudies that SDS-PAGE of
silk sericin protein-was in range 20-300 kDa (Terada et ai, 2002) and in range 30-200
kDa (Zhang, 2004):" Although both of samples were Sericin in range 10-250 kDa,
their patterns were clearly different. The main of sericin O was in the high molecular
mass part, but the main of sericir-N was in the lower part. These results might occur
from the duration-of storage and the different processes. Due-to sericin N was fresh-
prepared and passed radiation for long preservatiom-=Nevertheless, #-might take place
from-the different\batch. Sericin was removed from silk cocoon/which was natural
product. It had a high variation in sources of silk. In other point, the intensity of
color also differed, which referred to quantity of molecules in that range. Intensity of
sericin N was lighter than sericin O. But at the top of gel of sericin N had a blue
color, which it might be from high molecular masses more than 250 kDa were
stacking above. It seemed necessary to choose another marker which was in range
from 10 kDa to upper than 250 kDa for proving the higher molecular mass.
Moreover, the results showed the different appearance between bands of BSA and
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sericin. Sericin had no clearly band, it run along the gel. Opposite to sericin, BSA
had the distinctly band in 50-75 kDa. This finding might occur because of the varied

molecular mass of crude sericin.

Ser O (ug/10 ul)
30 50 80

250 kDa —™>

160 kDa —>
105 kDa —»

75 kDa —>
50 kDa —>
35kDa —> |

30 kDa —>

25 kDa —>
15 kDa —>
10 kDa —>

Figure 10. SDS-‘

marker.

pared with the rainbow

2. Quantification of proteln by Lowry method

AR owrymeﬂmmi
QWmmmummmaa

First of the validation, BSA, sericin O and sericin N were
analyzed for protein quantities by Lowry method in eight concentrations ranging from
0.05-0.40 mg/ml for validation of linearity. Linear regression analysis of the
absorbances at 550 nm versus the corresponding concentrations was performed in
Figures 11, 12, and 13. The coefficients of determination (R?) were calculated as
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0.9960, 0.9980 and 0.9929, respectively. The calibration data were found to be linear
with good R? These results indicated that UV spectrophotometric method was
acceptable for quantitative analysis of sericin by Lowry method in the range of 0.05-
0.40 mg/ml.

The calibratio ve of standard protein (BSA) and silk sericin
f 0.05-0.40 mg/ml. From the data
obtained, slope and y-i re very close. The amounts of

protein in Ser O an ,4@/{) of BSA (Data showed in

protein were linear in the ¢

appendix).
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Ser O was prepared at the concentrations of 0.08, 0.16 and 0.32

0.30

0.10 0.20 0.40 0.50

mg/ml in five sets. Samples were analyzed by Lowry method. The absorbances at
550 nm of each samples are showed in Table 4. Moreover, the estimated
concentrations and percentages of analytical recovery of each sericin concentrations

are shown in Table 5 and Table 6, respectively. All percentages of analytical
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recovery were in the range of 89.12-101.00%, which indicated the high accuracy of

this method. Thus, it could be used for analysis of sericin in the range of study.

Table 4. The absorbance of sericin at 550 nm by Lowry method.

Concentration Absorbance at 550 nm
Mean = SD
(mg/ml)
Set1 Set2 Sews Set 4 Set5
0.08 0.2293 0.2160 0.2164 .70.2164 0.2230 0.2202 + 0.006
0.16 0:3941 04147 +0.4281 04468 0.4215 0.4211+0.019
0.32 0:8039_.0.8191 | 0.8075 0.8112" 0.8635 0.8210+0.024
Table 5. The estimaied concentrations of sericin by Lowry method.
. Estimatéd éoncentration from standard curve
Concentration 4
(mg/ml) Mean * SD
(mg/ml) /A
Set'l Set 2 Set3 . Set4 Set 5
0.08 0:.0758 0.0701 O.Q?)S 0.0701  0.0702  0.0713 +0.002
0.16 0.1453 . 01540 O.IS?FG—;‘{J 0.1540 0.1540 0.1522 +0.004
0.32 0.3181 0:3244 032ﬁ_{:—; 0.3246  0.3245 0.3232 +0.003

N
J -~

Table 6. The percentage-of-analytical-recovery-ofsericinby Lowry method.

Concentration Percentage of analytical recovery

(mg/mi) Mean + SD
Set't Set2 Set3 Set4 Set5
0.08 94.70 87.66 87.87 | 187.66 81.73 89.12+3.121
0.16 90.80 96.22 96.22  96.22 96.22 95.14 + 2.424
0:32 9940, ~-101:36 () 101:40) ~101430) /1101.40, 401.00 + 0.894

2.1.3 Precision

The precision of Lowry method for quantitation of protein in
sericin was determined both within run and between run as showed in Tables 7 and 8,
respectively. Both of the coefficients of variation values of them were low, as 1.06-

2.01% and 4.47-7.84% respectively. The coefficient of variation of the biological
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analytical method should generally be less than 15%. Therefore, the Lowry method

was precise for quantitative analysis of sericin in the range of study.
The analysis of sericin by Lowry method developed in this
study demonstrated good linearity, accuracy and precision. Thus this method was

used for the determination of the conient.of sericin protein.

Table 7. Data of within run precision by Lowiy'method.

Concentration Ahsorbance at 550 nm %
Mean SD
(mg/ml) cVv
Set 1 Set2 Set 3 Set 4 Set 5
0.08 0.3077¢ 0.3002., 0.2947 0.3060 = 0.3091 0.3035 0.006 1.97
0.20 0.6733 + 0.6643 0.6643 0.6621 0.6786 0.6685 0.007 1.06
0.40 1.1864 1.2076 '1.2361+ 1.2476 1.2097 1.2174 0.024 2.01

Table 8. Data of between run precision by dery method.

Concentration Absorbance at,’5;5‘05 nm %
— Mean SD
(mg/ml) o CVv
Set 1 Set 2 Set 3 Set 4 Set’5
0.10 0:2734=-0:3086-0:3202-0:2702--0:2781 0.2901 0.023 7.84
0.20 05235 05501 05774 05158 05448 0.5423 0.024 4.47
0.30 07101 0.7897 0.8189 0.7441 0.7830 0.7692 0.042 552

M@reover, “ Sericin ¥ int) this-, experiment was entrapped in
liposomes. Therefore, the specificity of Lowry method for sericin in liposomes
formulation whichmight-disturb:theimethad should-be) validated; From the reason of
the absorption” curves of " this ‘method “were almost span, it can not detect the
interference of the peak. Thus, the results would apply from the percentage of

recovery instead.

Validation of accuracy in formulation was assessed in various
conditions: CL, DLSp and DLTw, which all of them were spiked with sericin, then it

was ruptured by Triton-X in H,O before testing. Another condition was sericin in
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PBS. Data in appendix showed the percentage of recovery of sericin in CL, DLSp,
DLTw and PBS conditions which were in range 99.35-113.55%, 100.15-108.92%,
93.14-103.59% and 90.65-106.42%, respectively (Data showed in appendix). It
indicated that the conditions of CL, DLSp, DLTw, which spiked with sericin and
lyzed by Triton-X did not disturb the accuracy of Lowry method. Additionally, PBS

used in the present experiment of skin permeation did not disturb the Lowry method.

PART B
DETECTION OF ANTI-EREE RADICAL ACTIVITY OF SERICIN BY
DEOXYRIBOSE ASSAY

1.  Validation of deoxyribose assay

1.1 Linearity

The addition of Fe*" to @ssolution of deoxyribose in the Fenton
reation, the hydroxyl radical-reacted to the sugar 2-deoxy-D-ribose. The product
reacts with thiobarbituric aeid-10-generate a chromogen. Any added scavenger of
hydroxyl radical witl compete with deoxyribose for-the hydroxyl radical generated
and decrease chromogen formation (Rehman, Whiteman, and Halliwell, 1997).
Although mannitol-is not anti-free radical substance, it generally employed as a

positive control.

Samples were tested in this method were sericin and L-ascorbic acid.
The‘resultsican bewrepresented in two typess’ ‘One was/the plotof thé’ proportion of
absorbance at 532 nm versus the concentration.” Linear regression analysis of
mannitol was performed in Figure 14. Analysis of the concentration dependence of
the competition allows the determination of the second-order rate constant for
reaction of the scavenging compound with hydroxyl radical. The coefficient of
determination (R?) was 0.9994. The calibration data was found to be linear with the

excellent coefficient of determination. These results indicated that deoxyribose assay
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was acceptable for quantitative analysis of anti-free radical activity in the range of

study.

tannitol
5000 7 Linear equation: y = 0.4746x + 1.3960
4.500 Rz=0.9994

1/Absorbance at 532 nm

8.00

Figure 14. The stane e assay, n=3.

2 constant of anti-free radical
ation (Aruoma, 1989).

From

substances could be calculated from the b
D

amﬂu’iwﬂﬁmi

= absorbance with scavenger at concentratien [S]
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rate constant of scavenging of S

kDR rate constant of degradation of deoxyribose

[S]
[DR]

concentration of scavenger

concentration of deoxyribose
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From cited in Aruoma (1989), kpr is 3.1 x 10° M7s'and the

molecular weight of mannitol is 182.18. The slope was from the plot of the

proportion of absorbance versus concentrations in molar, shown in Figure 15.

1.5

1/Absorbance at 532 nm

35 4

254

05 4

4

Mannitol

7 Linear equation: y = 0.0865% +1.3960
45 -

R*=0.9994

10 20 30 40

concentration (mM)

Figure 15. The 1/absorbance versus concentrations plot of sericin by deoxyribose

assay, n=3.

From the equation (2), rate constant of mannitol can be observed such

below (slope from Figure 15).

Ks
ks

0.0865.x 3.1/ %10° x 0.833x (1/1.3960)
1.92 x 10® sM st : from-our test

The value of ks from calculation was the rate constant of scavenging

of mannitol at 0.833 mM deoxyribose when heated 15 min. This finding was close to

previous study if calculated the Kk to be at the same condition.

From cited in Rehman, Whiteman, and Halliwell (1997) rate constant

is 1.9 x 10° M*s™ when used 2.8 mM deoxyribose and heated 37 °C for 60 min. Then

we can inversely calculate to obtain slope, then calculate to estimate ks.
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1.9 x 10° = Slope x 3.1 x 10° x 2.8 x (1/1.3960)

Slope = 0.3056

Ks = 0.3056 x 3.1 x 10° x 0.833 x (1/1.3960) x 15/60

Ks = 141 x 10°“M*s* . calculated from Rehmen et al.

(1997)

The estimaied value of ks was close to the rate constant of scavenging
of mannitol in this'study which ¢ondition was 0.833 mM deoxyribose and heated 15
min. This finding suggested that the initial quantity of deoxyribose and the duration
of reaction played the rule t© therate constant of scavenging of anti-free radical

substances.

Because the fate constant of ‘mannitol which calculated is near kg
Rehman observed. It was-found that the reaetion in this study was reliable for
detecting scavenging activity or anti-free radical activity of anti-free radical

substances.

