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1. INTRODUCTION

In the pharmaceutical industry in vitro dissolution testing - which methodology has been
established for solid dosage forms - is an important tool in both drug development and quality
control (QC) [1]. Dissolution testing is frequently used also in the examination of other
dosage forms and it is quite widespread in case of semisolid dosage forms [2].

Properties of and drug release from semisolid preparations have recently found the
interest of researchers from application [3-6] and regulatory perspectives [7] as well as
regarding their effects on the skin [8, 9]. Although many in vitro methods are used for
studying the penetration through the skin [10-14], moreover, guidelines and recommendations
are also available [1, 15-17], in contrast to solid dosage form testing, there are neither
generally accepted pharmacopoeial methods available to date for their in vitro
characterization nor adequate in vivo sampling techniques for their investigation [18].

The goal of regulatory authorities is reducing the number of animal studies and substitute
their use with in vitro investigations. At present, in vitro studies are not required by
regulators. Methods for measuring percutaneous absorption are: studies with mathematical
models, model membranes, stratum corneum, keratome slices, perfused or whole skin and in
vivo techniques. Models for them can be: mouse, rabbit, rat, guinea pig, swine, primate and
human. The confidence level is high in case of in vivo investigations and use of human skin.
The physiological hierarchy is increasing with decrease of hairless strains. From the above
mentioned list | chose the model membrane and in vivo study for my investigation [19]. There
have been several methods to predict drug penetration in humans with human [20, 21] and
animal in vitro models, although animal skin (mouse [22, 23], rat [24, 25], pig [26, 27],
guinea pig [28, 29], rabbit [30, 31], snake skin [32, 33] tend to be more permeable than
human. Rat abdominal skin has been shown to be a reasonable model based on the in vitro
static cell experiments [34, 35]. Fundamental requirement for these studies is the
establishment of the in vitro-in vivo correlation (IVIVC) [36, 37] posing a major challenge not
only for solid, but also for semisolid dosage forms [13, 38-40].

The guidelines mostly recommend the use of Franz vertical diffusion cell [41] as the in
vitro testing apparatus which is widely used by researchers as an analytical tool [42, 43, 44].
However many critical points were observed in connection with the methodology itself such
as the very low amount of receiving medium, the complicated tube system and the possibility
of bubble formation. They emphasize the necessity to validate the method.



Another apparatus to study in vitro drug release from semisolid preparations has recently
been offered. Hanson Research Company has extended its SR8-Plus Test Stations for a small-
volume system. This device is an adaptation of the United States Pharmacopoeia (USP)
Apparatus 2. It has a special small-volume vessel (Hanson Ointment Cell [45], modified
holding cell) and a mini-paddle. The former includes a donor chamber for topical drug
application. After mounting a selected membrane on the mouth of the chamber it is immersed
in the receiving medium before starting the test [46].

The technical differences between the Franz vertical diffusion cell (which will referred to
as Franz cell) and the modified holding cell - mini-paddle system (which will be referred to as
the modified USP) are as follows (Franz cell versus modified USP):

e cell volume: 7 ml (which is most commonly used) versus 70 ml,

e sample volume: 800 ul (replaced with fresh receiving medium) versus 2.00 ml (not
replaced),

e semisolid sample amount: 0.24-1.65 g versus 0.40-0.70 g,

e stirring rate: 450 rpm versus 100 rpm,

e sampling: automated versus manual.

The sample surface is 1.767 cm? in both cases.

For quality control and product development purposes, however, simple (non-
impregnated), inert, porous synthetic membranes are recommended [42]. In my study a
cellulose acetate membrane of 0.45 um average pore size was used with and without
isopropyl myristate (IPM) impregnation.

Despite the increasing number of publications within this field, no standard experimental
conditions are used, therefore the comparison of the data is very difficult.



2. LITERATURE SURVEY

2.1. Formulation and characteristic features of semisolid dosage forms

2.1.1. Main representatives of dosage forms for dermal drug delivery
Semisolid dosage forms including creams, ointments and gels [47] are dermatological

formulations which are commonly used for local and regional skin disorders. Usually the
ointments are applied to the skin and mucous membranes [10, 48-51]. Semisolids can change
their shape, because they have a plastic behaviour [52-55], except gels with viscoelastic effect
because of showing liquid and solid properties [56, 57].

Creams can be rubbed into the skin. They are homogenous, soft and spreadable [48].
They have two types depending on the internal phase: oil-in-water creams (o/w creams) or
hydrophilic creams and water-in-oil creams (w/o creams) or hydrophobic creams [52]. The
base of the o/w creams is miscible with water. They contain o/w emulsifying agents, e.g.
sodium or triethanolamine soaps, sulfated fatty alcohols, and polysorbates. W/o creams are
anhydrous. They contain emulsifying agents, e.g. wool fat, wool alcohols, sorbitan esters and
monoglycerides [10, 50]. Because creams have a softly texture, they are often used in the
cosmetic industry [51, 55].

Ointments such as creams are homogenous. The most common forms of ointments are
hydrophobic, water-emulsifying and hydrophilic. The hydrophobic ointments are anhydrous.
Their bases are hydrocarbons and paraffin in hard, soft and liquid form, vegetable oil, animal
fats, waxes, synthetic glycerides and polyalkylsulfones. Water-emulsifying ointments consist
of hydrophobic fatty bases. The w/o emulgents are wool fat, woot alcohols, sorbitan esters,
monoglycerides and fatty alcohols. With use of them the cream will be hydrophilic.
Consisting of an aqueous solutions they are called as w/o emulsions. The hydrophilic
ointments have a base which is miscible with water [10, 48, 50]. They protect the skin and are
used as emollients [51, 55].

Gels or jellies [47] consist of inorganic or organic molecules and liquid. They are a two-
component system [48, 49]. The liquid phase builds a three-dimensional polymeric matrix
which results a physical or chemical cross-linking [52]. The continous structure results solid
like behaviour. They are usually homogenous and clear. Gels have two types: organic solvent
based, hydrophobic or organogels and water based, hydrophilic or hydrogels [51, 55, 56]. The
hydrophobic gels have a base consisting of liquid paraffin with polyethylene or fatty oils

gelled with colloidal silica, aluminium or zinc soaps. They have a base consisting of water,
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glycerol, or propylene glycol gelled with natural materials such as tragacanth, carrageen,
pectin, agar, alginic acid and starch; semisynthetic agents are: cellulose derivatives such as
methylcellulose,  hydroxyethylcellulose, hydroxypropylmethylcellulose, carboxyvinyl
polymers, e.g. carboxymethylcellulose and magnesium aluminium silicates [50]; synthetic
polymer is Carbopol. The cellulose derivatives form a colloidal solution. They disperse in
water and because of acidic pH the solution have to neutralized by amines, e.g.
triethanolamine or bases, e.g. sodium hydroxide. Depending on pH range Carbopol have
different grades, e.g. Carbopol 934, 940, etc. Because of the appropriate concentration the

consistency of the gel is constant and stabil [10].

2.1.2. Dosage form testing methodologies: rheology measurements
Rheology is the study of how matters deform and flow under the influence of external

forces. The deformation is influenced by the inner structure that is why rheological
investigations can describe different materials [58].

Rheological analysis is a useful tool to follow product parameters during the
development. It is a well known methodology in characterization of semisolid dosage forms
[59, 60]. The technology provides indirect information on the structure and consistency [61,
62]. The latter includes viscosity and drug release [10, 63].

It shows the reproducibility of manufacturing process, that is why in my study the
reproducibility of my products was first tested with rheological measurements. It
characterizes the dosage form and provides information about the drug release rate of the
formulations. The use of semisolids is an important parameter from point of the patient.
Because of consistency characteristics, rheological behaviour is the most predicting tool in
drug development and can be used also as quality control tool, therefore they have effect not
only on spreadability, but also on use of products and their biopharmaceutical parameters.

(See next chapter.)

2.2. Biopharmaceutical evaluation of dermally used semisolids
2.2.1. In vivo methods

2.2.1.1. Animal models in general
Ethical considerations limit the use of humans [46] that is why animal studies are widely

offerred. They have many advantages: they are available and act as a physiologically intact

system. In animal research studies a Good Laboratory Practice (GLP) must be demonstrated.
4



The disadvantage of its using, that animal skin is more permeable than human skin is.
Frequently rat skin is used in the research [19, 24, 25, 34, 35]. Other types of animal skins in
the field of percutaneous testing are: mouse [22, 23], pig [26, 27], guinea pig [28, 29], rabbit
[30, 31] and snake skin [32, 33]. However the anatomy, physiology and biochemistry of the
human skin is hard to demonstrate replacing it with animal skin [10, 64].

Figure 1 represents the physiology hierarchy of models for percutaneous absorption.

In

vivo Humman
Perfused
skin Primate
Whole skin
(viable) Swine
Whole skin (non-viable)
Guinea pig

Keratome slices

Rat
Stratum corneum

Rabbit
Model membranes

Mathematical models Mouse

Figure 1 Physiology hierarchy of models for measuring percutaneous absorption [19]

2.2.1.2. Pharmacodynamic studies
In vivo behaviour is the consequence of both polar and apolar ways of absorption.

Many in vivo techniques are available to test the normal and diseased skin. In vivo tests
are able to measure kinetic parameters of drugs, but they are nonspecific or traumatic to be
used in both normal and diseased skin [65]. The cost, the technique and ethical problems limit
the use of this test in humans. This method requires a lot of subjects and samples, which leads
to invasiveness.

The test must be invasive and provide an adequate concentration in the target organ. The
systemic circulation must be monitored and demonstrated also with clinical studies. The type
of test depends on the pharmacological activity of the drug and dosage form. Some
difficulties obtain during the process. If animal is used in the study, the permeation must be

determined. In vivo tests employ physiological end point, although in vitro methods monitor
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steady state fluxes across the intact stratum corneum. Drugs can penetrate the living skin

through the shunt routes, but in vitro tests are not able to measure it accurate. The drug can be

metabolized in the living organism during crossing the tissues of the skin. In spite of that fact,

in vitro methodologies determine the absorption indirectly. When using laboratory animals,

the permeation rate is often increased because of shaving them. Animals must be also

prevented from ingestion or inhalation of the drug [10].

In spite of a large number of new technologies there are no adequate testing in order to

demonstrate bioavailability and bioequivalence of dermal formulations. [18].

There are different factors which influence the process in the drug therapy, as seen in

Table 1.

