CHAPTER II

LITERATURE REVIEW
1 Definition of Liquid Crystals (Brown, 1972; Viyas et aL, 1997)

The liquid crystalline state, also called mesophase or mesomorph, is the
intermediate state of matter between crystalline solid and isotropic liquid. At the
molecular level, two extreme cases can be recognized: the perfect order of crystal in
which molecules exhibit no mobility at all and the complete disorder of gases and
liquids which exhibits randomness of highly mobile molecules. When both of the
principles of order and mobility are applied in combination, a new state of matter
originates and is named the liquid crystalline state. This state of matter combines the
order of a crystal with the mobility of an isotropic liquid and, thus, possesses some
specific characteristics. One ofthe most important properties of liquid crystals is being
biréfringent, a property which is associated with crystal . On the other hand, they have
the flow properties of liquids. These properties have rendered liquid crystal a wide
range of applications in the pharmaceutical field. For example, liquid crystals are so
important in emulsions that they have been included in the International Union of Pure
and Applied Chemistry (IUPAC) definition of an emulsion where an emulsion is
defined as a mixture oftwo immiscible liquids, one ofwhich is dispersed in the other in

the form ofliquid droplets and or as liquid crystals.



2. Classification of Liquid Crystals

Liquid crystals can be grouped into two major classes depending upon the

mechanism o ftheir formation (Brown, 1972; Lawrence, 1994; Vyas, et ., 1997).

2.1 Thermotropic Liquid Crystals

Thermotropic liquid crystds are prepared by heating the crystalline solid.
Temperature is the primary factor in achieving this system. There are three different
types of thermotropic liquid crystals: smectic, nematic, and cholesteric (Figure 1). In
the smectic phase, molecules are arranged in the form of layers, and the axis of the
molecule is nearly normal to the plane of the layers. In the nematic phase, the
molecules mmntdn parallel arrangement dong their long axes but are not stratified. In
the cholesteric phase, the molecular axes are parallel to the plane of the layers, but the
direction of the long axes of the molecules changes continuously in going from one
layer to another, resulting in a helical structure. Thus, thermotropic liquid crystalline
systems can be defined as nematic, smectic or cholesteric depending on the orientation
and the repetition properties ofthe units. These liquid crystds are commonly found in
our ddly life and show multiple applications as they exhibit variations in color with
temperature and/or a magnetic field and/or an electric field. Materials that can form
thermotropic liquid crystds include cholesteryl pdmitate and p-azoxyamsole. Some
applications of thermotropic liquid crystals include thermometers and liquid crystd

displays (LCD).
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Figure 1. ThermOtrOpiC |_|qU|d CrySta|S. (From Reprinted ICI| Surfactants

Document RP94/93E)



2.2 Lyotropic Liquid Crystals

Lyotropic liquid crystals are prepared by mixing two or more components, one
ofwhich consists of polar molecules (e.g., water). The other component(s) may be an
organic or an inorganic compound. Temperature change is not the factor in achieving a
lyotropic liquid crystalline system, but rather the change in solvent content.

Many amphiphilic compounds which contain both hydrophobic and hydrophilic
parts, such as surfactants and lipids, have a tendency to form lyotropic liquid crystals.
These amphiphiles can incorporate considerable amounts of water leading to the
formation of various liquid crystalline phases. Several studies reported the phase
behavior of amphiphilic compounds both in an aqueous environment (Lutton, 1965;
Kayali et al., 1991) and in a nonaqueous environment (Friberg and Liang, 1987) where
lyotropic liquid crystalline phases exist. Not only surfactants, but other components in
the system, such as oils and long chain cohols, also participate in building up the
structures (Rong and Friberg, 1988; Mueller-Goymann and Frank. 1986). When a
surfactant is dispersed in water just above the limit ofits aqueous solubility (i.e., above
its critical micelle concentration), it generally aggregates into one of:he three types of

structure, namely lamellar, hexagonal, and cubic phases, depending upon many factors.
a) The Lamellar Phase (Eccleston, 1990)

In the lamellar phase, molecules are arranged in bilayers separated by
water layers which are extended into planar bilayers or closed bilayer systems (vesicles
or liposomes) (Figure 2). At normal surfactant concentrations, the volume

proportion ofthe lamellar phase can become so large in an emulsion system that it not
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Figure 2. Lamellar Phases: (a) Planar Bilayer (b) Closed Bilayer [Vesicle or

L|p030m6] (From Kayali, 1991; Rieger, 1997)

only covers the droplets as a stabilizing film but also forms a macroscopic phase in
which the droplets are dispersed (Figure 3). In such system, contact between the polar-
polar and the nonpolar-nonpolar portions of the molecules is maximized, resulting in a
stable configuration. The hydrocarbon chains o f the bilayer can exist in two different
states: the gel state and the liquid crystalline state (Figure 4). The structure of the

lamellar gel state resembles that ofthe lamellar liquid crystalline state, but in the