The result »in Figure 16 was shown that the hydroxyl radical
scavenging aectivity “was depentent /io concentration “of “sericin only at limited
concentration of sericin. The competition was not the second-order rate constant.
The“anti*free” radical @ctivity-hadya plateau’ cunve for /mreactiony ~Although the rate
constant of scavenging of sericin can not be calculated for comparing with mannitol,
the curve showed the higher slope in 0-0.1 mg/ml of sericin. The results assumed that

sericin might have higher ks, which referred to be a good anti-free radical substance.
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Figure 16. The 1/abso of sericin by deoxyribose
assay, n=3.

esults was the plot of the
percentage inhibition Figure 17 shows the
percentage of inhibition o 50 of mannitol was approximately
2.6 mg/ml which represented' ..... of scavenger inhibits 50% MDA (Data

i ce radical substance, which
ICso was 0.9 mg/mi(Fi . i ivity of sericin was plateau and
maximum about 60% at 1.5-mg/ml in approximately. This finding suggested that the

higher than ﬂﬂﬁ%ﬂ@%ﬂj‘wﬁﬂﬁﬁs mg/ml. Therefore, it

was unnecessary to use higher concel:r'uration for usin(‘; as anti-free radical activity.
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51

% inhibition of MDA
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Figure 17. The plot e_percentage pition of MDA by mannitol,
n=3.

% Inhibition of MDA
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Figure 18. The plot represented the percentage of inhibition of MDA by sericin, n=3.

In Figure 19, at low concentration of L-ascorbic acid showed the pro-
oxidant property because it elevated MDA while at high concentration of ascorbic
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acid can inhibit the production of MDA (Carr and Frei, 1999; Ivanova and lvanov,
2000; Aruoma, 2003).

100.00 4
80.00 ~
60.00 ~

40.00 4
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-100.00 - LA

% Inhibition of MDA
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S

-60.00.4
-80.00 4

Concentration (mag/ml)
Figure 19. The plot reprgsented the percefn;ag;a of inhibition of MDA by L-ascorbic
acid, n=3. i/_
f,r

The absorbance ‘at 532 -WT}];W&S increased, so the percentage of
inhibition of MDA\ was In negative section. as showed/in Figure 19. This finding
might take place leading to the reduction of Fe** by ascarbic acid to be Fe?*. Then,
Fe?* could increasingly generate the hydroxyl radical as depicted in Figure 20.
Nevertheless, the curve showed that the percentage of inhibition MDA was
approximately-3796, at6¢4 mg/ml-of @seorbiccacid~ltmightassume that its 1Cso was
higher than sericin. " Therefore, this result'referred that sericin“had a stronger anti-free
radical activity, than ascorbic-acid, ;However, seriein.at,low, cencentration exhibited

the higher anti-free‘radical activity ‘in‘this'study.
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Figure 20. The reaction offdeoxyribose assay (modified from Sanchez, 2002).
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Mannitol was prepared q_tjjthe concentrations of 0.02, 0.08 and 0.32

mg/ml in five sets.
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Samples were analyzéd«hy deoxyribose assay and finally were

detected by UV spectrophotometer. TheEﬁsorbance at 532 nm of each samples and

the proportion of absorbance are shown |n Tables 9 and 40, respectively. Moreover,

the estimated concentrations and percentages of analytical recovery of each sericin

concentrations are shown in Tables 11 and 12, respectively. All percentages of

analytical recovery were in the range of 89.09-109.78 %, which indicated the high

accuracy of this method. ,Thus,-it.could be used. for analysis of anti-free radical

substances in‘the range of-study.

Table'9. 'The absorbance of mannitebat-532' nm by deoxyribose assay.

Concentration

Absorbance at 532 nm

(mg/mi) Mean + SD
Setl  Set2 Set 3 Set 4 Set5
0.40 0.6849 0.6899 0.6878 0.6852 0.6842  0.6864 = 0.002
0.80 0.5897 0.5968  0.5861 0.5849 0.5845  0.5884 = 0.005
3.20 0.3387 0.3296  0.3326 0.3331 0.3257  0.3319 +£0.005
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Table 10. The 1/absorbance of mannitol at 532 nm by deoxyribose assay.

Concentration 1/Absorbance at 532 nm
Mean
(mg/ml)
Set 1 Set 2 Set 3 Set 4 Set 5
0.40 1.4601 1.4495  1.4539 1.4594 1.4616 1.4569
0.80 1.6959 1.6757 1.7062 1.7098 1.7109 1.6997
3.20 2.9525 3.0340  3.0066 3.0021 3.0703 3.0131

Table 11. The estimated concentrations of mannitol.at 532 nm by deoxyribose assay.

] Estimated concentration
Concentration

from standard curve (mg/ml) Mean + SD
(mg/ml)
Setd Set?2 Sgt S Set 4 Set5
0.40 013628 0.3413 (13503 0.3615 0.3658  0.3564 +0.010
0.80 0.8411 & 0.8002 0.8621 0.8694 ~ 0.8715  0.8489 +0.030
J
3.20 3.3900 3.5553 3:4998 34907 3.6290 3.5130+0.088
Linear equation: y = 0.4930x + 1.2812; R*=0.9973
Al
- S .
Table 12. The percentage of anatytical recovery of mannitol at 532 nm by
deoxyribose assay. =
Concentration Percentage of analytical recovery
Mean + SD
(mg/ml)
Setl Set2 Set3 Set4 Set5
0.40 90.70 85.34 87.58 90.38 91.46 89.09 £ 2.561
0.80 105.24. 100.02" ) 107.76" | 108.67 108.94 106.11 + 3.717
3.20 105.94%+111.20 “~ 109:37" 109.08 113.41 109.78 + 2.754

1.3 Precision

The precision of mannitol by deoxyribose assay was determined both
within run and between run as showed in Tables 13 and 14, respectively. Both
coefficients of variation values of them were low, as 0.16-1.34% and 2.58-6.47%

respectively. The coefficient of variation of the biological analytical method should
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generally be less than 15%. Therefore, the deoxyribose assay was precise for

quantitative analysis of anti-free radical substances.

Table 13. Data of within run precision of mannitol by deoxyribose assay.

Concentration Absorbance at 532 nm %
Mean SD
(mg/ml) Ccv
Set 1 Set 2 Set 3 Set 4 Set 5
0.20 0.7651  0.7600 0.7580 « 04710 0.7582 0.7625 0.006 0.73
0.80 0.6096....0.6089 0.6124 ...0.5954.. 05962 0.6045 0.008 1.33
3.20 0.3326° 0.331/ 0.3311 0.3318 0.3317 0.3318 0.001 0.16

Table 14. Data of bgiween'run precision of mannitol by deoxyribose assay.

Concentration Absorbanceat 532 nm %
Mean SD
(mg/ml) cVv
Set 1 Set 2 Set'3 Set 4 Set 5
0.2 0.6807 0.6863 . 0.6727 0.7600 0.7710 0.7141 0.047 6.62
0.8 0.5554 = 0.5533"°0.5563° .0.6089 0.5954 0.5739 0.026 4.58
3.2 0.3446 023476° 03280  0.3317 0.3318 0.3367 0.009 2.60

From the results had been shown  above, the analysis of by
deoxyribose assay<developed in this study showed goed linearity, accuracy and
precision. Thus this method was used for the detérmination of the scavenging

capability of anti-free radical substances of sericin.

The reaction of deoxyribose assay should be determined the accuracy
of the, method, when) being=used inyvarious~eonditionspin ~preparing) deformable
liposomes. "The study was 'investigate the percentage of inhibition of MDA by sericin
in water, hot water (60 °C, 1 h), chloroform and phospholipid condition (PC, Span in
CHCIs). The results are shown in Table 15 and Figure 21. It was found that the
percentage of inhibition of MDA by sericin in phospholipid condition clearly
decreased. Statistical analysis used was ANOVA and Turkey’s Honesty Significant
Difference test at 5% significant level. There was a significant difference of mean of
% inhibion of MDA (P<0.05). Sericin in PC condition (Ser_PC) was significant
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different from sericin in other conditions such as in H,O (Ser_H,0), hot water
(Ser_heat) and chloroform (Ser_CHCI3). The result showed that Ser_PC had a lower
anti-free radical activity. Additionally, temperature at 60 ‘C and chloroform did not
interfere analysis of anti-free radical activity of sericin. Conversely, phospholipids
highly interfered the deoxyribose assay. It seemed that the deoxyribose assay of anti-
free radical activity in formulations (containing PC should concern about the

interfering effect of PC.

Table 15. The percentage of inhibition of 0.5 mg/m! of sericin in various conditions,

which may interfere deoxyribose assay, n=3.

Conditions % Inhibition of MDA
(mean + SD)
ser_ H0 46.95 + 4.46
Ser heat 4772 +4.61
Ser_CHClg 50.73 £ 6.57
Ser_PC 19.27 + 10.92*

*The mean values are statistically-different at 0=0.05.

The_results-was_similar_to_the_previous<report indicating that the
antioxidant activity of the extract added in formulations-could not be assessd using the
deoxyribose assay (Georgetti et al., 2006). It might oceur from PC interfered to the
development of the reactians. Seybean PC, an unsaturated phospholipid, can initiate
the free radical ‘reaction (New, 1990). Oxidation of polyunsaturated fatty acid
involves the processes of lipid peroxidation (Camejo, Wallin, and Enojarvi, 1998).
Oxidized jproductvmay generate thiobarbituric acid reactive substances (TBARS) in
systenm of analysis. The deoxyribose assay developed the reaction assessed the
chromogen of TBA-MDA, which also is TBARS (Halliwell and Gutteridge, 1981).
Therefore, the increasing of TBARS by PC appears to decrease the percentage of
inhibition of MDA.
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PREPARATION A VAHEA\? ﬂ‘ OF DEFORMABLE LIPOSOMES
VERIFIED IN COMP mj@M; 5,
_Fe -—/.*‘/J RS

1. Preparitlon of deformabl/e Im [:

&jj _\’
In this sﬂdy, CLa '

method. Conditions for formlng w/o emulsion Were the ratio of oil in solvent to
aqueous pha nicator. Evaporation
conditions wﬁgm%ﬁmlﬂ T‘l‘jerl/ ﬁZIsmn was evaporated
abo ﬁ ttom glass. Gel
collﬁmﬁﬁﬂﬁmgmr ylgj:joa E]

This stage of preparation had influenced from the concentration of PC. At
the high concentration of PC, 3.5%, the gel looked like film attached to the flask. It

. ' v 72
a\u(‘

prepareﬂ)y reverse phase evaporation

did not collapse by itself. The vesicles occurred when adding water to hydrate them.
It might occur because the concentration of lipid employed was increased, it should be
add water at the gel stage (New, 1990). The preparation of DL at 3.5% PC gave large
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vesicles, 13.84 + 0.10 um diameters determined by DLS. Scanning electron
microscopy (SEM) showed that the spherical vesicles were heterogeneous sizes,
approximate in range 2-6 um diameters. The difference of both methods might be
from the attachment of vesicles. Figure 22 shows electron micrograph of DLSp20 at
3.5% PC. It was found that it had some attachment of vesicles.

It was noticed that the inves{iézf/kn y dynamic light scattering, the sizes
were larger than by SEM. Beecause of iF M-_@_ﬂ_aggregation of vesicles, the light
scattering was their pa@not only'J particle. ME)Fe.over, the finding suggested that
the deformable IipoW 5% PC were multilamellar vesicles (MLVs). The

reason of this finding doe/from the excess lipid was present, so it will be dried

Figure 22. 'Scanning electron miecrograph of DLSp20, PC:Span 80 6f 80:20 by weight
at 3.5% PC (3,500%).