Table 1 Factors influencing percutaneous absorption [10, 19, 66]

Parameters

Drug substance

Molecular weight

Diffusion coefficient
Water/lipid partition coefficient
Permeability coefficient
lonization

Vehicle

Solubility/polariry

Volatility

Concentration

Distribution in a stratum corneum
Excipients

Penetration enhancer

PH

Skin

Species

Age, sex, race

Anatomy

Temperature

Hydration of stratum corneum
Damage of stratum corneum
Metabolism

Site of application

Skin area dose (film thickness, concentration)
Total skin area in contact with vehicle
Duration of exposure



2.2.2. In vitro models

2.2.2.1. Penetration/absorption models
The stratum corneum is an impermeable barrier, although many efforts have been made

with penetration enhancers to reduce its resistance [67].

Figure 2 shows the absorption models which are available for evaluation of semisolid
dosage forms. This model studies the percutaneous absorption of drugs. Depending on the
type of the skin, with this model in vitro and also in vivo techniques can be studied [68].

Absorption
models
Diffusion Penetration Penetration In vivo
into gels into membranes into skin
One layer Multilayer Pharmakokinetic Disappearance
systems systems parameters from the skin

Figure 2 Absorption models [68]

In vitro penetration studies can be performed with products by measuring the diffused
drug amount through synthethic membranes soaked in IPM, a penetration enhancer which can
be used as a surrogate of different animal skin models. IPM is a liquid which mimics the skin
lipids [64] and is an appropriate model for percutaneous absorption [69, 70]. A simple IPM
model can simulate the partition phenomenon, which occurs when absorbing through the skin.
That is why the absorption is higher with use of IPM impregnated membranes than with
phosphate buffer soaked membranes. According to the FDA SUPAC-SS guideline, 1997 [16]
and study of Siewert, 2003 [47], the Franz diffusion cell mounted with IPM impregnated
membrane was found to be proper for prediction of in vivo results [71]. The with IPM

impregnated membrane measured results will be between the in vivo and drug release data.



2.2.2.2. Testing of drug release
In vitro testing can be used prior to in vivo animal and human testing also at semisolids.

Drugs, chemicals and cosmetics can be investigated with this method. Advantages of the
technique are: human skin can be used, which decreases the number of living animals using in
research. With in vitro testing the 3 R imagination can be carried out, so the use of laboratory
animals can be reduced, refined and replaced. The European Centre for the Validation of
Alternative Methods (ECVAM) - which was established in 1993 - promotes the regulatory
acceptance and validation of alternative methods.

Drug
release
models
- Permeation
Diffusion into through
liquid phases membranes
With Without Artificial Biological
membranes membranes membranes membranes
Hydrophilic Lipophilic
membranes membranes

Figure 3 Release models [68]

Figure 3 shows the drug release models.

For measuring drug release a donor and acceptor compartment are necessary. The donor
compartment consists of the testing formulation and the receptor medium can be found in the
acceptor compartment. The model is performed with or without a membrane. In the case
membrane is used, it separates the test material from the acceptor phase [68]. The schematic

representation of it is illustrated in Figure 4.



Boundary layer —1— Donor compartment
with or without

a membrane

—r— Acceptor compartment

Figure 4 Schematic representation of drug release model [68]

Dissolution testing is a commonly used method in drug release studies. It was developed
first for solid dosage forms and its using is widened for semisolid dosage forms nowadays. In
case of semisolids dissolution is called in vitro release testing (IVRT), because the active
ingredient is in dissolved state in the vehicle and it has to diffuse and release by the vehicle
and penetrate into the skin. In the last two decades IVRT has became more important by
testing semisolid dosage forms [4]. The components of an in vitro release test are: the assay,
the apparatus, the conditions — temperature, membrane, acceptor or receiving medium,
sampling time and analysis of the data [45]. After selection these elements, the drug release
test has to be validated following the next parameters: repeatability, reproducibility and
robustness. Repeatability means the cell-to-cell variability. Reproducibility is the variability
of the measurement system in different days. Robustness is keeping the experiment against
changes [72].

Many efforts have been made to test the in vitro drug release of semisolid preparations.
The Franz vertical diffusion cell is the “gold standard” in the research [72] offered by the
guidelines [73]. Another type of apparatus is the modified holding cell or Hanson Ointment
Cell [45, 46]. Semisolid testing is possible in both apparatuses with using a synthetic
membrane - soaked in the receiving medim, usually in phosphate buffer -, choosen according
to the type of semisolid, although the cell volume is different in the two equipments (7 ml

versus 70 ml). Representations of the cells are presented in Figure 5.
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Semisolid dosage forms are mainly tested by the Franz vertical diffusion cell with and
without a membrane and by the enhancer cell [1, 73].

In vitro release tests are often used to assure product or batch-to-batch quality and
performance. They can reflect the physical and chemical properties of the active ingredient
and rheologyical behaviour of the dosage form [16, 38]. They can screen the compositions
prior to in vivo animal testing, although there are many anatomical and physiological factors,

which are not properly represented under in vitro conditions [10, 75].
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2.2.2.3. Testing of drug release with synthetic membranes or without
membranes

2.2.2.3.1. Drug release models with membranes
Membranes have two types: they can be porous or lipid membranes.

2.2.2.3.1.1. Porous membranes
Types of porous membranes are: cellophane, cellulose derivatives, nephrophane,

hydrogel, fluorinated vinyl polimer and polycarbonate. Disadvantages of porous membranes
are that the phase separation affects drug transport [73].

2.2.2.3.1.2. Lipid membranes
In order to avoid these disadvantages, artificial lipid membranes are used.

Polydimethylsiloxane (PDMS) and polytetrafluoroethylene (PTFE) and silicone are the most

commonly used membranes [73].

2.2.2.3.2. Drug release models without membranes
The model is used when the distribution of the drug between the base and the test

medium will be the same as between the base and the therapeutic area. In this case drug-

vehicle interactions can be investigated [64].

2.3. Possibilities and difficulties concerning the evaluation of IVIVC in case
of semisolid dermal dosage forms

In vitro-in vivo correlation is a mathematical relationship between an in vitro parameter (drug
release, rheological property, e.g. viscosity or spreadability) and in vivo property
(pharmacodynamic [PD] measurement, e.g. time course of plasma concentration curve) [13].
The plasma concentration profiles have to be converted according to in vivo release or
absorption data by pharmacokinetic or linear model analyses. The in vivo data are collected
from drug concentration measurements in the blood system. The correlation can be linear or
nonlinear. The calculation is based on average of in vitro and in vivo results. From regulatory
point of view, the IVIVC is acceptable when 12 individual points of in vitro dissolution are
measured and the coefficient variation at the sampling points is under 10% [39]. IVIVC is
used in pharmaceutical development in order to reduce time and optimize the formulation,
although because of different conditions and choosing the appropriate method the evaluation

of the results is a complicated one.
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3. OBJECTIVES

In order to filling the gap of regulatory requirements of semisolids, the aim of my thesis was
the evaluation of drug release from dermal semisolid dosage forms with different testing
methodologies.

The following purposes can be summarized:

e development of semisolid compositions,

e their comparison to reference (marketed) products,

e rheological study of semisolid dosage forms,

e Dbiopharmaceutical evaluation of dermally used semisolids and

e verifying the results by statistical analysis.

The biopharmaceutical studies include:

¢ invivo measurement of the anti-inflammatory effect of my compositions,

e invitro drug penetration/absorption testing and

e invitro drug release studies.

The in vivo data were compared to in vitro drug penetration and in vitro drug release ones
to assess whether there is an in vitro-in vivo correlation or not.

The comparison of two in vitro dissolution methods, the Franz vertical diffusion cell and
the USP method with modified holding cell was carried out. Performances of the two
apparatus were studied.

The aim was:

e to investigate the release rates of diclofenac sodium (DS) from my bases and
from the reference gels through synthetic membrane with the two equipments in
vitro,

e to compare the drug release data generated by the two cells,

e to observe critical parameters and technical differences between the apparatuses
and

e to evaluate the investigated pharmaceutical dosage forms with the use of
similarity (f2) and difference (f1) factors.
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4. MATERIALS AND METHODS

4.1. Materials

4.1.1. Active agent - diclofenac sodium
Because of its good tolerability administration of diclofenac, a non-steroidal anti-

inflammatory agent is one of the most commonly prescribed drug worldwide [76].

Its sodium salt, micronized diclofenac sodium (DS, sodium-[(dichlorophenyl)amino]-
phenylacetate, Figure 6, marketed since 1973 [76], complying with the European
Pharmacopoeia [Ph.Eur.], TEVA-Human Co., Debrecen, Hungary) was chosen as a model
hydrophilic drug [77, 78, 79]. It inhibits the action of cylooxygenase enzyme [80]. Because of
its analgesic and antipyretic effect [81] it is used in treatments of inflammatory as well as
painful rheumatic and non-rheumatic diseases [82] such as osteoarthritis, rheumatoid arthritis,
dysmenorrhea, migraine and gout [83].

In the present work | decided to use the DS because it is more soluble than the diclofenac
acid is under the conditions of normal skin penetration (see later).

It is poorly soluble in acidic (pH 1-3), but is rapidly soluble in alkaline conditions (pH 5-
8) [80, 84].

)

Cl ONa

ZT

Cl

Figure 6 Chemical structure of diclofenac sodium [85]

4.1.2. Preparation of semisolid compositions

Different semisolid formulations were developed and investigated in my study, such as
hydrogels, organogels, gel-emulsions, oil-in-water and water-in-oil creams. When developing
these compositions, | focused on a limited number of additives that could sensitize the skin

and also on their use in lower concentrations to extend the present product range. Their
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rheological properties were adjusted to perform a pleasant sensation on the skin and to be
easily spread over it.

Hydrogels (HG) were formulated with Carbopol 934 P (prop-2-enoic acid) obtained
from BF Goodrich, Brussels, Belgium. It was added to purified water (Ph.Eur.) and dissolved
at constant stirring at 450-625 rpm (Stuart Heat Stir, Sterilin Ltd., Keisen Products,
Chelmsford, England) at room temperature. After complete dissolution, triethanolamine
(Ph.Eur., Hungaropharma Co., Budapest, Hungary) was added until the three-dimensional
network was built up: the pH of the sample was then adjusted to 7.0 (ISFET pH Meter, 1Q
Scientific Instruments Inc., San Diego, USA) to form a neutralized clear gel. The gel was
stored at cold temperature (10°C) for one day before adding the active agent with vigorous
stirring.

Organogel (OG) samples were produced by melting sorbitan monopalmitate (Span 40)
ordered from Sigma-Aldrich, Hungary and a neutral oil, Miglyol 812 N oil (Ph.Eur.,
fractionated coconut oil, glyceryl tricaprylate/caprate) donated by Sasol GmbH, Hamburg,
Germany, together on a water-bath at 80°C with continuous stirring and homogenization. The
gel was stored in cold temperature at 10°C for one day before adding the active agent with
vigorous stirring.