Wi A \\m\\m\ Per o S \\\\wm%% \:1 2 5.;;

L N SN N 23 e =% :
-;.%'é ST S N 1 /o Z = =
“ Sy SN X b0 TZ = =
naZ &8 '$§Wm%%§v%ﬁm

aS = =S =S e, L, o T

e 5 3 L7 7 2 2,

f..§’7 =< == o= - "__—ﬁ ';?, /fr/// ing

—_— = it d = -
W OEZE §% £2%, %
2 S % BN 2, P,
Sz 22 /y X Wy, G, 2
NSE 2, S w Hl\m\\\\ Ay, T2 22
= 1 7

i, = \\%\‘ S , §‘H""*”o %

)

o
%,
()
%
A
-3
&
s
\\\‘\\\\

-~
-
-
-
-
-

v

!
i,

-

1
i & S

@% WS 5 57

i

§§ﬁ““2&8
&
mm®

\g\\‘w&\'

f%

\

Z, T

i

NNt

e
\)
\
A

@%%2¢M%WMW wmmwéaﬁ
S5 %:3% z,/,:////'m W N sn XS
= T A\ =N
»‘Qg:?w 2 2 “‘uum’(ﬂ um&‘\\\\\ \\\\ n‘??’o (%ﬁ
\ “ % 1] % ==
Wiy, % S &\\\‘“ ‘,‘;;Jz:,/ A5
5 == =2 2
12 EEE S0 2. . 22,
1z s 3 == =2 =2 Eon
P Do ST =SS = = 7>
w <= &§ =Sy o,

_
:
3 =
s 5
j S
\
1
N
S
%m
4]
L}

i) \‘t\\\
\\\:s:-:\\.\.ﬁ‘;‘.\ﬁ\

“\}\1

e

QR
gz%g ?iéggas
2! AR L

NS > R i'?)’/l{
iy

g E 1

A\ '§

L\

Ry

)
S

? % % \\ AW
2, //A’ﬂ “J““W;// /f;«, f/ G l\ N %\\ - “
'g =z :&‘a.‘il’&)}y /ﬁ 7. 7/{, g !SH{R \Y\l\\ :}\3}3\\\&( i
22 S % 2 i S

Figure 3. Structure of an Qil/Liquid Crystal/\Water Emulsion. (rrom Forster,

1997)
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Figure 4. States of the Hydrocarbon Chains of the Bilayer Structure: (a) Gel

State; (b) Liquid Crystalline State. (From mauiik shiptey, 1996)



gel state the molecules pack more tightly (smaller surface area per molecule), and the
chains are much more highly ordered and essentially fully extended. In the liquid
crystalline state, there is considerable disorder in the acyl chain. Because the chains are
maximally extended in the gel phase with the molecules packing more tightly together,
the bilayer thickness is more than that ofliquid crystalline phase, and the density ofgel
phase is slightly greater. During a gel to liquid crystalline transition, the polar head, as
well as the lipid hydrocarbon tail, becomes less dense.

Temperature can also markedly influence the physical state of the
system. The acyl chain ofthe bilayer can exist either in liquid crystalline state or in gel
state, depending on the transition temperature (Tm). Tmis the melting temperature of
the hydrocarbon chain without any loss oflong range stacked bilayer structure. Tm is
influenced primarily by the characteristics o fthe hydrophobic portion o fthe surfactant.
The lamellar liquid crystalline phase exists above the phase transition temperature of
the system, whereas bilayer gel phase exists below this temperature. The lamellar liquid
crystalline phases that occur above the phase transition temperature have been called
the Laphase. Bilayer gel phases that occur below the phase transition temperature are

referred to as the Lp phase.
b) The Hexagonal Phase

In this phase, the molecules are arranged in the form of cylinders either
with the polar groups on the outside and in contact with water (normal hexagonal/ Hi)
or with the polar groups facing the inside where there is a column of water (reverse

hexagonal/ Hn). These cylinders are packed in a hexagonal arra> in a continuous
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aqueous medium (Figure 5). The hexagonal phase is much stiffer in consistency than

the lamellar phase.
¢) The Cubic Phase

The cubic phase represents another form of a liquid crystalline phase. It
consists of molecules packing in a spherical pattern. The spheres of molecules then
arrange themselves in a cubic pattern, as is schematized in Figure . Cubic phases form
structures with long-range three-dimentional periodicity, where the molecules still
exhibit a dynamic disorder. The network structure makes the phase very viscous,
and the cubic phase is sometimes referred to as the ‘viscous isotropic phase’ in the
literature (Engstrom, 1992). A number of reviews of the cubic phase in general have
been published, discussing various aspects such as its structure and biological

relevance (Lindblom et ., 1979; Lindblom and Rilfors, 1989; Larson, 1989).