Since the aim of the study would like to obtain large unilamellar vesicles
(LUVs), the concentration of PC would be study for the optimal to gain LUVs. Thus
the PC concentration at 2% as reported in the previous study was investigated (New,
1990; Torchillin and Weissig, 2003). It was found that the gel rapidly collapsed
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without adding water to hydrate as showed in Figure 23. It might due to the
concentration of lipid employed was optimum and the amount of water was sufficient.
However, it was unnecessary to add water for collapse, the addition of water to
hydrate would help the completion of the formation of liposomes. The preparation of
deformable liposomes at 2% PC gave a smaller vesicles, 0.10 + 0.00 um diameter
determined by DLS, whereas sc W g electron microscopy (SEM) could not
observed the particles. This resu\tsax j tent with that the size of LUVs, which
was not more than 1000 le um &mg suggested that the deformable
liposomes at 2% PC@ uni meI@(LUVS) The reason of this

finding could be from lmq anWme of water was presented
(New, 1990). \ N

fter sericin coI sed, it was hydratéd™at the same te%erature without
ot hatoRcTalk ek ALY oV A,
condltﬂ)ns of preparation of liposomes were crucial for characteristic of vesicles. The
reproducibility of vesicles would be another topic, which should be examined. The
study of reproducibility of liposomes was done triplicate in conventional formulation.
Conventional liposomes (CL) with 2% PC in the formulation was detected their sizes
by light scattering. It was found that sizes of three batches were 0.10 = 0.00, 0.11 +
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0.00 and 0.11 £ 0.00 pm, respectively. This finding demonstrated the good

reproducibility of formulation and the preparation method.

Moreover, deformable liposomes, which possessed special property of
deformability and could penetrate through the smaller pore size, could be
demonstrated by the formulation of DLSp15 that was extruded through 0.2 um. The
results revealed that the DLSp15, which had iwo peaks of mode diameter- small size
and big size. The small sizes were about 0L um and the big sizes were about 10 pm.
It was shown that they were able to be extruded through 0.2 um of polycarbonate
membrane. Although, the resuli demonstrated that mean sizes D (v, 0.5) after
extrusion were close, thespatiern of peaks were different. The big sizes (10 um) peak
decreased. The vesiClessSizes after extrusion were less than 0.78 um that equaled to
95.26 +0.12 % (Tahle 16). It depicted that the vesicles could pass through the 4 times

smaller pore size.

The results demonstrated the pasticles could not all but some deform and
pass through 0.2 um pore sizes. 1t referred to the vesicles, about 10 um, were reduced
as showed in Figure 24 and-25. Althoufgihideformable liposomes could penetrate
through 0.2 um pore size, it could not pass through greater/than 4 times smaller pore
sizes. It was simifar to the previous study that reported the capability of deformable
liposomes to pass through 2-5 times smalier pore sizes{Cevc, Schatzlein, and Blume,
1995; Gallarate et al., 2006;,Chirio.et al., 2007; Mishra et al.,2007).

It might due to deformability of DLSp15, however it.might due to the
aggregation of, vesicles: after. extrusion. @ These results” couldnot> conclude the
deformability of DL, thus it should be investigated and calculated the deformability

index to confirm the property of DL related to their elasticity.
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Table 16. The percentage of vesicles (DLSp15) in various sizes before and after

extrusion.
Before extrusion After extrusion
Sizes range Mean + SD (%)
<0.20 um \ ; 0.44 82.08 + 0.58
0.20-0.78 um 3 13.18 £ 0.46
<0.78 pm - 6. 95.26 + 0.12
20 100
a0
80
70
60
10 50
40
30
20
10
0.01 ~ 1000.0
Figure 24. DLS f&_ fffffffffffffffffffffffffffffff amic light scattering.
20 m Volume (%) m 100

ANUUINEUTNNS o
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Figure 25. DLSp15 after extrusion pass through 0.2 um polycarbonate membrane

determined by dynamic light scattering.
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2. Evaluation of deformable liposomes

This study investigated the effect of formulation such as CL, DL, type of
surfactant using as edge activator and the ratio of PC and surfactant. All formulations
were investigated in many properties that the results were classified follows:

2.1 Microscopic appearances
Physical examination by light“microscopy of all vesicles revealed
they were smaller than 1 pm diametér, thus vesicles could not depict the accurate

sizes.

2.2 Scanningrelgctron microscopy (SEM)
It was found that “scanning electron microscopy (SEM) could not
exhibit the image of vesicles, it might 'c_JcCur if the particles were smaller than 300
nm. 24 4

2.3 Transmission-electron micésgépy (TEM)
Since the SEM Wwas not (ﬁb&ble to visualize the DL particles, the
TEM was applied-instead. It was showed that TEM-could visualize the images of DL.
The DLSp15 particles appeared as round shaped. Some agglomerated vesicles could
be observed. Appraximate size of DLSp15 was in the.range of 230-365 nm, which
was close to the sizes determined by DLS (240 nm). Figure 26 showed the electron

micrograph dideformable liposomes(DLSp15).
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2.4 Particle size dhalysis T
Conventional: ngesm@gformable liposomes prepared in this
study were found))) have mean vesicle size approml;ﬁ/ 200 nm, except DLSp20

was about 400 hm (Table 17). Mdat size of vesicles were
correlated with the dvethod of pr ion. reove@sme increased at the higher
concentration of surfactant It mlght occur from the partition of surfactant into lipid
bilayers (Si e was due to type of
surfactant. ﬁ@ﬁﬁuﬁ\yfﬂuﬁﬁjﬁ:ﬂe dlfferent It might
occ er ﬂﬁi a Bergh, and
Suhﬁ m & ﬁ ﬁ ﬁ whjrf ﬁﬁﬁ reported the

dlffere?ut trend from previous studies (Gallarate et al., 2006; Chirio et al., 2007).
Nevertheless, all of them were quite similar in the size distribution. It was observed

that it had narrow size distribution at the low concentration of surfactant. This result
might be from the higher ratios of surfactant seemed to increase quantity in lipid

membrane. In the stage of adding water phase for hydrating vesicles, the higher lipid
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phase was hardly complete. Thus the heterogeneous size might occur during

hydrating the vesicles.

Table 17. Size and uniformity of various formulations of vesicles by dynamic light

scattering.
PC:surfactant (by weight)
Formulations size (1m) and span
100:0 9010 85:15 80:20
CL_Ser 0.192,.4:471 - - -
DLSp_Ser - 0.165, 0.482  0.240, 3.088 0.404, 9.787
DLTw_Ser < 0.167,0.749 0.188,3.280 0.185, 2.620

2.5 Entrapment efficiency

The entrapment efficiencies of CL and DL were in range 49.20-
102.12% (Table 18). The results showed ‘that the preparation by reverse phase
evaporation gave high entrapment efficiency. of sericin. The finding was consistent
with previous studies thatclaimed for “higher encapsulation efficiency of
macromolecules such as-antigens and peptides by the same method (New, 1990; Guo,
Ping, and Zhang; 2000;.Gupta.et.al.,.2005)._The entrapment efficiency seemed to be
increased in concentration of 10-15% Span 80. And at-higher concentration of 20%
Span 80, the entrapment efficiency was decreased. “Fhis result is consistent with
Mishra et al. (2007) that“could explained that it-due to the possible coexistence of
mixed micellgs and vesicles at higher coneentration of surfactant, which mix micelles
had lower entrapment of sericin. Notably, the entrapment efficiency of DLTw was
increased in range,of,0-20% Tween 80. It might be from'it was still in the optimum
concentration for forming vesicles. The reason should be investigate for more

understanding in the future.

After statistical analysis with one-way ANOVA and Turkey’s
Honesty Significant Difference test at 5% significant level, there were significant
differences between CL and all DL formulations.
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Table 18. Entrapment efficiency of CL and DL when storage in refrigerator (4-8 °C)

for 4 weeks.
PC: %EE (SD)

Rx surfactant wk0 wkl wk2 wk3 wk4
CL_Ser 100:0 7227 61.77 105.85 93.42 104.82
(248). (2.92) (0.43) (1.64) (14.47)

DLSp10_Ser 90:10 71.34 + 7432 8424 6899 84.98
(3.59) “(0.79). (10.43) (5.01) (13.43)

DLSp15 Ser 85:15 89.84 9356 8149 85.69 92.10

(287) (7.32) (1.33) (8.17) (1.84)

DLSp20_Ser 80:20 4920 8469 6426 79.03 93.71
(5.27)° (11.63) (6.71) (6.98) (14.30)

DLTw10_Ser 90:10 76.74 5897 7596 81.52 65.32
(8.67) (9.72) (2.00) (1.95) (10.07)

DLTw15 Ser 85:15 95.66 © 9277 61.35 91.75 84.02

(7.14)" (6.76)  (6.73) (3.11) (4.06)

DLTw20_Ser 80:20 10212 85.04 6479 90.65 90.80
(9.32) (5.63).. (3.46) (6.20) (10.72)

Statistic data showed that different efficiency group, which were
higher the entrapment were DLSp15_Ser, DLTw15_Ser and DLTw20_Ser (Table 19).

It could be assumed thatcthree formulations were good entrapment. For selection only

one formulation, the followed study should be examined other properties such as

leakage and deformability:
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Table 19. Analysis the entrapment efficiency of formulation by one-way ANOVA
and Turkey’s HSD.

Tukey HSD

Subset for alpha = .05
formulation N 1 2 3 4
DLSp20_Ser 3 49.2033
DLSp10_Ser 3 71.3400
CL_Ser 3 72.2733
DLTw10_Ser 3 : 76.7400 76.7400
DLSp15_Ser 3 “ 89.8400 89.8400
DLTw15_Ser i ! 95.6567
DLTw20_Ser 3 1 102.1167
Sig. | 1,000 927 1198 254

I
Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean SampleSize= 3.000.

2.6 Leakage

In this study, the leakage of the DL, which correlated with the ability
of entrapment of sericin, was investigated.’. The leakage assumed from the ability of
retaining the entrapped sericini-Fhe leakage of vesicles was due to the arrangement of
surfactant was not appropriate. Because of there were many types of the intercalation
of surfactant in lipid membranes (Bouwstra, van den Bergh, and Suhonen, 2001).
And there were the'reports about the effects of types and/ratios of PC:surfactant on
the cabability of entrapment of DL (El'Maghraby, William, and Barry, 2000a; Mishra
et al., 2007). The data was calculated from entrapment efficiency at 0, 1, 2, 3, and 4
weeks. The resultsofentrapmentefficiency of allformulations were showed in Table
18. Unfortunately, the fluctuations”of entrapment ‘efficiency was noted, thus the
conclusiencean, he-hardly-stated ~Itymight occur, from, the variation,during sampling
for determined the entrapment-efficieney by ultracentrifugation.

From the selection of the highest entrapment group, the entrapment
efficiencies of DLSp15 Ser, DLTw15 Ser and DLTw20_Ser during study of the
leakage were evaluated by one-ANOVA at 5% significant level.
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The comparisons with in each formulation were shown in Table 20,
21 and 22. It was found that the entrapment efficiencies of DLSp15_ Ser during
storage 4 weeks were non-significant different. Conversely, DLTw15 Ser and
DLTw20_Ser were significant different (P<0.05). The results showed that it was the
good entrapment efficiency of DLSp15_Ser after storage in refrigerator for 4 weeks.
Then, it was a rational for selection this formulation to contain in serum. Because of
DLSp15 Ser seemed to be the best formulation from high entrapment and low
leakage. It might occur from the arrangement of surfactant in lipid bilayers was
tightly fitted and appropriated, thus limited the leakage of sericin from the lipid

bilayers of vesicles.

Table 20. Analysis'the entrapment.efficiency of DLSp15 Ser by one-way ANOVA

during storage 4 wegks infrefrigerator.

