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1. INTRODUCTION
During the past two decades, there has been great interest in lyotropic liquid 

crystalline systems (LLC) as delivery systems in the cosmetic and chemical industries 

and also in the field of pharmacy. The reasons for this interest include the extensive 

similarity of these colloid systems to those in living organisms, and their advantageous 

properties over those of traditional, semisolid dermal dosage forms official in national 
pharmacopoeias.

Lyotropic liquid crystalline systems are characterized by the properties of both 

liquids and solids i.e. they exhibit in part a structure typical of fluids and also the 

structured, crystalline state of solids. Their formation can be explained by the spatial 
organization of aggregates of ionic, nonionic and amphyphilic surfactant molecules.

Forming the dermal and transdermal dosage forms using nonionic tensids is more 

effective as they do not cause irreversible changes in the upper layers of the human skin 

(penetration), and going through the barrier of stratum comeum (permeation).
As lyotropic liquid crystalline systems contain a major proportion of incorporated 

water concentrated in the layers between hydrophilic domains, evaporation is less than 

that from traditional o/w creams. Their moisture content is retained for a long time, so 

that the transepidermal water loss is replaced by long-lasting hydration according to the 

needs of the skin. Their application elicits a pleasant skin sensation, and they have an 

ideal consistency and attractive appearance.
By means of solubilization, they can bring a considerable increase in the solubility of 

drugs which are either insoluble or poorly soluble in water.
From among the main types of lyotropic liquid crystalline compositions, mesopheses 

with a lamellar structure that display the greatest similarity to the intercellular lipid 

membrane of the skin are primarly recommanded for our development of a dermal 
dosage form.
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2. AIMS

Lyotropic liquid crystalline (LLC) systems are thermodynamically stable, optically 

isotropic compositions, which are formed with a low energy input. New possibilities for 

controlled drug delivery systems are inherent in these systems in consequence of their 

stability and skinfriendly structure.
One of the major goals in planning dermal dosage forms is to produce samples with 

well-arrenged structures and proper consistency by choosing the ideal weight- and 

volume ratios of the components and at the same time retaining the lamellar structure, 
which shows the closest resemblance to the double membrane lipid layer of the human 

skin.
Dining my research work I formulated multicomponent LLC compositions with a 

relatively low surfactant content, composed of materials official in the national 
pharmacopoeia (Ph. Hg. Vm.) or in Ph. Eur. 4.

Polarizing light microscopic examination of the samples was carried out, together 

with the observation of replicas by means of transsmission electron microscopy 

produced by the freeze-fractured technique for the purpose of demonstrating the 

presence of lamellar LC domains.
The four-component LLC samples were formed by a nonionic surfactant with water, 

oil and short-chain alcohol in a given concentration range. The existence of a regular 

structure was determined by means of X-ray diffraction as direct investigation method 

and oscillating rheological measurements as indirect measuring methods.
I observed the viscoelastic properties of the LLC compositions by means of rotational 

rheometry and oscillating creep-recovery test; their thermostability were determined by 

analizing of TG and DTG curves.
The stabil samples containing active agents with different water solubility were 

studied by means of the above-mentioned investigation methods
This was followed by the in vitro trials of stable drug-containing preparations by 

modelling skin conditions.
During the drug release studies we observed liberation of ephedrine chloride and 

lidocaine chloride as active agents with good water-solubility from the multicomponent 
lamellar LLC samples, as opposed to release of tenoxicam, sulfadimidine and 

griseofulvin as in water insoluble drugs.
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My research objectives were as follows (see in Figure 1):

♦ to develop skin compliant lyotropic liquid crystals, with relatively low emulsifier 
component,

♦ to study the structure of two-component LLC systems by means of polarizing 

light microscopy, transmission electron microscopy, X-ray diffraction, 
rotational- and oscillating rheological measurements,

♦ to decrease the quantity of nonionic surfactants with the use of a short-chain 

alcohol as cosurfactant,

♦ to study the concentration-dependent structure modifying effect of short-chain 

alcohol /used as a cosurfactant in the quantity of 15-40% (w/w)/,

♦ to search for a relationship between the extent of the structure (dO and the 

dynamic rheological properties (G\ G”, G*)
♦ to confirm the viscoelastic character of the samples with flow curves obtained 

with a rotational rheometer and creep-tests (static tests) determined with the 

oscillating method,

♦ to determine the ratio of the interlamellarly/chemically bound water and bulk 

water in the LLC compositions by TG- and DTA measurements

♦ to increase dissolving capacity of concentration, for controlled drug delivery 

systems, by studying the structure of two-, three- and four-component systems 

containing poorly water soluble active ingredients in a dissolved form, ready for 

immediate liberation with appropriate solubilizing capacity
♦ to study the kinetic of drug liberation of the compositions containing drug with a 

good water solubility and with a poor water solubility.

♦ to examine relationship between the structure of the LLC samples and drug 

release kinetic from the selected compositions in case of the incorporated active 

agents with good and poor water-solubility.
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Figure 1 The formulation process of dermal LLC compositions
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3. LITERATURE SURVEY

3.1 Lyotropic liquid crystalline systems

3.1.1 Structurelements and organization of lyotropic liquid crystalline structures

For the preparation of lyotropic liquid crystalline systems also used for therapeutic 

purpose primarly nonionic surfactants and polar or apolar solvents are necessary. The 

surfactant molecules can be molecules with one or more long, branched or unbranched 

hydrocarbon chains or molecules containing one or more polar head groups [1-4]. 

Lyotropic liquid crystals can be formed:

a, trought the spontaneous association of the above-mentioned molecules in a polar or 

apolar solvent when so called micellar tenside solutions are formed [5-8], or

b, by the spontaneous association and swelling of amphyphilic polymers, copolymers, 

amphyphilic elastomers and polymers with ringed side chains in a polar solvent, first of 

all in water [9-14],

c, moreover, certain drug molecules form lyotropic mesophases partly on their own - in 

a pure state - and partly in the presence of solvents (see also medical uses) [15-17].

Through the use of a nonionic surfactant, a reversible increase in the permeability of 

the stratum comeum can be achieved without irreversible skin irritation. Considering 

this observation, the following nonionic surfactant types are recommended for the 

formulation of micellar LLC systems used in dermal- and transdermal preparations (see 

in Table 1):

Table 1 Nonionic surfactants as potencia components of the micellar LLC systems
Type of the nonionic surfactantsMolekular structure

glycerol- and polyhydroxy head groups:
fatty acid esters of ethylene glycol and 
glycerol
anhydrosorbite fatty acid esters 
fatty acid esters of polyvalent alcohols

R-CO-CH2-(CHOH)n-CH2-OH

ethylene oxide head groups:
oxyethylated anhydrosorbite fatty acid 
esters
oxyethylated fatty acid esters

R’-Z-(CH2-CH2-0)n-H

sugar head groups + amino acidsG-CONH-(CH2-CO-NH)n-NH-CH-R,-R’

sugar head groupsG’-0-(CH2- CH2-0)n-R

R = saturated and unsaturated hydrocarbon chains with 8-18 CH- units,
R’= nonpolar part of the surfactant with an alkyl-, aryl- or alkyl-aryl chains,
„Z” notes oxigén atom (alcohol-type), sulphur atom (mercaptan-type), NH- functional 
group (amine type), and COO- functional group (carbonic acid-type) molecules 
G notes galactose- and glucose derivatives,
G’ notes galactose, mannose, glucose, lactose, sorbitan esters, maltose, sucrose [18,19],
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My research was focused primarily on the testing of nonionic, polyoxyethylene 

(POE) chain- containing surfactant molecules belonging up to group „a”.

