
CHAPTER II

LITERATURE REVIEW

1. Nanoparticles

Nanotechnology is becoming increasingly more important in the many fields 
including, pharmaceutical and cosmetic lines. This is primarily due to the fact that 
particles made at nanoscale have different and in many cases more desirable physical, 
chemical, and biological properties than larger particles. Nanoparticles are solid 
colloidal particles consisting o f macromolecule substances with a mean diameter 
between 1 to 1000 nm (Lockman e t a l., 2002). In this system, the active principle 
(drug or biologically active material) is dissolved, entrapped, encapsulated, or 
attached to the nanoparticle matrix (Kreuter, 1994). The nanoparticulate delivery 
systems broadly comprise o f polymeric nanoparticles, nanocapsules, solid lipid 
nanoparticles, and nanogels (Date and Patravale, 2004). There are two principle 
basic types o f nanoparticles; nanocapsules and nanospheres. Nanocapsules are defined 
as vesicular systems in which the drug is encapsulated within the cavity, which is an 
oil or aqueous core, surrounded by a unique polymer membrane. Whereas, 
nanospheres or monolithic matrix-type particles are defined as matrix systems in 
which the drug is physically and uniformly dispersed throughout the particles or 
entrapped into the polymer network. The schematic diagram o f cross-section 
nanoparticles is shown in Figure 2-1 (Allémann e t a l., 1996; Kreuter, 1994).

Matrix system was chosen rather than reservoir systems because o f the ease o f 
manufacture and the relatively high loading. For a poorly soluble drug this latter 
requirement usually leads to bulky dosage forms particularly with respect to reservoir 
systems (Wong, Gilligan and Po, 1992).
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Figure 2-1 Nanoparticles (a) nanocapsule type and (b) nanosphere or monolithic type 
(Kreuter, 1994).

Nanoparticles made from lipid material represent an alternative coilloidal drug 
carrier system since 1990s period. This carrier combines the advantages but avoids 
the disadvantages o f other traditional colloidal carriers such as emulsions, liposomes 
and polymeric microparticles. The proposed advantages include protection o f  
incorporated labile drugs from degradation, controlled release capacity, low  
cytotoxicity, excellent tolerability and high entrapment efficiencies, especially for 
water-insoluble drugs. At the same time, this lipid-base nanoparticles also avoid the 
problem o f organic solvent and biotoxicity o f carrier (Mehnert and Màder, 2001; 
Wissing, Kayser and Midler, 2004). The additional advantage o f SLN may be the 
possibility o f freeze-drying. Freeze-drying can be a promising way to increase 
chemical and physical stability o f drugs and drug carries over extended period o f time 
(Lim and Kim, 2002).

2. Production of lipid-based nanoparticles

2.1 High shear homogenization and ultrasonication

High shear homogenization and ultrasound are dispersing techniques 
which were initially used for the production o f solid lipid nanodispersions. Both 
methods are widespread and easy to handle. However, dispersion quality is often 
compromised by the presence o f microparticles leads to physical instabilities such as 
particle growth upon storage. This could be improved by higher surfactant 
concentrations, which might be correlated with toxicological problem. Furthermore,
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metal contamination has to be considered due to ultrasonication (Mehnert and Mâder, 
2001; Wissing, Kayser and Müller, 2004).

2.2 High pressure homogenization

High pressure homogenization (HPH) can be performed at elevated 
temperature (hot HPH technique) or at below room temperature (cold HPH 
technique). The particle size is decreased by cavitations and turbulences. Briefly, for 
the hot HPH technique, the lipid and drug are melted at approximately 5 °c above the 
melting point o f the lipid and combined with and aqueous surfactant solution having 
the same temperature. A hot pre-emulsion is formed by high speed stirring. The hot 
pre-emulsion is then processed in a temperature controlled high pressure 
homogenizer. The obtained nanoemulsion recrystallises upon cooling down to room 
temperature as nanoparticles. The cold HPH is a suitable technique for processing the 
temperature labile drugs or hydrophilic drugs. Here, lipid and drug are melted 
together and then rapidly ground under liquid nitrogen forming solid microparticles. 
A pre-suspension is formed by high speed stirring o f the particles in a cold aqueous 
surfactant solution. This pre-suspension is then homogenized at or below room 
temperature forming nanoparticles (Wissing, Kayser and Müller, 2004).

2.3 Solvent emulsification-evaporation or diffusion

In the solvent emulsification-evaporation, the lipid is dissolved in a 
water-immiscible organic solvent (e.g. toluene, chloroform) which is then emulsified 
in an aqueous phase before evaporation o f the Suivent under reduced pressure. Upon 
evaporation o f  the solvent, the lipid precipitates forming nanoparticles. An important 
advantage o f this method is the avoidance o f heat during the preparation, which 
makes it suitable for the incorporation o f highly thermolabile drugs. Problems might
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arise due to solvent residues in the final dispersion (Wissing, Kayser and Müller,
2004).

2.4 Water-in-oil-in-water double emulsion method

Recently, a novel method based on solvent emulsification-evaporation 
for the preparation o f solid nanoparticles loaded with hydrophilic drugs has been 
introduced. Here, the hydrophilic drug is encapsulated -  along with a stabilizer to 
prevent drug partitioning to the external water phase during solvent evaporation -  in 
the internal water phase o f a w/o/w double emulsion. However, the average size was 
in the micrometer range so that the term “lipospheres” in the sense as a term for 
nanopaticles is not used correctly for these particles (Wissing, Kayser and Müller, 
2004).

2.5 Microemulsion techniques

The microemulsion precursor technology is based on the natural and 
spontaneous formation o f  a microemulsion that can easily be used as a template to 
form nanoparticles from within the dispersed oil droplet phase and using a properties 
o f lipid being solid at room temperature. This method to obtain nanoparticles requires 
two step, formulation o f warm o/w microemulsion and formation o f solid 
nanoparticles (Cavilli e t  a l ., 1997). The use o f  microemulsion as a template for 
producing nanoparticles is considered as follow:

2.5.1 Warm oil-in-water microemulsion process

The microemulsion needs to be produced at a temperature 
above the melting point o f the lipid. The lipid is melted, and then a mixture o f water, 
co-surfactant(s) and the surfactant are heated to the same temperature as the lipid and
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added under mild stirring to the melted lipid. A transparent, thermodynamically stable
system is formed when the compounds are mixed at the proper ratio.

Lawrence (2004) described microemulsions as clear, 
thermodynamically stable, fluid dispersions o f oil and water stabilised by a surfactant 
or surfactants; usually in combination with a cosurfactant and formed without 
excessive mixing (spontaneous process). Microemulsion can have characteristic 
properties such as ultralow interfacial tension, large interfacial area and capacity to 
solubilize both aqueous and oil-soluble compounds. The diameter o f the disperse 
phase o f microemulsion is in the range o f  10 to 100 nm. According to the content o f  
water and oil, microemulsion can be classified into three types; oil-in-water, water-in- 
oil and bicontinuous microemulsions as shown in Figure 2-2.

Figure 2-2 Schematic representation o f the three most commonly encountered 
microstructure (a) oil-in-water, (b) bicontinuous and (c) water-in-oil 
microemulsion (Lawrence and Rees, 2000).

The choice o f components for pharmaceutical microemulsions 
is often a balance between compounds, which are able to form microemulsions and 
non-toxic. As a general guideline, nonionic and hydrophilic zwitterionic surfactants 
are less toxic than ionic ones. Depending on the physicochemical properties o f the 
constituents and composition, the stability o f the microemulsion may be affected by
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the addition o f buffers, electrolytes, preservatives, polymers and drugs, which may 
alter the microemulsion structure and region or range o f  area o f microemusion 
existence. Microemulsion systems based on nonionic surfactants are generally less 
affected by additives and changes in pH than ionic surfactants (Kreilgaard, 2002).

2.5.2 Formation o f  nanoparticles from  microemulsion

To obtain nanoparticles, Gasco (1997) was firstly reported the 
preparation o f nanoparticles from warm microemulsion by using a dilution method. 
The warm microemulsion is added to a cold aqueous medium (2-3°C) in the range o f  
1:25 to 1:50 volume ratio o f microemulsion to medium and the precipitation o f the 
lipid phase forming fine particles is obtained. The size o f nanoparticle is affected by 
the composition o f the microemulsion system, particularly the surfactant and co
surfactant used. However, due to the dilution step, achievable lipid contents forming 
particles are considerably low.

Oyewumi and Mumper (2002) have recently developed method 
to produce small and stable nanoparticles from microemulsion systems. Upon the 
addition o f defined amounts o f a suitable polymeric surfactant material (such as 
emulsifying wax, phospholipids, and/or polymeric surfactant) and water, a clear and 
stable oil-in-water (o/w) microemulsion is formed. Simple cooling o f  the warm 
microemulsion in the same container results in the formation o f nanoparticles. This 
strategy has been reported to have advantages; since a variety o f biocompatible 
ingredients can be used, well-defined and uniform nanoparticles may be reproducibly 
made without the use o f expensive and/or damaging high-torque mechanical mixing, 
and no organic solvents are required. In addition, high entrapment efficiencies will be 
achievable, especially for water-insoluble drugs.
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2.5.3 Influence o f  ingredient composition on nanoparticles

The importance o f  the emulsifier for the quality o f the lipid 
nanodispersion was also demonstrated on microemulsion based solid lipid 
nanoparticles (SLN) dispersions (Mehnert and Mâder, 2001). In Cavalli e t a l. (1999) 
used stearic acid as the lipid phase and compared an ionic surfactant/cosurfactant 
system composed o f Epikuron 100, taurodeoxycholate and monooctylphosphate with 
a nonionic system composed o f Tween 80 and butanol. The particle size o f the SLN 
dispersion produced with the ionic surfactants was considerably smaller (70±62 nm) 
compared to the nonionic formulation (200±65 nm).

2.5.4 Scale up feasibility

Large scale production o f solid nanoparticles by the 
microemulsion technique also appears feasible and is at present under development at 
Vectorpharma (Trieste, Italy). The microemulsion is prepared in a large, temperature- 
controlled tank and then pumped from this tank into a cold water tank for the 
precipitation step. Important process parameters during the scaling up are e.g. the 
temperatures o f the microemulsion and the water, but also temperature flow in the 
water medium and the hydrodynamic o f mixing which should change as little as 
possible during scaling up to maintain the same product characteristics.