ANOVA
Sp15 EEIk
Sum of 1
Squares. .| df Mean Square F Sig.
Between Groups 292.678 4 73.169 2.738 .089
Within Groups 267217 10 26.722
Total 559.895 14

Table 21. Analysis the entrapment efficiency of DLTw5_Ser by one-way ANOVA
during storage 4 weeks in.refrigerator.

ANOVA
Twl5 EEIK
Sum of
Squares df Mean Square F Sig.
Between Groups 2339.799 4 584.950 17.385 .000
Within Groups 336.473 10 33.647
Total 2676.272 14
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Table 22. Analysis the entrapment efficiency of DLTw20_Ser by one-way ANOVA

during storage 4 weeks in refrigerator.

ANOVA
Tw20 EElk
Sum of
Squares df Mean Square F Sig.
Between Groups 2258.551 4 ' 564.638 9.937 .002
Within Groups 568.189 10" 56.819
Total 2826.740 14 :

2.7 Deformabidity.index

Anothergonestopic, which was crueial for preparation of DL, was
deformability. Deformability index was shown in Table 23. In the present study the
deformability of both CLehol Ser-and €L_Ser were compared with DL. From the
results, CLchol_Ser could not pass threugh pores smaller than its diameters showing
no deformability. Incontrast, CL_Ser could pass, but in the lower rate than DL. The
result might occur from ingreasing rigidityef cholesterol in liposomes (Benson, 2005;
Gupta et al., 2005). In support of Hiruta et al. (2006), they conclude that addition of

lipophilic compound, such as chalesterol, tended:to decrease the elasticity.

Table 23. Deformability index of CL and DL.

PC: Sizes Sizes Deform-
Rx Surfactant before after ability
(or.Chol) (am) (nm) index
Clchol_Ser 3 254+14 0£0 0.00+0.00
CL_Ser 100:0 523+28 16249 0.21+0:08
DLSp10. Ser 90:10 2174 200£10 2174+0.34
DLSp15_Ser 85:15 355152 332114 7.2010.78
DLSp20_Ser 80:20 350+20 287164 6.79+0.88
DLTw10_Ser 90:10 260+2 16140 2.58+0.22
DLTw15_Ser 85:15 19242 2710 0.01+0.00
DLTw20_Ser 80:20 25148 68+29 0.05+0.00

Values represent Mean = SD
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Moreover, this finding reported that deformable liposomes had
elasticity comparing with CL. DL could pass through pore smaller than itself. The
best formulation selected above, DLSp15 Ser, also had the highest deformability
index. Thus, it might assume that PC:Span 80 (85:15) was the optimum formulation
of loaded sericin. These results indicated that the elasticity of vesicles depended on
both PC:surfactant ratio and type of surfactant. This finding agreed with the previous
study by Mishra et al. (2007). They reportedthat increasing the level of Span 80 in
vesicles brought no advantages. The high-“Concentration of surfactant decreased the
elasticity of liposomes. Although Tween 80 was used as edge activator at optimum
concentration approximately 15% in many researech, this study discovered that it had
no deformability when using more than 10%. Therefore, these results showed that
type of surfactant and PCisurfactant ratios affected to the deformability (EI Maghraby,
Williams, and Barryy 2000; Mishra; et al. 2007). Biju et al. (2006) reported that the
concentration of surfactant was crucial'in the formation of DL because at sublytic
concentration, it provided flexibility to-vesicles and at the higher concentration, it
caused destruction of vesigles. Nevertheless, Mishra et al. (2007) indicated that high
concentration of surfactant “coutd be conecern about vesicular solubilization of
liposomes to mixed micetles-which are ‘less deformable and decreased skin

permeation.

PART D

FORMULATION OF SERUM. OR DISPERSION SYSTEM CONTAINING
DEFORMABLE" | LIPOSOMES “ AND “EVALUATION OF PHYSICAL
STABILITY

1. Formulation of dispersion systems

From the preliminary study, the concentration of viscosity enhancer were
compared such as 1-4% chitosan, 15-30% Poloxamer 407 and 0.5-1% Carbopol
ultrez-10. It was determined by physical appearance of serum after mixing with
liposomes at 1:1 ratio. The optimum concentrations of viscosity enhancers were 3%

chitosan, 20% Poloxamer 407 and 1% Carbopol ultrez-10. The proposed formulation,
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serum, which was defined as a dispersion system that should be as viscous liquids,
which it was not too condense and should be as a drop after pumping from the bottle.
The present study had only evaluated the optimum by visual observation.
Afterwards, it was mixed with DLSp15_Ser in the next topic for selecting the best

formulation.

2. Preparation of deformable liposemes in dispersion systems

The optimum formulationt of deformable liposomes, DLSpl15_ Ser was
mixed with dispersion sysiemswith 1:1 mixing ratio. This might be named as serum.
The final concentrations of gelling lagent in serum were 1.5% chitosan, 10%
Poloxamer 407 or0.5%¢Carbopol ultrez-10. The physical characteristics of serum
were shown in Table24.

Table 24. Physical characteristics of serum‘at room temperature.

Gel bases for mixing with DLSp15_Ser

Carbopot ultrez-10 Poloxamer 407 Chitosan
Color yellowish yellowish yellowish
Clarity +++ -+ ++
Odor - 5 Pungent odor
Spreadability ++++ +++ +
Smoothness ++++ +++ +
pH 6.75 £ 0.04 8.84'£0.02 5.70+0.20
Viscosity ++++ + ++++

where,

- = not being that characteristics
+ = little

++ = moderate

+++ = much

+H++ = very much
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The results showed that chitosan was not appropriate for using as gelling
agent for formulation of the serum. Because it had a pungent odor of acid and had a
sticky appearance, looked like a rubber after storage for 1 week. Consequently,
Carbopol ultrez-10 and Poloxamer 407 were the gelling agent which gave good
physical appearances. But it also should be evaluated the results of their stability.

3. Evaluation of physical stability

After passing the heating-cooling 6 cycles, it was found that the system of
Carbopol ultrez-10 was_the best formulation in physical appearances. It was found
that sedimentation of DL was found \in the serum prepared from Poloxamer 407
(Figure 27). Turbidity and yellowish particles were settling down. This result might
be occurred from the'thegmoreversibility 'of Poloxamer 407 that forming gel upon the
rising of the temperature. *\\lhen Poloxamler 407 was in the refrigerator, cooling, it
became sol and had less viscosity, and became gel when it was heated. Thus,
sedimentation of DL was observed. In“eontrast, Carbopol ultrez-10 was higher
viscosity and had no thermoreversible prgpéfty. Thus, Carbopol ultrez-10 had the

stable formulation for containing DLSplS_Se'E.
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Figure 27. DLS er in vario g agen h before and after passing the
heating-cooling ~'$',,:7.:;:,:_ mer-407 before (A), Poloxamer 407 after (B),

Carbopol ultrez-10 WO : 0 a@r (D), (which P: Poloxamer
407, C: Carbopol ultrez-10, no. 1-3: n, and S: sericin loaded), n=3.

e RONUUINYUINNG

DETECTION OF ANTI-FREEoRADICAL <ACTIVITY OF/DISPERSION

SSTEN CONTANING  DERdRMARIE | OSHMES| E0ADED wirn

SERIGIN

From the study of accuracy of deoxyribose assay in determining anti-free
radical activity, it demonstrated that the method was not adequate to evaluate the
activity of the formulation containing PC. The interference of formulation
component, PC affected the processes of the reactions of deoxyribose assay. Thus,
the anti-free radical of the formulation of serum containing deformable liposomes
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loaded with sericin assumed by detection of the activity of sericin in conditions of

preparing deformable by reverse phase evaporation as showed in Figure 21 (Part B).

PART F
SKIN PERMEATION STUDY OF DEFORMABLE LIPOSOMES LOADED
WITH SERICIN COMPARING WITH SERICIN IN OTHER SYSTEMS

The permeation of sericin from different'systems is depicted in Figures 28 and
29. The plot showed the relation between cumulative amount of sericin permeated
through abdominal skin ef a.newborn pig versus time for 24 h. It exhibited that
sericin solution couid net permeated through skin.  The result from the present study
was consistent to the previous study reported by Gupta et al. (2005). It concerned
about molecular mass of bioactive-melecules which normally could not permeate
across the skin if it was larger than 500 Da.  From the Figure 28, the cumulative

amount of sericin solution could not be detected.
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Figure 28. Cumulative amount of sericin from sericin solution in permeation study in

vitro.

The comparative results of DL and CL are shown in Figure 29. This finding
demonstrated that the plot of cumulative amount of sericin versus time from both CL
and DL had a linear profile. It was noticed that permeability of sericin from DL and
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CL were close. This finding demonstrated that CL and DL could enhance the
permeation of sericin. The discovered result might be attributed from the mechanism
of penetration of vesicles. Elsayed et al. (2006) revealed that DL could improve skin
delivery of drug by two mechanisms. First, drug carrier or intact vesicles concerned
with deformability of DL and hydration gradient. Second, the penetration enhancer
involved to the modification of lipid lamellae, which this mechanism also explained
the skin delivery of CL.
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Figure 29. Cumulative amount of sericin from various formulations in permeation

study in vitro.

For further comparing and understanding the*membrane permeability of these
formulations, the,"membrane; permeability coefficients (were ' calculated.  These
coefficients were calculated from the slope, which obtained from the linear plot as in
Figures 30. The slopes were divided by the concentration in the donor phase (Cq)
(Sinko, 2006).
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permeation study in viiro for abtained sl&pe,' key; A: DLSp15_Ser, B: DLSp15_Serch,
C: CL_Ser, D: DLSp15 Serequi24 h, 4

{
’//4

-

Table 25 shows thé'mémbrane pe eability coefficients (P) of various

formulations. From the results; the perm'e;é_lsrﬂity of DL was non-significantly higher
than CL. The permeability coefficients were closed. it might occur from their
penetration enhaneer mechanism (EI Maghraby, Williams; and Barry, 2004; Elsayed
et al., 2006). This mechanism was penetration enhancers by modifying the
intercellular lipid lamellax, (EI Maghraby, Williams, and Barry, 2004; Elsayed et al.,
2006). Because 0f the surfactant that was used|as\edge ‘activator may disturbing the
arrangement of lipid membrane. And soybean lecithin had T, about -15 £ 5 °C, thus
at the hody temperature vesiclesawas melted andfused withy lipid, membrane (Benson,

2005),

Another mechanism as drug carrier was still occurred, but it might be less than
penetration enhancer effect. It was clearly depicted from the permeability of the
intact vesicles of DLSpl15 Serch, which was DL in serum. The permeability
coefficient of DLSp15_Serch was significant different from DL without loading in gel
and CL (P<0.05) (Data was shown in Appendix).
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In the part of DLSp15_Serch, which was DL dispersing in Carbopol ultrez-10
dispersion, showed its lag time at 3 h. It might be attributed that at the initial stage the
sericin needed the time for diffusing or releasing from the serum. Moreover, the
result showed that DLSp15_Serch was slower permeated at the initial stage at first 16
h. After 16 h of study, trend of permeation of DLSp15_Sercb was increased. It might
occur from the suspension of DLSp15 Ser was faster evaporated at the initial stage.
Contrast with DLSp15_ Serch, the Carbopolsultrez-10 became dried or dehydrated
after 16 h and hence enhanced the hydratien.gradient. Therefore, the permeation of
DLSp15_Sercb was increased after loading samples for 16 h. In this stage vesicles
might be delivery from the drug carrier or intact vesicles mechanism as claimed for
DL. This mechanism_explained about the intact vesicles could enter the stratum
corneum. This mechanism depends-on the transcutanecus hydration gradient, which
many researches referred tonagn-oeclusion application (Barry, 2001; EI Maghraby,
Williams, and Barry, 2001a; Elsayed et al., 2006). DL was penetrated through pores
and followed the hydration gradient:

Table 25. The membrane permeability coefficients of various formulation of sericin.

formulation sfope Cq(mg/ml) P (cm/hr) P (cm/sec)

Ser sol 0 25.0 0 0
DLSp15_Set 0.0321 25.4 1.26 x 10 3.51 x 107
DLSp15_Serch 0.0431 135 3.19 x 10° 8.87 x 107"
CL_ser 0.0307 26.7 1.15x 10 3.20 x 107
DLSp15_Ser equi 24 h™ 0.0695 25.4 2.73x 107 7.59 x 107

All experimentsiwere'investigated in triplicate/(n=3), except DLSp15_Ser egui 24 (n=1)
“The mean values are statistically different at «=0.05.