The most interesting aspect of these liquid crystal is their ability to
incorporate both lipophilic and hydrophilic agents into the corresponding lipophilic and
hydrophilic regions of their structures. The compounds reported to be efficiently
incorporated into liquid crystdline systems include drugs, vitamins, and sunscreen

agents (Wahlgren et ., 1984; Rong et ., 1995; Uslu, Yuksel, and Baykara, 1997).
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Figure 5. The Normal and Reverse Hexagonal Phases: (a) H:; (b) Hh (From

Seddon and Cevc, 1993)
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F|gure 6. CUb|C Phase (From Engstrom et al., 1992)

3. Structure Determination of Liquid Crystalline Phase (Rosevear, 1954; Friberg,
1979; Gennis, 1989)

The formation of various mesophases upon hydration can be determined by
various methods, but the three commonly used techniques are polarized light

microscopy, differential scanning calorimetry, and small angle X-ray diffraction.

3.1 Polarized Light Microscopy

Among all the available techniques, polarized light microscopy provides the

easiest way to qualitatively idenify the different phases of liquid crystal by their
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textures. The lamellar and the hexagonal phases are optically anisotropic, and thus can
be directly observed under an optical microscope with polarized light. The sample of
these phases will look radiant when viewed against a light source placed between
crossed polarizers, whereas the cubic phase is optically isotropic and consequently not
visible in polarized light. Therefore, the characterization of cubic phase requires other
techniques. Under the microscope with polarized light, the two phases, the lamellar
and the hexagonal, also display different patterns (Rosevear, 1954) (Figure 7 and
Figure s). These patterns are very useful for primary identification. This technique was
used by several researchers who previously studied liquid crystals ( ahlgren et .,

1984; Ibrahim et ., 1992; Chang and Bodmeier, 1997).

3.2 Differential Scanning Calorimetry (DSC)

The hydrocarbon chains o famphiphilic molecules are subjected to undergoing a
transformation from an order (gel) state to a more disorder (liquid crystalline) state.
These changes have been characterized by differential scanning calorimetry. The

parameters usually gained from this technique are the following:

-Transition temperature, Tm: the temperature at the maximun peak

height for which the transition occurs

-Transition entf*py, AH: the actual heat required for the entire
transition normalized per mole or per unit weight or the entire area under the curve of

the transition peak (Gennis, 1989)
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Figure 7. Textures of Lamellar Pnase Under the Polarized Light Microscope.

(From Rosevear, 1954)
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Figure 7. (continued) Textures of Lamellar Phase Under the Polarized Light

Microscope. (From Suhaimi, Ahmad, and Friberg, 1993)

Figure 8 Textures of Hexagonal Phase Under the Polarized Light Micrascope.

(From Ibrahim, Sallam, and Habboub, 1992)
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Figure 8. (continued) Textures of Hexagonal Phase Under the Polarized Light

Microscope. (From Rosevear, 1954)



Figure 9 illustrates a thermogram displaying the gel to liquid crystalline

transition with relevant thermodynamic parameters.

3.3 SmallAngle X-Ray Diffraction

Small angle X-ray diffraction technique has been particularly valuable in
determining the type of liquid crystal phase (Friberg, 1979). The ratio between the
characteristic distances from the film are different among the phases. The ratio is
1:1/2:1/4 in the lamellar phase, 1:(1/3)12:(1/4)12 in the hexagonal phase, and 1.
1/(3/4)12:1/(3/8) 12 in the cubic phase. The interlayer spacings o fthe liquid crystalline
phases (Figure 10) can be estimated by small angle X-ray diffraction method (Suhaimi,
Ahmad, and Friberg, 1995). The interlayer spacing was determined by the standard

Bragg’'s equation:

nX = 2dsin 9

where is the order ofdiffraction, Xis the wavelength ofthe incident X-ray beam, d is
the interlayer spacing, and 29 is the diffraction angle. The diffraction angle is

calculated by

tan 29)= DS /2 @+ X)

where D is the distance between the peaks obtained from the X-ray measurements, is
a calibration factor associated with the detector, 1 is the length (in mm) between the
sample and the detector, and X is the calculated length (in mm) from the calibration

curves.
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Figure 10. The Lamellar Liquid Crystal is Divided into Three Zones: (A) Water
Layer, (B) Amphiphiles, (C) Space Between the Terminal Methyl Groups. (From

Friberg et al., 1993)



The bilayer thickness do and the water layer thickness dw is given by

do= (I-c)vid / (I-c)vi + cvw

dw=d - do

where c is the weight fraction ofwater, and Vi and Vw are the partial specific volume of
amphiphilic molecule and water, respectively. Since V] is difficult to estimate, some

authors used Vi = Vw= 1 ml/g as an approximation.