3. Coenzyme Qio
Coenzyme Qio, also know as ub'decprenone, or Co Qio, was first isolated in 

1957 as fat-soluble crystals from the bovine heart muscle and first used in human 
illness in 1967 by Yuichi Yamamura. Coenzyme Qto belongs to a family o f  
substances called ubiquinones. Coenzyme Qio is a naturally occurring vitamin-like 
compound found in the inner mitochondrial membrane throughout the body, 
especially, in organ with high rate o f metabolism such as the heart, kidney and liver
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and present in small amouts in a wide variety o f food. Coenzyme Qio is a strongly 
lipophillic compound, that exists in two redox form, namely ubiquinone and 
ubiquinol. The biological activity o f Coenzyme Qio results from its ability for 
reversible redox conversion (Crane, 2001).

3.1 Chemistry and physicochemical properies

Chemical name: 
Molecular formula: 
Molecular weight: 
Melting point: 
Appearance:

Solubility:

Stability:

2, 3-dimethoxy, 5-methyl, 6 -polyisoprene parabenzoquinone
C59H90O4

863.36
Approximately 48°c
Yellow to orange, crystalline powder
Odorless and tasteless
Very soluble in chloroform and carbon tetrachloride, freely 
soluble in dioxane, ether and hexane, sparingly soluble in 
acetone, and practically insoluble in water, methanol and 
ethanol
It is gradually decomposed to dark color when exposed to light.

Figure 2-3The structure o f Coenzyme Qio, comprising a quinone ring and a side 
chain o f 10 isoprene units (BP, 1998).

The basic structure o f ubiquinones consists o f a benzoquinone "head" 
and a terpinoid "tail." The "head" structure participates in the redox activity o f the
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electron transport chain. The functional group is the quinone ring. However, the fully 
substituted quinone ring does not allow addition reactions with thiol groups in the cell 
such as glutathione, thioredoxin or thioctic acid. By reduction o f the quinone to quinol 
a carrier o f  protons and electrons is produced. The percent in quinol form in various 
membranes and serum ranges from 30% to 90%, depending on the metabolic state o f  
the cell. The quinone ring is ideally suited for electron and proton transfer. The 
coenzyme Qio found in humans has a polyisoprene chain containing 10 isoprene units 
(5 carbons each) or a total o f 50 carbons, structurally similar to vitamin K. The all- 
Inmv-polyisoprene ensures an affinity for the interior o f cell membranes. The two 
methoxy groups contribute to the specificity in enzyme action as may the methyl 
group (Bayer, 1992; Crane, 2001; Emster and Dallner, 1995). The electron and proton 
transfer functions o f the quinone ring are o f fundamental importance to all life forms; 
ubiquinone in the mitochondria o f animals, plastoquinone in the chloroplast o f plants, 
and menaquinone in bacteria (Langsjoen and Langsjoen, 1998).

3.2 Biosynthesis

: Acetyl coenzyme A

HMG CoA
t :  * HMG CoA reductase

Mevalonate

Cholesterol
:

Famesyl pyrophosphate 
■M -

Coenzyme Q io  < i m 1 Tyrosine

Figure 2-4 The pathway o f Coenzyme Qio synthesis (Langsjoen and Langsjoen,
1998).
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The biosynthesis o f CoQio from the amino acid tyrosine is a multistage 
process requiring at least eight vitamins and several trace elements as demonstrated in 
Figure 2-4. The biosynthesis o f Coenzyme Qio is multifold, with the isoprenyl side 
chain deriving from mevalonate, the benzoquinone ring structure from tyrosine, and 
condensation o f these structures through polyprenyl transferase enzyme activity. The 
primary regulation o f Coenzyme Qio biosynthesis is the 3-hydroxy-methyglutaryl 
Coenzyme A (HMG-CoA) reductase action, which is similar in cholesterol synthesis 
(Langsjoen and Langsjoen, 1998).

3.3 Function of Coenzyme Qio

3.3.1 The bioenergetic effect or mitochondria energy coupling
properties

Coenzyme Qio is an essential part o f the cellular machinery 
used to produce ATP (adenosine triphosphate), which provides the energy for muscle 
contraction and other vital cellular functions. The major part o f ATP production 
occurs in the inner membrane o f  mitochondria, where Coenzyme Qio is found. The 
Coenzyme Qio has a unique function since it transfers electrons from the primary 
substrates to the oxidase system at the same time that it transfers protons to the outside 
o f the mitochondrial membrane. This transfer results in a proton gradient across the 
membrane. As the protons return to the interior through the enzymatic machinery for 
making ATP, they promote the formation o f ATP. The Coenzyme Qio is bound to the 
oriented enzymatic protein complexes. It is oxidized and releases protons to the 
outside and picks up electrons and protons on the inside o f the mitochondrial 
membrane as shown in Figure 2-5 (Emster and Dallner, 1995; Langsjoen and 
Langsjoen, 1998).

The bioenergetic properties are believed to be the fundamental 
importance in Coenzyme Qio clinical application, particularly as patient relatively to
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cell with high metabolic demand such as cardiac monocytes. The cellular effect o f 
Coenzyme Qio may be especially important inpatient with cardiac disease such as 
coronary artery disease and congestive heart failure, which is often, characterized by 
an energy depletion status that has been associated with low endogenous Coenzyme 
Qio. Moreover, it is an integral part in the regeneration and rejuvenation of the skin 
(Hoppe e t a l., 1999; Tran e t a l., 2001; Yalcin e t a l., 2004).

Figure 2-5 The role o f Coenzyme Qio in the electron transport chain o f 
mitochondria (Dean and Fowkes, 1996).

3.3.2 Potent-lipid soluble antioxidant

The second fundamental property o f Coenzyme Qio involves its 
role as a potent lipid soluble antioxidant. The long polyprenyl side chain o f Coenzyme 
Qio assures its location within the lipid environment o f mitochondrial membranes 
which are presented in most cell including heart and epidermis. Coenzyme Qio can 
react with reactive oxygen species has resulted in scrutiny for systematic use o f many 
diseases especially for cardiovascular disorder such as heart disease and 
atherosclerosis (lipid peroxidation protection) (Langsjoen and Langsjoen, 1998).



17

M o re o v e r , i t  h as  b e e n  b e lie v e d  th a t th e  a n tio x id a n t a c tiv itie s  o f  

C o e n z y m e  Qio m ay  m a k e  it u se fu l as  tre a tm e n t in  a g ed  sk in  a n d  p h o to a g in g  w h ic h  a re  
th e  c o n d itio n s  th a t  u su a lly  in c re a se d  in  c e llu la r  o x id a tio n . A  s tu d y  b y  H o p p e  e t a l. 
(1999) d e m o n s tra te d  th a t C o e n z y m e  Qio p e n e tra te d  in to  th e  v ia b le  lay e rs  o f  th e  sk in  

an d  s ig n if ic a n tly  su p p re sse d  th e  e x p re s s io n  o f  c o lla g e n a se  in  h u m a n  d e rm a l 
f ib ro b la s ts  fo llo w in g  U V A  irrad ia tio n . T h e y  a lso  re p o rte d  in  a  re d u c tio n  o f  w rin k le  
d e p th  fo llo w in g  C o e n z y m e  Qio ap p lica tio n . It h as  a lso  b e e n  su g g e s te d  th a t  C o en zy m e  
Qio h as  fu n c tio n  sy n e rg is tic a l w ith  o th e r  an tio x id a n ts  su ch  a s  v ita m in  E. U b iq u in o l is 
k n o w n  to  b e  c lo se ly  lin k e d  to  v ita m in  E an d  se rv e s  to  re g e n e ra te  th e  re d u c e d  (ac tiv e ) 
a lp h a -to c o p h e ra l fo rm  o f  v ita m in  E, w h ic h  c a n  fu rth e r h e lp  th e  sk in  f ig h t free  rad ica l 
d a m a g e  (B a u m a n n  an d  W e isb e rg , 2002; H o p p e  e t a l., 1999; L u p o , 2001).

F u rth e rm o re , P o rta k a l e t a l. (2000) fo u n d  th a t re a c tiv e  o x y g e n  
sp e c ie s  in c re a se d  in  m a lig n a n t c e lls  an d  m ay  ca u se  o v e r  e x p re ss io n  o f  th e  
c o n su m p tio n  o f  C o e n z y m e  Qio. A d m in is tra tio n  o f  C o en zy m e  Qio by  n u tr itio n  m ay  be  
re la te d  w ith  th e  su sc e p tib ility  o f  c e lls  to  c a rc in o g e n ic  a g e n ts  an d  th e  re sp o n se  o f  
tu m o r c e lls  to  th e  c h e m o th e ra p eu tic  ag en ts . T h is  รณd y  sh o w e d  th e  in d u c tio n  o f  
p ro te c tiv e  e ffe c t b y  C o e n z y m e  Q io o n  b re a s t tis su e . C a rm ia  (2004) a lso  su g g e s te d  th a t 
d ie ta ry  a n tio x id a n ts  su ch  as  C o e n z y m e  Qio an d  v ita m in  E  a c t as  c a n c e r  p rev en tiv e  
ag en ts .

3.3 .3  The m ain tenance o f  m em brane in tegrity  a n d  flu id ity

C o e n z y m e  Qio is  in v o lv e d  in  th e  m a in te n a n c e  o f  m em b ra n e  
in te g rity  a n d  f lu id ity  em e rg e  fro m  th e  re d u c tio n  o f  free  ra d ic a ls  th a t m ay  cau se  
d a m a g e  to  s tru c tu ra l p ro te in s  a n d  lip id s  fo u n d  in  m em b ran e . It h as  b e e n  a lso  ev id e n c e  
th a t a  d e c re a se  in  b lo o d  v isc o s ity  w ith  c o e n z y m e  Qio su p p le m e n t (L a n g s jo e n  an d  
L a n g s jo e n , 1998).
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3 .3 .4  Induction  o f  apoptosis

C a rm ia  (2 0 0 4 ) p ro p o se d  th a t  so m e  d ie ta ry  a n tio x id a n t m ay  
h a v e  p o te n tia l as  a d ju v a n t in  c a n c e r  th e ra p y  b y  th e ir  a b ility  to  in d u ce  p ro g ra m m e d  
ce ll d e a th  (a p o p to s is ) . A n d  recen tly , N a ra in  e t a l. (2 0 0 4 )  fo u n d  th a t C o e n z y m e  Qio 
e x e rte d  a n  in h ib ito ry  e ffe c t o n  m e la n o m a  ce lls , w h ic h  w a s  re la te d  to  th e  ro le  o f  
C o e n z y m e  Q io in  th e  in tr in s ic  p a th w a y  o f  ap o p to s is , h o w e v e r  n o  a d v e rse  e ffe c ts  w ere  
o b se rv e d  o n  n o rm a l ce ll. S tu d ie s  h av e  d e m o n s tra te d  th a t  th e  in tr in s ic  p a th w a y  o f  
a p o p to s is  is  o f te n  a lte re d  in  m e la n o m a  d u e  to  m ito c h o n d ria l ab n o rm a litie s . T h ey  a lso  
fo u n d  th a t  th e  tu m o r m ass  w as  s ig n ific a n t re d u c e d  ( in h ib it tu m o r g ro w th ) w h en  
to p ic a lly  a p p lie d  w ith  lip o so m e  e n c a p su la te d  o f  C o e n z y m e  Qio. M o reo v e r, G u ttm an  
(2 0 0 5 ) a lso  re p o rte d  in  th e  sam e  w ay  th a t  to p ic a lly  ap p lie d  C o e n z y m e  Qio has 
e x c itin g  p o te n tia l as  a  sa fe  an d  e ffe c tiv e  a n ti- tu m o r a g e n t fo r  tre a tin g  an d  p re v e n tin g  
re c u rre n c e  o f  sk in  can ce r. C o e n z y m e  Qio c o n s is te n tly  in d u c e s  a p o p to s is  o f  th e  
m a lig n a n t c e lls  b u t h a s  no  a d v e rse  e ffec t o n  su rv iv a l o f  n o rm a l ce ll. In  ad d itio n , 
a n im a l tre a te d  to p ic a lly  w ith  a  C o e n z y m e  Qio - c o n ta in in g  c re a m  h ad  a  55 p e rcen t 
d e c re a se  in  tu m o r  m ass.