Gel-emulsions (GE) were prepared with the use of Pemulen TR-2 (PTR-2) which was a
gift from Wickliffe, USA. It was added to distilled water followed by continuous stirring.
Triethanolamine was then added to the sample for neutralization until building a gel structure.
Mygliol 812 N oil and distilled water were then added to the gel with vigorous stirring (1000
rpm, Stirrer DLH, VELP Scientifica, Usmate, Italy) until the appropriate consistency was
achieved for topical application.

Oil-in-water preparations (OW): cetostearyl alcohol, liquid paraffin (Hungaropharma
Co., Budapest, Hungary) and Tagat S (PEG-30 glyceryl stearate) supplied by Evonik Ind. AG,
Essen, Germany were melted together on a water-bath at 80°C and mixed in order to prepare
the oil phase. The active agent was dissolved in purified water and the solution was heated up
to a similar temperature at 80°C. The phases were mixed and homogenized until the cream
cooled down to room temperature then allowed to stand for one day before use.

Water-in-oil preparations (WO): cetostearyl alcohol, liquid paraffin and Imwitor 780 K
(Sasol GmbH, Hamburg, Germany) were melted together on a water-bath at 80°C and mixed.

The active pharmaceutical ingredient DS was dissolved in purified water and the solution was
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heated up to a similar temperature (about 80°C). The phases were mixed, homogenized and
cooled down to 25°C then allowed to stand for one day before use.

The semisolids formulated in-house were compared to two marketed reference medicines.
The reference hydrogel (REF HG) and the reference gel-emulsion (REF GE) were
Diclofenac-Ratiopharm® (Ratiopharm Hungaria Ltd. Budapest, Hungary) and Voltaren
Emulgel® 1% (Novartis Hungaria Consumers Healthcare Ltd., Budapest, Hungary),

respectively and were purchased from Hungarian pharmacies.

4.1.3. The formulations studied

Table 2 summarizes the compositions of the dermatological bases developed for and
investigated in this study. The concentration of diclofenac sodium used in the formulations
was 1.0 w/w% and it was uniformly dispersed in the bases. The REF GE contained diclofenac
diethyl amine salt. The numbers used in each coded sample series indicate the concentration
of a particular ingredient of the formulation, as follows: hydrogel (HG) contains 0.8, 0.9 and
1.0 % Carbomer 934P; organogel (OG) contains 25, 30 and 35 % Span 40 emulsifier; gel-
emulsions (GE) include 40, 45 and 50 % Pemulen TR-2 gel; oil-in-water (OW) creams
consist of 65, 70 and 75 % while water-in-oil (WO) creams 40, 45, 50 % purified water.
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Table 2 Compositions of the formulations (w/w%)

Composition character and code (%)

Hydrogels Gel-emulsions Organogels Oo/wW=* W/O*
Components (%) HG 0.8 GE 40 OG 25 OW 65 WO 40
HG 0.9 GE 45 0G 30 oW 70 WO 45
HG 1.0 GE50 0OG 35 OW 75 WO 50
15 45
Liquid paraffin — — — 10 40
5 35
Triethanolamine g.s.** — — — —
50 75
Mygliol 812 — 50 70 — —
50 65
5
Imwitor 780 K — — — — 5
5
10
Tagat S — — — 10 —
10
0.8
Carbopol 934 P 0.9 — — — —
1.0
40
PTR-2 gel*** — 45 — — —
50
25
Span 40 — — 30 — —
35
10 10
Cetostearyl alcohol — — — 10 10
10 10
10 65 40
Purified water to 100 5 — 70 45
0 75 50

REF GE

contains diaethylamine, Carbopol 974 P, Cetomacrogol 1000, Cetiol LC, liquid paraffin,

prolylene glycol, isopropyl alcohol, purified water, “Créme 45” perfume

REF HG

* Creams

contains lactic acid, sodium disulphite, hydroxypropylcellulose, diiospropyl adipinate,
isopropyl alcohol, purified water

** Quantum satis: add to reach pH=7.0
*** PTR-2 gel consisted of 2.0 g PTR-2 and 1.0 g triethanolamine, mixed
and diluted to 200.0 g with distilled water

16



4.2. Methods

4.2.1. Rheology
A HAAKE RS1 (Thermo Electron, Germany) rheometer was used with cone-plate

configuration (1/35 TI). All measurements were carried out in triplicates at 25 + 0.1 °C.
Experiments were run in the shear rate range 0.1 - 100 1/s.

Controlled rate-ramp (Ay/At = 0.333) was applied in up and down cycle and the result

was recorded as [ = f(y) rheograms and n = () viscosity curves. In case of flow curves shear
stress was measured as the function of increasing and decreasing shear rate. Thixotropy was
defined as the area between the up- and down curves [Pas/s]. Data were evaluated with
RheoSoft 2.84.

4.2.2. Biopharmaceutical studies

4.2.2.1. In vivo study
A carrageen-induced oedema study was used to test in vivo efficacy of the formulations.

For this technique | refer to the literature [86, 87] for the details. The experiments were
approved by the Animal Ethics Committee of the University of Szeged, Hungary (1\VV/01758-
6/2008). Male Wistar rats (150-181 g) were used. All measurements were performed at 24 +
1°C in an air-conditioned room. The animals were kept under standard 12 h light/12 h dark
conditions with food and water ‘ad libitum’. All experiments were carried out in the same
period of the day (1-4 p.m.) to exclude diurnal variations in pharmacological effects. Each rat
was tested only once. One day prior to the application of the preparations, the back of each rat
(15 cm?) was carefully shaven and depilated by Veet® depilatory cream (Reckitt Benckiser,
Massy, France) in 5 minutes under 2.5-3.5% isoflurane anaesthesia (Forane® solution, Abbott
Laboratories, Budapest, Hungary). The skin of the animals was cleaned by wiping with water
containing cotton. The rats were dried under infrared lamp for 10 minutes.

On the day of the experiment, the animals were anaesthetized with Forane® solution and
exposed to different test compositions. A 300 mg sample from each formulation was applied
onto the depilated dorsal skin of the rat. Local inflammatory response was elicited by 0.1 ml
subplantar injection of carrageen (Viscarin, Marine Colloids Inc., Springfield, USA) solution
given into the right hand paw one hour after the treatment. The concentration of carrageenan
solution was 0.5% which was prepared in a physiological saline solution. The left paw, used
as the control, was treated without carrageenan. Paw volume was measured with a

plethysmometer (Hugo Sachs Elektronik, March, Germany) 5 hours after the injection.
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The volume differences between the carrageenan- and saline-injected paws were used for
the evaluation of the inflammatory response. The degree of paw swelling was calculated as:

Swelling% = 100 (M\'/‘—VO) Eq.1.
0

where Vand V, were the treated and untreated paw volumes, respectively.

4.2.2.2. In vitro study

4.2.2.2.1. Drug penetration/absorption study
Cellulose acetate membranes (Porafil, Macherey-Nagel GmbH, Diren, Germany and Pall

Life Sciences, Batavia, USA) with an average pore size of 0.45 um were used. The area for
diffusion was 1.767 cm?. The penetration process from different bases (n=12) and 2 reference
gels were measured through synthetic cellulose acetate membrane soaked in isopropyl
myristate.

The receiving medium was to mimic the penetration through the skin surface and the
stratum corneum. According to various text books, sebaceous and eccrine secretions lay down
an acid mantle on the skin surface and stratum corneum with a pH about 5 [64], although this
value varies with the state of the body, gender, environmental conditions, season, etc. up to
plus-minus half pH unit[64, 88, 89]. Thus, a phosphate buffer of pH 5.4 + 0.1 (Orion Star pH,
Thermo Electron Co., Singapore) was chosen as the receiving medium. Its temperature was
maintained at 32 £ 0.5°C to reflect the usual external skin temperature [1].

The absorbances of the samples were measured by UV spectrophotometry (Unicam
Helios a UV-Vis Spectrophotometer, Cambridge, England) at 275 nm and their diclofenac
sodium content calculated using a calibration curve. The blank ointment bases (compositions
without DS) were also tested but, for their absorbance remained below 2% of those of the
diclofenac containing samples throughout the experiments; the blank values were not taken
into account.

The experiments were run in triplicate. The results, because of their calculated precision,

as a general rule, were rounded to three digits.

4.2.2.2.1.1. Equipment
The Franz vertical diffusion cell system (Hanson Research Co., Chatsworth, USA) used

contained 6 cells and equipped with an autosampler (Hanson Microette Autosampling

System). The receptor chamber volume was 7 ml. The membranes, soaked previously in IPM
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(see above) were mounted on the top of the cells. A stirring rate of 450 rpm was set.
Quantities of 0.24-1.65 g ointment samples (depending on the type and consistency of the
different compositions) were placed evenly on the surfaces of the membranes. 800 pl samples

were taken after 0.5, 1, 2, 3 and 6 hours and replaced with fresh receiving medium.

4.2.2.2.2. Drug release
Cellulose acetate membranes (Porafil, Macherey-Nagel GmbH, Diren, Germany and Pall

Life Sciences, Batavia, USA) with an average pore size of 0.45 um were used. The area for
diffusion was 1.767 cm?. The rates of release of the active pharmaceutical ingredient DS were
studied by using non-impregnated, but soaked in phosphate buffer cellulose acetate
membranes.

A phosphate buffer of pH 5.4 + 0.1 (Orion Star pH, Thermo Electron Co., Singapore) was
chosen as the receiving medium. Its temperature was maintained at 32 + 0.5°C to reflect the
usual external skin temperature [1].

The absorbances of the samples were measured by UV spectrophotometry (Unicam
Helios a UV-Vis Spectrophotometer, Cambridge, England) at 275 nm and their diclofenac
sodium content calculated using a calibration curve. The blank ointment bases (compositions
without DS) were also tested but, for their absorbance remained below 2% of those of the
diclofenac containing samples throughout the experiments; the blank values were not taken
into account.

The experiments were run in triplicate. The results, because of their calculated precision,
as a general rule, were rounded to three digits.