Polarizing microscopy is a useful and rapid way to characterize the structure of
liquid crystals. It can be used as a routine technique. In order to obtain an
understanding of what is occurring at the structural level, however, DSC and X-ray
diffraction studies of the system are ly employed. Researchers uesd these
techniques to investigate molecular arrangements of liquid crystalline structures both
before and after the incorporation of many solutes to study the possible interaction of
these solutes with the liquid crystalline structures. Tenchove et al. (1996) studied the
effect of sucrose on the properties of phosphatidylethanolamine bilayers by DSC and
X-ray diffraction. They reported that sucrose increases the transition temperature and
decreases the interlamellar spacing of the phospholipid bilayer. Other examples that
used DSC and X-ray diffraction to study the interaction of solutes with liquid
crystalline structure include the study of the effect of sucrose on the properties of
phosphatidylcholine bilayer, the interaction of lidocaine and lidocaine-HCI with the
liquid crystal structure, and the results from the addition of curcumin into the bilayer
structure. (Stumpel et al.,, 1985; Mueller-Goymann and Frank, 1986; Suhaimi et .,

1995).
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4. Lyotropic Phese Transition

Lyotropic phase transition between the lamellar gel and liquid crystalline
phases, or between the lamellar and the inverted hexagonal phases, as well as between

other mesomorphic forms, depends on several factors which include the following:
4.1 The presence o fadditional substances
4.2 The ratio o f surfactant and water
4.3 The temperature ofthe system

4.4 The structural properties of the amphiphilic molecules (molecular

geometry)

The Presence o fAdditional Substance

The presence of a solute dissolved in the mesophase can influence the structure
of the liquid crystal and cause a change in its formation. Ibrahim et al. (1993)
investigated the effects ofincreased concentration ofthe solutes; salicylic acid, benzoic
acid, and O-, m-, and p-methoxybenzoic acids; on the properties of lamellar liquid
crystals composed of 37% polyoxyethylene(20)isohexadecyl ether in aqueous buffer.
They found that a phase change occurred in the liquid crystal from a lamellar to a
hexagonal structure in the case of salicylic acid, benzoic acid, and m-methoxybenzoic

acid when the solute concentration reached a certain level. However, o- and p-
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methoxybenzoic acids showed no effect on the structure of the liquid crystal in the
concentration range studied. Kriwet and Mueller-Goymann (1995) found that the
addition of more than 4.5% of diclofenac diethylamine to phosphohpid-water system
led to phase transition from liquid crystals to microemulsions, and the release of the
drug was altered. In general, the structure of liquid crystal is influenced by the
characteristic o fthe solute as well as the solute content, and it is also influenced by the
form ofthe solute added. Engstrom (1992) found that the cubic phase formed in the
monoolein-water system was transformed into a lamellar liquid crystalline phase on the
addition of lidocaine HC1 and to a reverse hexagonal liquid crystalline phase or a
reversed micellar phase when the base form of the drug was added. Therefore the
interaction between the functional groups of the solute molecules and those of
molecules constituting the mesophase can affect molecular packing ofliquid crystalline

systems.

Solutes such as ions can interact directly with the headgroup of structure-
forming components ofthe liquid crystalline system. This may lower the affinity ofthe
headgroup for water or may neutralize charges, giving rise to intermolecular forces and
resulting in tighter molecular packing. Such solutes, therefore, typically increase the
phase transition temperature (Powell et ., 1994). As mentioned earlier, uncharged
water-soluble solutes, such as sucrose, o affect the stucture of liquid crys”®
probably by imposing a dehydration effect on the head group of the bilayer-forming
components, resulting in a system with more tightly-packed molecular structure and

thus increasing the phase transition o f the system.
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The Ratio ofSurfactant and \Water

The ratio of surfactant and water is another factor affecting lyotropic phase
transition. Geraghty et al. (1996) found that glyceryl monooleate, @ water-insoluble
monoolein which swells in water and forms various types of lyotropic liquid crystalline
structures, at ambient temperature with initial contents of less than 15% / ofwater
formed a lamellar phase structure consisting of planar lipid bilayers with altemating
water layers. When the water content increased, the system entered the cubic phase

structure region.

The Temperature o fthe System

Phase transition can occur as a result of changes in temperature. Geraghty et al.
(1996) found that at ambient temperature, gel from monoolein formed lamellar and
cubic phase structures, whereas at temperature greater than 57°c, they formed a

reverse hexagonal (Hn) phase structure.

The Structural Properties of the Amphiphilic Molecules (Molecular Geometry)

(Myers, 1997)

As mentioned above, amphiphilic molecules can form various structures
depending upon many factors. Those structures can change rapidly as conditions are
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altered. Prediction ofthe structure of surfactant aggregates can be done by analysis of

geometric characteristics o fthe molecule defined as a critical packing parameter:

Pc = v/aolc

where pcis the critical packing parameter,

a0is the minimum interfacial area occupied by the surfactant head groups,

V is the volume ofthe hydrophobic tails, and

Icis the maximum extended chain length of the tail in a “fluid” environment

such as the core ofthe micelle, etc.