“not includediin-statistical-analysis

The method of other research involving investigation the mechanism of intact
vesicles, it was equilibrated skin for long period about 24 h (EI Maghraby, William,
Barry, 2001b; Dubey et al., 2006; Elsayed et al., 2006; Bendas and Tadros, 2007).
Therefore the effect of dehydration gradient of the skin on the permeation was studied
by dehydrating an abdominal newborn pig skin for 24 h before loading samples. It
was found that DLSpl15_Ser equi 24 h had the higher membrane permeability
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coefficient. It might occur from the hydration gradient. When the skin was left
exposed to air for 24 h, it had more hydration gradient between upper and lower part
of skin. DL avoided dehydration, thus it penetrated through deeper tissues via pores
in the stratum corneum (Benson, 2005).  Other part of this study was equilibrated
membrane only one hour for keeping viability of skin. When comparing DLSp15 by
different equilibration time, they were different (EI Maghraby, Williams, and Barry,
2001a). There was a biological change of'the skin. Due to the smell exerted in the
solution, that it might be oecurred from tissue degeneration. Then the study was
discontinued to 24 h.

Therefore, DL might«deliver sericin by synergistic mechanism of penetration
enhancer and intact vesieless Then, the further studies the evaluation for specific the
mechanism of DL and /CL" and “the influence of hydration gradient should be

performed.



CHAPTER V

CONCLUSIONS

The present study was to investigate anti-free radical activity of sericin from
Thai silk. The new delivery system as deformable liposomes was applied for silk
sericin. The outcome of the investigation can be concluded as follows.

1. The investigation of the anti-free radical activity of silk sericin by
deoxyribose assay reveals that sericin is capable to inhibit hydroxyl radical. The ICs
is approximately 0.9 mg/ml. _The percentage of inhibition of MDA by sericin is high
in comparison with L-ascerbigacid at the same concentration.

2. Deformablediposomes can be prepared by reverse phase evaporation and
collapse by themselves at the concentration of 2% of soybean phospholipid. Most
formulations from .this imethod have high entrapment efficiency of above 70%,
exception DLSp20. The gomposition of PC:Span 80 equals 85:15 (DLSp15), is the
optimum preparation conditions of deformable liposomes. This formulation seems to
be the best formulation for loading sericin because it exhibits advantages than others
in topics of entrapment efficiency, stability and deformability. Moreover, selected
deformable liposomes are LUVs; which théi; éizes are quite small as 240 nm.

3. The formutation of serum stiggests that 0.5% of carbopol is the optimum
and appropriate inusing as viscosity enhancer

4. The percentage of inhibition of MDA can-not be observed directly by
deoxyribose assay. Thecapplied-method gives the comment that the condition of
reverse phase-evaporation did not destroy the anti-free radical activity of sericin.

5. The vesicles of deformable liposomes_and conventional, liposomes can
enhance the “skin, penetfration, of sericin ‘through” pig Skin icomparing with sericin
solution which no penetration. Moreover, deformable liposomes loaded in serum has
lag time of 3 h, but it has the higher permeability coefficient than DL and CL.

However, the further studies regarding other analytical method for detection
activity of inhibition all of reactive oxygen species (ROS), the mechanism of delivery

and the influence of transdermal gradient should be performed.
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Linearity of Lowry method

Table 26. Absorbances of BSA by Lowry method.

88

Concentration

Absorbance at 550 nm

%

(mg/ml) Ny Ny ng mean SD  %CV protein

0.05 0.1500 0.1770 0.1567 0.1612 0.019 1184 79.70

0.10 0.3026  0.3239 0.3466.0.3244 0.015 4.64 106.17

0.15 0.42300.4498 ,0.4464-+04397 0.019 431 102.04

0.20 0.5447 05677 10,5750 05625 0.016 2.89 101.48

0.25 047263 4°0:6400 10.7128 0.6930.. 0.061 8.81 10241

0.30 047394+ 0.8183- 0.7699 0.7760 . 0.056 7.23 96.59

0.35 0.9502¢ 0.9164= 0.9709 09458 0.024 253 10251

0.40 0.9507 # 1.0520 - 21,0890 1.0306 0.072 6.95 98.31

average 98.65
Table 27. Absorbances of Ser-O-by Lowry method.
Concentration Absorbance at 550nm %

(mg/ml) Ny n, Ns mean  /SD %CV protein
0.05 0.1676 0.1576 0.1700 0.1650 0.007 4.30 82.80

0.10 0.3086 0.3231 0.3202 0.3173 0.010 3.24 103.29

0.15 0:4269 ~ 0.4547, 40,4512 ,0.4443 ..0,020 4.44 103.27

0.20 0.5501 *~0.5817" 0.5774.- 05697 0.022 3.93 102.95

0.25 0.7005 _0.7057 .. 0.7083__0.7048  0.004 _0.52  104.33

0.30 07897 ¢0.8006¢-0.8189 [0.8031 | 0.008' ©0.97) 100.25

0.35 0.9058 0.9087 0.9610 0.9252 0.002 0.22 100.11

0.40 0.9997 1.0354 1.0627 1.0326 0.025 244 98,52
average 99.44




Table 28. Absorbances of Ser N by Lowry method.

89

Concentration

Absorbance at 550 nm

%

(mg/ml) n n, ns mean SD  %CV protei

n
0.05 0.1423 0.1437 0.1506 0.1455 0.004 3.05 66.94
0.10 0.2690 0 678 0.2693 0.002 0.64 83.79
0.15 0.3891 0.011 290 88.31
0.20 184 0.016 3.08 9252
0.25 0,5995, 0.60 0.6099 0.012 1.93 88.89
0.30 \\$~ 0.018 255 88.64
0.35 66 0.013 159 87.50
0.40 712 2058 \ 0.006 0.70 82.81

=N W
84.93

*

FOpver
RILO)
Y18

iy

<,

‘I I m (‘\\\\\\\‘ average
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Accuracy of CL_Ser of Lowry method

Table 29. The absorbance of sericin in CL at 550 nm by Lowry method.

Concentration Absorbance at 550 nm
Mean = SD
(mg/ml)
Set 1 Set 4 Set5
0.10 0.2797 0.2804 0.2778 + 0.004
0.20 0.4 0.50 0.5088 0.4988 + 0.012
0.40 0.8 0.8221 .908 0.8 0.8369 0.8449 + 0.036

Table 30. The estirmated, 008 by Lowry method.

Concentration

N\
\-‘ curve

(mg/mi) Mean + SD
Set5
0.10 0.1148 0.1136 + 0.002
0.20 0.2292 0.2241 +0.016
0.40 0.3934 0.3974 + 0.018

AR I

Table 31. The pmntage of ana /yt/a l

Concentrati

I1C
V N
m = m Mean + SD

Set 1 Set 2 Set 3 Set 4 Set 5

on (mg/ml)

NGBS e

97.67 96.50 107.34  96.87..  98.35 9985 £4.523

‘ﬁ&?@ﬁﬂ’imﬂ\l‘lﬁﬂ’lﬂ 1N E

90

CL by Lowry method.



Accuracy of DLSp_Ser of Lowry method

Table 32. The absorbance of sericin in DLSp at 550 nm by Lowry method.

Concentration Absorbance at 550 nm
Mean = SD

(mg/ml)

Set 4 Set5

0.10 0.2891 0.3103 0.2935+0.012

0.20 0.5254  0.5112 +0.009
0.40 0.8696  0.8673 % 0.005
Table 33. The estimaied ntration: ‘ R p by Lowry method.

Concentration
Mean = SD

(mg/ml)
RN o
0.10 40 +; 0:109 0.1148 0.1061 + 0.006
0.20 218/ .21/ 0.2251 0.2178 + 0.005

0.40 . 4018 04024 10.4004 04018  0.4006 + 0.002

Table 34. The pcir_sfntage of ana I ecove i |g‘_m DLSp by Lowry
method. :
Concentration
Mean + SD
(mg/mi) Q) - F—N
t S
0.1 103. 4¢ 103 . 114.7 106.11 + 6.131
0.20 106.47 109.29 109.19 107.08s 11257 108.92 + 2.396
0. 00.10 15+ 0.582

91



Accuracy of DLTw_Ser of Lowry method

Table 35. The absorbance of sericin in DLTw at 550 nhm by Lowry method.

Concentration Absorbance at 550 nm
Mean = SD

(mg/ml)

Set 4 Set5

0.2864 0.2876 + 0.006
0.4740 0.4738 + 0.006
0.8208 0.8207 + 0.009

0.10 0.2832
0.20 0.46
0.40

Table 36. The estimate ntre ric [ wb Lowry method.
> N \\ y ry

Concentration
Mean = SD

(mg/ml)
ll%“%\ set 9
0.10 0.1014 0;\09& 0.1078 4 0.0998 0.1030 0.1036 + 0.003
0.20 0.192 1977+ -0.199%4  0.2006 0.1976 0.1975 + 0.003
0.40 0.369 Q174 0.3765 7 £0.3670 0.3726 0.3725 £ 0.005

Table 37. The pwntage of ana ical recc er icin‘in DLTw by Lowry

method.

—

| .
Concentrationj Percentage of analytical recov

(mg/ml) Q PN

Mean = SD

t q%
0. 649 9.9 108. 103.59 + 3.233

0.20 96.15 98.87* 99.70 10031  98.82 98’77 +1.591
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Accuracy of Ser_PBS of Lowry method

Table 38. The absorbance of sericin in PBS at 550 nm by Lowry method.

Concentration Absorbance at 550 nm
Mean + SD
(mg/ml)
Setl  Set 2 i’ Set4 Set5
0.10 , 0.2596  0.2540 +0.004
0.20 0.4657 0.4499 + 0.014
0.40 .858 78 ) 0.806 0.7909  0.8067 +0.030
Table 39. The estimaited nitre \\\ by Lowry method.
v 4 T ; O

. standard curve
Concentration \
Mean = SD

93

(mg/ml) & ) o
5 W
0.10 0.1040 %},4«(‘. 080+ + 0.10 0.1090  0.1064 + 0.002
0.20 0.1982 10.190% ‘,», 02041 0.2045 0.19720.007
0.40 0.3866 o,f,zm?; L3577 10.3624 03553 0.3626+0.014
‘;1." ,a;‘//,‘. Y/ s
S SN L
Table 40. The pwntage of analytical recc PBS by Lowry method.