3.4 Coenzyme Q!0 preparation

S ev e ra l e x p e rim e n ts  o n  C o e n z y m e  Qio fo rm u la tio n  a re  fo c u se d  a lm o s t 
e x c lu s iv e ly  fo r  im p ro v e m e n t o f  C o e n z y m e  Qio b io a v a ila b ility  v ia  o ra l ro u te . T h e  
e x a m p le s  o f  C o e n z y m e  Q io o ra l fo rm u la tio n  re p o rte d  in c lu d e  so lu b iliz e d  sy s te m  w ith  
b le n d  o f  su rfa c ta n t (C h o p ra , e t a l., 1998), se lf-e m u ls ify in g  sy s te m s  (K o m m u ru  e t a l., 
2 0 0 1 ), so lid  d isp e rs io n  (N a z z a l, e t a l., 2 0 0 2 ), a n d  n a n o e m u ls if ie d  c o m p o s ite  sy s tem s 
(C a rli, e t a l ,  2 0 0 5 ). H o w e v e r, o ra l a d m in is tra tio n  is  o n e  o f  th e  le a s t e ffe c tiv e  m o d es  
o f  C o e n z y m e  Qio d e liv e ry  d u e  to  u n c e rta in tie s  o f  a b so rp tio n  an d  in a c tiv a tio n  in  th e  
g a s tro in te s tin a l sy s tem . In co n tra s t, a  to p ic a l d e liv e ry  is m o re  p h a rm a c o lo g ic a lly  
a d v a n ta g e o u s  d u e  to  a  m o re  sp ec if ic  an d  d ire c ts  d e liv e ry  to  th e  p o in t o f  in te res t, 
re su ltin g  in  a  h ig h e r  ab so rp tio n /d o sa g e  ra tio  o f  C o e n z y m e  Qio- M o reo v e r, d u e  to  its
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co m fo rta b le ; th e  to p ic a l u se  w ill in c re a se  p a tie n t co m p lia n c e . A t th e  tim e  o f  
p u b lic a tio n  o f  th is  re se a rc h  th e re  w e re  sev e ra l o v e r- th e -c o u n te r  co sm e c e u tic a l 
p ro d u c ts  o n  th e  m a rk e t c o n ta in in g  C o e n z y m e  Qio esp ec ia lly , in  fo rm  o f  c ream . 
R ecen tly , N a ra in  e t a l. (2 0 0 4 )  h a s  d e v e lo p e d  lip o so m e -e n c a p su la te d  C o e n z y m e  Qio 
fo r u se d  as  a n  a n ti-c a n c e r  o n  sk in . H o w e v e r, M e h n e rt a n d  M â d e r  (2 0 0 1 ) su g g ested  
th a t lip o so m e  h a s  so m e  p ro b le m  in  c h e m ic a l an d  p h y s ic a l s ta b ility  th a t m ig h t lead  to  
lip o so m e  a g g re g a tio n  a n d  d ru g  d e g ra d a tio n  d u rin g  sto rag e .

In c o rp o ra tio n  o f  C o e n z y m e  Qio in to  th e  so lid  m a trix  o f  n an o p a rtic le s  
c a n  p ro te c t th e m  a g a in s t ch e m ic a l d e g ra d a tio n  (M ü lle r , R ad tk e  an d  W iss in g , 2002). 
N a n o p a rtic le s  fa c ilita te  th e  to p ic a l d e liv e ry  o f  d ru g  to  u n d e rly in g  tis su e s  d u e  to  th e  
sm a ll s iz e  o f  n a n o p a rtic le s  is  in  c lo se  c o n ta c t w ith  th e  s tra tu m  c o m e u m  th a t can  
in c rea se  th e  a m o u n t o f  e n c a p su la te d  a g e n ts  p e n e tra tin g  in to  th e  v iab le  sk in . T h ese  
u ltra fin e  p a r tic le s  a lso  sh o w  an  o c c lu s iv e  e ffe c t w h ic h  p ro m o te s  th e  p e n e tra tio n  o f  
a c tiv e  in g re d ie n ts  in to  th e  u p p e r  p a r t o f  th e  ep id e rm is . M o re o v e r, d u e  to  th e ir  so lid  
m a trix , su s ta in e d  d ru g  re le a se  is p o ss ib le . F u rth e rm o re , n a n o p a rtic le s  se e m  to  b e  w ell 
su ited  fo r u se  o n  d a m a g e d  o r  in f la m e d  sk in  b ecau se  th e y  a re  b a se d  o n  n o n -irr ita tiv e  
an d  n o n -to x ic  lip id s . (D in g ie r  e t a l., 1999; Je n n in g , S c h a fe r-K o rtin g , an d  G o h la , 
2 0 0 0 ; M e i e t a l., 2 0 0 3 ).

4. Physicochemical characterization of nanoparticies

A n  a d e q u a te  c h a ra c te r iz a tio n  o f  n a n o p a rtic ie s  is  a  n e c e ss ity  fo r th e  co n tro l o f  
th e  q u a lity  o f  th e  p ro d u c t. T h e  c h a ra c te r iz a tio n  m e th o d s  sh o u ld  b e  se n s itiv e  to  th e  key  
p a ra m e te rs  o f  n a n o p a rtic ie s  p e rfo rm a n c e  an d  sh o u ld  av o id  a rtifa c ts . H o w ev er, 
c h a ra c te r iz a tio n  o f  n a n o p a rtic ie s  is s e r io u s  c h a lle n g e  d u e  to  co llo id a l s ize  o f  the  
p a rtic le s  an d  th e  c o m p le x ity  o f  sy s te m , w h ic h  in c lu d e s  a lso  d y n a m ic  p h en o m en a . 
M an y  a n a ly tic a l to o ls  fo r in v e s tig a tio n  an d  c h a ra c te r iz a tio n  o f  c o llo id s  a re  u sed  in
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d ru g  d e v e lo p m e n t a n d  th u s  m a y  b e  fo u n d  in  p h a rm a c e u tic a l la b o ra to rie s . S ize  is th e ir  

m o s t p ro m in e n t fea tu re , a lth o u g h  o th e r  p a ra m e te rs  h a v e  to  be  c o n s id e re d  as  it m ay  
a ffe c t th e  re le a se  p a tte rn , su c h  as  d e n s ity , m o le c u la r  w e ig h t, c ry s ta llin ity  an d  
d e g ra d a tio n  p ro p e rtie s . T h e  su rfa c e  c h a rg e , h y d ro p h ilic ity , an d  h y d ro p h o b ic ity  can  
s ig n if ic a n tly  in f lu e n c e  th e  in te ra c tiv e  w ith  b io lo g ic a l e n v iro n m e n t a fte r  
a d m in is tra tio n .

4.1 Particles size measurement

P h o to n -c o rre la tio n  sp e c tro m e try  (P C S ) a n d  la se r  d iffra c to m e try  (L D  
are  th e  m o s t p o w e rfu l te c h n iq u e s  fo r d e te rm in a tio n  o f  n a n o m e te r  s iz e d  co llio d s . P C S  
d e te rm in e s  th e  f lu c tu a tio n  o f  th e  in te n s ity  o f  th e  sc a tte re d  lig h t w h ic h  w a s  ca u se d  b y  
p a r tic le  m o v e m e n t. S in ce  sm a ll p a rtic le s  su sp e n d e d  in  a  f lu id  e x h ib it ra n d o m  
B ro w n ia n  m o tio n  a s  a  c o n se q u e n c e  o f  m o le c u la r  b o m b a rd m e n t. T h e  m o re  m a ss iv e  th e  
p a r tic le , th e  le ss  s ig n if ic a n t th is  e ffe c t is. P C S  g iv e s  in fo rm a tio n  a b o u t th e  m ean  
d ia m e te r  o f  th e  b u lk  p o p u la tio n  a n d  a b o u t th e  w id th  o f  th e  d is tr ib u tio n  v ia  th e  
p o ly d isp e rs ity  in d e x  (P I). T h e  P I is n e c e ssa ry  to  c h a ra c te r iz e  th e  p a rtic le  s ize  
d is tr ib u tio n  o f  n a n o p a rtic le s . T h e  sm a ll v a lu e s  o f  P I c o rre sp o n d s  a  n a rro w  size  
d is tr ib u tio n  a n d  a  m o n o d isp e rse  sy s tem , w h e re a s  th e  la rg e r  P I v a lu e s  in d ic a te  a  b ro ad  
s ize  d is tr ib u tio n . L D  b y  F ra u n h o fe r  d iffra c tio n  is  m o re  u se fu l fo r  la rg e r, m ic ro m e te r
s iz e d  p a r tic le s  th a t  b a se d  o n  th e  d e p e n d e n c y  o f  th e  d if f ra c tio n  a n g le  o n  p a r tic le  rad iu s . 
H o w e v e r , P C S  a n d  L D  a re  n o t p ro b a b ly  a  d ire c t p a r tic le  m e a su re m e n t. T h e y  d e te c t 
lig h t sc a tte r in g  e ffe c t w h ic h  is u sed  to  c a lc u la te  p a r tic le  s ize . M o re o v e r, sm all 
a m o u n ts  o f  d iffe re n t p a r tic le  sp ec ie s  c an  sk e w  th e  m e a su re m e n ts . E sp e c ia lly  la rg e r 
p a rtic le s , su c h  a s  d u st, a c c id e n ta l m ic ro b ia l c o n ta m in a tio n , c ry s ta lliz a tio n  o f  
in g re d ie n ts , o r  se c o n d a ry  p a rtic le  a g g lo m e ra te s  c a n  le a d  to  e rro n e o u s  resu lts . 
T h e re fo re , a d d itio n a l te c h n iq u e s  m ig h t b e  p e rfo rm e d  (A ttw o o d , 2 0 0 2 ; W iss in g , 
L ip p a c h e r  an d  M ü lle r , 2 0 0 1 ).
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4.2 Electron microscopy

E le c tro n  m ic ro sc o p y  is  u se d  to  v e r ify  th e  re su lts  o b ta in e d  fro m  lig h t 
sc a tte rin g  te c h n iq u e . T h e  e le c tro n  m ic ro sc o p y  th a t  is n o rm a lly  u se d  is tra n sm iss io n  
e le c tro n  m ic ro sc o p y  (T E M ) a n d  sc a n n in g  tra n sm iss io n  e le c tro n  m ic ro sc o p y  (S E M ).