Using those three molecular parameters, the geometric approach allows one to
predict the shape and size of aggregates. A summary of the predicted aggregation
charateristics o f surfactants covering the whole range ofgeometric possibilities is given

in Table 1.

However, it has been found experimentally that the form of aggregate structure
produced by a given surfactant depends to a great extent on its environment.
Geometric considerations explain fundamental processes operating in the aggregation
process based on the various effects the solution has on ao, V, and Ic. Insertion of the
appropriate values for sodium dodecyl sulfate (SDS) into the equation predicts the
formation of spherical micelles, in agreement with experimental observations. The
external conditions may also participate in determining the critical packing parameter
and should be taken into consideration. For example in the case of SDS, the solvent

conditions that ter one or more ofthe critical values (e.g., high salt concentration that
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Table 1 Expected Aggregate Characteristics in Relation to Surfactant Critical
Packing Parameter, PC(rrom myers, 1997)

Pc

<0.33

0.33-

0.5

0.5-1.0

Surfactant type

Simple, single chains and relatively

large head groups

Simple, relatively small head groups,

ionics in electrolyte

Double-chain, large head groups and

flexible chains

Double-chain, small head groups or

rigid, immobile chains

Double-chain, small head groups very

large, bulky hydrophobic groups

Expected structure

Spherical or ellipsoidal micelles

Relatively large cylindrical or rod-

shaped micelles

Vesicles and flexible bilayer

structures

Planar extended bilayers

Reverse or inverted micelles

reduce the effective value of ao) would, according to the equation, lead to cylindrical

or disk-shaped micelles, again in agreement with experimental observations. Hence, the

phase transition can occur when structural properties o f amphiphiles change from the

influence o f external factors.



As described above, the structure of lyotropic liquid crystalline phases is
dependent on several factors, and this can also play important roles regarding drug
administration into human body. Schneeweis and Mueller-Goymann (1997) found that
reverse micelles of diclofenac sodium encapsulated in soft gelatin capsules, upon
contact with aqueous media, exhibited an induced transformation into a semisolid
system of liquid crystal which slowed down drug release and might have some
beneficial effects after rectal application. The other example was reported by Engstrom
et . (1992). They suggested that polar insoluble but swelling lipid such as monoolein
formed a highly ordered cubic phase in excess ofwater, which can be used to sustain
the release o f different types o f drugs. One problem with the cubic phase, however, is
its stiffness which makes it difficult to handle. In order to make the administration of
the cubic phase easier, precursor in the form ofalamellar phase was investigated. They
found that the monoolein formed the lamellar phase at room temperature, and was
converted to the cubic phase at human body temperature. This result may give a
possibility of using the system for injectable drug delivery although its stiffness makes

it difficult to pass through the needle.

Figure 11 illustrates the different liquid crystalline phases which are obtained
when glycerl monooleate is dissolved in water. The influence ofthe concentration and

the temperature on the physical structure ofthe system is demonstrated.

The influence ofthe molecular composition is o shown in the phase diagrams

o fvarious monoglycerol esters (Figure 12).
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. Advantages of Liquid Crystals

Liquid crystalline phase structures are currently recognized as important in
pharmaceutical formulations. Such mesophases provide physical advantages to

emulsion systems as well as therapeutic benefits.
5.1 EnhancementofEmulsion Stability

Compared to an emulsion of two liquids which is stabilized by a
monolayer of the emulsifier, liquid crystals in an emulsion stabilize the system with
several different mechanisms. The layer of liquid crystalline phase around the droplets
acts as a rheological barrier to coalescence, slowing down the movement of the
droplets. In addition, some liquid crystalline phases have atendency to form a network
extending through the continuous phase. This network also slows down the movement
of droplets and enhances the stability of the emulsion. The pronounced increase in
stability of emulsions when the liquid crystalline phase is present has been evident

(Friberg and Mandell, 1970; Tyls and Frank, 1990).
.2 Control o fDrug Delivery

In anormal emulsion ofliquids, the diffusion across the interface is little
hindered, and the release o f substance from the droplets to the continuous phase is fast.
The liquid crystalline phase is shown to sustain the release of drugs. The structure of
the liquid crystal effectively reduces the transport of a dissolved substance. In liquid

crystalline systems, the release is lower than in those without stabilization by the liquid



32

crystalline phase. Geraghty et al. (1996) found that the in vitro release of some
antimuscarinic drugs from monoolein/water liquid crystalline system was sustained
over a period ofabout 18 hours. Other examples are controlled release oflidocaine and
lidocaine-HCI from surfactant bilayers in a system consisting of soyasterol-PEG-ether,
water and the drugs; fenoprofen from phospholipid bilayers; and chlorpheniramine
maleate and pseudoephedrine hydrochloride from monoolein/water cubic phase
(Mueller-Goymann and Frank, 1986; Mueller-Goymann and Hamann,1993; Geraghty et

al., 1996; Chang and Bodmeier, 1997).