The number and size of the so-called micelles created by the aggregation of the 

tensides are characterized by the critical micelle concentration (Cm) and by the 

aggregation number, the values depend mainly on the number of the polar groups, on 

their place inside the molecule and also the length and structure of the apolar chain.

As concerns the arrengement of the molecules in a solvent - in a solvated state - the 

interaction of their polar and apolar groups with the solvent molecules is also a very 

important factor. In an aqueous medium characterstic of physiological conditions (polar 

medium) the tendency to association will increase with the increase of the size of the 

apolar part (e.g.: the length of the alkyl chain while the hydrophilic parts are identical). 

The following relation applies to the homologous series of the tensides with a normal 

hydrocarbon chain [18]:

log cM = a- bNc' (1)
where
Nc: is the hydrocarbon number of the alkyl-chain, 
cM: or c.m.c.: is the critical micelle concentration, 
a and b: are constans.

The tendency to association of nonionic surfactant molecules containing ethylene 

oxide grows with the increase of the length of the ethylene oxide chain, which can be 

explained by the increasing hydrofility of the molecule. Besides, increasing the number 

of the polar groups connected to the carbon chain and changing their place to the end of 

the alkyl chain also decrease the cM value as a result of the molecule becoming more 

asymmetric (see in Figure 2).

z A z A?
■>

Z A

---------------------- >

a: the unit of a normal micelle
b: the cross - section of a spherical normal micelle
c: the cross - section of an anizometric normal micelle

Figure 2 Structurelements of lyotropic liquid crystalline (LLC) systems [8]
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3.1.2 Role of the HLB value
The influencing/increasing of the solubility of the active agent is an important factor 

concerning the homogeneous distribution in the vehicle, the rate of liberation from the 

dosage form and absorption at the site of the effect. The more hydrated the molecule is, 
the greater the solubility will be in an aqueous medium. Nonionic tenside molecules is, 
the characterized by the HLB value, that is by the hydrophilic-lipophilic-balance, which 

is a measure giving the proportion of one or more hydrophilic (polar, ensuring water 

solubility) and one or more hydrophobic (apolar) parts of the molecule; its value range a 

between 0-20. From the pharmaceutical point of view the following have a major role:
- 3-8 HLB-value w/o emulsifying nonionic tensides,
- 8-16 HLB-value o/w emulsifiers,
- 15-18 HLB-value solubilizing surfactant molecules [18].

The LLC systems examined by us are usually formed from water and one or two 

surfactants and possibly cosurfactants, in the definite proportions of the given 

components, with low energy input or by means of spontaneous structural organization; 
their production is therefore relatively simple and energy-saving. They are 

thermodynamically stable, and can be stored unchanged for long periods of time without 
phase separation [20-23].

3.1.3 Three-dimensional morphology of lyotropic liquid cystalline systems

Depending on the concentration of the solvent (generally water or an aqueous 

solution), on the temperature and on the polarity of the solvated mesogen, these systems 

can undergo various phase transformations and structure modifications in a definite 

sequence under certain circumstances; accordingly, their consistency, rheological 
properties can be changed systematically, as required [24-33].

Y*V
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a: nematic phase with rod-like micelles 
b: nematic phase with disc-like micelles 
c: nematic phase with biaxial micelles
d: lamellar phase with independent disk-like micelles, the gravity center of which is one plane 
e: lamellar phase with an infinite double layer of the tenside 
f: hexagonal phase with long rod-like micelles 
g: rectangular phase
h: cubic phase with spherical structurelements 
i: bicontinous cubic phase

Figure 3 Systematic phase transitions of micellar LLC systems [8].
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3.2 Structural investigations of lyotropic liquid crystalline systems

To design surfactants with specific qualities, it is imperative to understand the 

relationship between their structure and their supramolecular organization (into 

micelles, vesicles, lyotropic liquid crystals). The most characteristic types of LLC 

systems can be determinated by means of direct and indirect investigation methods.

3.2.1 Direct observation of the microstructure 

Direct methods are the optical studies such
- the polarization light microscopy with crossed polar filters
- the making pictures by means of Cryo-TEM 

(transmission electron microscopy)
- X-Ray Diffraction / Wide Angle X-Ray Scattering (WAXS)
- Nuclear Magnetic Resonance Spectroscopy (NMR) / H1 NMR spectroscopy / 

Proton Magnetic Resonance (PMR)
- Near Infrared Spectroscopy (NIR)
- Raman-, Visible- and Ultraviolet Spectroscopy
- Small Angle Neutron Scattering (SANS)
- Atomic Force Microscopy (AFM)

3.2.2 Indirect investigation methods

There are a lot of indirect methods, which are summerised in what follows:
- EPR Spectroscopy
- Electrical Conduction
- Rheological measurements:

- Rotational Viscosimetry
- Dynamic Oscillating Rheometry

- Thermal properties of LLC systems can be observed by means of
- Differencial Thermogravimetry (TG, DTA)
- Differencial Scanning Thermogravimetry (DSC)

15



3.3 Determination of lyotropic mesophases by means of X-ray diffraction methods 
and nomenclature

From among the measurement methods X-ray diffraction was the first one by which 

the basic types of lyotropic liquid crystalline systems could be determined in an exact 
manner, the distances between the basic units could be measured precisely and the 

degree and extent of arrengement could be quantified. In addition, the transformation of 

the basic types into each other that is so-called phase inversions can also be determined 

with this method. The extremely complicated nomenclature of lyotropic liquid 

crystalline systems is also based on WAXS and SAXS measurements and on pictures 

made with polarizing light microscopy [8, 10,34-38].

3.3.1 The short-range order of hydrocarbon chains
The hydrocarbon chains of an amphiphilic liquid crystals are usually in a liquid state 

and structures containing one- or two-dimensional lattices can be observed. The 

identical position and appearance on the 45 Á / 4,5 nm reflection found for liquid 

paraffin provides strong, but not conclusive, evidence of the liquid state of the 

hydrocarbon chains. The hydrocarbon chains pack in a variety of ways, so the crystalline 

structures, too, can give rise to a reflection at 45 nm, if the regions with long-range 

order are small enough (less than 10'5 cm), this reflection can be diffuse.

3.3.2 The long-range order

3.3.2.1 Phases with one-dimensional periodicity

These systems show a lamellar structure, which is called a lamellar neat phase, or D 

phase in Ekwall’s terminology, Gphase in Winsor’s, LL phase in Luzatti’s, or Laphase. 

They are usually spontaneously birefrigent and besides the diffuse reflection with 

spacing corresponding to 45 Á, they usually show sharp reflections in the low-angle 

region with d-values in the ratio l:l/2:l/3:l/4. The intensity falls off steeply for the 

higher orders, and often with aqueous systems only the first reflection is visible. 
Anhydrous systems may display a large number of reflections in the low-angle region. 
The structure is composed of an alternation of indefinitely extended continuus polar and 

non-polar layers. The former are made up of the polar groups of the amphiphile and the 

water present in the sample. The non-polar layers contain the hydrocarbon moieties of 

the amphyphilic molecules.
The gels are usually high-viscosity or very elastic, semi-solid systems. In the case of 

lyotropic liquid crystals a special case of lamellar phase is called gel or previously
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„ Coagel”(sign:fi). The phase is characterized with a so called „frozen state” of the alkyl 
chains of the tenside molecules, and the appearance of very sharp peaks in a largeangle 

range (20: 0-5°) upon X-ray diffraction. In the course of examining the gel-lamellar 

phase polymorphism, Seddon et al. separated futher gel-phases such as types with a 

normal (La), with a vertical alkyl chain (Lg), with a tilted akryl chain (Lp), and 

interdigital chains fitting into each other (Lgj).
A crystallized tenside system which is anhydrous or contains a given quantity of 

crystal water is called a crystal. When the tenside molecules form a double layer inside 

the crystal and each molecule is found in a well-defined angle of inclination other than 

90° for example during the preparation of an emulsion, a lamellar mesophase is formed 

upon heating and mixing with water, which has a double-layer structure and contains 

water enclosed among the lamellae (lamellar liquid crystal), hi this case the angle of 

inclination of each tenside molecule is 90° and the system has a liquid state. When the 

system is heated, the angle of inclination of the molecules decreases and a gel phase 

with a frozen alkyl chain (G) is formed [34,35,38, 39].