Va— ¢
g = K

Set 1 Set 2 Set 3 Set 4 Set 5

Concentration
Mean + SD

(mg/ml)

(o I . .
0.10 103.99 106.07 " 107.9 0 08.99  106.42 + 2.058
N TRUS PR B RS werom

0.40 96.66 87.74  89.43 90.61.. 88.83 90:65+ 3.515

QW’]@Qﬂ’iﬂLﬂJ‘H’TWI t1NE
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Linearity of deoxyribose assay

Table 41. Absorbances of mannitol by deoxyribose assay.

Concentration Absorbance at 532 nm

(mg/ml) Ny n; N3 mean SD %CV

0 0.7291 0.7513 0.7379 0.01 1.60
0.10 0.6779. . (126 0.7021 0.02 2.99

0.20 0.6691 0.01 1.45
0.40 016280 0.6242 0.02 251
0.80 \w 5575 0.02 3.87
1.60 0.4641 0.4552 0.01 1.77
3.20 . .0.3455 0.01 191
6.40 0! : 0.2258 0.01 2.30

78 (N ,ﬂ}

Table 42. 1/Absorbantes ann;ﬁveox ibos

Concentration

(mM) SD %CV
0.00 002 159
055 004 305
110 15200 14826 002 147
2.20 : 0.04 253
4.39 Bl 8769 @ 007 395
8.78 22302 22065  2.1547 1971 004 176
1757 29560' 28466 28835~  2.8953 006 192
35.13 4 4 5 4 010  2.32

Molecular weight of mannitol is 182.18.

QWW@Qﬂ’imﬂJ‘WTTVI (R
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Table 43. The percentage of inhibition of MDA by deoxyribose assay using mannitol

as antioxidants.

Concen- % inhibition of MDA
tration Ny n, N3 mean SD
(mg/ml)
0.00 7.02 5.15 4.85 2.33
0.10 !”/0 6 9.31 114
0.20 : A 15.40 2.04
0.40 268 Tl 2446 2.21
0.80 x 820 - 38 38.31 0.17
1.60 52,00 53.84 s 53.18 0.95
3.20 68. 8 0 \\Q\\ 69.38 117
Table 44. 1/Absorbances o / ﬁéﬁk‘ \
Ciror ) el AN
tration Ny = t' SD %CV
0.00 11 -:ﬂ , . 0.01 1.05
0.10 106 o ox07/ : 1.08 0.02 1.50
0.20 0.02 1.79
0.40 0.05 3.62
0.80 0.00 0.19
1.60 2.36 2.30 . 0.03 1.15
3.20 249 0 248, 246 . 2.48 0.01 0.57
: ‘ 0.07 2.77

wammdwﬁwmﬁ ]




96

Table 45. The percentage of inhibition of MDA by deoxyribose assay using sericin

as antioxidants.

Concen- % inhibition of MDA
tration Ny n, N3 mean SD
(mg/ml)
0.10 -4.48 -4.06 0.47
0.20 -4.88 -3.76 0.97
0.40 22.52 3.63
0.80 47.74 0.48
1.60 52.00 1.02
3.20 54.80 0.73
6.40 58.0 9 6 Q\\ 58.23 1.36
Table 46. 1/Absork % d b \\ hose assay.
Concen-
tration Ny ‘ "-_ t' SD %CV
0.00 116 -M ( 0.05 471
0.10 7t ' 0.10 9.62
0.20 0.03 3.17
0.40 0.03 4.36
0.80 0.02 3.50
1.60 . 0.04 5.66
3.20 121 o 122, 113 . 118 0.05 4.24
/ 0.20 11.88

wammdwﬁwmﬁ ]
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Table 47. The percentage of inhibition of MDA by deoxyribose assay using ascorbic

acid as antioxidants.

Concen-
tration
(mg/ml)

% inhibition of MDA

n;

ns

mean

SD

0.10
0.20
0.40
0.80
1.60
3.20
6.40

FONUUMLUINNS

10.16
3.26
0.95

14.75
1.44
112
9.55
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Accuracy of deoxyribose assay

Table 48. Absorbances of sericin in various conditions, which may interfere

deoxyribose assay.

Conditions Absorbance at 532 nm
N3 mean SD %CV

n

0.5 Ser_H,0 2.46 0.08 3.18
0.5 Ser_heat 2.45 A 2.49 0.10 4.17
0.5 Ser_CHCI3 2.2 tz.lg 0.05 2.38
0.5 Ser_PC ) g 1.62 0.11 6.57
- 7l BN
Table 49. The percentage yn of sericin in various conditions, which may

\\

interfere deoxyribose as

Condition

mean SD

46.95 4.46
47.72 4.61

0.5 Ser_H,0
0.5 Ser_heat

0.5 Ser_CHCI3 50.73 6.57
0.5 Ser  PC 19.27 10.92
..\,C S-S S .

YN N

y D
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Table 50. Analysis the percentage of inhibition of sericin in various conditions,

which may interfere deoxyribose assay by one-way ANOVA.

ANOVA
Inh_ MDA
Sum of
Squares df Mean Square F Sig.
Between Groups 1942.266 3 647.422 12.720 .002
Within Groups 407.176 8 50.897
Total 2349441 11

Dependent Variable: pilnh_ MDA

Multiple'Comparisens

Tukey HSD
Mean
Difference
(I) conditions | (J) conditions (1-3) Std. Error Sig. 95% Confidence Interval
Lower Bound | Upper Bound
Ser_H20 Ser_heat < JIT353 582506 | .999 -19.4272 17.8806
Ser_CHCI3 -3,78833 |°¢ ,5.82506 | 913 -22.4372 14.8706
Ser_PC 27.68000(*) 5.82506 | .006 9.0261 46.3339
Ser_heat Ser_H20 ‘77333 5.82506 | .999 -17.8806 19.4272
Ser_CHCI3 -3:01000-—-5.82506 | .953 -21.6639 15.6439
Ser_PC 28745333(*) 5.82506 | .005 9.7994 47.1072
Ser_CHCI3  Ser_H20 3.78333 5.82506 | .913 -14.8706 22.4372
Serzheat 3.01000 5.82506 | .952 -15.6439 21.6639
SerzRC 31.46333(*) 5.82506 | .003 12.8094 50.1172
Ser_PC Ser_H20 -27.68000(*) 5.82506 | .006 -46.3339 -9.0261
Ser_heat -28.45333(*) 5.82506 | .005 -47.1072 -9.7994
Ser_CHCI3 -31.46333(*) 5.82506 | .003 -50.1172 -12.8094

* The mean difference is significant at the=05 level.

pinh_MDA
Tukey HSD
Subset for alpha =/.05

conditions 1 2
Ser_PG 3 19.2667

Ser_H20 3 46.9467
Ser_heat 3 47.7200
Ser_CHCI3 3 50.7300
Sig. 1.000 913

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.
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Table 51. Size and size distribution of DL-MLVs at 3.5% PC, using Span 80 as edge

activator (ny).

Distribution Type: Volume Concentratio . Densi 000 g/ cub. cm Specific SA = 08924sq m/g

Mean Diameters: Dv,0.1)= D(v.09)= 3525um

D[4,3]= 16.79um D[3.2 Uniformity = 7 466E-01

_—

Size_Low (um’ In % Hi im| Size_High (um) Undert
0.05 0.0 563 | ; 7.72 3295
0.06 9.00 36.93
0.07 10.48 41.09
0.08 12.21 4561
0.09 14.22 50.66
0.11 16.57 56.39
013 19.31 62.87
0.15 22.49 70.10
017 26.20 77.50
0.20 30.53 B4.43
0.23 35.56 90.31
0.27 4143 9477
0.31 48.27 97.73
0.38 56.23 99.36
0.42 65.51 100.00
049 76.32 100.00
0.58 ’ 6. . 8891 100.00
0.67 ; 0.7 06T g ; 103.58 100.00
078 2 4 Slgg- 03.58 : 120.67 100.00
0.91 Za06),, 120 X 140.58 100.00
1.06 &.‘»ﬁ‘ﬁ:’ - ! . 163.77 100.00
1.24 2004 (Al | ; 190.80 100.00
1.44 R4 B ; 22228 100.00
168 Al A7y ] X 258.95 100.00
1.95 A 3 S 58, ; 301.68 100.00
228 ; . -’.\é-f\e,osu‘ / : . 351.46 100.00
265 0.6 5 .| 409.45 100.00
3.09 . | - P — J X X 477.01 100.00
360 ; 7 Yy L34, ) Al 555.71 100.00
4.19 ; T Lt J/)&)‘ /’ g 647 41 100.00
4.88 8 | 754.23 100.00
569 B87B.67 100.00

10. 100
90
80
Q Q.l" '-I 70
r -
60
- ) ;- .50
c”  — W
. o~ 40
r
; ! 30
) q ;.- ". 20
'
10
_H
D‘..,. -~ wi A PR ..',‘.,_'.‘I . o s . . w oo shipse -
0.01 01 1.0 10.0 100.0 1000.0
Particle Diameter (um.)
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Table 52. Size and size distribution of DL-MLVs at 3.5% PC, using Span 80 as edge
activator (ny).

Distribution Type: Velume ‘Goncentration = 0.0065 Yool Density= 1.000 g /cub: em Specific SA. = 0.88706q, m/g
Mean Diameters: D{v.0.1)= 2897um 0fv.0.5)= 13.78um Dy, 08)= 35.03um
D[4,3]= 16:66um D[3,2]= B63um Span = 2.325E400 Unifarmity = 7.503E-01
D {: - . - - . T %ﬁg
0.08 3723
007 41,44
45.00
008 5t 08
011 56.84
013 6332
0.15 70.53
017 ;:3&;
- &5
0.27 94.90
031 g_g
0.36
042 100.60
D49 100,00
0.58 100.00
057 100.00
0.78 100,00
081 100.00
1,06 100.00
124 100.00
1,44 100.00
s 100.00
185 100.00
228 100.00
o 100.00
3.09 100,00
3,60 100.00
4.19 100.00
4,88 100.00
569 100.00
10, 100
80
80
70
60
50
- 40
30
10
% 0
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Table 53. Size and size distribution of DL-MLVs at 3.5% PC, using Span 80 as edge

activator (ns).

Result Statistics
Distribution Type: Volume Cencentration = 0.0063 %ol Dansity = 1.000 g / cubi. &m Specific S.A,= D8938sq.m/g
Mean Diameters: D(v,0.1)= 288um D{v,0.5)= 137Bum D{v,0.8)= B84.97 um

D[4.3]= 1664um D[8,2]= 6.71um Span = 2 323E+00 Uniformity = 7.483E-01
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Table 54. Size and size distribution of DL-LUVs at 2% PC, using Span 80 as edge
activator (ny).

Result Statistics
Distribution Type: Volume Concentration = 0.0040 %Vol Density = 1.000 g / cub, em Specific S.A. = 51.93998q. m/g
Mean Diameters: D(v,0.1)= 0.06um D(v.0.5)= 0.10um D(v,08)= 866um
D[4.3]= 277um D[3.2]= 0.12um Span = 8.928E+01 Uniformity = 2.799E+01
[ Size_Low (um) Size_Low (um Size_High (um Under’
0.05 0.06 : 6.63 X 71.72 87.99
0.06 3 " 0.07 23.4¢ 71.72 i 9.00 90.63
0.07 ¥ 10.48 92.92
0.08 1221 94.81
0.09 14.22 96.31
0.11 16.57 97.45
0.13 19.31 98.28
0.15 2249 98.87
017 26.20 99.27
0.20 30.53 98.52
0.23 35.56 99.68
0.27 4143 89.77
0.31 48.27 99.83
0.36 56.23 99 85
0.42 85.51 99.87
0.49 76.32 99.88
0.58 88.91 99.89
087 103.58 99.90
0.78 12067 99.92
0.91 140.58 99.94
1.06 163.77 99.95
1.24 190.80 99.97
1.44 22228 99.99
1.68 258.95 100.00
1.95 301.68 100.00
228 351.48 100.00
285 400.45 100.00
3.09 477.01 100.00
3.60 555.71 100.00
419 647.41 100.00
4.88 754.23 100.00
5.69 87867 100.00
20 ey 100
a0
4 80
al 70
1 60
10 50
. 49
I W a aa 30
: 10
- 000 E I‘tOOO.O
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Table 55. Size and size distribution of DL-LUVs at 2% PC, using Span 80 as edge

activator (ny).