T E M  p ro d u c e s  tw o  d im e n s io n a l im ag es  fro m  w h ic h  p a rtic le  sh ap e  
in te rp re ta tio n  is  d iff ic u lt; h o w ev e r, s ize  m ay  b e  d e te rm in e d  b ecau se  o f  th e  h ig h  
re so lu tio n . T ra n sm iss io n  e le c tro n  m ic ro sc o p y  w ith o u t o r  w ith  s ta in in g  is  a  re la tiv e ly  
ea sy  m e th o d  o f  p a rtic le  s ize  d e te rm in a tio n . T h is  m e th o d  is  lim ited  in  so m e  
n a n o p a rtic le s  w h ic h  a re  n o t d e n se  in  e le c tro n . T h e  sy s te m  w h ic h  c a n n o t be  s ta in ed  
an d  m e lte d  w h e n  ir ra d ia te d  b y  th e  e le c tro n  b e a m  an d  th e re fo re  c a n n o t b e  v isu a liz e d  
b y  th is  m e th o d .

S E M  p ro d u c e s  th re e -d im e n s io n a l im ag es . T h e  sp e c im e n  is scan n ed  
w ith  a  fo c u se d  f in e  b eam  o f  e le c tro n s  a n d  th e  su rface  c h a ra c te r is tic  is o b ta in e d  fro m  
se c o n d a ry  e le c tro n s  e m itte d  fro m  th e  sp e c im e n  su rface . T h is  te c h n iq u e  is  p e rfo rm ed  
in  h ig h  v acu u m . F o r v isu a liz a tio n , th e  p a r tic le s  h av e  to  b e  d rie d  an d  c o a te d  w ith  g o ld  
(A ttw o o d , 2 0 0 2 ; W iss in g , L ip p a c h e r  a n d  M u lle r , 2 0 0 1 ).

4.3 Thermal analysis

D iffe re n tia l sc a n n in g  c a lo r im e try  (D S C ) is a  th e rm a l an a ly tic a l 
te c h n iq u e , w h ic h  m e a su re s  h e a t f lo w  a s so c ia te d  w ith  tra n s itio n s  in  m a te ria ls  as  a  
fu n c tio n  o f  tem p e ra tu re . D S C  re su lts  p ro v id e  u se fu l in fo rm a tio n  ab o u t th e  p h y sica l 
an d  ch e m ic a l c h a n g e s  th a t  in v o lv e  e n d o th e rm ic  o r  e x o th e rm ic  p ro cess  o r  ch an g e  in  
h ea t cap ac ity . T h e  th e rm o -a n a ly s is  p ro v id e s  in fo rm a tio n  ab o u t m e ltin g  an d  
re c ry s ta lliz a tio n  b eh av io r, th e  t im in g  o f  p o ly m o rp h ic  tra n s itio n s  an d  e n th a lp y  (C u i, 
H su  a n d  M u m p er, 2 0 0 3 ; H e u rta u lt e t a l.,  2 0 0 3 ; H o u  e t a .I, 2 0 0 3 ). T h e  c ry s ta llin e  an d
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a m o rp h o u s  n a tu re  o f  d ru g  d isp e rse d  in  n a n o p a rtic le s  c a n  b e  d e te rm in e d  b y  th is  
m e th o d . C a v a lli e t a l. (1 9 9 9 ) fo u n d  th a t h y d ro c o rtiso n e  an d  p ro g e s te ro n e  a re  
d isp e rse d  in  lip id  m a tr ix  in  a n  a m o rp h o u s  fo rm . D S C  is a lso  w id e ly  u se d  to  
in v e s tig a te  th e  s ta tu s  o f  th e  lip id  b e c a u se  d iffe re n t m o d if ic a tio n s  p o sse s s  d iffe re n t 
m e ltin g  p o in ts  an d  m e ltin g  e n th a lp ie s  (M ü lle r , M à d e r  an d  G o h la , 2 0 0 0 ).

5. Drug incorporation in nanoparticles

A  v e ry  im p o rta n t p o in t to  ju d g e  th e  su ita b ility  o f  a  d ru g  c a rr ie r  sy s tem  
is its  lo a d in g  cap ac ity . T h e  lo a d in g  c a p a c ity  is  g e n e ra lly  e x p re sse d  in  p e rc e n t re la te d  
to  th e  lip id  p h ase ; lip id  an d  d ru g  (M ü lle r , M â d e r  an d  G o h la , 2 0 0 0 ). T h e re  are  
b a s ic a lly  th re e  d iffe re n t m o d e ls  fo r  th e  in c o rp o ra tio n  o f  a c tiv e  in g re d ie n ts  in to  so lid  
n a n o p a tic le s  w h ic h  d e p e n d s  o n  th e  c o m p o s itio n  a n d  th e  p ro d u c tio n  c o n d itio n s .

5.1 model of drug incorporation

5.1.1 H om ogen eou s m atrix  m odel

A  m o le c u la ry  d isp e rse d  d ru g  o r d ru g  b e in g  p re se n t in  
a m o rp h o u s  c lu s te r  is th o u g h t to  b e  m a in ly  o b ta in e d  w h e n  in c o rp o ra tin g  v e ry  
lip o p h ilic  d ru g s  in  so lid  n an o p a rtic le s .

5.1.2  D ru g-en rich ed  sh e ll m odel

A n  o u te r  sh e ll e n ric h e d  w ith  a c tiv e  c o m p o u n d  c a n  be  o b ta in e d  
w h e n  p h a se  se p a ra tio n  o ccu rs  d u rin g  th e  c o o lin g  p ro c e ss  fro m  th e  liq u id  o il d ro p le t to  
th e  fo rm a tio n  o f  a  so lid  lip id  n an o p a rtic le . A c c o rd in g  to  th e  T X  d ia g ra m , th e  lip id  can  
f irs tly  p re c ip ita te  fo rm in g  a  p ra c tic a lly  c o m p o u n d -fre e  lip id  co re . A t th e  sam e  tim e , 
th e  c o n c e n tra tio n  o f  a c tiv e  c o m p o u n d  in  th e  re m a in in g  liq u id  lip id  in c rea se s
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c o n tin u o u s ly  d u rin g  th e  fo rm in g  p ro c e ss  o f  th e  lip id  co re . F in a lly , th e  co m p o u n d - 

e n r ic h e d  sh e ll c ry s ta llis e s  c o m p a ra b le  to  th e  e u te c tic u m  in  th e  T X  d iag ram .

5.1.3  D ru g-en rich ed  core m odel

A  co re  e n ric h e d  w ith  a c tiv e  c o m p o u n d  c a n  b e  fo rm e d  w h e n  th e  
o p p o s ite  o ccu rs , w h ic h  m ean s  th e  a c tiv e  c o m p o u n d  s ta rts  p re c ip ita tin g  f irs t an d  th e  
sh e ll w ill h av e  d is tin c tly  le ss  d ru g . T h is  le ad s  to  a  m e m b ra n e  c o n tro lle d  re lease  
g o v e rn e d  b y  th e  F ic k ’s law  o f  d iffu s io n  (M u lle r , R ad tk e  a n d  W iss in g , 2 0 0 2 ).

5.2  In vitro release stu dy  o f  drug

In v itro  re lease  s tu d y , in  p r in c ip le , sh o u ld  b e  u se fu l fo r  q u a lity  co n tro l 
a s  w e ll as  fo r  th e  p re d ic tio n  o f  in v ivo  k in e tic s  o f  n a n o p a rtic u la te  sy s tem s. In  ad d itio n , 
it c a n  b e  v e ry  u se fu l fo r e v a lu a tio n  o f  th e  in flu e n c e s  o f  p ro c e ss  p a ra m e te rs  o n  the  
re le a se  ra te  o f  a c tiv e  c o m p o u n d s  fro m  n a n o p a rtic le s  (A llé m a n n  e t a l., 1996). D ru g  
m a y  b e  re le a se d  b y  (K reu te r , 1994)

1) D e so rp tio n  o f  su rfa c e -b o u n d  d ru g
2) D iffu s io n  th ro u g h  th e  n a n o p a rtic le  m a tr ix  o r  m o n o lith ic  d ev ice  

(F ig u re  2 -6  a)
3) D iffu s io n  th ro u g h  th e  p o ly m e r w a ll o r  re se rv o ir  d e v ic e  

(F ig u re  2 -6  b)
4 ) N a n o p a rtic le  m a tr ix  e ro s io n
5) A  c o m b in e d  e ro s io n  d if fu s io n  p ro c e ss  o r  e ro d in g  m o n o lith ic  

d ev ice  (F ig u re  2 -6  c)

A n a ly s is  o f  n a n o p a rtic le  re le a se  p ro f ile s  f re q u e n tly  sh o w s  a  b ip h a s ic  
re le a se  p a tte rn  th a t c a n  be  d e sc r ib e d  by  a  h iexD onen tia l fu n c tio n  as  fo llo w s
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c , =  A e  +  B e  ~pt

w h e re ; Ct is th e  c o n c e n tra tio n  o f  c o m p o u n d  re m a in in g  in  th e  
n a n o p a rtic le s  a t a  g iv e n  tim e  t; A  an d  B a re  sy s te m -c h a ra c te r is tic  c o n s ta n ts , an d  a  an d  
(3 a re  ra te  c o n s ta n ts  th a t c a n  b e  o b ta in e d  fro m  se m i- lo g a rith m ic  p lo ts  (K reu te r , 1994).
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Figure 2-6 th e  re lea se  o f  d ru g  fro m  n a n o p a rtic le s  an d  p lo t o f  d ru g  re lea se  ra te  
v e rsu s  tim e  o f  (a) m o n o lith ic  d ev ice , (b ) re se rv o ir  d ev ic e  an d  (c) e ro d in g  
m o n o lith ic  d e v ic e  (K reu te r , 1994).