4.2.2.2.2.1. Equipments
The Franz vertical diffusion cell system (Hanson Research Co., Chatsworth, USA) used

contained 6 cells and equipped with an autosampler (Hanson Microette Autosampling
System). The receptor chamber volume was 7 ml. The membranes, soaked previously in
phosphate buffer (see above) were mounted on the top of the cells. A stirring rate of 450 rpm
was set. Quantities of 0.24-1.65 g ointment samples (depending on the type and consistency
of the different compositions) were placed evenly on the surfaces of the membranes. 800 pl
samples were taken after 0.5, 1, 2, 3 and 6 hours and replaced with fresh receiving medium.
The modified USP apparatus was the SR8-Plus Dissolution Test Station (Hanson
Research Co., Chatsworth, USA) with modified holding cell for semisolids. It was used for
release studies exclusively. The apparatus contained 8 cells with 70 ml volumes. Quantities of

0.40-0.70 g samples were placed on the membrane surfaces of the small ointment sample
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holders which were then dropped into the glass vessels containing the receiving medium. The
stirring rate was set to 100 rpm. Two ml samples were taken manually after the same time

intervals as described for the Franz cell.

4.2.3. Data and methods for statistical comparison
The release of diclofenac from the compositions studied was described as:

HY

cm?

= at%+hb Eq.2.

where
a is the slope representing the release rate of diclofenac sodium [16];
t is the sampling time (hour) and

b is the intercept.

In my further statistical comparisons

Q is the cumulative amount (pg/cm?) of the diclofenac released in 6 hours,

s is standard deviation expressed in relative %,

repeatability stands for the average s of the indicated values within the parallel runs
(average intra-run s),

reproducibility stands for the s of the results of the indicated values determined in the
three parallel runs (inter-run s) and

r is the coefficient of correlation,

Cls are confidence intervals at 95% significance level (p<0.05). They could be

calculated by using the simple method proposed by Shah et al [15]. However, to be

consistent with the swelling % results, the Cls were calculated by the common

statistical method [90]:

Cl = Xm £ g5 Sx Eq.3.
where
Xm 1S the arithmetic mean;
tos is the Student factor at 95% significance level (p<0.05) selected for
the corresponding degree of freedom (the number of measuring
points taken into account was 15 in all cases);

Sy IS the standard deviation of Xp.
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In order to compare not fully linear experimental curves, | applied the studies of the
dissolution from solid dosage forms, where there are methods when not the apparent rate
constants, but the curves itself are compared. This is the utilisation of the difference (f1) and
similarity (f2) factors [91].

Y1 (Re—Ty)

f1 =100 Eq.4.
=" (RY)
100
2= 50 log ( )" Eq.5.
Zt:1n (Rt - Tt)
1+
n
where

T is the amount (%) of the active ingredient liberated from the test preparation at t time;
R¢ is the same for the “reference” product;

n is the number of the parallel experiments.

However, it has been pointed out, that f1 and f2 have shortcomings such as being
sensitive to the number of time points and the absolute values of the per cent liberated [92],
thus, these factors may only be used for tablet dissolution purposes together with some
corresponding rules (requiring maximum coefficient of variation of mean liberation data,
definition of the number of points and the maximum per cent of the liberated substance, i.e.
one measuring point above 85%, etc. [91]). Moreover, in their original forms they are not
suitable to study the release (up to a few per cent) of active ingredients from semisolid dosage
forms. To overcome this issue, when comparing two release curves, not the percentages of the
liberated active substance were used, rather

e the curve of the faster liberation was taken as “reference”,

e its amounts liberated (ug/cm?) was taken as 100% in every time points and

e the amounts liberated at the same time points from the other ("test”) curve
were calculated as the percentages of the above values.

Thus, values calculated in such a way may be called relative difference and similarity

factors f1, and 2. The maximum 10% difference between the curves (generally used for f1
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and f2 [91]) means that if f1>10, the two curves seem to be “different”, while if the f2>50,
they are ” similar”.

Statistical analysis of the in vivo (swelling %) data was performed by one-way ANOVA,
followed by Newman-Keuls Multiple Comparison Test. At a significance level of p<0.05, the
anti-inflammatory effect was titled “moderate” and at a significance level of p<0.001 it was
called “significant” (GraphPad 4.0).

Linear and power trend line fitting between in vitro penetration data and in vivo

absorption studies were used.
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5. RESULTS AND DISCUSSION

5.1. Rheological characteristics of investigated products — hydrogels

The DS incorporation in the hydrogels did not influence the viscosity of the formulation
remarkably (Table 3). It could be established, that the structure of the hydrogels could be
deformed slightly easily as the structure of the reference products (Figure 7). The flow,
viscosity characteristics and yield value of the hydrogel samples were similar to the reference
products. With decrease of the yield value and shear stress, the spreadability of the products
increased, which effected a higher anti-inflammatory effect in therapy.

Table 3 Rheological characteristics of compositions

Thixotropic

Flow Viscosity area
Compositions | maximum — [Pas/s]

[Pa] V_|s<_305|ty

minimum a b r
[Pas]

Hydrogels
DSHG 0.8 252.53 2.53 42,551 | -0.558 | 0.9839 1204
DSHG 0.9 299.79 2.87 47.379 | -0.582 | 0.9810 1798.66
DSHG 1.0 281.15 3.28 4357 | -0.565 | 0.9789 1129
Gelemulsions
DSGE 40 159.63 1.35 15.720 | -0.487 | 0.9987 -396.65
DSGE 45 188.65 1.65 19.649 | -0.507 | 0.9983 -466.55
DSGE 50 214.80 1.59 28.575 | -0.561 | 0.9980 618.9
Organogels
DSOG 25 51.82 0.56 6.343 | -0.5363 | 0.9053 423.33
DSOG 30 78.53 0.78 9.502 | -0.528 | 0.9337 1289
DSOG 35 126.40 1.29 19.320 | -0.558 | 0.9190 2552.33
Oil-in-water creams
DSOW 65 123.5 1.34 28.950 | -0.677 | 0.9981 1572
DSOW 70 83.61 0.87 15.611 | -0.629 | 0.9988 1304
DSOW 75 58.96 0.67 6.9312 | -0.523 | 0.9889 532.73
Water—-in-oilcreams
DSWO 40 57.55 0.58 3.7574 | -0.504 | 0.9127 -1611.33
DSWO 45 29.00 0.29 2,751 | -0.541 | 0.9619 -426.23
DSWO 50 64.99 0.65 5.6929 | -0.520 | 0.9777 -802.97
Reference preparations
REF GE 227.7 2.18 31.257 | -0.572 | 0.9971 -166
REF HG 168.57 1.68 24.791 | -0.533 | 0.9100 286.07

23



= HGO3S 4 REF G

S~ REF GE

8

+—DSHG 0.8

——HG09

. WH
—a—DSHG 09

m{ A
—a+—DSHG 1.0

HG 1.0
50 4
f

P
=

Shear strezs (Pa)
Shear stress (Pa)

g

A oF ; ; ; ; )
i 0 0 @ & 0 1 0
0

20 40 60 a0 100 10 Shear rate (1/5)
Shear rate [1/s)

Figure 7a) Flow curves of hydrogels and b) reference products

5.2. Results of biopharmaceutical data

5.2.1. Evaluation of in vivo data
Several studies examined the paw oedema decreasing effect of different compounds [93,

94]. This carrageenan-induced oedema study was used to test in vivo efficacy of the
formulations by me as well. Its results were then compared to the in vitro penetration and
release rate data to evaluate IVIVC.

The data (average swelling %) are shown in Table 4, they are presented in an easy-to-
compare way in Figure 8 and as in Cls in Figure 9.

Diclofenac sodium 1% (w/w%) in 40%, and 45% w/o creams (p<0.05, labelled with *)
exerts only a moderate oedema inhibition compared to the control group. One percent (w/w%)
of the active ingredient DS incorporated in 50% w/o cream, in the o/w cream basements, in
hydrogel and organogel preparations and in case of both marketed reference products showed
to be efficient in comparison with the non-treated group (p<0.001, labelled with ***). The
highest oedema swelling inhibition rate was measured in case of the 35% emulsifier
containing organogel, which effect was more significant than both of the registered products.
The lowest effect was observed in the 45% water containing w/o formulation.

Similar to a previous study of Csdka et al. [95] — where in vitro and in vivo percutaneous
absorption of ketamine hydrochloride and piroxicam were investigated — | also found that my
hydrogel samples showed to be efficient in the in vivo investigations.

In the in vivo experiments the average order of the preparations is as follows: reference

gel-emulsion > hydrogels > organogels > o/w creams > reference hydrogel > w/o creams.
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Table 4 Swelling% data measured in vivo

Composition Swelling (%)
DSHG 0.8 45.7
DSHG 0.9 47.2
DSHG 1.0 50.0
DSOG 25 29.1
DSOG 30 50.0
DSOG 35 58.2
DSOW 65 375
DSOW 70 41.8
DSOW 75 43.6
DSWO 40 18.1
DSWO 45 16.3
DSWO 50 28.3
REF HG 38.3
REF GE 51.8

Volume of oedema (ml)

OONOONNONNDDOOON

Control
DSHG 0.8
DSHG 0.9
DSHG 1.0
DSOG 25
DSOG 30
DSOG 35
DSOW 65
DSOW 70
DSOW 75
DSWO 40
DSWO 45
DSWO 50
Ref HG
Ref GE

Figure 8 Anti-inflammatory effect of different preparations containing 1% diclofenac sodium

on carrageenan-induced oedema in rats
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Figure 9 Cls of the swelling % results

More than half of my developed products reached and exceeded the oedema decreasing
effect of the reference hydrogel and one preparation exceeded the value of reference gel-
emulsion. It means that my aim to develop new products with fewer additives, that reach the

oedema decreasing effect of reference gels, was successful.

5.2.2. Evaluation of in vitro drug penetration/absorption data
Impregnation of membranes with IPM for in vitro penetration studies is often used by

researchers [96] for different types of the model barriers used in the experiment influenced the
results. This was presented as the plausible reason for in vitro penetration and in vivo
absorption differences. The synthetic cellulose acetate membrane is an inert barrier, in
contrast, the skin is an active barrier.

Based on the in vitro penetration results many products could be excluded because of
their low penetration rate, although they were effective in the in vivo studies.

The Franz diffusion cell was used.

Figure 10 shows the penetrated diclofenac sodium amounts (in percentages) against time
through IPM soaked membrane. (To be consistent with my data, in all product codes the “DS”

precedes the codes in Table 2).
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Figure 10a-d) Cumulative penetrated diclofenac sodium amounts through IPM soaked

synthetic membrane plotted against time

Cumulative penetrated amounts of DS in 6 hours and their relative standard deviations
are presented in Table 5.

It can be seen that all of my products reached the drug penetration level of the marketed
(reference) gels (1.16% and 2.31% for reference hydrogel and reference gel-emulsion,
respectively). The hydrogel samples containing the 0.8% polymer showed the highest in vitro
penetration rate (8.41%) and the reference hydrogel was the last in the order.