Result Statistics
Distribution Type: Volume Concentration = 0.0039 %Vl Density = 1.000 g / cub. em Specific SA = 51.2414sq.m/g
Mean Diameters: Div,0.1)= 0.06um D(v,05)= 0.10um D{v,09)= B873um
D[4, 3]= 275um D[3.2]= 0.12um ‘Span = B.B42E+01 Uniformity = 2. 737E+01
Size. M ?_':} Size_High (um) Unders
0.0 6.63 7.72 B7.81
0.06 9.00 90.51
0.07 10.48 92.85
0.08 1221 94.79
0.08 14.22 96.31
0.11 16.57 97.47
0.13 19.31 98.32
0.15 2249 98.90
017 26.20 99.30
0.20 3053 99.55
023 35.56 99.70
027 41.43 99.79
0.31 48.27 99 84
0.36 56.23 99.87
0.42 65.51 99.89
0.4 76.32 99.90
0.58 88.91 99.91
067 103.58 99.93
078 120.67 99.95
091 140.58 99.97
1.06 163.77 99.98
1.24 190.80 99.99
1.44 22228 100.00
168 258.95 100.00
1.95 301.68 100.00
228 351.48 100.00
2865 409.45 100.00
3.09 477.01 100,00
3.60 555.71 100.00
419 64741 100.00
4.88 754.23 100.00
5.69 B78.67 100.00
20HE 100
k 90
L 80
1 70
dl 60
10 50
1 40
W A a 30
uq V] i . ﬁ ﬂ ’] i =
5 10
— [V
; . Y 000.0
I (um.)
-w W
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Table 56. Size and size distribution of DL-LUVs at 2% PC, using Span 80 as edge

activator (ns).

Result Statistics
Distribution Type: Volume Concentration = 0.0055 %Vol Density = 1.000 g / cub. cm Specific S.A = 520313sq m/g
Mean Diameters: Div.0.1)= 0.06um D(v,0.5) = 0.10um Div.0.8)= B863um
D[4,3]= 275um D[3.2]= 0.12um Span = 8.894E+01 Uniformity = 2.777E+01
[ Size_Low (um, Size_High (um) Under%
0.05 7.72 8808
0.06 9.00 9068
0.07 10.48 92.93
0.08 1221 94.80
0.08 14.22 96.28
0.11 16.57 87.40
0.13 19.31 98.23
0.15 2249 98.81
0.17 26.20 99.20
0.20 30.53 99.45
0.23 35.56 99.62
0.27 4143 9972
0.31 48.27 98.79
0.36 56.23 99.83
0.42 85.51 99.86
0.49 76.32 99.88
0.58 88.91 99.90
067 103.58 99.92
0.78 120,67 99.94
091 140.58 49.85
1.06 163.77 99.97
1.24 19080 99.99
144 222.28 99,99
1.68 258.95 100.00
1.95 30168 100.00
228 351.46 100.00
265 409.45 100.00
3.08 477.01 100.00
360 555.71 100.00
419 647.41 100.00
4.88 754.23 100.00
5.60 B78.67 100.00
20 o 100
90
80
70
4 60
10 50
40
30
10
: 000.0
) O D




Table 57. Size and size distribution of CL at 2% PC.
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Concentration: Span : ’ Result units:
Q07 WVl 4171 1.18 Volurme
Specific Surface Area: Surface Walghted Mean D[3,2]: Wol, Welghted Mean D[4,3);
202 mig 0206  um 0376  um
@04 0433 wum dio.s): 0482 um 409  0.834 um
o I | I
16 | ] i il
| { 1
It i g i
R _ .
g 10 IBRRN '_"I" T |
= 8 1! 1 e
= 6 — ;!!.! £ LUl L
4 | | Y | i 1!
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| |
.01 2 g 1000 3000
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[ Clpool_¥0.8 081180 - A 1
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anl 20 | o5 7 wial B 00 | mzw| 0B | oesn| 2%
oo ol | o7 1z oI
anta| | fi ool I BT e [ e
m om| | ol : am| | 1= ae| | Mo r
‘E'E e ﬁ | oamw| R [ [T am| | M= oo
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anz| am| | e ate
1 am
o oo ;.
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Table 58. Size and size distribution of DL at 2% PC, using 10% of Span 80 as edge

activator.
Concentration: Span : Uniformity: Result units:
0.0018 el 0.482 0.157 Voluma
Spacific Surface Arsa: Surface Welghted Mean D[3,2): Vol. Welghted Mean Df4,3):
88 mg 0.163 wm 0.188 um
dod): 03 um ) um d0.9): 0211 um
a0
25 }
— i
2 2
g 15
10
5 l VY
|1 =
boi 0 N 1000 3000
"'\ -
- » - 2 M
B )
&
0
B Sy
|f_,ﬁl_! 291
by £
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Table 59. Size and size distribution of DL at 2% PC, using 15% of Span 80 as edge

activator.

Concentration Span : Uniformity: Result units
0.0018 %6Wal 3.088 1.06 WVolume
Spaecific Surface Area: Surface Welghted Mean D[3,2]: Vol Weighted Mean D[4,3]:
3.8 mtg 0.252 um 0,433 wm
dindy 0447 um wm d{0.g):  0.889 um
- I ]
12
E 10 S
-]
&
4
1 /;
2 Y "
%.0‘1 P A 1000 3000
L5
P
s Z
= . el

AONUUINYUINNS )
ANRINTUNINEAE
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Table 60. Size and size distribution of DL at 2% PC, using 20% of Span 80 as edge

activator.
Concentration: Span : Uniformity: Resull units:
0O01E %Vl 9787 125 Vaolume
Specilic Surface Area: Surface Weighted Mean D[2,2): Vol, Welghted Mean D[4,3]:
17.8 m¥g 0.338 um 153 um
dindr 0164 um 0 um diogr 4118 m
10 ‘
9
]
- 7 - I:
& -
E R
2 4
a ¥
2
1 =
?lﬂ'l [} 3 . 1000 3000
-'";\‘ -
—Dl.lpmpﬂ:ll:)ﬁ.ﬂm -
i el
g oy
w1
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Table 61. Size and size distribution of DL at 2% PC, using 10% of Tween 80 as edge

activator.

‘Concentration: Span : Uniformity: Result units:
0.0018 Sevod 0.748 0.408 Wolume
Specific Surface Area: Surface Welghted Maan D[3,.2]: Vol. Weighted Mean D[4.3]:
346 mig Q173 um 012 um
dindy 0432 um um d0.9): 0257 um
LIl
=0 i
25
£ 2
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%.IH 3 7 1000 3000
%\
— DLtw10pool_X0.8 08 - Th ! M
-I
i it : :
ol 2
ae|
ana -
st ; o

AONUUINYUINNS )
ANRINTUNINEAE



111

Table 62. Size and size distribution of DL at 2% PC, using 15% of Tween 80 as edge

activator.
Concentration: Span : Unifarmity: Result units:
00017 WVol 1,280 138 Valume
Specific Surface Arsa: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
27 mig 0.202 T 0.413 um
4ok 0430 um : um 409): 0748  um
18 ——HH [
| |
16 i
SR TTTH
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10 L 78 &
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Table 63. Size and size distribution of DL at 2% PC, using 20% of Tween 80 as edge

activator.

Concentration: Span : Uniformity: Result units:
0.0017 Wil 2620 0.844 Valume
Specific Surface Area: Surface Welghted Mean D[3,2]: Vol Weighted Mean D{4,3):
309 miig 0194 um 0.308 um
\
digdl: 0130 um um 0.8y 0615 um
20 |1 3 1
18 =1 'l
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Table 64. The percentage of recovery of CL and DL by ultracentrifugation (week 0).

formulation supernatant precipitate % recovery mean SD
(mg) (mg)
CL_Ser1l 142.94 35.25 101.82
CL_Ser2 141.20 37.36 102.03 103.63 2.95
CL_Ser3 151.52 ’ ’ 107.04
DLSp10_Ser1 11 85.04
DLSp10_Ser 2 5. g 85.00 85.13 0.19
DLSp10_Ser 3 . . " 85.35
DLSp15 Ser1 UL .08
DLSp15_Ser 2 \ 5.98 85.54 0.45
DLSp15_Ser 3 g
DLSp20_Ser 1 6
DLSp20_Ser 2 101.90 8.34
DLSp20_Ser 3
DLTw10 Ser 1
DLTw10_Ser?2 107.33 6.57
DLTw10_Ser 3
DLTw15 Ser1 105.17
DLTw15 Ser 2 108.48 6.61
DLTw15 Ser 3. 13829 4403 1041
DLTW20_Ser 14 0139
DLTw20_Ser 2 m 24 %97 93.76 2.05

DLTw20_Ser 3 . 94.90

ROUUINYUSNNS

wammdwﬁwmﬁ ]
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Table 65. The percentage of recovery of CL and DL by ultracentrifugation (week 1).

formulation supernatant  precipitate % recovery mean SD
(mg) (mg)
CL_Serliwk1 146.27 29.24 100.29

CL_Ser2wk 1 155.23 31.40 106.64 106.41 6.01

CL_Ser3wk1 164 ' 1 112.29
DLSp10_Ser 1wk 1 \ 85.26
DLSp10_Ser2wk 1 85.23 85.27 0.04

DLSp10_Ser 3wk 1 85.31
DLSp15 Ser 1wk
DLSp15_Ser2
DLSp15_Ser 3w
DLSp20_Ser 1 wk 1
DLSp20_Ser 2
DLSp20_Ser 3wk
DLTw10_ Ser 1wk 1
DLTw10_Ser 2 wk
DLTw10 Ser3wk1
DLTw15 Ser 1wk 1
DLTw15 Ser2wk 1
DLTw15_Ser 3w

DLTw20_Ser
DLTw20_Ser 2 WE
DLTw20_Ser 3wk 1 165.80 41.96 94.98

ROUUINYUSNNS )
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85.53 0.30

106.48 3.77

91.57 96.55 4.40

110.88 191

94.30 1.74
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Table 66. The percentage of recovery of CL and DL by ultracentrifugation (week 2).

formulation supernatant  precipitate % recovery  mean SD
(mg) (mg)
CL_Ser1wk?2 136.98 53.17 108.66
CL_Ser2wk 2 136.87 52.81 108.39 109.32 1.38