It c o u ld  b e  m o n ito re d  th a t  th e  re lea se  p ro f ile s  a re  n o t o r  o n ly  s lig h tly  
a ffe c te d  b y  th e  p a rtic le  s ize . D o m in a n t fa c to rs  fo r  th e  sh ap e  o f  th e  p ro f ile s  a re  th e  
p ro d u c tio n  p a ra m e te rs  (su rfa c ta n t c o n c e n tra tio n , te m p e ra tu re )  an d  a lso  th e  n a tu re  o f  
th e  lip id  m a trix  (M ü lle r , M â d e r  an d  G o h la , 2 0 0 0 ).

T h e  c h a ra c te r iz a tio n  o f  th e  in v itro  d ru g  re lea se  fro m  a  co llo id a l c a rrie r  
is d iff ic u lt, b e c a u se  it is n o t p o ss ib le  to  e ffe c tiv e ly  an d  ra p id ly  se p a ra te  th e  p a rtic le s  
fro m  th e  d isso lv e d  o r re le a se d  d ru g  in  th e  su rro u n d in g  so lu tio n  d u e  to  th e ir  v e ry  sm all 
s ize  o f  th is  d o se  fo rm . T h e  ch o ice  o f  a  su ita b le  m o d e l o f  d ru g  re lea se  fro m
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n a n o p a r tic le s  is  s till  p ro b le m a tic . T h e re  a re  sev e ra l m e th o d s  u se d  fo r in v itro  re lease  
s tu d y  su c h  as  s id e -b y -s id e  d if fu s io n  c e lls  w ith  a rtif ic ia l o r  b io lo g ic a l m e m b ran es , 

d ia ly s is  b a g  d iffu s io n , re v e rse  d ia ly s is , u ltra c e n tr ifu g a tio n , u ltra f iltra tio n  an d  
c e n tr ifu g a l u ltra f iltra tio n  (K re u te r , 1994).

F o r  th e  sa m p le  an d  se p a ra tio n  te c h n iq u e  u se d  fo r  re le a se  รณd y , th e  
n a n o p a rtic le s  a re  su sp e n d e d  in to  a  s in k  m e d iu m  m a in ta in e d  a t a  c o n s ta n t te m p e ra tu re  
u n d e r  a g ita tio n . Id ea lly , th e  s in k  m e d iu m  sh o u ld  be  a  b u ffe r  so lu tio n  w ith  a  p H  o f  7.4, 
b u t so m e  a c tiv e  su b s ta n c e s  re q u ire  o th e r  p H  v a lu e s  o r  th e  a d d it io n  o f  a  su rfa c ta n t o r  
o rg a n ic  so lv e n t to  re a c h  s in k  c o n d itio n s . U su a lly , th e  w o rk in g  te m p e ra tu re  is 37° c. 
S a m p lin g  is c a rr ie d  o u t a t v a r io u s  tim e  in te rv a ls . T h e  c o n tin u o u s  p h a se  is th e n  
s e p a ra te d  fro m  th e  d isp e rse d  p h a se  b y  u ltra c e n tr ifu g a tio n  o r  c e n tr ifu g a l u ltra filtra tio n , 
a n d  th e  re le a se  d ru g  is  a ssay ed .

T h e  c e n tr ifu g a l u ltra f iltra tio n  te c h n iq u e  h a s  b e e n  d e v e lo p e d  by  
M illip o re  C o rp . T h e  d e v ic e , m a in ly  b a se d  o n  a n  e p p e n d o rf  c e n tr ifu g e  tu b e  se p a ra te d  
fro m  an  e n c lo se d  ณ b e  b y  a n  u ltra f iltra tio n  m e m b ra n e , a llo w s  fo r  s e p a ra tio n  o f  
n a n o p a rtic le s  fro m  m ic ro lite r  v o lu m e s  o f  a q u e o u s  d isp e rs io n  m e d iu m  by  a  cen trifu g e , 
th is  te c h n iq u e  h a s  b e e n  su c c e ss fu lly  to  e v a lu a te  th e  in  v itro  re le a se  p ro file  o f  

in d o m e th a c in  fro m  p o ly la c tic  n a n o c a p su le s  (K la n g  an d  B en ita , 1998).

6. Stability of nanoparticulate system

In  c o llo id a l d isp e rs io n s  f re q u e n t c o llis io n  b e tw e e n  th e  p a r tic le s  o c c u r  as  a  
re su lt o f  B ro w n ia n  m o v e m e n t. W h e th e r  th e se  c o llis io n s  re su lt in  p e rm a n e n t co n ta c t 
o f  th e  p a r tic le s  (c o a g u la tio n ) , w h ich  le ad s  e v e n tu a lly  to  th e  d e s tru c tio n  o f  th e  
c o llo id a l sy s tem  as th e  la rg e  a g g re g a te s  fo rm e d  se d im e n t o u t, o r  te m p o ra ry  co n tac t 
(f lo c c u la tio n ) , o r  w h e th e r  th e  p a r tic le s  re b o u n d  an d  re m a in  free ly  d isp e rse d  (a  s tab le  
c o llo id a l sy s tem ), d e p e n d s  o n  th e  fo rce s  o f  in te ra c tiv e  b e tw e e n  th e  p a rtic le s . T h ese
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fo rce s  c a n  b e  d iv id e d  in to  th re e  g ro u p s : e lec tr ica l fo rc e s  o f  re p u ls io n , fo rces  o f  
a ttra c tio n , a n d  fo rce s  a r is in g  fro m  sa lv a tio n . A n  u n d e rs ta n d in g  o f  th e  firs t tw o  
(D L V O  th e o ry )  e x p la in s  th e  s ta b ility  o f  ly o p h o b ic  sy s tem s, an d  a ll th re e  m u s t be 
c o n s id e re d  in  a  d isc u ss io n  o f  th e  s ta b ility  o f  ly o p h ilic  d isp e rs io n s  (A ttw o o d , 2002).

6.1 The process of instability

6 .1 .1  F lo c c u la tio n

A ttra c tio n  fo rce s  b e tw e e n  d ro p le ts  cau se  th e m  to  c lu s te r. T h e  
a g g re g a te s  h a v e  th e  s tru c tu re  in  w h ic h  th e  p a r tic le s  re m a in  a  sm a ll d is ta n c e  a p a rt fro m  
o n e  an o th e r. T h is  m ay  b e  a  se c o n d a ry  m in im u m  p h e n o m e n o n  in  th e  D L V O  th eo ry  o r 
a  c o n se q u e n c e  o f  b r id g in g  b y  a  p o ly m e r  o r p o ly e le c tro ly te . T h e  p ro c e sse s  a re  
co m m o n ly  u se d  to  re m o v e  su sp e n d e d  m a tte r  fro m  w a te r  b e c a u se  th e  f lo ccu la te  f in a lly  
sed im en ts . It is a  re v e rs ib le  p h e n o m e n o n  (A ttw o o d , 2 0 0 2 ; H e u rta u lt e t a l., 2003 ).

6 .1 .2  C o a le sc e n c e

C o a g u la tio n  s ig n ifie s  th a t th e  p a r tic le s  a re  c lo se ly  ag g reg a ted  
an d  d iff ic u lt to  re d isp e rse  (a  p r im a ry  m in im u m  p h e n o m e n o n ). C o a le sc e n c e  is an  
irre v e rs ib le  ru p tu re  o f  th e  e m u ls io n  le a d in g  to  p h a se  se p a ra tio n . O n  c o llis io n  b e tw e e n  
tw o  d ro p s , th e  in te rfa c e s  d is to r t, u p  to  a  c e r ta in  c ritic a l th ic k n e ss  b e fo re  it fin a lly  
ru p tu re s  an d  a llo w in g  d ro p le ts  to  m erg e . R ig id  so lid  p a r tic le s  a re  e x p e c te d  to  b e  s tab le  
a g a in s t c o a le sc e n ce . In  c o n tra s t, so lid  n a n o p a rtic le s  d isp e rs io n s  te n d  to  c ream  o r gel 
a fte r  p a r tic le  c o n ta c t (A ttw o o d , 2 0 0 2 ; H e u rta u lt e t a l., 2 0 0 3 ).

6 .1 .3  C re a m in g  a n d  se d im e n ta tio n

T h e  re v e rs ib le  c re a m in g  p ro c e ss  d e sc r ib e s  h o w  e m u ls io n  
d ro p le ts  te n d  to  rise  to  th e  to p  o f  a  v ia l o r  to  s in k  to  th e  b o tto m  as sed im en ta tio n .



27

C o m p e titio n  b e tw e e n  B ro w n ia n  a g ita tio n  an d  g ra v ity  c a n  le ad  to  n o n -h o m o g e n e o u s  
d isp e rs io n . It is g e n e ra lly  d u e  to  th e  d e n s ity  d iffe re n ce  b e tw e e n  th e  tw o  p h ase s  
(H e u rta u lt e t a l.,  2 0 0 3 ).

6 .1 .4  O s tw a ld  r ip e n in g

T h is  p h e n o m e n o n  d e p e n d s  o n  b o th  th e  g ra n u lo m e try  an d  o n  th e  
L ap lace  su rp re ssu re  b e in g  h ig h e r  fo r  lo w e r s ize  d ro p le ts . A  sp e c ie s  f lu x  o c c u rs  fro m  
sm a ll to  la rg e  d ro p le ts  v ia  th e  co n tin u o u s  p h ase . T h e  a v e ra g e  d ia m e te r  c o n se q u e n tly  
in c rea se s . F o r  so lid  n a n o p a rtic le s , i t  c o rre sp o n d e d  to  a  p a rtic le  s iz e  in c rea se  d u e  to  th e  
d is so lu tio n  o f  sm a lle r  c ry s ta ls  a n d  d e p o s itio n  o f  th e  d isso lv e d  m a te r ia l o n  la rg e r 
su rface s , re su ltin g  in  th e  g ro w th  o f  la rg e  p a r tic le s  a t th e  e x p e n se  o f  sm a lle r  o n es  
(H e u rta u lt e t a l.,  2 0 0 3 ).