The standard deviations (SD) were changing in the range from 0.46% (DSOG 25) to
2.29% (DSHG 1.0).

The penetration through the IPM soaked membrane decreased in the following order:
hydrogels > organogels > w/o creams > o/w creams > reference gel-emulsion > reference
hydrogel.
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Table 5 Penetrated DS amounts through IPM soaked membrane in 6 hours

Composition Penetrated drug amount + SD (%)
DSHG 0.8 8.41+1.34
DSHG 0.9 5.03+1.12
DSHG 1.0 4.60 £2.29
DSOG 25 6.8 £0.46
DSOG 30 5.25+0.51
DSOG 35 3.45+0.77
DSOW 65 3.39£0.99
DSOW 70 4.00 £ 0.86
DSOW 75 4.20 £ 0.54
DSWO 40 3.60 £ 0.54
DSWO 45 6.75 £ 1.17
DSWO 50 5.00 £ 1.05

Ref HG 1.15+0.91
Ref GE 2.31+£0.86

5.2.2.1. In vitro penetration — in vivo correlation
Moderate ( x<0.90), significant (0.90<x) or no correlation at all were measured between

the in vitro penetration results compared to that of in vivo efficiency studies with difference
fitting.

Best IVIVC was established in case of IPM soaked membrane in o/w creams and in
organogel samples in case of linear fitting and in o/w creams in case of power trend line

fitting. IVIVC rate was not remarkable in w/o samples (Table 6).

28



Table 6 IVIVC correlation coefficients in case of IPM soaked membrane with linear and
power trend line fitting

Compositions R? with linear fitting R?with power trend line fitting
Hydrogels 0.6913 0.7331
Organogels 0.9176 0.8100
o/w creams 0.9732 0.9714
w/o creams 0.0403 0.0228

It can be concluded, that o/w creams had the best (0.9732 and 0.9714) and w/o creams the
worst fitting (0.0403 and 0.0228) also in case of linear and power trend line fitting.

However, the in vitro penetration and in vivo results showed significant differences in the
dosge form types and even within each group of dosage forms.

In contrast with the investigation of Csdka et al. [95], in my experiments correlation was
found between the in vitro penetration and in vivo data of organogels, o/w creams and
moderate IVIVC was found in case of hydrogels.

IVIVC with the animal tests in use was found in some cases. Evaluating the data and

IVIVC results I can offer my hydrogel and organogel compositions for clinical use.

5.2.3. Evaluation of in vitro drug release data

5.2.3.1. Characteristics of diclofenac release from semisolid preparations and
its transport through cellulose acetate membrane
Eq. 2., i.e. linear relationship between the amount released and the square root of time is

valid only when sink conditions persist. If not, the release curves show saturation.

The solubility of diclofenac varies considerably with pH. According to the most reliable
literature data, conditions of pH=5.5 and 23°C, which are close to my experimental
conditions, give the solubility as 36 pg/ml [97]. In my experiments the highest amounts
dissolved were around 1100 and 2500 pg in the Franz cell and modified USP studies,
respectively. Perfect sink conditions persist if the drug concentration in the receiving medium
does not exceed 10% of the solubility of the drug under the given conditions at any time point
[98]. Thus, even if the 9°C temperature difference between the literature data and my
experiments is taken into account, sink conditions were not expected to occur at pH 5.4 in my
experiments. Researchers using sink conditions in similar studies applied higher pH values
[43, 44, 99].
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Characteristic release curves (one composition each) are shown on Figures 11-12 (Franz

cell method), and Figure 13 (modified USP method, separated for better clarity).

Released drug amount (pgfom?)

]‘m -
&00
A
500 T
£
400 <
e 5= DSGE 40
m 4 —
A =i~ REF GE H
200 c o DSOG30
4 =4—REF HG %
100 s == DSOW 70
+-DSHGO8 <
0 T ~&-DSW0 40
— 1 1 H
100 ¢ 0, 1 15 ] 25 3 z 1
K] 3
200 4 &
300 - Ti [hlJz]
ime 2m
Time (h/4)
a) b)

Figure 11a-b) Released diclofenac sodium with the Franz cell method
(the best linear fit indicated)
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Figure 12 Release of diclofenac from DSGE 40 using the Franz cell method

(a non-linear, exponential best fit)
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Figure 13a-b) Released diclofenac sodium with the modified USP method
(the best linear fit indicated)

The release curves show no saturation. The figures indicate the best linear fit, however
are also not completely linear as should follow from Eq. 2. This phenomenon can be seen in
the case of the DSGE, DSOG and DSWO series of preparations using the modified USP
apparatus while it occurs in almost all the cases using Franz cell experiments. Exponential
rather than linear curves (see Figure 12) are seen, as if the release-rate would slightly increase
in time. This phenomenon suggests that the release is not controlled by one single process
(diffusion) of diclofenac alone.

The following mechanism is proposed to explain these findings. It is well known that
surface active agents and lubricants (like IPM used in my former experiments) may modify
both (non-impregnated) artificial membranes and the solubility of substances in the receiving
medium. In my present study the dermatological bases studied contained such agents. During
the dissolution not only the diclofenac was released through the membrane, but other
ingredients as well. The latter modified both the membrane structure (making it more suitable
for penetration) and the receiving medium dynamically. This explanation may account for the
shapes of the curves and the increased solubility of the diclofenac reaching sink conditions in
the receiving medium.

The idea that components of creams and ointments modify the characteristics of the
membranes they penetrate into and through is not new. It has also been described for human
skin[99].

It can be seen that the slower the diclofenac release the poorer the linearity of the curve
(see e.g. the Franz cell experiments versus the modified USP experiments). Using the Franz
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cell the intercepts were always negative with poor precision, thus indicating a lag-time
(diffusion of the analyte through the membrane). This trend is not so obvious with the

modified USP method when the release-rates were higher.

5.2.3.2. Statistical comparison of the performances of the Franz cell and the
modified USP systems
The results of the in vitro release date are presented in Table 7. Slopes, intercepts and Q

data in these tables represent average values for three parallel runs and all cells working.
Comparing the standard deviation data in Table 7, one can see that, in most of the cases,
the precision (both repeatability and reproducibility) of the modified USP method was found
superior to that of the Franz cell method.
As a rule, the precision of Q-values was better than that of the slopes while those of the
intercepts (b) were the poorest. This should be a consequence of the fact that the “linear”
release curves are actually not completely linear.

Standard deviations for the correlation coefficients did not provide any new information.
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Table 7a-b) In vitro release data using the Franz cell and modified USP method

Repeatabilit Reproducibilit

Compositions a b r Q 2 P y P y

pg/cm Sa ‘ Sp Sy ‘ So Sa ‘ Sp Sy Sq
Hydrogels
DSHG 0.8 914 | -3838 0.9527 202 13.8 20.3 6.81 12.9 13.4 57.7 6.32 17.0
DSHG 0.9 104 -33.3 0.9782 217 18.6 239 1.83 9.78 26.0 62.4 5.38 29.1
DSHG 1.0 111 -21.9 0.9750 250 15,3 18.9 4.13 12.6 27.6 68.2 3.63 20.1
Gelemulsions
DSGE 40 130 -43.9 0,9901 287 3.80 384 0.93 5.99 29.3 17.7 4.20 15.9
DSGE 45 163 -49.1 0.9931 360 17.9 10.8 1.35 8.07 28.2 60.3 2.20 14.0
DSGE 50 113 -35.1 0.9929 250 249 44.8 5.95 7.92 36.7 80.4 3.75 254
Organogels
DSOG 25 97.8 | -36.9 0.9954 208 6.15 255 1.15 6.59 29.1 34.8 2.15 13.6
DSOG 30 934 | -50.6 0.9957 190 7.75 24.4 1.05 13.9 226 47.3 3.96 18.7
DSOG 35 549 | -26.7 0.9948 110 18.2 323 1.52 9.31 8.90 15.9 3.35 13.9
Oil-in-water creams
DSOW 65 115 -30.5 0.9998 252 7.79 16.3 1.19 7.12 13.2 14.7 2.13 10.3
DSOW 70 219 -70.0 0.9989 465 5.51 18.6 1.13 7.14 10.0 14.2 3.07 8.17
DSOW 75 270 -8.61 0.9996 649 12.8 10.9 1.17 6.23 14.6 11.7 2.82 9.37
Water-in-oil creams
DSWO 40 43.7 2.30 0.9910 109 16.7 12.9 1.92 9.32 22.3 17.3 431 16.9
DSWO 45 219 | -7.03 0.9763 475 18.3 15.9 2.42 8.66 23.2 24.4 3.18 16.8
DSWO 50 824 | -18.2 0.9940 186 15.5 16.3 1.60 5.72 17.6 215 3.74 14.2
Reference preparation
REF GE 296 -194 0.9798 547 8.56 15.3 0.79 6.75 8.39 259 2.61 9.17
REF HG 120 -76.4 0.9749 225 10.4 12.7 2.42 5.10 18.0 19.3 2.78 7.02

Compositions a b r Q , Repeatability Reproducibility

Hg/cm Sa S Sy so Sa | S sr | so
Hydrogels
DSHG 0.8 242 71.8 0.9895 687 9.32 26.6 1.91 4.10 12.1 39.6 2.90 9.98
DSHG 0.9 250 455 0.9993 651 10.0 21.1 0.57 6.78 14.1 23.4 1.89 9.03
DSHG 1.0 259 355 0.9804 661 10.8 18.4 3.00 8.50 7.35 23.3 3.19 9.20
Gel-emulsions
DSGE 40 191 -30.3 0.9728 451 11.9 18.6 0.58 6.97 19.2 20.5 1.28 11.9
DSGE 45 231 -82.5 0.9824 511 11.7 24.9 9.08 5.61 11.1 29.8 7.82 10.6
DSGE 50 200 -96.9 0.9635 424 13.7 16.3 2.26 8.81 16.1 28.4 3.95 11.0
Organogels
DSOG 25 294 131 0.9546 850 18.3 18.2 2.95 8.72 22.8 31.8 1.76 10.5
DSOG 30 322 -0.92 0.9838 832 15.6 25.3 0.80 7.46 19.4 37.9 0.79 9.03
DSOG 35 339 49.2 0.9731 899 18.3 28.9 2.53 9.29 15.1 43.0 1.20 13.8
Oil-in-water creams
DSOW 65 146 | 75.2 0.9828 425 11.1 23.6 1.83 5.54 18.7 23.3 2.08 13.9
DSOW 70 243 | -15.7 0.9943 688 8.85 17.6 2.13 3.31 24.3 25.8 2.00 441
DSOW 75 305 | 116 0.9982 866 7.02 17.9 1.97 4.90 29.5 23.1 2.61 6.27
Water-in-oil creams
DSWO 40 178 -80.0 0.9682 442 14.5 23.3 4.13 7.65 19.8 42.1 5.13 11.9
DSWO 45 121 39.9 0.9678 355 19.4 37.0 3.43 6.99 23.4 444 4.98 12.8
DSWO 50 164 0.28 0.9598 438 14.3 24.8 1.68 8.39 19.9 38.3 2.65 14.1
Reference preparation
REF GE 1460 | -115 0.9911 3330 2.13 16.6 0.94 6.30 6.45 17.4 1.10 7.09
REF HG 1070 | -166 0.9802 2340 7.05 15.2 0.64 6.66 14.3 17.7 3.24 111
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5.2.3.3. Effect of the composition of the different dermatological bases
diclofenac release using cellulose acetate membrane

5.2.3.3.1. Qualitative evaluation of the release rates
First, | have tried to describe and understand the in vitro results taking the average values

into account exclusively.