3.3.2.2 Phases with two-dimensional periodicity

These compositions are composed of paralell rod-shaped aggregates of indefinite 

length arranged in a two-dimensional lattice, which may be square- (tetragonal C and 

the reverse tetragonal K), hexagonal- (normal hexagonal / E phase / middle phase) 

reverse hexagonal- (F phase,) rectangular- (phase R) and oblique-shaped.
In case of the hexagonal phase the rods built up around a hydrocarbon core consisting of 

the amphyphile with the polar groups facing the surrounding water or revesre structure. 
They are birefrigent, their characteristic appearance distinguishes them from lamellar 
structures. The X-ray pattern for phases with hexagonal periodicity is characterized by a 

ratio of 1 : l/>/3 : Myfi : 1/V7 : 1/^2 for the long spacing. The indefinitely extended 

long cylindrical aggregates may be showed, the axis of each cylinder coinciding with a 

six-fold axis of symmetry.

3.3.2.3 Phases with three-dimensional periodicity

Gel-like, optically isotropic, highly viscous phases, which are located in the region 

between the hexagonal (middle phase) and lamellar (neat) phases in a number of two- 

component systems. The spherical unit aggregates are packed closly in a face - centred 

cubic form. These systems show the diffuse reflections at 4,5 Á or give a series of sharp 

reflections at low diffraction angles. The positions of the reflections for a particulary
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phase vary very little with the water content and the temperature. Like the two- 

dimensional structures, the cubic structures have two variants, „normal” and „reverse”, 
or by Luzatti called, type I if the paraffin-chains are inside the rods and the water 

outside, and type //if the opposite arrangement obtains [4,34,35].

3.4 Applications of lamellar liquid crystalline systems in different products 

3.4.1 Cosmetic use

Binary or tenside-water systems help to create the required product rheology, e.g. 
lamellar phases are less viscous than the hexagonal or cubic phases. For this reason two- 

phase LLC systems are components used in hair shampoos, shower gels, detergens and 

dental gels. Their other advantage is that their viscosity decreases considerably upon the 

effect of shearing stress, then they build up again after the force ceases (hair-fixing 

gels). Cosmetics maintain the required product viscosity even during storage time, the 

auxiliary materials added to the water-solvent matrix may be piresent segregated in low- 
viscosity compositions or precipitated, e.g.: ’’pearlescence” of hair shampoos [18].

Themary systems contain water, tensides, oils, and/or one or more active ingredients. 
The microscopical structure of the compositions, their reological properties, stability, 
solubilizing and dispersing capacity, antifoam effect etc. can he planned by changing the 

proportions of the components. The lamellar LLC structures on the oil/water boundary 

surface crystallize into a gel phase, thereby enhancing the stability of emulsions and 

dispersions [40-43].

3.4.2 Medical use

Knowing exactly the structure and composition of the human epidemis, we have 

several alternative possibilities to develop a new-generation cosmetics, dermal- and 

transdermal dosage forms.

3.4.2.1 Dermal dosage forms

During the detailed description of the structure of the human skin it was found that 
the chemical composition of the different layers, with special regard to the changes in 

the compositions and proportions of the skin lipids, results in the differentation of the 

structure and thus in the differentation of physiological functions. The stratum hasaié 

contains mainly phospholipids, a small amount of cholesterol, ceramides and fatty acids. 
However, only a certain amount of fatty acid can result in the formation of the lamellar ' ; 
liquid crystalline structure in the human skin. The layer of the str. comeum contains.

\
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mainly fatty acids, cholesterol and ceramides, which together form the features of this 

special epidermal water barrier. These skin lipids accumulate in the granulums of the 

str. comeum and organize in a lamellar structures. These lamellar lipid membranes or 

layers create an epidermal barrier protecting from water loss and thus from the 

desiccation of the skin. [44-52].

3.4.2.2 Transdermal preparation

Through use of a nonionic surfactant, a reversible increase in the permeability of the 

str. comeum can be achieved without irreversible skin irritation. The compositions 

exhibit good penetration, due to the very low interfacial surface tension arising at the 

oil/water boundary surface [6, 20], They may facilitate the progressive diffusion of 

biologically active substances into the skin or systemic circulation by acceleration of 

permeation mechanism between the str. comeum and the living epidermis [53-58].
The great advantage of these compositions is that „the first pass effect” mechanism 

of the liver can be bypassed, thereby eliminating gastrointestinal side effects, and the 

application of pharmacons with a low therapeutic index and a short biological half-life 

becomes possible [59-60].
By means of solubilization, they can bring about a considerable increase in the 

solubility of drngs, which are either insoluble or poorly soluble in water, and in the 

presence of LLC systems with organized structure a controlled drug release can be 

available [61-77].

3.4.2.3 Active agent molecules with lyotropic mesomorphysm

C.C. Müller-Goymann et al. observed that some drug and auxiliary molecules can 

also exhibit lyotrope mesomorphism in hydrated and solvated states, such as fenoprofen, 
ketoprofen, ibuprofen, flurbiprofen, pirprofen and diclofenac, which are non-steroid 

antiinflammatory (bugs. In this case the polar function groups of rod-shaped molecules 

enter into a hydrated state in the presence of water and into a hydrated or solvated state 

in the presence of other organic solvents. These similar fimcional groups in a hydrated 

or solvated state form layers by arranging next to one another. In the lamellar phase 

arising in this way polar and apolar layers alternate with each other, and affine 

molecules, mostly the molecules of the solvent, may be found in the empty spaces 

between the layers [16-18].
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4. MATERIALS AND METHODS
4.1 Materials

The following members of nonionic poly-oxyethylene- (POE) chain containing 

surfactants were tested (in Table 2/A) with the further components (in Table 2/E) during 

my exparimental work. My main aim was to develop stabile, LLC compositions with 

lamellar structure, and good skin sensation; ideal rheological properties.

Table 2/A POE-surfactants and their properties

Soluble in HLBWater-Chemical name Form atProduct

25°C solubilityname
ethanol 12.4Polyoxyethylene 

(10) Oleyl Ether
BRIJ 96 +

ethanol
propylene
glycol

12.4white, 
waxy solid

Polyoxyethylene 
(10) Stearyl 
Ether

BRIJ 76

white
pellets

ethanol 15.7,Polyoxyethylene 
(20) Cethyl 
Ether

BRIJ +
58P

ethanol 12.9white, 
waxy solid

Polyoxylated
alcohol

BRIJ 56

ethanol
propylene
glycol

16.9white, 
waxy solid

Polyoxyethylene 
Lauryl

BRIJ 35 +
(23)
Ether

a: hydrophilic-lipophilic-balance (HLB) value from the manufacturer;
The authors thank the ICI Surfactants Hungary for financial support.

The suitable nonionic surfactant was Polyoxyethylene (10) Oleyl Ether (ICI product, 

Brij 96), official in USP XXIII NF. The ICI Americas Inc. product was used without 

transformation.

The liquid petrolatum (LP), short-chain alcohol and distilled water are official in the 

European Pharmacopoeia (Ph. Eur. 4). Distilled water was produced by double 

distillation in glass equipment.