6.2 Steric stabilization

It h a s  lo n g  b e e n  k n o w n  th a t n o n -in o n ic  p o ly m e ric  m a te r ia ls  ad so rb e d  
a t th e  p a rtic le  su rfa c e  c a n  s ta b iliz e  a  ly o p h o b ic  c o llo id  e v e n  in  th e  ab se n c e  o f  a  
s ig n if ic a n t z e ta  p o te n tia l. T h e  a p p ro a c h  o f  tw o  p a r tic le s  w ith  ab so rb e d  p o ly m e r  lay e rs  
re su lts  in  a  s te ric  in te ra c tio n  w h e n  th e  lay e rs  o v e rla p , le a d in g  to  re p u ls io n . In  g en e ra l, 
th e  p a r tic le s  do  n o t a p p ro a c h  e a c h  o th e r  c lo se r  th a n  a b o u t tw ic e  th e  th ic k n e ss  o f  th e  
a b so rb e d  lay e r, an d  h e n c e  p a ssa g e  in to  th e  p r im a ry  m in im u m  is  in h ib ited . A n  
a d d itio n a l te rm  h a s  th u s  to  be  in c lu d ed  in  th e  p o ten tia l e n e rg y  o f  in te ra c tio n  fo r w h a t 
is  c a lle d  s te ric  s ta b iliz a tio n  (A ttw o o d , 2 0 0 2 ).
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(a) (b )

Figure 2-7 S ch em a tic  c u rv e s  o f  th e  to ta l p o te n tia l e n e rg y  (V r )  o f  th e  in te ra c tio n  
v e rsu s  d is tan ce  fo r tw o  p a rtic le s , sh o w in g  th e  e ffe c t o f  th e  s te ric  
s ta b iliz a tio n , V s  (a) in  th e  ab se n c e  o f  e le c tro s ta tic  re p u ls io n  ( V r ) ,  th e  
so lid  lin e  re p re se n tin g  V t  =  V A +  V s ,  V A  is th e  a ttra c tiv e  fo rce ; (b ) in  th e  
p re se n c e  o f  e le c tro s ta tic  re p u ls io n , th e  so lid  lin e  re p re se n tin g  V t  =  V r  +  

V A +  V s  (A ttw o o d , 2 0 0 2 ).

S te ric  s ta b iliz a tio n  c o n s is ts  o f  tw o  fo rces , o sm o tic  o r  sa lv a tio n  fo rces 
an d  e n tro p ie  e ffec ts . F o r  sa lv a tio n  fo rce , it c a n  b e  e x p la in e d  th a t w h e n  tw o  d ro p le ts  
c o m e  in  c lo se  c o n ta c t, h y d ro p h ilic  c h a in s  o f  s u rfa c ta n t s ta rt to  o v e rlap . It lead s  to  an  
o sm o tic  g ra d ie n t in  so lu tio n  b e tw e e n  c o n c e n tra te d  p o ly m e r so lu tio n  in  a n  o v e rlap  
re g io n  an d  a  d ilu te  so lu tio n  in  b u lk  so lu tio n . T h e n , w a te r  e n te rs  in to  th e  co n c e n tra ted  
p o ly m e r re g io n  in  a n  a tte m p t to  d ilu te  it, re su ltin g  in  fo rce  c h a in s  o r  d ro p le ts  apart. 
F o r e n tro p ie  e ffec t, th e  lo ss  o f  fre e d o m  o f  m o tio n  o f  p o ly m e r  c h a in  an d  th e  lo ss  o f  
e n tro p y  w h e n  d ro p le ts  c o m e  to g e th e r  an d  p o ly m e r  c h a in s  o v e rlap . T h is  p h e n o m e n o n  
is th e rm o d y n a m ic a lly  u n fa v o ra b le , re su ltin g  in  fo rc e  d ro p le ts  a p a r t a g a in  (L aw ren ce , 
2 004).
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T h e  e ffe c t o f  s te ric  s ta b iliz a tio n  ( V s )  o n  th e  p o ten tia l e n e rg y  ag a in s t 
d is tan ce  b e tw e e n  p a r tic le s  cu rv e  is  se e n  in  F ig u re  2 -8 , sh o w in g  th a t  re p u ls io n  is 
g en e ra lly  se e n  a t  a ll sh o r te r  d is ta n c e s  p ro v id e d  th a t th e  e le c tro s ta tic  ( V r )  a d so rb ed  
p o ly m eric  m a te r ia l d o e s  n o t m o v e  fro m  th e  p a rtic le  su rface  (A ttw o o d , 2 0 0 2 ).

S te ric  re p u ls io n  c a n  b e  e x p la in e d  b y  re fe re n c e  to  th e  free  e n e rg y  
ch an g es  th a t  ta k e  p la c e  w h e n  tw o  p o ly m e r-c o v e re d  p a rtic le s  in te rac t. T h e  ch an g e  in  
free  e n e rg y  (A G ), e n th a lp y  (A H ) an d  e n tro p y  (A S ) a re  re la te d  a c c o rd in g  to:

A G  =  AH -  TA S

5w h e re  T  is  th e  a b so lu te  te m p e ra tu re .

T h e  se c o n d  la w  o f  th e rm o d y n a m ic s  im p lie s  th a t  a  p o s itiv e  v a lu e  o f  A G  
is n e c e ssa ry  fo r  d isp e rs io n  s ta b ility  w h ile  a  n e g a tiv e  v a lu e  in d ic a tin g  th a t th e  p a rtic le s  
hav e  ag g reg a ted . A  p o s itiv e  v a lu e  o f  A G  c a n  a r ise  in  a  n u m b e r  o f  w ay s, fo r  e x am p le  
w h en  AH an d  A S  a re  b o th  n e g a tiv e  an d  T A S >  AH. H e re  th e  e ffe c t o f  th e  e n tro p y  
ch an g e  o p p o se s  a g g re g a tio n  a n d  o u tw e ig h s  th e  e n th a lp y  te rm ; th is  is te rm e d  e n tro p ie  
s ta b iliza tio n . In te rp e n e tra tio n  an d  c o m p re ss io n  o f  th e  p o ly m e r  c h a in s  d e c re a se s  th e  
en tro p y  as th e se  c h a in s  b e c o m e  m o re  o rd e red . S u ch  a  p ro c e ss  is  n o t sp o n tan eo u s ; 
w o rk  m u st be  ex p e n d e d  to  in te rp e n e tra te  an d  c o m p re ss  a n y  p o ly m e r  c h a in s  ex is tin g  
b e tw e e n  th e  co llo id a l p a r tic le s , an d  th is  w o rk  is a  re f le c tio n  o f  th e  re p u ls iv e  p o ten tia l 
energy . T h e  e n th a lp y  o f  m ix in g  o f  th e se  p o ly m e r c h a in s  w ill a lso  be  n eg a tiv e . 
S ta b iliz a tio n  by  th e se  e ffe c ts  o c c u rs  in  n o n -a q u e o u s  d isp e rs io n s .

A g a in , a  p o s itiv e  A G  o c c u rs  i f  b o th  A H  an d  AS are  p o s itiv e  an d  TA S <  
AH. H ere  e n th a lp y  a id s  s ta b iliz a tio n , e n tro p y  a id s  ag g reg a tio n . C o n se q u e n tly , th is  
e ffec t is te rm e d  e n th a lp ic  s ta b iliza tio n  an d  is c o m m o n  w ith  a q u e o u s  d isp e rs io n s , 
p a rtic u la rly  w h e re  th e  s ta b iliz a tio n  p o ly m e r h a s  p o ly o x y e th y le n e  ch a in s . S u ch  ch a in s
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a re  h y d ra te d  in  a q u e o u s  so lu tio n  d u e  to  H -b o n d in g  b e tw e e n  w a te r  m o le c u le s  an d  th e  
‘e ith e r  o x y g e n s ’ o f  th e  e th y le n e  o x id e  g ro u p s. T h e  w a te r  m o le c u le s  h av e  th u s  
b e c o m e  m o re  s tru c tu re d  an d  lo s t d e g re e s  o f  freed o m . W h en  in te rp e n e tra tio n  an d  
c o m p re ss io n  o f  e th y le n e  o x id e  c h a in s  o ccu rs  th e re  is  a n  in c re a se d  p ro b a b ility  o f  
c o n ta c t b e tw e e n  e th y le n e  o x id e  g ro u p s , re su ltin g  in  so m e  o f  th e  b o u n d  w a te r  
m o le c u le s  b e in g  re le a se d  as  sh o w n  in  F ig u re  2 -9 . T h e  re le a se d  w a te r  m o le c u le s  h av e  
g re a te r  d eg ree s  o f  fre e d o m  th a n  th o se  in  th e  b o u n d  sta te . F o r th is  to  o c c u r  th ey  m u s t 
be  su p p lie d  w ith  en e rg y , o b ta in e d  fro m  h e a t a b so rp tio n , i.e. th e re  is a  p o s itiv e  
e n th a lp y  c h an g e . A lth o u g h  th e re  is a  d e c re a se  in  e n tro p y  in  th e  in te ra c tio n  zo n e , as 
w ith  e n tro p ie  s ta b iliz a tio n , th is  is o v e rr id d e n  b y  th e  in c rea se  in  th e  co n fig u ra tio n a l 
e n tro p y  o f  th e  re le a se d  w a te r  m o lecu le s .

(b)

Figure 2-8 E n th a lp ic  s ta b iliz a tio n  (a) p a r tic le s  w ith  s ta b iliz in g  p o ly o x y e th y le n e  
c h a in s  a n d  H -b o n d e d  w a te r  m o le c u le s  a n d  (b ) p a r tic le s  w ith  s ta b iliz in g  
c h a in s  o v e rla p  a n d  w a te r  m o le c u le s  re le a se d  (A ttw o o d , 2 0 0 2 ).

A t lo w  p o ly m e r c o n c e n tra tio n  (an d  h e n c e  lo w  p a rtic le s  su rfa c e  
c o v e ra g e ), b rid g in g  f lo c c u la tio n  m ay  o c c u r  as  sh o w n  in  F ig u re  2 -1 0 . B rid g in g  is a  
c o n se q u e n c e  o f  th e  a d so rp tio n  o f  seg m en ts  o f  a n  in d iv id u a l p o ly m e ric  flo ccu lan ts  
m o le c u le  o n to  th e  su rfa c e  o f  m o re  th an  o n e  p a r tic le  (A ttw o o d , 2 0 0 2 ). G en e ra lly ,
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s te ric  fo rce s  a re  d e p e n d e n t u p o n  le n g th  o f  p o ly m e r  c h a in s  w ith  lo n g e r  th e  ch a in s , 

g re a te r  th e  s ta b iliz a tio n  (L a w re n ce , 2 0 0 4 ).

Figure 2-9 B rid g in g  f lo c c u la tio n s  (A ttw o o d , 2 0 0 2 ).