5.3 Prolongation o fHydration Properties o fdosageforms

The water in the structure of liquid crystalline phase is less prone to
immediate evaporation when applied to surface such as the skin. So, when applied
topically, such phases increase the length of time the skin can retain moisture
compared to emulsions having no such phases and thus increase hydration ofthe skin.
Friberg and Kayali (1989) showed that water evaporation rates from liquid crystals
were significantly slower than those measured from unprotected water surface.
Hydration level of the skin is one of the factors that affect skin permeability
characteristics, for example, hydrated skin demonstrated higher permeability for a

series o f salicylate esters (Feldmann and Maibach, cited in Bary, 1993).

5.4 Solubilization ofLow Solubility Drugs

The liquid crystal can solubilize higher amounts of some substances

than can normal liquids, depending on the structure ofthe substance as well as the type



33

of liqguid crystalline phase. A good example is the study with hydrocortisone by
Wabhlgren et al. (1984) where the drug was soluble in the lamellar liquid crystalline
phase up to 5% by weight. This value is about four times greater than the

corresponding solubility of hydrocortisone in the commonly used solvent, ethylene

glycol.

5.5 Enhancement o fDrug Stability

Systematic studies of reaction Kkinetics utilizing liquid crystalline
structures as solvent media are scarce. Swarbrick and Carless (1964) studied the rate
of oxidation of benzaldehyde in lyotropic mesophases encountered in ternary systems
consisting of betaine-benzaldehyde-water. The reaction rates were found to be
significantly lower in the mesophases when compared with the corresponding rates in
isotropic systems. Murthy and Rippie (1970) died the rate of hydrolysis of procaine
and its quarternary derivatives in lyotrpic liquid crystalline phases. They found that the
reaction rates were considerably slower (300 to 1100 folds) in the liquid crystalline

phases than in aqueous media.

5.6 Similarity to Biological Membranes

There are many drugs the action of which is to affect the biological
membrane such as antibiotics and disinfectants. Many o fthese drugs insert their actions
by disrupting integrity of bacterid membranes. One example is famesol. Addition of

famesol to the cell culture derived from human leukemia line CEM-C1 results in cell
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respectively. Hectron San Resorarce (ESR), Nudear Magnetic Resorance (NVR)
and Opiical Rotary Dispersion (ORD) showed thet eledtrostatic interaction took place
between the amino-groups of the antibiatic and the dhoshaete groups of the DPPC ad
the tails of chlorotricin penetrated into the lipid bilayer. Severd siudies have reported
the use of liquid aysta as the nodd mentrare (keda & |, 1984; Berleur et
1984 Berleur et ., 1985 Aranda et dl., 1989

5 7Aplicabilty o Cosetic Uss

QOly cosretics auh as waterproof foundations, eyeshedons, ad
lipsticks are ly difficult to be remove by deansing areans or deansing alls ad
tend to remmm on the skin- Occasion’y they are wiped off with a pece of tissue
however, this method ey resut in skin darege by sin saudding Sualki et .
(2992 found thet by using a liquid crystine system consisting of polyaxyethylene



(20) octyldodecyl ether as a mekeUp remover, olly cosTelics were eeslly dissoved
and dspasad. Futhemore, this system could ke eeslly removed from the sin by
rinsing off. Another earge is the work by Rong e d (1995) who usad a liquid
aystaline systemto saluhllize active agarts for cosTetic puposes. Vitamin E which
Is an anti-oxidart itself, is an oll, ad its dredt goplication is far from a satisfying
cosiTetic point of view becaee of its taddness and ally gopeasrance. They found thet a
liquid aystalline vehide could sdlubilize vitamin E to an extert higher then the values
datained in traditional emuision 9daTs

6. Potential Use of Liquid Crystals In Drug Delivery

Liquid aystalline preses have high potential in drug delivery. It is known thet
the rdease pettemn of the entraped diug ndecues in a delivery system differs
depending onthe strudiure of the camier (lbrahim, 1989). Henee, it shauld be posside
to use different phesss of liquid aystas in dug ddivery though very little work hes
earined ad deradeized the retLre of the phese strudure when liquid aystalline
phesss were siuded. Honever, it is known thet the diffusion of a drug within aliquid
aystaline phese differs fromthat in saution. For eane, the diffusion coeffident of
adug within alamellar phese is gpproximetely ane or two arders of megnituce seller
then thet in solution, and it hes been sugpested thet liguid arystalline preses, espedally
the lamellar phese ad the heagordl [ese ae patentially very usefu systans for
topical drug delivery (Lawrence, 1994). Topical contrdlechelease can ke achieved if
the rdesse rate from the sytemis less than the diiffusion of drug through the skin [t is
aso posside to adhieve afine tuning of rdease praperties of liquid aystalline sygans