CL_Ser3wk?2
DLSp10_Ser 1wk 2
DLSp10_Ser 2 wk 2
DLSp10_Ser 3wk
DLSp15_Ser1

110.91
90.43
85.94 87.19 2.83

DLSp15_Ser2 93.79 4.46
DLSp15_Ser 3w

DLSp20_Ser 1wk 2

DLSp20_Ser 2 106.66  11.72
DLSp20_Ser 3 wk i 116.05

DLTw10_Ser 1 wk 2 0,837 3 99.87

DLTw10_ Ser 2 wk 96.17 99.22 2.79
DLTw10 _Ser 3wk 2 101.64

DLTw15 Ser 1wk 2 93.84

DLTw15_Ser 2 wk 2 98.10 96.73 251
DLTw15_Ser 3w 98.26

DLTw20_Ser { k2 1 104.86

DLTw20_Ser 2 ﬂ 2 @7.25 101.13 3.81
DLTw20_Ser 3wk 2 187.16 34.39 01.28

AONUUINYUSNNT )
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Table 67. The percentage of recovery of CL and DL by ultracentrifugation (week 3).

formulation supernatant  precipitate % recovery mean SD
(mg) (mg)
CL_Ser 1wk 3 136.12 47.65 105.01
CL_Ser 2wk 3 139.59 46.34 106.24 106.70 1.95

%

CL_Ser3wk3 144,
DLSp10_Ser 1wk 3 -
DLSp10_Ser2wk 3
DLSp10_Ser 3wk 3 .
DLSp15_Ser 1 wk

103.61 8.44
DLSp15_Ser2w 101.19 3.10
DLSp15_Ser 3wk
DLSp20_Ser 1wk 3
DLSp20_Ser 2w 101.92 2.13
DLSp20_Ser 3wk 3
DLTw10 Ser 1w
DLTw10_Ser2wk 3 95.36 1.82
DLTw10 Ser 3wk 3 97.24
DLTw15_Ser 1wk 3 :
DLTw15 Ser2wk3 461 ‘22’;‘3;4 4547 . 91.28 351

DLTw15_Ser & 0

DLTw20_Ser \:5

D o oo o
S0UUINYUINNT )

RN IUNANNYRE

145.83 47.81
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Table 68. The percentage of recovery of CL and DL by ultracentrifugation (week 4).

formulation supernatant  precipitate % recovery mean SD
(mg) (mg)
CL_Ser1wk4 149.27 60.76 96.01
CL_Ser2wk 4 178.04 47.90 103.29 101.50 4.85
CL_Ser 3wk 4 181. .58 105.20
DLSp10_Ser 1wk 4 \ ﬁ 111.22
DLSp10_Ser 2 wk 4 ! - 109.86 111.36 1.58

DLSp10_Ser 3 wk 4 . 3@:3.01
DLSp15_Ser 1 wk 47.0 2.79

94.24 1.25

106.16 5.47
DLSp20_Ser 3wk 4
DLTw10_Ser 1 wk
DLTw10_Ser2wk 4
DLTw10 Ser3wk 4
DLTw15 Ser1wk4
DLTw15_Ser2wk 4
DLTw15_Ser 3 wk

) 1 054
DLTw20_Ser 1 '; 4 \' 9

DLTw20_Ser 2w @0.92 109.21 1.89
48.05 9.52

DLTw20_Ser 3 W@
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93.88 87.38 5.65

108.44 3.16

191.53
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Table 69. The entrapment efficiency of CL_Ser by ultracentrifugation (week 0-4).

% EE
formulation n, n, N3 mean SD
CL_Serwk 0 70.50 74.71 71.61 72.27 2.18
CL_Serwk1 58.47 62.80 64.02 61.77 2.92
CL_Ser wk 2 106.35 105.62 105.60 105.85 0.43
CL_Serwk 3 95.30 92.68 92.27 93.42 1.64
CL_Serwk 4 121.52 95.79 97.16 104.82 14.47

Table 70. The entrapmeni-efficiency of DLSp10 Ser, DLSp15 Ser and DLSp20_Ser

by ultracentrifugation (week 0-4).

% EE
formulation ny n, Ns mean SD
DLSp10_Ser wk 0 73154 67:20 73.28 71.34 3.59
DLSp10_Ser wk 1 73.66 75.19 7441 74.32 0.79
DLSp10_Ser wk 2 95.47 82.39" 74.85 84.24 10.43
DLSp10_Ser wk 3 7144 72.02 63.21 68.99 5.01
DLSp10_Ser wk 4 100:29 7519 79.45 84.98 13.43
DLSp15_Ser wki0 93.14 88.39 87.99 89.84 2.87
DLSp15_Ser wkd 85.52 95.34 99.83 93.56 7.32
DLSp15_Ser wk 2 82.57 81.88 80.00 81.49 1.33
DLSp15_Ser wk'3 76.41 88.86 91.79 85.69 8.17
DLSp15_Ser wk 4 94.15 90.59 91.57 92.10 1.84
DLSp20 “Sar w0 44)31 54078 484652 49.20 5.27
DLSp20_Ser wk'1 96.06 85.20 72181 84.69 11.63
DLSp20. Ser wk 2 59.91 71.98 60.88 64.26 6.71
DLSpP20_Ser Wk 3 86.73 77.28 73.11 79.08 6.98
DLSp20_Ser wk 4 110.19 86.39 84.56 93.71 14.30




Table 71.

DLTw20_Ser by ultracentrifugation (week 0-4).

The entrapment efficiency of DLTw10_Ser,

% EE
formulation Ny n, Ns mean SD
DLTw10 Serwk0 83.55 79.69 66.98 76.74 8.67
DLTw10 Serwk 1 70.17 52.82 53.91 58.97 9.72
DLTw10_Ser wk 2 75.26 78.20 74.40 75.96 2.00
DLTw10_Ser wk 3 79.52 81.63 83.41 81.52 1.95
DLTw10_Ser wk 4 20,07 4 76.94 59.11 65.32 10.07
DLTw15 Serwk 0 96.67 102.24 88.06 95.66 7.14
DLTw15 Ser wk'1 99133 93.16 85.82 92.77 6.76
DLTw15_Ser wki2 57.45 : 57.47 69.12 61.35 6.73
DLTw15_Ser wk 3 05018 £.90.95 89,13 91.75 3.11
DLTw15_Ser wk'4 88.70 f\él.‘?S 81.90 84.02 4.06
DLTw20_Ser wk O 112.88 27.01 96.46 102.12 9.32
DLTw20_Ser wk 1 80:05 gl}’.-lS‘ 83.93 85.04 5.63
DLTw20_Ser wk 2 62.95 3%44 68.78 64.79 3.46
DLTw20_Ser wk 3 88.70 9%;,6},:“{1‘ 95.63 90.65 6.20
DLTw20_Ser wk 4 78.46 9?}5{ 96.10 90.80 10.72
e

Table 72. Data forGalculation-of-the-deformabihity-tndex_of CL and DL, n=5.

formulation size size rJ/rp (r\,/rp)2 DI
before after mean SD mean | SD
(nm); | J(om) (Ma)
CLchol ‘Ser 254 0 0 0.00 16.0 2.55 0.00 | 0.00
CL_Ser 524 162 3 10.54 20.0 7.84 0.21 | 0.08
DLSp10_Ser 217 200 4 16.04 171.0 ;1 21.00 274 | 0.34
DLSp15_Ser 355 332 7 43.97 163.8 | 17.74 7.20 | 0.78
DLSp20_Ser 350 287 6 33.00 205.8 | 26.53 6.79 | 0.88
DLTw10_Ser 260 161 3 10.41 2478 | 21.26 258 | 0.22
DLTw15_Ser 192 27 1 0.29 25.8 10.06 0.01 | 0.00
DLTw20_Ser 251 68 1 1.83 26.2 1.30 0.05 | 0.00

119
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Skin permeation
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Table 73. Cumulative amount of Ser_sol, permeated through the pig skin membrane,

n=3.
Time (h) mean SD
0 -0.261 0.05
1 -0.064 0.11
2 -0.049 0.13
4 -0.156 0.04
6 -0.226 0.05
8 -0.204 0.01
10 -0.254 0.06
12 -0.273 0.08
14 -0.294 0.03
16 -0.333 0.08
18 -0.339 0.07
20 -0.299 0.06
22 -0.351 0.08
24 -0.359 0.07

FONUUMLUINNS )
ANRINTUNINEAE



Table 74. Cumulative amount of DLSp15_Ser, permeated through the pig skin

membrane, n=3.

121

Cumulative amount (mg)

Time (h) N n, N3 mean SD
0 0.001 0.03
0.5 0.087 0.09
1 0.127 0.09
15 0.231 0.10
2 0.343 0.12
4 0.583 0.12
6 0.639 0.24
8 0.741 0.21
10 0.929 0.18
12 1.044 0.26
14 1.238 0.18
16 1.407 0.20
18 1.523 0.27
20 1.589 0.14
22 1.686 0.24
24 1.734 0.20
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Table 75. Cumulative amount of DLSp15_Serch, permeated through the pig skin

membrane, n=3.
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Cumulative amount (mg)

Time (h) ny ny N3 mean SD
0 -0.237 0.03
0.5 -0.154 0.04
1 -0.107 0.02
15 -0.058 0.03
2 -0.028 0.01
4 0.143 0.10
6 0.254 0.12
8 0.335 0.13
10 0.674 0.26
12 0.898 0.20
14 1.083 0.27
16 1.292 0.39
18 1.498 0.58
20 1.683 0.56
22 1.925 0.67
24 2.004 0.82
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Table 76. Cumulative amount of CL_Ser, permeated through the pig skin membrane,

n=3.
Cumulative amount (mg)

Time (h) ny ny N3 mean SD
0 0.023 0.06

0.5 0.115 0.03

1 0.194 0.03

15 0.264 0.07

2 0.334 0.08

4 0.517 0.09

6 0.697 0.12

8 0.719 0.18

10 0.991 0.23

12 1.070 0.14

14 1.202 0.16

16 1.314 0.19

18 1.539 0.26

20 1.594 0.26

22 1.616 0.21

24 1.671 0.18
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Table 77. Cumulative amount of DLSp15_Ser equi 24 h, permeated through the pig
skin membrane, n=1.

Cumulative amount (mg)
Time (h) M
1.265

025 \ 1.283

N\ !
S é 1.326
o e
1.221

1.404
706
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Table 78. Analysis the permeability coefficient of sericin in various formulations, by
one-way ANOVA.

ANOVA
Px10_7
Sum of
Squares df Mean Square F Sig.
Between Groups 60.782 2 30.391 8.620 .017
Within Groups 21.153 6 3.525
Total 81.934 8

Dependent Variable: Px10:7

Multiple Comparisons

Tukey HSD
Mean
Difference Std. 95% Confidence
() formulation (J) formulation (-:3y | ‘Error | Sig. Interval
Lower Upper
Bound Bound
DLSp15_Ser DLSp15_Serch 25:35667(*) | 1.53307 .030 -10.0605 -.6528
CL_Ser .30000 { 1.53307 | .979 -4.4039 5.0039
DLSp15_Serch DLSpl5_Ser 5.35667(*) | 1.53307 | .030 .6528 10.0605
CL_Ser 5.65667(*)1+1.53307 | .024 .9528 | 10.3605
CL_Ser DLSp15_Ser -.30000 | '1.53307 | .979 -5.0039 4.4039
DLSp15_Serch -5.65667(*) |-1.53307 | .024 | -10.3605 -.9528
* The mean difference is significant.at’the .05 level.
PX10-7
Tukey HSD
Subset for alpha = .05
formulation N 1 2
CL_Ser 8 3:2033
DLSp15_Ser 3 35088
DLSp15_Serch 3 8.8600
Sig. 979 1.000

Means-for'groups-in homogeneous:subsets aredisplayed:
a Uses Harmonic Mean Sample Size = 3.000.
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