6.3 Freeze-dry process (Lyophilization)

S to rag e  s ta b ility  in v o lv e s  ch e m ic a l an d  p h y s ic a l a sp e c ts  an d  in c lu d es  
th e  p re v e n tio n  o f  d e g ra d a tio n  re a c tio n s  su c h  a s  h y d ro ly s is  an d  th e  p re se rv a tio n  o f  th e  
in itia l p a rtic le  s ize . It re q u ire s  th a t th e  so lid  n a n o p a rtic le s  in g re d ie n ts  h av e  su ffic ie n t 
c h e m ic a l s ta b ility  an d  th a t th e  p a r tic le s  h av e  a  v e ry  n a rro w  s ize  d is tr ib u tio n  to  av o id  
c ry s ta l g ro w th  b y  O s tw a ld  rip en in g . T h e  so lid  n a o p a rtic le s  fo rm u la tio n  sh o u ld  be 
re s is ta n t to  te m p e ra tu re  c h a n g e su p o n  s to rag e . I t h as  b een  sh o w n  th a t  p a r tic le  s iz e s  o f  
a q u e o u s  so lid  n a n o p a rtic le s  d isp e rs io n s  m ig h t b e  s tab le  o v e r  1 2 -3 6  m o n th s . H o w ev e r, 
th is  s ta b ility  is n o t a  g e n e ra l fe a tu re  o f  so lid  n a n o p a rtic le s  d isp e rs io n s  a n d  in  m o st 
cases , a n  in c rea se  in  p a rtic le  s iz e  w ill b e  o b se rv e d  in  a  sh o rte r  p e r io d  o f  tim e. 
D e g ra d a tio n  o f  p o ly m e r, d ru g  le a k a g e , a n d /o r  d ru g  d e g ra d a tio n  m ay  o c c u r  i f  
n a n o p a rtic le s  a re  k e p t in  a n  a q u e o u s  m e d iu m  d u rin g  s to rag e .

L y o p h iliz a tio n  is a  p ro m is in g  w ay  to  in c rea se  ch e m ic a l an d  p h y sica l 
s ta b ility  o v e r ex te n d e d  p e rio d s  o f  tim e . T ra n s fo rm a tio n  in to  a  so lid  fo rm  w ill p rev en t 
O stw a ld  r ip e n in g  an d  av o id  h y d ro ly s is  re ac tio n . L y o p h iliz a tio n  a lso  o ffe rs  p rin c ip le  
p o ss ib ilit ie s  fo r so lid  n a n o p a rtic le  in c o rp o ra tio n  in to  v a rio u s  p re p a ra tio n s . H o w ev er,
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tw o  a d d itio n a l tra n s fo rm a tio n s  b e tw e e n  th e  fo rm u la io n s  a re  n e c e ssa ry  w h ic h  m ig h t be  
th e  so u rce  o f  a d d itio n a l s ta b ility  p ro b le m s . T h e  f irs t tra n s fo rm a tio n  (fro m  a q u e o u s  
d isp e rs io n  to  p o w d e r)  in v o lv e s  th e  fre e z in g  o f  th e  sam p le  an d  th e  e v a p o ra tio n  o f  
w a te r  u n d e r  v ac u u m . F re e z in g  o f  th e  sam p le  m ig h t c a u se  s ta b ility  p ro b le m s  d u e  to  th e  
freez in g  o u t e ffe c t w h ic h  re su lts  in  c h a n g e s  o f  th e  o sm o la r ity  a n d  th e  pH . T h e  se co n d  
tra n s fo rm a tio n  (re so lu b iliz a tio n )  in v o lv es , a t le a s t in  its  in itia l s tag es , s itu a tio n s  w h ic h  
fa v o r  p a r tic le  a g g re g a tio n  ( lo w  w a te r  a n d  h ig h  p a rtic le  co n ten t, h ig h  o sm o tic  
p re ssu re ).

T h e  a d d itio n  o f  c ry o p ro te c to rs  w ill b e  n e c e ssa ry  to  d e c re a se  so lid  
n a n o p a rtic le s  a g g re g a tio n  a n d  to  o b ta in  a  b e tte r  re d isp e rs io n  o f  th e  d ry  p ro d u c t. 
T y p ica l c ry o p ro te c tiv e  a g e n ts  a re  so rb ito l, tre h a lo se , d ex tro se , lac to se , m a n n ito l a n d  
p o ly v in y lp y rro lid o n e . T h e y  d e c re a se  th e  o sm o tic  a c tiv ity  o f  w a te r  an d  c ry s ta lliz a tio n  
an d  fa v o r  th e  g la ssy  s ta te  o f  th e  fro z e n  sam p le . C ry o p ro te c to rs  p re v e n t th e  c o n ta c t 
b e tw e e n  d isc re te  lip id  n a n o p a rtic le s . F u rth e rm o re , th e y  in te ra c t w ith  th e  p o la r  h ead  
g ro u p s  o f  th e  su rfa c ta n ts  a n d  se rv e  as  a  k in d  o f  ‘p se u d o  h y d ra tio n  sh e l l’ (A llé m a n n  e t  
a l., 1996; M e h n e rt a n d  M âd e r, 2 0 0 1 ).

7. Application of nanoparticles

N a n o p a rtic le s  h a v e  b e e n  in tro d u c e d  as a  n o v e l d ru g  d e liv e ry  sy s te m  fo r 
p h a rm a c e u tic a l an d  c o sm e tic  a c tiv e  a g e n t in  v a rio u s  a p p lic a tio n  ro u te s  su c h  as 
p a re n te ra l, o ra l, to p ica l, o cu la r , p u lm o n a ry  an d  re c ta l (M ü lle r , M â d e r  an d  G o h la ,
2000).

7.1 Topical application
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7.1.1 T h e  p ro te c tio n  o f  la b ile  co m p o u n d s  a g a in s t ch em ica l 
d e g ra d a tio n  a n d  th e  p o ss ib ility  to  m o d u la te  d ru g  re le a se  d u e  to  th e ir  so lid  s ta te  o f  th e  
p a r tic le  m a tr ix  h as  b een  sh o w n . (M iille r-G o y m a n n , 2 0 0 4 ; Je n n in g  e t a l ,  2 0 0 0 ). It h as  
b e e n  re p o rte d  th a t  in c o rp o ra tio n  o f  C o e n z y m e  Q io in to  th e  so lid  lip id  n an o p a rtic le s  
m a tr ix  p ro te c te d  th e m  a g a in s t ch e m ic a l d e g ra d a tio n  (M ü lle r , M â d e r  a n d  G o h la  2 0 0 0 ).

7 .1 .2  T h e y  a re  c o m p o se d  o f  w e ll- to le ra te d  ex c ip ien ts . L ip id - 
b a se d  n a n o p a rtic le s  se e m  to  be  w e ll su ite d  fo r u se  o n  d a m a g e d  o r  in fla m e d  sk in  i f  
th e y  a re  b a se d  o n  n o n -irr ita tiv e  a n d  n o n -to x ic  lip id s  (D in g ie r  e t a l ,  1999).

7.1.3 L ip id -b a se d  n a n o p a rtic le s  sh o w  a  u v -b lo ck in g  
p o te n tia l as  th e y  a c t as  p h y s ic a l su n sc re e n s  o n  th e ir  o w n  an d  c a n  b e  c o m b in e d  w ith  
m o le c u la r  su n sc re e n s  in  o rd e r  to  a c h iev e  im p ro v e d  p h o to -p ro te c tio n  (W iss in g  an d  
M ü lle r , 2 0 0 2  a  a n d  b).

This carrier is considered as being the next generation of
delivery of pharmaceutical and cosmetic formulations. The lipid-based nanoparticles
posses some features which make them promising carriers for topical applications:

7 .1 .4  A  w h ite  p ig m e n t e ffe c t th a t  co v e rs  u n d e s ire d  co lo rs  o f  
c o m p o u n d s  o r  th e ir  d e g ra d a tio n  p ro d u c ts  (W iss in g , L ip p a c h e r  a n d  M ü lle r , 2 0 0 1 ).

7 .1 .5  A d h e s iv e n e ss  is a  g e n e ra l p ro p e rty  o f  a v e ry  fin e  
p a rtic le , le a d in g  to  film  fo rm a tio n  o n  th e  sk in . T h is  f ilm  o f  u ltra fin e  p a r tic le s  p ro v id es  
a n  o c c lu s iv e  e ffe c t w h ic h  p ro m o te s  p e n e tra tio n  o f  a c tiv e  in g re d ie n ts  in to  th e  u p p e r 
p a rt o f  th e  e p id e rm is , m a in ly  th e  s tra tu m  c o m e u m . D u e  to  a n  o c c lu s io n  e ffec t, w a te r  
e v a p o ra tio n  fro m  sk in  to  th e  a tm o sp h e re  is d e c re a se d  a n d  w a te r  is th u s  re ta in ed  w ith in  
th e  sk in  (re d u c e d  tra n se p id e rm a l w a te r  lo ss; T E W L ). T h e  s tra tu m  c o m e u m  sw e lls  
(h y d ra tio n ), th u s  e n h a n c in g  th e  c o sm e tic  e f fe c t an d  p h a rm a c e u tica l e ff ic ie n cy  o f
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in c o rp o ra te d  in g re d ie n ts  a n d  a lso  p ro v id in g  sm o o th in g  e ffe c t o n  sk in  w rin k le s . 
M o reo v e r, p e n e tra tio n  m ig h t a lso  b e  a ffe c ted  b y  th e  n a n o p a rtic le s  c a rr ie r  itse lf , th e  
h ig h  sp e c if ic  su rfa c e  a re a  o f  n a n o m e te r  s iz e  fa c ilita te d  c lo se  c o n ta c t o f  e n c a p su la te d  
d ru g  w ith  th e  s tra tu m  c o m e u m  (M ei e t  a l ,  2 0 0 3 ; W iss in g , L ip p a c h e r  a n d  M ü lle r,
2 0 0 1 ). It is  a s su m e d  th a t  n a n o p a rtic le s  d isp e rs io n , w h e n  a d m in is te re d  d ire c tly  o n to  
sk in  in  a  sm a ll b u t su ff ic ie n t q u an tity , w o u ld  c a u se  fe w e r s id e  e ffec ts , i f  an y , th a n  th e  
c u rre n tly  a v a ila b le  fo rm u la tio n s .

2 pm 200 nm

S e c tio n :

HoO evaporation

๙®®ร ิ© ! « § ®  iiilliiiii
small/
"capillary pores"

Figure 2-10 M o d e l o f  o c c lu s iv e  e f fe c t d e p e n d in g  o f  s ize  o f  th e  p a rtic le s , 2 p m  (le ft)  
an d  2 0 0  n m  (rig h t)  (M ü lle r , R ad tk e  a n d  W iss in g , 2002).