As active agents were used tenoxicam, piroxicam, griseofulvin and sulfadimidine 

with poorly water-solubility and ephedrine chloride and lidocaine chloride as a good 

water-soluble, hydrophilic drugs. Materials are official in the European Pharmacopoeia 

(Ph. Eur. 4).
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Table 2/B Further tested components of LLC samples

Oils Active agentsCosurfactants
Isopropylis myristas 

(PhHg VIII)
Etanol 96 % 

Ethanolum 96% 
(Ph. Hg. VIII.)

Ephedrine chloride
Ephedrini 

hydrochloridum 
(Ph. Hg.VIII.)

Etanol 70% 
Ethanolum 70%

Liquid paraffin / 
L. petrolatum

Paraffinum liquidum 
(PhHg VIII)

Griseofulvine
Griseofulvinum 

(Ph. Hg. VIII.)

Mygliol 812 (Oleum 
neutrale)

(Ph. Hg. VII.)

Lidocaine chloride
Lidocaini

Glycerol/ 
Glycerolum 
(Ph. Hg. VIII.) hydrochloridum 

(Ph. Hg. VIII.)
PiroxicamOlivae oleum raffmatum 

(Ph. Hg. VIII.)
Propylene glycole 
Propylenglycolum 

(Ph. Hg, VIII.)
(Ph. Eur. 4)

Maydis oleum 
raffmatum 

(Ph. Hg. VIII.)

Sulfadimidine
Sulfadimidinum 

(Ph. Hg. VIII.)
a Tenoxicam

(Ph. Eur. 4.)
Polysorbat 20 

(Ph. Hg. VIII.)
Polysorbat 60 

(Ph. Hg. VIII.)
Helianthi annui oleum

raffmatum 
(Ph. Hg, VIII.)

a: sorboxetenum laurylicum (Tween 20) (Ph. Hg. VI.) 
b: sorboxetenum stearilicum (Tween 60) (Ph.Hg. VI.)

4.2 Sample preparation

The ideal emulsifier-coemulsifier and surfactant-oil-water proportions were determined 

by the triangular diagram method. The samples were produced by heating the mixture of 

the lipophilic phase and the surfactant to 60 °C, distilled water at 60 °C then being added 

during constant stirring at 500 r/s (Ikamag RET-G magnetic stirrer). Stirring was 

continued until the material cooled to room temperature (25 °C), and great care was 

taken to prevent water-evaporation during formulation and storage [12]. The systems 

were first stored at room temperature for one week before investigation, until the 

subsequent spontaneous structural organization had finished. In case of the drug- 

containing samples, the active agents with poor water-solubility (griseofulvine, 

piroxicam, sulfadimidine, tenoxicam) first were added to the lipophilic phase than were 

mixed with distilled water against ephedrine chloride and lidocaine chloride, which 

were incorporated in the oil-surfactant mixtures after their dissolution in distilled water.

21



4.3 Direct microstructural investigation methods 

4.3.1. Polarizing light microscopy

The phase boundaries were established by direct optical measurements involving by 

polarizing light microscopy with crossed polar filters [36, 37], where the wavelength (X) 

values of the filters were X/2. Micrographs were made at a magnification of 500x and 

lOOOx. The pictures were prepared and analized by PC program named Leica Q 500 MC 

Image Analyser system.

4.3.2 Transmission electron microscopy*

The optical observation of the structure was supplemented with transmission electron 

micrograph of the replicas produced by the freeze-fractured technique [78-81]. During 

the preparation of the replica, a sample was placed in a gold sample holder plate, frozen 

instantenously in liquid nitrogen and freon, then placed in a freeze fracture equipment at 
-160 °C. The sample was fractured to yield a suitable section plane at -100 °C, and thr 

exposed surface was then etched by sublimation under moderately high vacuum 

conditions before being shadowed and replicated with evaporated platinum and carbon. 
The raplice was recoverd, cleaned with a suitable detergent mixture and distilled water 

to remove all traces of adhering material, collected on copper netting, dried and then 

examined with a transmission electron microscope.
Replicas were produced with BAF 400D freeze-etching device (Balzers, 

Lichtenstein). Speciment were mounted on 300-mesh copper girds and examined in 

CEM902 (Zeiss, Germany) transmission electron microscope at a primary magnification 

of 18.000 x, 24.000 x and 32.000 x.

4.3.3 X-ray diffraction **

Lyotropic liquid crystal states with various structures are also called mesophases. 
These phases can be characterized by means of polarizing light microscopy with crossed 

polar filters and by means of X-ray diffraction measuremets. In Figure 4 can be seen 

typical X-ray diffractograms of different LLC mesophases.

* The TEM investigations performed in the Institute of Pathology of the National Institute of 
Traumatology, Budapest. I would like to thank Dr. László Józsa, Head of Insitute and Teréz Kiss 

assistant, for their assistance in observation.
** The X-ray diffractograms carried out in the Department of Colloid Chemistry of the University of 
Szeged. I would like to thank Prof. Dr. Imre Dékány DsC., Head of Department, for his assistance in 

evaluation.
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a, - classical lamellar phase with the sharp reflections (upper curve)
- classical lamellar phase with defects (middle curve)
- nematic phase with smaller peaks (lower curve)

b, d: is the measured repeate distance or interlamellar spacing
du: is the thickness of nonpolar/apolar layers (length of alkyl chains) 
d-du: is the thickness of the solvent layer

Figure 4 X-ray diffractograms of the Natrium-decylsulfat/Decanol/Water LLC- 
systems on the value of the relativ decanol-content [8].

The dL values between the lamellar LC domains were determined by means of X-ray 

diffraction (Phillips PW 1820 diffractometer), which confirmed that the drug-free 

samples and drug containig systems had an organized structure. The samples were first 

stored in the room temperature for a week, placed in a copper sample holder and 

covered with Mylar foil, and X-ray diffractograms were then produced at room 

temperature (25 °C) in the inclination angle range 20=1-5°. The dL value reflecting the 

extent of the structure were determined via the Bragg equation [34]:

nA,= 2dLsin0 (2)
where
X : is the wavelength used,
dL: is the interlamellar repeated distance between successive identical crystal planes, 
20: is the diffraction angle 
n : is "the order of the reflection".
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4.3.3.1 Calculation of the effective cross - sectional area in the case of lamellar 
mesophases

By using the geometrical relation, the effective cross sectional area per surfactant 

molecule at the hydrophobic interface of aggregates was calculated from the interlayer 

spacing. The thickness of the polar domain consisting of water and the hydrophylic 

chain in the lamellar phase was also calculated [27],

(3)r = ($L+<f>o)dl.
where
<bs and <J>L: are the volume fractions of surfactant and its lipophilic chain 
df; is the measured interlayer spacing

The volume fractions of the surfactant and its lipophilic chain in the system are given by

i>L = (VlyVs)x $s 
<bs = 1/ l+ps/Ws[(Ww/pw)/ Wo/po)]

(4)
(5)

where
Ws, W0 and Ww: are the weight fractions of surfactant, water and oil, 
ps, p0 and pw denote the densities of surfactant, water and oil,
Vs and Vl: are the molar volumes of of surfactant and its lipophilic chain, respectively.

as value is given by

(6)as = 2V1yrNA[($L-$o)/<l>L]

where
<t>0: is the volume fraction of the oil 
NA: is the Avogadro’s constant

The thickness of the polar domain consisting of water and a hydrophylic chain dn is 
expressed by the following equation:

dH = dL-r (7)

4.3.3.2 Calculation of incline angle of the alkyl chains in lamellar liquid crystalline 
compositions

At first values of the interlamellar space in the presence of POE - chains can be 
calculated, where the following equations are applied:

(8)Lc — (1.27nc+2.8)+h

dCalc 2 Lc (9)

Lc: is the length of alkyl chain containing nc carbon atoms,

nc: is the number of carbon atoms, 
h: is the volume of the head group
U: is the volume of the end group, whichvalue is c.a. 2.8 A.U., 
and the distance of the C-C atoms is 1.27 Á.