In case of the DSOW compositions the release-rates (the slope a in Eq. 2, see Table 7,
measured either by the modified USP or the Franz cell methods increased with increasing
water (and decreasing paraffin) content. A similar, although much less pronounced, trend
could be observed in the DSHG series with increasing Carbopol and consequently, the
neutralizing triethanolamine content. By contrast, the “worst” and “best” compositions were
found with the DSWO and DSGE series. In the modified USP method, the release-rates for
the two marketed creams were much higher than those of my other compositions. This
difference was not so pronounced with the Franz cell method.

The results observed for the DSOG series were surprising. The modified USP method
indicated slightly, surely not significantly increasing diclofenac release rates with an
increasing amount of the emulsifier Span, while this trend was just the opposite for the Franz
cell experiments. The only relevant differences between the two in vitro systems which might
account for this phenomenon were the receptor volumes and the sampling. Using the Franz
cell, the 0.8 ml/7.0 ml samples taken were always replaced with fresh receiving medium at all
time points. Using the modified USP method the volumes were not replaced. In my present
working hypothesis the emulsifier, when penetrating into the membrane, facilitates the
passage of the diclofenac, possibly forming micellar structures which helps in its
solubilization in the receiving medium. The structure and composition of micelles depend on
the concentration of the emulsifier. When the receiving medium is diluted after sampling, the
concentration of the emulsifier decreases in the membrane as well initiating micelle changes
during the passage.

Apart from this explanation, my experiments suggest that beside the fact that the release
rates are naturally much faster when the modified USP method is used, the two test systems
do not mimic the in vivo processes in the same way.

It should be emphasized that it may be true only for my selected experimental conditions,

that the following conclusions may be drawn.
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Comparing the modified USP and the Franz cell methods, the former seems to be more
precise. Moreover, because it is a more complex piece of equipment the Franz cell needs more
frequent maintenance than the USP modified apparatus method.

At the same time, the Franz cell is more discriminative.

Although the release of the active principle, namely the diffusion through the cellulose
acetate membrane, seems to be a more complex process which results in not fully linear
curves. This presumably involves co-penetration of excipients modifying both the membrane

and the apparent solubility of the active principle in the receiving medium dynamically.

5.2.3.4. Statistical evaluation by comparing the Cls
As a second step, the Cls of the apparent release rate constants were calculated and

compared to those of the in vivo swelling % data.

The Cls are shown on Figures 14 a-c) (for the release of the marketed medicinal products
was much faster than those performed by the semisolids produced in-house, to have data more
comparable with the Franz cell ones, Figure 14c) reproduces the data of the latter without

those of the reference preparations).

REF GE ]
DSHG 0.8 ]
DSHG 1.0 ]

DSGE 45 ]
DSOG 25 ]
DSOG 35 ]
DSOW 70 ]

DSWO 40 ]

DSWO 50 |
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a (Apparent release rate constant)

Figure 14a) Cls of the apparent release rate constants in the Franz cell experiments
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Figure 14b) Cls of the apparent release rate constants in the modified USP experiments
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Figure 14c) Cls of the apparent release rate constants in the modified USP experiments,

without the data of the reference preparations

The results are summarised in Table 8.

This evaluation of the data was done comparing the Cls looking for significant (p<0.05)
differences. However, it resulted only in limited information, for the Cls of the in vitro results
were quite wide. This may be explained by my findings that the liberation did not follow the
pure diffusion controlled model for the membrane layer was modified by certain excipients
continuously. (For this reason, the linear curve fitting to non-linear curves gave only apparent

rate constants with the biases of the approximation, i.e. with wider ClIs.)
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The following basic conclusions can be drawn:

e Now it is proven statistically, that the Franz cell is more discriminative than the

modified USP holding cell.

e Liberation from the two marketed gels (REF GE and REF HG) was much quicker

than that from my formulations, when the modified USP cell was used but not with

the Franz cell and the in vivo studies.

e Liberation from the organogel with the highest Span content (DSOG 35) gave the

best results both in vivo and with the Franz cell but not with the modified USP

holding cell.

Table 8 Summary of the results based on the comparison of Cls of the apparent

release rate constants

Method Results WO ow oG HG GE
) ) Medium/ ) )
Liberation rate Slow ) Quick Quick
Quick
) Component Water, positive/ Span, Carbomer
In vivo ) Water,
content increase U- curve? ) very No effect seen
negative -
positive
Significant? No/partly No Partly No
Liberation rate Slow Better Slow Medium Medium
Span, Carbomer Pemulen
Component Water, Water, )
Franz cell . » slightly No effect seen No effect seen
content increase u-shaped curve? | positive )
negative
Significant? No/partly Partly Partly No effect seen No effect seen
N : Medium, : : . .
Liberation rate Medium ) Quick Medium/quick Medium
quick
Modified
Component Water, Span Carbome Pemulen
USP cell ] Water, u-curve? o
content increase positive No effect? No effect seen No effect seen
Significant? No Partly No No No
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5.2.3.4.1.5tatistical comparison of release curves based on the difference and
similarity factors

The use of these (particularly the f2) factors is well accepted in the comparison of the
dissolution curves of solid dosage forms. In order to avoid biases caused by the linear
approximation (Eq. 2) of not completely linear curves (which results inevitably in biased and
less precise apparent rate constants, i.e. wide CIs) | have tried to apply these factors (in their
relative form, see in 4.2.3. Data and methods for statistical comparison) for the evaluation of
the release curves. To my knowledge this is the first time when f1 and f2 are used for
semisolid dosage forms.

Table 9 showes the fl, and f2, factors of those experiment where the apparent rate
constants did not differ significantly (p<0.05), i.e. the Cls were overlapping.

It should be remarked that the f1,, and 2, values indicated the same results in all cases,
i.e. when two curves were found “different” (f1,,>10) then they were also “not similar”
(f21e1<50). Thus, use of only one of them (preferably the relative f2 [91]) is advised in the
future. Further on, these results are referred to as “f-results”.

Studying the effect of the variation of the compositions of the various ointment bases to
the active principle liberation rate using the 1. and 2, factors revealed the followings.

Use of these factors indicates the differences (non-similarities) of the experimental curves
in @ much more sensitive way than the Cls of the apparent release constants. Only the release
curves of the DSHG series, when tested with the modified USP holding cell became “not
different/similar”.
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Table 9 The f1,, and 2, factors

DSOW series
DSOW 75/DSOW 70
fle 39.8
Franz cell 20 195
USP modified Tl 20.2
holding cell 21l 33.9
DSHG series
DSHG 1.0/DSHG 0.9 | DSHG 0.9/DSHG 0.8 | DSHG 1.0/DSHG 0.8
fle 17.6 40.0 51.9
Franz cell f2u 365 18.9 13.4
USP modified flre 5.4 3.3 5.1
holding cell 21l 61.0 72.1 59.7
DSOG series
DSOG 25/DSOG 30 | DSOG 30/DSOG 35 DSOG 25/DSOG 35
oo 15.4 44.2 51.9
Franz cell 20 36.9 176 142
DSOG 35/DSOG 30 | DSOG 30/DSOG 25 DSOG 35/DSOG 25
USP modified flie 13.6 22.5 111
holding cell 21l 42.4 30.1 37.1
DSWO series
DSWO 45/DSWO 40 | DSWO 50/DSWO0 45 | DSWO 50/DSWO 40
oo 32,7
Franz cell 2 241
USP modified fle 24.0 14.2 18.8
holding cell 2.1 33.0 37.8 31.7
DSGE series
DSGE 45/DSGE 50 DSGE 45/DSGE 40 DSGE 40/DSGE 50
fle 25.2 21.5 14.5
Franz cell 2 277 318 386
USP modified flie 24.0 12.6 28.1
holding cell 2 27.6 41.3 24.3

O/W creams: both the in vivo and the two in vitro methods indicated quicker release with
increasing water content. The differences in release rate constants were not significant
(p>0.05) in vivo and only partly (the DSOW 65 versus the other two) in vitro. However, the f-
results indicated different experimental release curves. Thus, it can be stated the rate of
release from the DSOW creams increases with the water content.

Hydrogels: increase in the Carbomer 934 P content indicates a small, but non-significant
increase of the release rates in all (in vivo and in vitro) experiments. Even the f-results did not
show differences in the experimental curves. This non-significant tendency can only be
supported by the f-values in the Franz cell experiments.
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Organogels produced the most surprising results: the increasing Span 40 content resulted
in increasing release rates in the in vivo (the DSOG 30/DSOG 25 difference is significant) and
similar tendency in the modified USP holding cell experiments (not significant). However, the
f-results confirmed this tendency while the Franz cell produced opposite results: the release
from the DSOG 35 was the slowest. Also this was confirmed by the f-results.

W/O creams: the increase in the water content resulted in a U-shaped context (the
release rate is the lowest at 45% water content, but it is not (the modified USP holding cell
experiments) or partly significant. However, the f-values clearly indicated different
experimental curves. Further research is needed to explain why the 45% water content in the
emulsions performs a slower release that the 50% or 40% ones.

Gel-emulsions: the in vivo data are lacking. In vitro data indicate a reversed-U-shaped
context, i.e. the 45% Pemulen TR-2 content assured the highest release rate (not significant
rate constant differences, the tendency can be better seen in the USP modified holding cell
experiments). The f-results confirmed this tendency.

5.2.3.5. In vitro drug release — in vivo correlation
In this part of the work the correlation between in vivo swelling % results and the average

apparent rate constants or Q released values generated in the two in vitro dissolution methods

was studied. Table 10 summarizes the correlation coefficients.