A  f irs t m o d e l o f  o c c lu s iv e  e ffe c t an d  film  fo rm a tio n  b y  so lid  
n a n o p a rtic le s  w a s  d e v e lo p e d  b y  D in g ie r  (1 9 9 9 ), su g g e s tin g  th a t th e  o cc lu s iv e  e ffe c t is 
s tro n g ly  d e p e n d e n t o n  th e  p a tic le s  s ize . F ig u re  2-11  sh o w s th e  d iffe re n ce  b e tw e e n  
la rg e  p a r tic le s  m ic ro p a r tic le s  an d  sm a ll n a n o p a rtic le s . T h e  ‘h o le s ’ in  b e tw e e n  th e  
m ic ro p a rtic le s  ap p lie d  to  th e  sk in  a re  re la tiv e ly  la rg e  an d  fa v o u r  th e  e v a p o ra tio n  o f  
w a te r  h y d ro d y n a m ic a lly . In  c o n tra s t, o n ly  tin y  n a n o s iz e d  p o res  e x is t in  th e  m o n o la y e r 
o f  so lid  n a n o p a rtic le s  th u s  e v a p o ra tio n  o f  w a te r  is h y d ro d y n a m ic a lly  u n fav o u rab le .
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W a te r  c o n d e n sa te s  in  th e  p o re s  d u e  to  th e ir  sm a ll s ize  a n d  re d u c e d  v a p o u r  p re ssu re  

(L a  P la c e  eq u a tio n ).

In v itro  s tu d ie s  w e re  p e rfo rm e d  to  c o n firm  th e  o cc lu s iv ity  o f  
n a n o p a rtic le s  o r  so -c a lle d  ‘o c c lu s iv e  fa c to r ’ (M ü lle r , R ad tk e  an d  W iss in g , 2 0 0 2 ). T h e  
in v itro  m o d e l by  V rin g e r  c o n s is te d  o f  a  b e a k e r  o f  w a te r  c o v e re d  b y  a  f ilte r  p ap er. T h e  
fo rm u la tio n  w as sp read  o n  a  f ilte r  p ap er; a  re fe ren c e  co n tro l w as  a  b e a k e r  w ith  a  f ilte r 
on ly . A n  o c c lu s io n  fac to r w as  c a lc u la ted  b y  th e  fo rm u la :

F =  100* (A -B )
A

w h ere , F is th e  o c c lu s iv e  fac to r,
A  is  th e  w a te r  lo ss  w ith o u t s a m p le  (re fe re n c e )  an d  
B is th e  w a te r  lo ss  w ith  sam p le

F ro m  th is  s tu d y , an  o c c lu s iv e  fa c to r o f  z e ro  m e a n s  n o  o c c lu s iv e  
e ffe c t c o m p a re d  to  re fe ren ce ; th e  m a x im u m  o cc lu s iv e  fa c to r  is 100 (M ü lle r , R ad tk e  
an d  W iss in g , 2 0 0 2 ). M o reo v e r, th e  sy s te m a tic  s tu d y  o f  o c c lu s io n  w a s  p e rfo rm e d  b y  
W iss in g , L ip p a c h e r  an d  M ü lle r  (2 0 0 1 ) w h o  in v es tig a ted  th e  c h e m ic a l n a tu re  o f  th e  
lip id , c ry s ta llin ity  o f  th e  lip id  m a trix , an d  p a rtic le  size . T h e  s tu d y  o f  p a r tic le  s ize  
sh o w e d  th a t  o n e  n e e d s  to  h av e  re a lly  sm a ll-s iz e d  n a n o p a rtic le s ; lip id  m ic o c ro p a rtic le s  
h av e  n o  o r  little  o c c lu s iv e  e ffec t. T h e  รณd y  a lso  sh o w ed  th e  su p e rio r ity  o f  2 0 0  n m  
n a n o p a rtic le s  o v e r  4  p m  m ic ro p a rtic le s .

A n  a d v a n ta g e  o f  so lid  n a n o p a rtic le s  is a  s im p le  p e rfo rm ed  
in c o rp o ra tio n  in to  v a rio u s  to p ic a l fo rm u la tio n s  (A m se le m  an d  F rien d m an , 1998). 
S o lid  n a n o p a rtic le s  c an  b e  a d m ix e d  to  an  a lread y  c o m m e rc ia lly  a v a ila b le  an d  
e s ta b lish e d  to p ica l fo rm u la tio n  A d -m ix in g  th e  so lid  n a n o p a rtic le s  lead s  to  an  in c rease

2 ^ 5 1
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in  o c c lu s iv ity  w h ile  s till  m a in ta in in g  th e  ‘lig h t c h a ra c te r ’ o f  th e  d a y  c re a m  an d  
a v o id in g  th e  g lo ss in e ss  o f  m o re  o c c lu s iv e  n ig h t c ream s.

Figure 2-11 I llu s tra tio n  o f  th e  p ro p o se d  in flu en ce  o f  p a rtic le  s ize  o n  cu ta n e o u s  
p e n e tra tio n  p a th w a y s  (A m se le m  an d  F rie n d m a n , 1998).

T h e  o b se rv e d  im p ro v e d  e ff ic a cy  o f  th e  so lid  n an o p a rtic le s  
fo rm u la tio n  co u ld  b e  e x p la in e d  b a se d  o n  sk in  s tru c tu re . T h e  sk in  b a rrie r, w h ic h  
p re v e n ts  p e n e tra tio n  o f  e x te rn a l su b s ta n c e s , is  lo c a liz e d  in  th e  o u te r  h o m y  lay e r 
(s tra tu m  c o m e u m ). It c o n s is ts  o f  sev e ra l lay e rs  o f  d e a d  e p ith e lia l c e lls  an d  th e  
in tra c e llu la r  sp a c e  w h ic h  is  f ille d  w ith  n o n -p o la r  lip id s . T h ese  la m e lla r  lip id  lay e rs  a re  
a ssu m e d  to  be  a  p r im a ry  b a rr ie r  a g a in s t p e n e tra tio n  o f  ex o g e n o u s  co m p o u n d . 
A m se le m  an d  F rie n d m a n  (1 9 9 8 ) e x p la in e d  d ire c t in flu en ce  o f  th e  p a r tic le  s ize  o n  its 
p e n e tra tio n  in to  sk in . It w as  fo u n d  th a t th e  p a rc u ta n e o u s  p e n e tra tio n  p a th w a y  o f  
p o ly m e ric  m ic ro sp h e re s  is s ize  d ep e n d e n t. P a r tic le s  b e lo w  3 p m  w e re  ra n d o m ly  
d is tr ib u te d  in to  th e  s tra tu m  c o m e u m  an d  h a ir  fo llic le s . T h e  m a in  p e n e tra tio n  p a th w ay  
o f  th e se  m ic ro sp h e re s  w as th e  tra n se p id e rm a l ro u te  s in ce  th e  o u te r  su rface  o f  the  
fo llic u la r  o rif ic e  is o n ly  0 .1 %  o f  th e  to ta l sk in  su rface  a rea . T h e  la rg e r  m ic ro p a rtic le s
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( > 1 0 - 2 0  p m )  d id  n o t p e n e tra te  th e  sk in  a n d  re m a in e d  o n  th e  s tra tu m  c o m e u m  o u te r  
su rfa c e  as  sh o w n  in  F ig u re  2 -12 .

7.2 Oral administration

O ral a d m in is tra tio n  o f  n a n o p a rtic le s  is p o ss ib le  a s  a q u e o u s  d isp e rs io n  
o r  a lte rn a tiv e ly  a fte r  tra n s fo rm  in to  a  tra d itio n a l d o sa g e  fo rm  su ch  as  ta b le ts , p e lle ts , 
c a p su le s  o r  p o w d e rs  in  sach e ts . A n  e x a m p le  fo r o ra lly  a d m in is te re d  n a n o p a rtic le s  is 
C a m p to th e c in  (C A )-lo a d e d  n a n o p a rtic le s  u s in g  s te a ric  a c id  (2 % ), le c ith in  (1 .5 % ) and  
p o lo x a m e r  188 (0 .5 % ) as in g re d ie n ts  (Y a n g  e t a l., 1999). C y c lo sp o rin  h a s  a lso  b een  
fo rm u la te d  as  n an o p a rtic le s . A  lo a d in g  cap ac ity  o f  2 0 %  c y c lo sp o r in  in  th e  lip id  
Im w ito r 9 0 0  w as a c h iev ed . T h e  n a n o p a rtic le s  w ere  s ta b iliz e d  u s in g  a  m ix tu re  o f  
T ag a t-S  a n d  so d iu m  c h o la te  (M ü lle r , M à d e r  a n d  G o h la , 2 0 0 0 ).

7.3 Parenteral administration

B a s ic a lly  n a n o p a rtic le s  c an  b e  u se d  fo r  a ll p a re n te ra l 
a p p lic a tio n s , ran g in g  fro m  in tra -a r tic u la r  to  in tra v e n o u s  a d m in is tra tio n . S tu d ie s  u s in g  
in tra v e n o u s ly  a d m in is te re d  S L N  h av e  b e e n  p e rfo rm e d  b y  v a r io u s  g ro u p s. B o c c a  e t al. 
(1 9 9 8 ) p ro d u c e d  s te a lth  a n d  n o n -s te a lth  so lid  lip id  n a n o p a rtic le s  a n d  s tu d ie d  th e m  in  
c u ltu re s  o f  m a c ro p h a g e s  an d  a lso  a f te r  lo ad in g  th e m  w ith  p a c lita x e l in v ivo . T h e  
in tra v e n o u s  a d m in is te re d  S L N  led  to  h ig h e r  an d  p ro lo n g e d  p la s m a  lev e ls  o f  p ac litax e l 
(M ü lle r , M à d e r  an d  G o h la , 2 0 0 0 ).

7.4 Other Applications

In a d d itio n  to  to p ic a l, o ra l an d  p a re n te ra l ad m in is tra tio n , the  
u se  o f  n a n o p a rtic le s  fo r n asa l ( I liu m  e t a l., 2 0 0 1 ), p u lm o n a y  an d  o p h th a lm ic  d e liv e ry  
o f  d ru g s  (M ü lle r , M à d e r  an d  G o h la , 2 0 0 0 ; D e C am p o s  e t a l., 2 0 0 1 ) h as  b een
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in v es tig a ted . N a n o p a r tic le s  h a v e  e n a b le d  c ro ss in g  th e  b lo o d -b ra in  b a rr ie r  th a t 

re p re se n ts  an  in su rm o u n ta b le  o b s ta c le  fo r  a  la rg e  n u m b e r o f  d ru g s , in c lu d in g  
a n tib io tic s , a n tin e o p la s tic  ag e n ts , an d  a  v a r ie ty  o f  d ru g s  o f  c e n tra l n e rv o u s  sy stem  
a c tiv e  d ru g s , e sp e c ia lly  n e u ro p e p tid e s  (K re u te r , 2 0 0 1 ; S c h ro e d e r  e t  a l ,  1998). 

N a n o p a rtic le s  a re  a lso  u se d  as  im m u n e  a d ju v a n ts  in c lu d in g  te ta n u s  to x o id  an d  
in f lu e n z a  v iru s  (A m se le m  a n d  F rie n d m a n , 1999).
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