The incline angle (a) can be expressed:

sina = d[ /2 Lc
/i=yete«y

:Í %
s-/'■v(10)

Hi*>24



4.4 Indirect microstructural investigation methods

4.4.1 Rheological measurements

4.4.1.1 Yield stress test; viscosity measurements

Systematic modification of the composition gives rise to systems with a great variety 

in structure and consistency, which in makes it possible to plan rheological properties. 
Rotational viscometry has been used for several decades, and the consistency norms and 

favourable rheological properties of cosmetics and various dermal dosage forms are 

developed on the basis of these measurements [82-90].
We used Paar Physica rotational rheometer (Physica Messtechnik, Germany) for 

determination of rheological properties of the lamellar liquid crystalline samples. The 

yield stress test were carried out as viscosity measurement. We studied flow curve, yield 

value and tixotropy in lamellar LLC compositions, and used a cylindrical sensor system 

having a diameter of 14 mm, (sign. Z4 DIN). The shear stress value (t) was determined 

by using a linearly increasing rate gradient (7) from 0 1/s to 100 1/s and then decrased; 

at controlled temperature, 25 ± 0.5 °C.

4.4.1.2 Dynamic oscillating tests; viscoelastic mesurements

Paasch et al. [91] carried out a more systematic rheological study of several nonionic- 

surfactant-water lamellar liquid crystalline phases and found that these phases exhibited 

shear thinning behaviour and yield stresses. More authors [92-95] measured the 

dynamic and steady-shear rheological parameters of the AOT/water liquid crystalline 

phases. Németh et al. reported a dynamic rheological method for the identification of 

pharmaceutically important lamellar phases [96]. Mesophases with a lamellar structure 

that display the greatest similarity to the intercellular lipid membrane of the skin are 

primarily recommended for the development of a dermal dosage form.
The stress sweep test involves the application if increasing stress at a constant 

frequency and measuring the response of the material. At the critical stress point, at the 

end of the linear viscoelastic region the viscous property prevails over the elastic 

property, due to a disruption of the original structure.
In the oscillating frequency sweep test material is exposed to a steply increase in 

frequency and a constant sinusoidally changing deformation on stress or strain.
The most characteristics parameters were determinated by means of Haake 

RheoStress 1 rheometer in the CS - (controlled stress) mode. A cone-plate sensor was 

used having a diameter of 35 mm, and a cone angle of 1°. The thickness of the sample in
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the middle of the sensor was 0.048 mm. Samples were kept at 25 ± 0.5 °C under 

saturated water vapour dining the measuring process. The temperature was controlled by 

a Peltier bimetal thermometer. In the stress sweep test the stress was increased from 

0.01 to 10 Pa, in 10 steps, f = 0.1 Hz was the applied frequency. The measured 

parameters of the stress sweep test were defined as follows [97]:

G* = t0/Yo (11)
where
G*: is the complex modulus,
Yo: is the strain amplitude, 
t0 :is the stress amplitude.

In the frequency sweep test, the frequency was increased from 0.01 Hz to 10 Hz; the 

stress applied was chosen within the linear viscoelastic region. The most characteristic 

values of the frequency sweep test can be expressed:

G’ = G*cos8 
G” = G*sin8 
p* = G*/<ö

(12)
(13)
(14)

where
G’: is the storage (elastic) modulus,
G”: is the loss (viscous) modulus,
S : is the phase shift angle, 
p*: is the complex viscosity 
to : is the angular velocity,

4.4.1.3 Creep-recovery test; viscoelastic measurement [97-101]

The storage stability, the creep- and sagging properties of the samples can be determined 

by creep-recovery tests. Creep tests indicate that such a sample will elastically deform at 

increasing small stress values until the deformation curve breaks away from the ordinate 

and that then a simoultaneous viscous and elastic response occurs during the futher 

deformation phase. In the recovery phase one can two different responses: once the

retardation curve has levelled horizontally the retained deformation (?t) or compliance

(Jt) marks the amount of viscous flow while the amount of recovery is a measure of

elasticity of materials (see chapter 5.2.1.3 ). The following characteristic parameters 

were calculated by using same sensor system as in dynamic oscillating tests, at 25 ± 0.5

°C, in the CS-mode of device: Jt = 7t / *o 

Jt= Jo+Jr+Jv

(14)

(15)
where
Jt: is the compliance,
7t: is the deformation, 
t0: is the constant stress, J0: is the instantaneous elastic compliance,
JR: is the retarded elastic compliance, Jv: is the viscous or remaining compliance [97].
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4.4.2 Thermoanalytical investigations, Differantial Thermoanalysis: TG, DTA

The determination of the water-content of products is one of characteristic 

parameters of quality control of semisolid pharmaceuticals, and useful tool in the 

development of o/w creams, liposomes and lyotropic liquid crystalline compositions in 

the manufactury and during strorage too [102-107]. By means of thermogravimetry (TG) 
a quantitative differentiation between water interlamellarly fixed in the hydrophilic 

phase of LLC systems and bulk water is possible. Using this technique the development 
of LLC compositions with desired properties schould be practicable.

The TG curve shows the weight loss of the sample as a function of temperature. The 

DTG curve is the first derivative of the thermogravimetric curve with respect to 

temperature. The TG curve presents a point of inflection correspondig to a minimum, 
where the bulk water changes to interlamellarly/chemically bound water. This inflection 

point and a second peak note the presence of the interlamellarly/chemically bound water 

and bulk water. By using the areas under the curve of the DTG or the inflection point of 

the TG curve can be calculeted the ratio of interlamellarly/chemically bound water and 

bulk water [102]. The TGA measuremens of the three- and four-component samples 

were performed with a Derivatograph-C (MOM Ltd., Budapest, Hungary) simultaneous 

device. As heating rate was 2 °C/min chosen, and the temperature was increased from 

25°Cto 110°C.

4.4.3 Drug release study
The rate and extent of drug liberation was measured in an autosampling system 

containing sex Franz's cells (Hanson Microette autosampling system), which method is 

accepted by FDA (Food and Drug Administration) in the USA. Drug liberation profile 

was determinated at 25 ± 0.5°C and using a phosphate buffer of pH 5.4 (by Mcllvaine) 

through the special membrane filters in accordance with skin specifics. These cellulose- 

acetat esther membrane with the diameter: 0.45 cm, with the thickness: 150 pm, and 

with the surface area: 0.636 cm2 is accepted in the USP XXV / NF. The volume of the 

aceptor phases were 0.8 ml, which were half-hourly analized. The spectrophotometric 

concentration measurements were carried out with an a-HELIOS UV / Vis 

Spectrometer. Absorbance maximum of ephedrine chloride was at 260 nm and loaded 

tenoxicam was determined at 370 nm.
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5. RESULTS AND DISCUSSION

5.1 Direct microstructural investigation methods

The first step in the development of the dosage form was to determine the 

proportions of emulsifier and water forming the liquid crystalline structure. The 

Polyoxyethylene (10) Oleyl Ether (Brij 96) is ready to form liquid crystals with water. 

The surfactant content was relatively high in these samples (over 50% w/w). To achieve 

a much more skin compliant composition we decreased the surfactant concentration by 

using a short-chain alcohol as cosurfactant and to increase the dissolving capacity of 

systems we used liquid petrolatum (LP). The ideal emulsifier-coemulsifier and 

surfactant-oil-water proportion were determined with the triangular diagram method, 

which can bee seen in Figure 5.