Table 10 Correlation between in vitro and in vivo data

Slope Q

Compositions USP/ USP/ Franz/ USP/ USP/ Franz/

Franz Swelling Swelling Franz Swelling Swelling
DSHG 0.9805 0.9904 0.9440 -0.8065 -0.5663 0.9440
DSGE 0.8488 0.8488
DSOG -0.8417 0.9943 -0.7794 -0.9373 0.5123 -0.7794
DSOW 0.9973 0.9939 0.9999 0.9965 0.9926 0.9993
DSWO 0.6047 0.4125 0.9632 0.7490 0.5830 0.9750
All data* 0.5306 0.3378 0.4233 0.3385 0.2665 0.3385

For r and not r data are presented, the negative r values indicate opposite trends in the

data (i.e. increasing and decreasing release rates with the concentration of a component).
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5.2.3.5.1. Correlation between the slopes (apparent release rate constants) and
swelling data

When all data generated either with the modified USP or with the Franz cell method were
correlated with the in vivo swelling % results, no correlation was found. Thus, neither of these
two methods was predicting IVIVC, in general. The same is valid for the correlation of the
two in vitro methods.

However, varying the concentrations of the components within one type of composition,
a good correlation was be achieved between in vitro, generated by the modified USP method
and in vivo data in the DSHG, DSOG and DSOW series. Similar findings, with a somewhat
poorer correlation, can be observed with the Franz cell and in vivo data for the DSHG, DSOW
and DSWO series. The IVIVC was the best for both in vitro methods in the case of the
DSOW compositions. Only one of the two in vitro methods gave somewhat acceptable
correlation in the case of the DSOG and DSWO preparations using the modified USP and
Franz cell methods, respectively.

When the correlation within the DSOW series was the best, one may postulate that the
release of diclofenac sodium from oil-in-water bases was the closest to a single diffusion
controlled process.

5.2.3.5.2. Correlation between Q and swelling data
Correlations for the cumulative amount dissolved in 6 hours (Q) data, as a rule, were

much poorer that those for the slopes. It was not surprising for my proposed explanation
described the dissolution of diclofenac from semisolids as a complex procedure with co-
dissolution of other ointment components modifying the membrane and the solubility of
diclofenac dynamically. The slope, although biased by the previously mentioned sub-
processes, was determined by the whole curve characterizing the main release process. It
should have been a better correlation with the in vivo data than the Q-values when calculated

as the mean of single measuring points.

5.2.3.5.3. Conclusions
The slopes (a) of the release curves (Eq. 2) are the best parameter for IVIVC, although

the amount dissolved at a given time (Q) can be measured with higher precision. The latter
may be better for quality control purposes.

My experiments show that when | use a non-impregnated cellulose acetate membrane
neither the modified USP nor the Franz cell is suitable to establish IVIVC. In general

however, Csoka et al. [95] and other researchers [71] could obtain acceptable IVIVC for some
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semisolid compositions using the Franz cell. Moreover, varying the composition within the
same types of semisolid dermatological bases good IVIVC may be achieved. In this respect
the performances of the two in vitro methods are not necessarily the same, depending on the
type of base utilized. Thus, both methods could be suitable for optimization studies, but this is
not true for all types of dermatological compositions. Consequently, to support such studies, it
is advisable to establish at least qualitative 1VVIVC with parallel in vivo experiments.
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6. SUMMARY

The aim of my research work was to study the drug penetration and release processes of
semisolid dosage forms and to evaluate existing methods from regulatory points of view.

6.1. The experiments carried out

In the frame of this work various types of semisolid drug bases were developed and prepared,
such as hydrogels, organogels, gel-emulsions, o/w and w/o creams with 1% diclofenac
sodium content. The bases were tested first in vivo then in vitro in order to ascertain their drug
penetration and release characteristics.

For in vivo data, the anti-inflammatory effect of semisolids was investigated on a
carrageenan-induced oedema model in rats.

For the in vitro penetration studies, the Franz vertical diffusion cell was used with
cellulose acetate membranes soaked in isopropyl myristate.

In the in vitro release studies both the Franz cell and the USP modified holding cell with
mini paddle apparatuses, both with not impregnated cellulose acetate membranes were used.

Performances of the experimental methods were evaluated, on the one hand, from
regulatory points of view, on the other hand from their ability to predict in vitro-in vivo

correlation.

6.2. In vitro drug release from semisolid dosage forms

| have pointed out that the literature is not equivocal on the methodology. The Franz vertical
diffusion cell is generally used with cellulose acetate membrane, impregated or not
impregnated. In addition, data on another apparatus, the USP modified holding cell with mini
paddle appeared in the literature.

Results of my work:

e | compared the performances of the Franz cell and the modified USP holding cell
in studies of drug release from semisolid dosage forms. To my knowledge, no
such comparison was described in the literature before.

o Data generated by the Franz cell are less precise (presumably due to its

inherent characteristics, the complicated tube system, the very low amount of
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receiving medium and the possibility of bubble formation.) The much
simpler USP modified holding cell gives more precise results.

0 By contrast, the Franz cell is more discriminative.

o The two methods are not interchangeable. Depending on the types of
semisolids studies, they may give similar or contradictory results (between
types of bases and/or within the same type when the composition was
varied.)

e | recognized that the release was not necessarily a fully diffusion controlled

process, for the released amounts versus time® curves were not completely

linear. To my knowledge this is a new finding in the literature. A plausible
explanation comprising co-release of surface active base components, modifying
both the membrane and the receiving medium dynamically was proposed. Thus,
not real but “apparent” release rate constants with the biases of the linear
approximation of not fully linear curves could be calculated.

e In order to overcome the above biases, first in the literature | applied the 2
similarity (and also f1 difference) factors (in their relative forms) to compare

drug release curves from semisolid dosage forms.

6.3. In vitro-in vivo correlation

My semisolid formulations were able to show anti-inflammatory effects and to
decrease the carrageenan-induced oedema in rats. More than half of my products
reached or exceeded the oedema decreasing effect of the reference (marketed)
hydrogel.

The clinical relevance of my findings might be that my hydrogel and organogel
samples showed significant anti-inflammatory effects. Rheological characteristics of
both formulations showed that they can be easily spread on the skin. They exceeded
the value of the reference gel-emulsion and showed a significant IVIVC in the
penetration studies. However, no correlation was found between the in vitro and in
vivo results in case of reference gels.

My experiments showed that when using a non-impregnated cellulose acetate
membrane neither the modified USP nor the Franz cell is suitable to establish
IVIVC although these in vitro and the in vivo qualitative pictures may coincide
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within given types of bases. It is advisable to perform both in vitro release studies

with in vivo ones.

45



\‘

o g > w DN

10.

11.
12.

13.

14.

15.

16.

17.
18.

. REFERENCES

Brown C.K., Friedel H.D., Barker A.R., Buhse L.F., Keitel S., Cecil T.L., Kraemer J.,
Morris J.M., Reppas C., Stickelmeyer M.P., Yomota C., Shah V.P. Dissolut. Technol. 18
(2011) 51-64.

Sznitowska M., Pietkiewicz J., Stokrocka M., Janicki S. Pharmazie 59 (2004) 814-815.
Silva A.C., Santos D., Ferreira D.C., Souto E.B. Pharmazie 64 (2009) 177-182.

Wu L., Tang C., Yin C. Pharmazie 65 (2010) 493-499.

Belal T.S., Shaalan R.A., Haggag R.S. Pharmazie 94 (2011) 503-512.

Chen M., Pan X., Wu H., Han K., Xie X.,Wedge D.E., Repka M.A.,Wu C. Pharmazie 66
(2011) 272-277.

Csoka 1., Bozsik E., Erés 1., Paal T.L. Eur. J. Pharm. Sci. 32S (2007) S6-S21.

Yamaguchi Y., Nagasawa T., Kitagawa A., Nakamura N., Matsumoto K., Uchiwa H.,
Hirata K., Igarashi R. Pharmazie 61 (2006) 112-116.

Elsayed M.M.A., Abdallah O.Y., Naggar V.F., Khalafallah N.M. Pharmazie 62 (2007)
133-137.

Barry B.W. Dermatological Formulations - Percutaneous Absorption, Marcel Dekker,
New York and Basel (1983)

Corbo M. Dissolut. Technol. 2 (1995) 3-6.

Hanson R., Gray V. Handbook of Dissolution Testing, Dissolution Technologies,
Hockessin, Delaware (2004)

Shah V.P. Eur. J. Pharm. Biopharm. 60 (2005) 309-314.

Azarmi S., Roa W., Lobenberg R. Int. J. Pharm. 328 (2007) 12-21.

Shah V.P., Elkins J., Schuirmann D., Pelsor F., Schrivastava S., DeCamp W., Schwartz P.,
Williams R. Dissolut. Technol. 5 (1998) 5-11.

Guidance for Industry. Nonsterile Semisolid Dosage Forms. Scale-Up and Postapproval
Changes: Chemistry, Manufacturing and Controls. In Vitro Release Testing and In Vivo
Bioequivalence Documentation. U.S. Department of Health and Human Services, Food
and Drug Administration, Center for Drug Evaluation and Research. SUPAC-SS (1997)
D’Souza S.S., Lozano R., Mayock S., Gray V. Dissolut. Technol. 17 (2010) 41-45.

Kanfer 1., Tettey-Amlalo R.N.O., Au W.L., Hughes-Formella B. Assessment of Topical
Dosage Forms Intended for Local and Regional Activity. In: Generic Product Drug

46



19.

20.
21.

22.
23.
24.
25.
26.
27.

28.
29.
30.
31.

32.
33.

34.
35.
36.

37.

38.

39.

Development: Specialty Drug Products, Informa Healthcare, New York and London
(2010) 54-1083.

Howes D., Guy R., Hadgraft J., Heylings J., Hoeck U., Kemper F., Maibach H., Marty J.-
P., Merk H., Parra J., Rekkas D., Rondelli 1., Schaefer H., Tauber U., Verbiese N. Altern.
Lab. Anim. 24 (1996) 81-106.

Tadini K.A., Maia Campos P.M.B.G Pharmazie 64 (2009) 818-822.

Dragievic-Curic N., Gréfe S., Gitter B., Winter S., Fahr A. Int. J. Pharm. 384 (2010) 100-
108.

Wasdo S.C., Juntunen J., Devarajan H., Sloan K.B. Int. J. Pharm. 373 (2009) 62-67.

Heo J.H., Cho Y.S., Cheon H.G. Pharmazie 65 (2010) 906-912.

Shakeel F., Baboota S., Ahuja A., Ali J., Shafig S. Pharmazie 63 (2008) 580-584.

Melero A., Lehr C.M., Schéfer U.F., Garrigues T.M. Int. J. Pharm. 384 (2010) 137-1309.
Songkro S., Rades T., Becket G. Pharmazie 64 (2009) 110-115.