X+ aZKIY00
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Qe gorcachis to egneer the sygemto denongirate hese reversian Yoon contact
with agueaus nedia Snce different dreses of liquid aystals possess different rdesse
petters. Ths gorcech hes potetid & a SHanechdease preparation for
inramuscular or subouianeous adiministration aswell asfor redd gdication In these
routes of administration, body fiuids are exqpedted to sanve as an additiondl corponent
of the systemthat introduces [rese inversion (Lawrence, 1994 Caraghty @ dl., 1996,
Sdreanas and Mudler-GCoymam, 1997). The fom of the dug presarnt in these
sydans, either asfree add or bese or its sait, may dso influence the diffusion of the
drug through the thidaness of the liquid arystalline layer (MLeller-Goymann and Frank
1989). Besides contralling crug relesse pettems, lamellar rese strudures are known
to exhibit interesting solublity properties in thet it is posside to incorporate either
hydrophilic, lipophilic, or anphiphilic drugs into the structure (Lawrence, 1994). Sne
drugs are nore sdlube in the liguid arystalline phese then in isotropic liquids thet have
similar compaosition (- allgenet ., 1984).

Table 2 gves sare physicochenriod properties ard potentia phanmrecauticdl
applications of various phese strudures, induding the liquid arystdiine presss, of
anphiphiles.

1. Evaluation of Drug Release from the Vehicle

In vitro rdeese dudies are the primary method to investigete ability of the
vehide to contrd the peformance of a dug delivery sygem Sdedion of an
goproiate experimental tedmique is ae of the nost audd Sgs in dataining



Table 2. Some physicochemical properties and potential pharmaceutical applications of surfactant phase structure ( From Lawrence,

194)

Phase Appearance Viscosity
Structure
Modlles (ear, nonHairefringent Low

Least Visoous dese

Qubc (ear, nonHairefringent Very high
Hese IMost visoous drese

Heegod  Cear, doudy biréfringent isoous

Solubilization Capacity

Low anphiphilic and non-
polar sdutes only

Hgh anphiphilic and non
polar sautes
Low weter-soluble sdutes

Prabaldly high aphiphilic
ad norHpolar sdutes
Low weter-soluble sautes

Surfactant

Concentration
025%

Vaies
Cenerdly geater 3%

Wide range possibe

Possible Use

Solution for nost
routes of delivery
Protection of lable

conounds

Various preparation
for sstained rdease
inrausauar,
subouianeous,ard ad
topical

Pratection of lakle
conpouncs

Seaned rdease
particularty topical



Table 2. (continued)

Phase Appearance Viscosity Solubilization Capacity Surfactant Possible Use

Structure Concentration

Lamellar  Cear, doudy biréfringent  Fairly visoous Praboally high Wde rage possble . Sutained rdesse,
anphiphilic ard non-polar particularty topical
solutes
Low weter-soluble sdutes

Vesdes  Qear, doudy biréfingent  Low viscosity Probably high Fairly low Most routes of
anphiphilic ad nonpdar Generally less then 10 administration exoet
soutes % by weight ordl
Low water-soluble sdutes Pratection of labile

conounds
Solid Waxy solid Stiff Not knoan 100 % by weight Solid dispersion for

od e
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aocurde ceta and thus minimizing mdleading results. Vetherratical noddling of the
rdesse deta is dso necessaty in understanding the praoetde medhenss by which the
camer hes contrd over the rdeese prafile of the sygem

71 Experimental Techniques (Washington, 1990)

In vitro rdleese ethods are the nears of assessig the abllity of avehide or
beee to liberate medicament under the conditions of the test. Messureent of relesse
profiles requires good sink conditions, S0 it hes been reconmended as arde thet the
concertration of diug in the rdeese medum must be less then 10% of the saturation
concentration of the dug in the nmedum This is a usefu dating point for
expeimenta desgn The total recovery of the drugs into the sirk shauld aweys be
dheded in oder to dsoount losses such as degradition of udtade dugs ad
adsorption of the drug to the gaparaiLs, filters or menriranes or ather possidle routes.
If the relesse profile does nat reech 100% & ‘infinite’ tinres, then the possibility of
expainentd erars deto dug loss shoud be investigated.