Brij 96 : Short-chain alcoholBrij 96

Distilled water LP Distilled water

Brij 96 : Short-chain alcohol Brij 96 : Short-chain alcohol

LP Distilled waterDistilled water

Figure 5 Triangular phase diagrams of lamellar LLC compositions 
with different Brij 96 / glycerol - ratios

5.1.1 Polarizing light microscopy

It was found that the applied additives did not bring about a considerable decrease in 

the presence of liquid crystalline domains. The domains, which remained active 

optically, were examined by polarizing light microscopy. The binary systems and the 

compositions of the three- and four-component lamellar liquid crystals with different 

surfactant / cosurfactant ratio are in Table 3.
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Table 3 Compositions of two-, three- and four-component samples investigated

Brij 96
% (w /w)

Liquid
petrolatum

% (w /w)

DistilledSample Brij 96/water 

proportion
Glycerol
% (w /w)number water

% (w/w)

501:1 50I
42.857.24:3II
403:2 60III

33.32:1 66.6IV
253:1 75V
204:1 80VI
30102:1 601

10 303:2 45 152
10 3017:12-4:3 42.5 17.53

304:3 40 20 104
3030 30 101:15

20 203:1 601’
20 2045 15V

20202:1 42.50 203’
201.5:1 40 20 204’
2030 30 201:15’
1060 306:11”
1045 15 304,5:12”

30 1042.5 17,54:13”
30 103:1 40 204”
30 102:1 30 305”

The existence of the biaxial lamellar liquid crystalline character of these 

compositions was confirmed on polarizing light microscopy with crossed polar filter 

(X/2), at a magnification of 500x and 1000*.

Polarizing microscopy of these two-component systems, containing various 

proportions of nonionic surfactants and water, revealed a lyotropic lamellar liquid 

crystalline pattern with a characteristic ribbon structure in polarized light. Figure 6a 

(sample II) depicts biaxial lamellae with a melted hydrophobic part, where the Brij 96 / 

water ratio is 4:3. In this case, the hydrocarbon chains were in a crystalline (frozen) state 

and the chains made an angle other than 90° with the plane of the lamellae. When the 

ratio of Brij 96 / water in the binary sample was 2:1, the lamellar liquid crystal became 

uniaxial (sample IV), as shown by the crystal pattern resembling a Maltese crosses in 

Figure 6b.
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H 147 nm

Figure 6a Polarizing microscopic picture of the Sample II; 
Brij 96/water=4/3 (% w/w) at magnification of 500x

74.2 nm

Figure 6b Polarizing microscopic picture of the Sample IV;
Brij 96/water=2/l (%w/w) with maltese crosses, at magnification of lOOOx

The binary systems were transformed into ternary systems (in case of sample 1) with the 

use of Liquid petrolatum (LP), while the lamellar liquid crystalline structure was 

retained. The use of a glycerol as a coemulsifier (in case of sample 2) allowed a further 

decrease in surfactant concentration, while the sample structures were stabilized as can 

be seen in Figure 7a and 7b.
147 pm

Figure 7a Sample 1, (Brij 96/LP/water=60/10/30 % (w/w) in polarized light
at magnification of 500x
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, 147 um

Figure 7b Sample 2, (Brij 96/glycerol/LP/water=45/15/10/30 % (w/w) in polarized light,
at magnification of 500x

5.5.2 Transmission electron microscopy

The existence of lamellar phases was confirmed by transmission electron microscopy 

on replicas produced by freeze-fractured technique. Figure 8a shows the texture of two- 

component lamellar liquid crystalline sample II, the three-component Sample 3 can be 

seen in Figure 8b.

Figure 8a Transmission electron micrograph of the four-component Sample II 
with lamellar mesophase; Brij 96/water=2/l % (w/w) made by freeze-fractured technique

with a magnification of 24.000x

Figure 8b Transmission electron micrograph of the four-component Sample 3 with lamellar 
mesophase, Brij 96/glycerol/LP/water=42.5/17.5/10/30 % (w/w) made by freeze-fractured

technique with a magnification of 18.000x
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5.1.3 X-ray diffraction

The existence of regularly organized structures was demonsrated by the X-ray 

diffraction measurements, chosen as an indirect method of structure confirmation, for 

two-, three- and four-component complex samples. The majority of the compositions 

manifested first-order Bragg reflections of very high intensity, thereby proving the 

structure formed by regularly organized domains. These structures with one-dimensional 

periodicity had the diffuse reflextion with spacing corresponding to 3-5 nm, they 

showed sharp reflextion in the low-angle region. The intensity failed off steply for the 

higher orders and because of aqueous systems only the first reflection was visible.

Although the dL values measured in binary (surfactant/water) systems were almost 

one order of magnitude higher than those found for multicomponent compositions. The 

structures of the two-component sample II and that of the four-component sample 3 

showed two sharp reflexions with devalues in the ratio about 1:1/2 that lamellae 

oriented within the samples parallel to each other. Figure 9a and 9b depict 

diffractograms of two-, three- and four-component lamellar liquid crystalline samples. 

The interlamellar repeated distances and intensity values were summarised in Table 4.

3,18 nm Sample 1

2,79 nm

c
3
O Sample VIo 3,06 nm

Sample IV
(/)
c

3,08 nma> 3,18 nm
2,83 nmc

Sample II

oooooooooooooooo
ON^IDOOON^ipoOON^IfiOOq

2©[o]
Figure 9a X-ray diffractograms of two-component (Sample I-IV), 

and three-component (Sample 1) systems
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4,22 nm
Sample 5
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Sample 4«
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Figure 9b X-ray diffractograms of four-component samples (Sample 2-5)

Table 4 Measured interlamellar repeated distance (dL), intensity values and 
dynamic rheological parameters as storage- (G'), loss- (G") and complex modulus 
(G*) of liquid crystalline samples

G b G”b G*bj a
1,2 Intensity

(counts)

Sample Conc.dist. war ConC.GIycerol 

% (w/w) (nm) (Pa) (Pa) (Pa)% (w/w)number

3.18 5538.7 45300 8690 6240050I
3.97 505

1098042.9 3.09 2092.9 15800 6330II

40 3.06 4066.4 18100 2110 10000III

2.94 9374.4 2150 312 2130033.3IV

2.79 6079.3 1593 158 178026V

20 4.95 2353.9 2381 206 2395VI
4.032 2109

3.18 2331.7 7380 3100 5430301

4030030 15 3.5 551.0 36200 18302

5.22 125131 4870 864330 17.5 435.53
3.15 699.8

4700 3230020 4.46 306.5 46400304

4.22 275.6 1770 5210 1180030 305

a Interlamellar repeated distance was measured at inclination angle range 29=1-5° 
b The applied stress amplitude (x) was 2,5 Pa
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5.2 Indirect microstructural investigation methods

5.2.1 Rheological measurements

5.2.1.1 Yield stress test

The typical parameter of proper consistency, important with respect to the use of the 

samples, is the tixotropic flow curve and yield value determined with the classical 

rotational rheological method; these values are also characteristic of the samples 

containing ephedrine chloride and tenoxicam as active agents as samples without active 

ingridients. In Figure 10a can be seen flow curves of basic compositions;

Figure 10b shows Sample 3 and its flow curves with active ingridients.

2500

2000 -

ft 1500 -
£L
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500 --
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Sample 5Sample 4Sample 1 Sample 2 Sample 3

Figure 10a Flow curves of basic three- and four-component 
compositions (Sample 1-5)

1000
♦ ♦♦♦

800 —

'Jjj' 600 ■
IL
h 400 -

200 --

*-------*0
60 80 10020 400

dy/dt (1/s)

Sample 3 "> ■■ Sample 3 (EPH) A" Sample 3 (TEN)

Figure 10b Flow curves of three-component sample 3 as vehicle and complex 
products containing ephedrine chloride and tenoxicam
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All of studied compositions retained their thixotropic character and yield value, the 

widening of the hysteresis loop could be observed in the case of samples containing 

tenoxicam and ephedrine chloride too. Samples prepared with active subtances typically 

showed an decrease in the yield value in presence of both drugs, mainly in the case of 

samples containing lipophilic tenoxicam.

5.2.1.2 Dynamic oscillating tests

The liquid crystalline structure can be characterised by its dynamic rheological 

behaviour. With the oscillating rheological measurement there is a possibility to identify 

the lamellar phase which is the most convenient for a dermal drug delivery system.

We measured the dynamic rheological characteristic of surfactant/water, surfactant/ 

water/LP and surfactant/water/LP/short-chain alcohol systems.

In case of dynamic oscillating test, first we established the viscoelastic region. It can 

be stated that each of the samples have linear viscoelasticity at 1-10 Pa range of the 

oscillating stress. In the linear viscoelastic region at 2.5 Pa applied stress we measured 

the rheological properties as the function of the frequency. The typical results of the 

complex modulus (G*) versus stress (r) at a constans low frequency (f = 0.36 Hz) 

of two-, three- and four-component LLC systems are demonstrated in Figure 11.

100 ooo

i 1 ! ! ! 5 £ i £ ! ? H ?: ’ : *
A A A "

10 000 ■ Sample II

♦ Sample IV~ 1 000
b

▲ Sample 10 100

O Sample 3
10

1
1001 100,1

T(Pa)

Figure 11 Complex modulus (G*) of sample II, of sample IV, (two-component), 
Sample 1 (three-component), and Sample 3 (four-component) systems

Typical results of the storage modulus (G’) and loss modulus (G”) of the samples 

with lamellar mesophases as a function of frequency in the linear viscoelastic region can 

be seen in Figure 12a and 12b.
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Figure 12a Storage modulus (G1) of sample IV, of sample II, (two-component), 
of sample 1 (three-component) and of sample 3 (four-component)
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Figure 12b Loss modulus (G") of sample IV, of sample II, (two-component), 
of sample 1 (three-component) and of sample 3 (four-component)

The systems were more elastic than viscous in this frequency range, and the storage 

modulus was higher by about one order of magnitude than the loss modulus. The storage 

modulus had a weak dependence on the applied frequency and showed a slight increase, 

the loss modulus showed a minimum in the range of frequency. The most characteristic 

parameters of two-, three- and four-component samples can be seen in Table 4.

The sample 3 seems to be the most stable lamellar composition at 45% (w/w) 

glycerol concentration. The comparison of the results obtained with the two indirect 

structure-examination methods shows that sample 3 has the greatest dL value and the 

highest storage modulus (G’) value, which is the elasticity index of the sample. 

Therefore we could find the four-component sample 3 which has the best rheological 

parameters for applicability on the skin and which, at the same time, is expected to be 

the greatest interlamellar space, thus it is suitable for the incorporation of active 

ingridiens with different water solubility.
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5.2.1.3 Creep-recovery (staticj test

A more sensitive rheological method for measureing the viscoelastic properties of the 

samples is to determine the complience (J(t)) value formed as a result of a constant shear 

stress of 2.5 Pa exerted on the sample for a given period of time. Figure 13a and 13b 

show both characteristic and different creep-recovery tests. In Figure 13a can be seen 

the curve of sample 3, which shows its viscoelastic property. The consistency of the 

sample 3 almost equalling the original one developed in 300 sec of the recovery phase, 

which means, that sample 3 exhibited mainly elastic behaviour. As opposed to sample 5, 

which creep-recovery test shows clearly viscous character, that is the value of elastic 

compliance (J) is constans in the recovery phase of the measurement, because of the 

rearrangement of the original structure of the sample 5 did not take place. The viscosity 

curve confirmed too, that sample 5 behavioured like a Newtonian fluid.
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Figure 13a Creep-recovery test of Sample 3, at 2.5 Pa shear stress (t) 
X: compliance (J), A: viscosity (n)
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Figure 13b Creep-recovery test of Sample 5 at 2.5 Pa shear stress (t) 
X: compliance (J), A: viscosity (n)

37



5.2.2 Thermoanalytical investigations
(TG, DTA)

We observed the surfactant Brij 96 

and three- and four- component lamellar 

sytems

Derivatograph-C (MOM). 2 °C / min 

was chosen as the heating rate, and the 

temperature was increased from 25 °C to 

110 °C. The temperature of the glass 

transition of LLC compositions can be 

seen in Figure 14. This parameter 

increased in the presence of 10% w/w 

liquid petrolatum and of 30% w/w 

water, then it more increased further 

when glycerol was added to the 

compositions. This indicated the 

enhanced heat stability of the samples; 

the temperature of transition exceeded 

both the temperature of application and 

the temperature of storage, it was 

between 63-76 °C.

-0.5
Inig) 0.5TG

DTA

\ -4.0
-1.5

Tby ofLLC means

-5.0 0.00

Sample 2 (10% w/w glycerol)
55.0 ( min}
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DTA

T

Í.0 03~ 55.0 { min}

Sample 3 (17.5 % w/w glycerol)

-0.5

Sample 4 (20 % w/w glycerol)
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-4.0T -1.5

-5.0 . 55.0 {min)il.n

Brij 96 (0 % w/w glycerol)

Sample 5 (30 % w/w glycerol)

Figure 14 Thermoanalytical 
investigations (TG, DTA) of lamellar 
LLC systems from 25 °C to 110 °C.

Sample 1 (0 % w/w glycerol)
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5.3 Samples containing active agents

Dung the dmg-release study of ephedrine chloride as a good water-soluble active 

agent and tenoxicam as a poorly water-soluble drug were incorporated into the selected 

samples in 1% (w/w) concentration.

The X-ray difffactograms of the sample 3 containing active agents presented in 

Figure 15, show sharp reflections with devalues in the ratio 1:1/2 in case of tenoxicam 

and 1:1/2:1/3 in case of ephedrine chloride, so these compositions have lamellar 

structure. There was further increase of the dL values, which is caused by the 

incorporation of tenoxicam and ephedrine chloride on the one hand between the 

lamellae and on the other hand between the lipophilic alkyl chains of the surfactant.

Intensity
(counts)

6.15 nm
S 3 (TEN)

3.23 nm

S 3(EPH)2.14 nm3.21 nm
5.93 nm

S 3
3.5 nm

(O)++ +I

1,08 1,38 1,68 1,98 2,28 2,58 2,88 3,18 3,48 3,78 4,08 438 4,68 4,98

Figure 15 X-ray diffractograms of sample 3 (S3) containing 1 % (w/w) 
ephedrine chloride (S3 EPH) and 1 % (w/w) tenoxicam (S3 TEN).

The samples containing active agent were confirmed to retain their lamellar LC 

structure by the oscillating rheological measurements. Measured dL values, dynamic 

rheological parameters of the samples determined by the RheoWin Data manager 

analysis program, and the values of a theoretical model for incline angle of surfactant 

molecules are presented in Table 5.

Typical curves of storage - (G’) and loss modulus (G”) values in presence of lamellar 

structures can be seen in Figure 16a and 16b.