A nurber of exparimenta methods for the determination of rdesse profiles
from vehide have lbeen ussd in the pest. All of these nethods have thelr advartages
and dsadvaniages that nead to be considered before choosing any particular mrethod to

investigate drug rdlees2
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1 Membrane Diffusion Methods

In this goaroach, the vehide is sgparaied from the rdlease mediumby
dalyss memrarewhichis pamredde to the drug. A diffusion odll is introduced for the
study of the transpart of a dug within a vehide. The cdll consists of donor ard
receptor conpartments ssparded by dalyss memtrare (Fgue 13, The donor
conpartrent contains the vehide, wheress the receptar [dese contains the rdease
medum The cdl is ket @ a cordant tenperaiure. The diug diffuses out of the
vehide through the maTirare to the rdease medum and the sandes were withdrawn
a spedific time intervals to ke assayed

Although daysis mamranes have generally been dhosen for rdesse
sidies (Heshica et d., 1980 Benta et dl., 1985 Myazaki wt .,1980), synthetic
mentranes such as silicone rudber nentraess e« beenused 'Lalor, Ry, ad
W\&ner, 199
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Figure 13. Schematic Representation of Franz Diffusion Cell. (FromCrin, 1987)
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2. Sampling and Separation Methods

In this experimenta seup, the vehide is diluted into a sirk where the
concentration of the rdeasad drug is assured to be neglighle, and the sanpes ae
odlected a interval . The continuous [rese of the sade is then separated from the
disperse frese, wsLally by filtration or centrifugation, and the rdeasad dug is assayed
(Tsukach & d., 194 Taylar & d., 1990). This type of tednique is aurbarsong,
particularty if the dgparse pese cossts of very STl partides. In this e the
partides becare difficult to ke filtered out or the tine nesded for sedimentation by
centrifugation ineesss. If the rdease is fadt theniit is dmost inpossible to datain an
aoourdte rdesse prdiile.

3. In Situ Methods

In this case the vehide is directly diluted into a large vdue of srk
The rdleasad diug is assayed in the sirk without seperating the residLdl. In arder to do
this, amethod of assay thet is both sarsitive and spedific to the drug in the sdlution is
required. Thet is, the assay must be ade to disaiminete the drug in the sdution from
the drug in the vehide without physical seperation of the two fomrs of drug. The mrgjor
prademis thet the respanse of the drug in the disparse hese can becore very large
compared to the dug in sdution. In this Gasey lack of an extrendly spedific assay
method may meke this experimenta setup inpradtical. This method is spedially useful
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for liposomd systens when carbaxyfluorescein is the ool ndlecule to Siudy rdleese
of weter-sdulde copounds framthe veside (New;, 1990).

4. Continuous Flow Methods

This method dlons red-ine analysis of drug rdease, provided thet the
rdeese halflife is sufficently long. Honever, the experimentation is rather conrplicated
compered to ather methods. Inthis case, the vehide is adbed to asdl arount of rk
medum conained in afiltration cell (Figure 14). The sink phese is removed through
the filter for continuous arelysis and then discarded, and fresh sink mediumis aded to
keepthevdure constart Bugess e ., 1987 Kooshae d., 1989). The cdll is stired
to prevent the dgparse phese from dogging the filter. In pradtice, variations in flow
rete dLe to filter-dogging canbe aprddem

72 Mathematical Models of Drug Release (Burrows etal, 1994)

Savad methemeticd nmoddls have been usad to desaribe the rdease prafiles of
dugps Modds commonly found in the rdeese siudes of dugs from the liqud

crysthine sygemwere the following:
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Figure 14. Continuous Flow Drug Release Apparatus. (FromW\eshington, 1990)

721 Diffusion-Controlled Release

In difusioncontralled rdeess, the cumdaive arout, Q of dugy
rdessed per unit suface area of the sydtemiis diredtly proportional to the soLere root
oftime, t

Q=ktR2 @
where k is ardesse rate codat.

This mood wes first introduced by Takeru Hguchi in 1932 Fgure 15
ilustrates the rdease profiles of pseudogaedine hydrochiaride and dhlapheniramine
neleste which folloned the souareroat of tinre relationship over 12 hours, indicating a
diffusion-contralled drug rdease nedanism
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Figure 15 Release Profiles of Pseudoephedrine Hydrochloride and
Chlorpheniramine Maleate from Myverol 18-9 Matrices in 01 M, pH 74
Phosphate Buffer. (From Crerg ad Bodhreier, 1997)

71.2.2 First-Order Release

This rdease profile is desaribed by
log (20- Q) =log Ao- (kit/ 2303) @

where Ao is the initial amourt of dug presart, 0 reesarts the
cuuative anount of drug rdeased, K is the first order rate corstart, and t dendtes
the time dgosad from the dart of the rdease Thus, plats of log arout of dug
remaining in the system( Ao - Q) as afunction of time ae linear for sygEaTs in which
drug rlease confoms to first-order kinetics.



Figure 16 illustrates the release profile of propanolol from a liquid
crystalling phase. The release data for this drug can be fitted to equation (2), indicating
a first-order release kinetics.
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Figure 16. Log Amount of Propanolol Remaining in a Monoolein-Water System
& a Function of Time, for Different Initial Drug Loading Concentrations: (¥)
10%; (0) 25%; € ) 5.0%; (+ ) 10.0%; ( ) 150%; (1 ) 20.0% (From Burons et

. 1999
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