%
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Table 5 Measured interlamellar repeated distances (dL), intensity values and dynamic 
rheological parameters as storage- (G'), loss- (G") complex modulus (G*) and theoretical 
incline angle of surfactant molecules of liquid crystalline systems containing active agents

G”b G* bG,bdLa Intensity
(counts)

Theoretic, 
incline 

angle (°)

CactiveSample
number (Pa) (Pa)(Pa)(nm)agents

% (w/w)

292 2160072.68 1130.7 196001.0 7.372 EPH
379.96.37
190.84.08

230015600 282050.18 404.01.0 5.933 EPH
442.2
308.5

3.2
2.14

453018600 303077.26 1617.07.531.04 EPH
1 GRI2 399016500 756053.17 3923.16.180.5

1241.4
159.7

5.58
1.98

1 LID3 14308200 367059.62 426.56.661.0
698.75.93
130.43.12

1 SULF4 17900 8180 412047.26 534.85.670.5
3.039
2.059

137.5
153.0

3 SULF4 4420 2300345.5 137007.48 75.670.5
2 TEN5 4630 23201380056.66 13686.451.0
3 TEN5 2870521052.80 1026.5 173006.151.0

168.23.23
a Interlamellar repeated distance was measured at inclination angle range 20=1-5°
b The applied stress amplitude (x) was 2.5 Pa
1: Ephedrine chloride
2: Griseofulvine
3: Lidocaine chloride
4: Sulfadimidine
5: Tenoxicam
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Figure 16a Storage- (G1) and loss modulus (G") of four component sample 3, 
Brij 96/glycerol/LP/water=42.5/17.5/10/30 % (w/w) 

containing 1 % (w/w) ephedrine chloride
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Figure 16b Storage- (G') and loss modulus (G") of four component sample 3, 
Brij 96/glycerol/LP/water=42.5/17.5/10/30 % (w/w) 

containing 1 % (w/w) tenoxicam

5.4 Structure modifying effect of glycerol

In case of the three- and four-component samples containing water and LP in a 

constant weight ratio the value of the dL changes according to a maximum curve with 

the increase of the concentration of glycerol 0-30% (w/w), which can be seen in Figure

17a.

6 t
5 --

^ 4-E 1 S 3<f
-J

13 2 --

1 --
+ + + +0 +

20 25 30 350 5 10 15
/ W (%)wTT glycerol. sample

Figure 17a Effect of glycerol content on the value of interlamellar repeated 
distance (dL) of three- and four-component samples

We examined the effect of short-chain alcohol as cosurfactant concentration 0-30% 

(w/w) on the storage- (G’) and loss modulus (G”) in each type of our systems at a 

constant water/LP ratio (1/3). The values of storage and loss modulus versus glycerol 

concentration at a constant frequency (1 Hz) can be seen in Figure 17b. The storage 

modulus (G’) go through a maximum value with increasing surfactant concentration, the 

loss modulus (G”) fit to a minimum curve.
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Figurel7b Effect of glycerol content on the value of storage- (G') and loss modulus 
(G") of three- and four-component samples

5.5 Drug release study

Drug release study was investigated by means of Microette autosampling system 

containing Franz’s cells, through a special membrane, at 32 ± 0.5 °C, into the phosphate 

buffer of pH = 5.4. Typical parameters of drug release study were summarised in Table

6.
Table 6 Drug release parameters of three- and four-component samples containing 

ephedrine chloride (EPH) and tenoxicam (TEN)
R2cD hSample

number
Q

(/ig/cm2) (pgcm~2/min)
0.999517.9691 TEN (LC) 207.327

2 TEN(G) 0.9999308.788 26.567
0.998033.9823 TEN(G) 390.973

19.982 0.99934 TEN (LC) 225.884
0.999348.0655 TEN (LC) 551.927
0.91660.60581 EPH (LC) 239.17
0.93780.61402 EPH (G) 316.59
0.94460.59683 EPH (G) 383.22

0.5194 0.93954 EPH (G) 374.31
5 EPH (LC) 0.8817181.28537.01

a: is cumulative amount of released drug
b: is diffusion coefficiens, 
c: is correlation coefficiens
LC: notes samples with normal lamellar (neat) structures containing active agent 
G : notes samples with lamellar gel structures containing active agent

In addition to the water-soluble ephedrine chloride, tenoxicam was used as a model drug 

with poor water-solubility such as griseofulvine, sulfadimidine and piroxicam could be 

solubilized in the samples only in 0.5 % w/w, while tenoxicam similarly to ephedrine 

chloride, in 1.0 % w/w. Near the equal quantity of incorporated drug was released from 

the both sample-groups containing the good water-soluble ephedrine chloride and the in 

water insoluble tenoxicam as can be seen in Figure 18a and 18b.
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Figure 18a Ephedrine chloride release from different three- and four-component samples 
Sample 1(A), Sample 2 (A), Sample 3 (O), Sample 4 (□), Sample 5 (o) (Average of 3

paralells±SD).

The drug release of ephedrine chloride showed a first-order kinetics. As regards the 

extent of ephedrine chloride release it was found that a greater quantity of the drug 

dissolved in water abundantly was released and diffused into the acceptor phase; the 

systems reached equilibrium in 5 hours. A fast drug release was observed followed by a 

slow liberalisation in case of samples 2-4 containing glycerol (15-20 % w/w), because 

samples kept their lamellar liquid crystalline gel-like structures after the incorporation of 

active agent (see in Table 6). A faster drug release was observed in case of Sample 5 

with normal lamellar structure because of the higher glycerol content 30 % (w/w) 

caused softer consistency and zero-order release kinetics.
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Figure 18b Tenoxicam release from different three- and four-component samples. 
Sample 1 (A), Sample 2 (A), Sample 3 (O), Sample 4 (□), Sample 5 (o) 

(Average of 3 paralells ± SD).

The drug liberation of tenoxicam corresponded to zero-order release kinetics, partly 

dissolved and partly solubilized drug was intesive even in the 6th hour of the 

measurement, which resulted in the formulation of a preparation with prolonged release 

The highest amount of loaded tenoxicam was measured from Sample 5 with the highest
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diffusion coefficiens. The other glycerol-containing compositions (Sample 2-4) showed 

slower drug release because of they kept their frozen lamellar liquid crystalline structure 

(G phase).
The reason for this is that lipophilic tenoxicam was incorporated between the 

lipophilic alkyl chains constructing the lamellae, while for water-soluble ephedrine 

chloride partition in the aqueous medium and diffusion into aqueous phase were more 

favourable.

6. SUMMARY
This research has revealed that Polyoxyethylene (10) Oleyl (Brij 96) Ether is a 

surfactant suitable for the formulation of lamellar liquid crystalls with water. The 

samples with the composition Brij 96 / glycerol / liquid petrolatum / distilled water 

formed stable, well-tolerable lyotropic lamellar liquid crystals.
The surfactant content could be decreased to 30 % (w/w) by adding the glycerol as a 

cosurfactant and lipophilic liquid petrolatum. The applied additives did not result in a 

significant change in the structure of the lamellar liquid crystals; this was supported by 

X-ray diffraction, confirming the results of polarizing microscopy, transmission electron 

microscopy and parameters of rotational- and dynamic oscillating rheological 
measurements.

The lamellar di, values of the regularly structured samples changed with the increase 

of the concentration of glycerol according to a maximum curve, similarly to the values 

of the storage modulus (G’) obtained with oscillating rheological measurements. So the 

two indirect measurement methods were in good correlation. The flow curves obtained 

by using rotational viscometer and creep-recovery test measured by oscillating method 

confirmed tixotropic samples with yield, which had expressed well different viscoelastic 

properties.
Samples containing ephedrine chloride and tenoxicam in a concentration of 1% 

(w/w) also retained their organized lamellar structure, which was proved with rotational 
viscometry, X-ray diffraction and oscillating rheological methods too.

The release of the active ingridients was modelled in a flow-trought Franz’s cells 

with a phosphate buffer chosen as the acceptor phase. A fundamental difference could 

be observed between the behaviour of water-soluble salts and poorly soluble bases. 
Contrary to the rapid release of tenoxicam, good water-soluble ephedrine chloride had a 

prolonged liberation. During drug liberation measurements a drug release controlling 

effect was observed, when the frozen lamellar liquid crystalline structure was present.
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