Caon T., Oliveria Costa A.C., Leal de Oliviera M.A., Micke G.A., Oliveria Simoes C.M.
Int. J. Pharm. 391 (2010) 1-6.

Barbero A.M., Frasch H.F. Toxicol. In Vitro 23 (2009) 1-13.

Doan K., Bronaugh R.L., Yourick J.J. Food Chem. Toxicol. 48 (2010) 18-23.

Nicoli S., Penna E., Padula C., Colombo P., Santi P. Int. J. Pharm. 325 (2006) 2-7.
Meshali M.M., Abdel-Aleem H.M., Sakr F.M., Nazzal S., El-Malah Y. Pharmazie 63
(2008) 49-53.

Haigh J.M., Beyssac E., Chanet L., Aiache J.M. Int. J. Pharm. 170 (1998) 151-156.
Ngawhirunpat T., Panomsuk S., Opanasopit P., Rojanarata T., Hatanaka T. Pharmazie 61
(2006) 331-335.

Farahmand S., Maibach H.I. Int. J. Pharm. 367 (2009) 1-15.

Kumar D., Agil M., Rizwan M., Sultana Y., Ali M. Pharmazie 64 (2009) 80-85.

Wissing S.A., Miller R.H. J. Contr. Rel. 81 (2002) 225-233.

Buch P., Holm P., Thomassen J.Q., Scherer D., Kataoka M., Yamashita S., Langguth P.
Pharmazie 65 (2010) 723-728.

Guidance for Industry. Topical Dermatological Drug Product NDAs and ANDASs — In
Vivo Bioavailability, Bioequivalence, In Vitro Release and Asssociated Studies. U.S.
Department of Health and Human Services, Food and Drug Administration, Center for
Drug Evaluation and Research (1998)

Cardot J.-M., Beyssac E., Alric M. Dissolut. Technol. 14 (2007) 15-19.

47



40.
41.
42.
43.
44,

45.
46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

S7.

58.

59.
60.

61.
62.

Retting H., Mysicka J. Dissolut. Technol. 15 (2008) 6-8.

Franz T. Percutaneous absorption. J. Invest. Dermatol. 64 (1975) 190-195.

Shah V.P., Elkins J., Shaw S., Hanson R. Pharm. Dev. Technol. 8 (2003) 97-102.

Sanna V., Peana A.T., Moretti M.D.L. Curr. Drug Deliv. 6 (2009) 93-100.

Shivhare U.D., Jain K.B., Mathur V.B., Bhusari K.P., Roy A.A. Dig. J. Nanomater
Biostruct. 4 (2009) 285-290.

Zatz J.L., Segers J.D. Dissolut. Technol. 5 (1998) 3-17.

Hanson R. Dissolut. Technol. 17 (2010) 33-35.
(http://www.dissolutiontech.com/DTresour/201011Articles/DT201011 A04.pdf)

Siewert M., Dressman J., Brown C.K., Shah V.P. AAPS Pharm. Sci. Technol. 4 (2003) 1-
10. and Dissolut. Technol. 10 (2003) 6-15.

Ueda C.T., Shah V.P., Derdzinski K., Ewing G., Flynn G., Maibach H., Marques M.,
Rytting H., Shaw S., Thakker K., Yacobi A. Dissolut. Technol. 17 (2010) 12-25.
Alexander A.E., Johnson P. Colloid Sci. Oxford Univ. Press, New York (1949)
http://apps.who.int/phint/en/p/docf/

http://www.farmavita.net/content/view/372/34/
http://www.pharmainfo.net/free-books/novel-semisolid-dosage-forms

Idson B., Lazarus J., Lachman L., Lieberman H.A., Kang J.L. Theory and Practice of
Industrial Pharmacy, Verghese Publishing House, Bombay, India (1991) 534-563.
Swarbrick J., Boylan J.C. Encyclopedia of Pharmaceutical Technology, Vol. 14, Marcel
Dekker, New York (1996) 31-59.
http://www.pharmtech.com/pharmtech/data/articlestandard/pharmtech/112002/12404/artic
le.pdf

Anand B., Pisal S.S., Paradkar A.R., Mahadik K.R. J. Sci. Ind. Res. 60 (2001) 311-318.
Ramachandran S., Chen S., Etzler F. Drug Dev. Ind. Pharm. 25 (1999) 153-161.

Laba D. Rheological properties of cosmetics and toiletries. Marcel Decker Inc., New York
(1993)

Welin-Berger K., Neelissen J., Bergenstahl B. Eur. J. Pharm. Sci. 13 (2001) 309-318.
Bonacucina G., Cespi M., Misici-Falzi M., Palmieri GF. Int. J. Pharm. 307 (2006) 129-
140.

Davis S.S. J. Pharm. Sci. 60 (1971) 1351-1356.

Korhonen M., Lehtonen J., Hellen L., Hirvonen J., Yliruusi J. Int. J. Pharm. (2002) 247,
103-114.

48


http://www.dissolutiontech.com/DTresour/201011Articles/DT201011_A04.pdf%20SR8
http://www.farmavita.net/content/view/372/34/

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

80.

81.

82.

Welin-Berger K., Neelissen J., Bergenstahl B. Eur. J. Pharm. Sci. 14 (2001) 229-236.

Katz M., Poulsen J. In: Brodie B.B., Gilette J.: Handbook of Experimental Pharmacology,
28., Springer-Verlag, New York (1971)

Surber C., Davies A.F. Bioavailability and bioequivalence of dermatological formulations.
In: Walters K.A.: Dermatological and Transdermal Formulations, Marcel Dekker, New
York, USA (2002)

Kydonieus A.F., Berner B.B. Transdermal Delivery of Drugs, Vol.I-11l., CRC Press, Bosa
Roca (1987)
Arellano A., Santoyo S., Martin C., Ygartua P. Eur. J. Pharm. Sci. 7 (1998) 129-135.

Neubert R.R.H., Wohlrab W.A. Acta Pharm. Technol. 36 (1990) 197-206.

Schroeter A., Engelbrecht T., Neubert R.H.H. Chem. Sci. Eng. 7 (2013) 29-36.
Hadgraft J., Ridout G. Int. J. Pharm. 39 (1987) 149-156.

Tashtoush B.M., Al-Safi S.A., Al-Fanek K.J. Pharmazie 59 (2004) 143-146.
http://www.admet.de/uploads/media/FCT08_SUPAC_SS 01.pdf

Liebenberg W., Engelbrecht E., Wessels A., Devarakonda B., Yang W., Villiers M. J.
Food Drug Anal. 12 (2004) 19-28.

Operational Manual — Hanson Microette Autosampling System — Hanson Research Corp.
(1997)

Naegel A., Hansen S., Neumann D., Lehr C.-M., Schaefer U.F., Wittum G., Heisig M.
Eur. J. Pharm. Biopharm. 68 (2008) 368-379.

Zhai X.J.,, YuY., ChenF., Lu Y.N. Curr. Ther. Res. 75 (2013) 53-58.

Aurora Prado M.S., Steppe M., Tavares M.F.M., Kedor-Hackmann E.R.M., Santoro
M.I.R.M. Pharmazie 85 (2002) 333-340.

Lopes P.S., Kaneko T.M., Takano C.Y., Lacerda A.C.L., Latorre L.R., Kato M.J.
Pharmazie 86 (2003) 681-684.

United States Pharmacopoeia and National Formulary, The United States Pharmacopoeial
Convention Inc., Rockville MD (1995)

Tripathi K.D. Essentials of Medical Pharmacology, Jaypee Brothers Medical Publishers
Ltd., Delhi (1995)

Mouréo S.C., Silva C., Bresolin T.M.B., Serra C.H.R., Porta V. Int. J. Pharm. 386 (2010)
201-207.

Sipos P., Sziics M., Szabd A., Er6s 1., Szabo-Révesz P. J. Pharm. Biomed. Anal. 46
(2008) 288-294.

49


http://www.admet.de/uploads/media/FCT08_SUPAC_SS_01.pdf

83.

84.

85.
86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.
99.

Elzayat E.M., Ibrahim M.F., Abdel-Rahman A.A., Alanazi F.K., Habib W.A. Arab. J.
Chem. In Press (2014)

Manjunatha K.M., Ramana M.V., Satyanarajana D. Indian J. Pharm. Sci. 69 (2007) 384-
389.

http://www.pharmacopeia.cn/v29240/images/v29240/g-1337.qif

Calpena A.C., Escribano E., Martinaa H.S., Laurobaaa J., Obachb R., Domenechaa J.
Arzneim-Forsch. 49 (1999) 1012-1017.

Uslu M., Kilincoglu V., Toker S, Kalender A.M., Dogan A., Sebik A. Acta Orthop.
Traumatol. Turc. 44 (2010) 484-491.

Wagner H., Kostka K.H., Lehr C.M., Schaefer U.F. Eur. J. Pharm. Biopharm. 55 (2003)
57-65.

Klee S.K., Farwick M., Lersch P. Coll. Surf. A.: Physicochem. Eng. Aspects 338

(2009) 162-166.

Pharmacopoeia Hungarica Ed. VI., Vol. I. Medicina, Budapest, pp. 226-229. (1986)
Shah V.P., Tsong Y., Sathe P., Williams, R. Dissolut. Technol. 6 (1999) 15.

D. Liu, J.P., Chow, S.C. Drug Inf. J. 30 (1996) 881-889.

Blazs6 G., Miklds G. Pharm. Res. 35 (1997) 65-71.

Szabados-Nacsa A., Sipos P., Martinek T., Mandity I., Blazs6 G., Balogh A., Szabd-
Révész P., Aigner Z. J. Pharm. Biomed. Anal. 55 (2011) 294-300.

Csoka I., Csanyi E., Zapantis G., Nagy E., Fehér-Kiss A., Horvath G., Blazso G., Erés 1.
Int. J. Pharm. 291 (2005) 11-109.

Pénzes T., Blazs6 G., Aigner Z., Falkay G., Erés 1. Int. J. Pharm. 298 (2005) 47-54.
Chuasuwan B., Binjesoh V., Polli J.E., Zhang H., Amidon G.L., Junginger H.E., Midha
K.K., Shah V.P., Stavchansky S., Dressman J.B., Barends D.M. J. Pharm. Sci. 98 (2009)
1206-1219.

Klose D., Delplace C., Siepmann J. Intern J. Pharmaceutics 404 (2011) 75-82.
Escribano E., Cristina C.A., Josep Q., Rossend O., Jose D. Eur. J. Pharm. Sci. 19 (2003)
203-210.

50


http://www.pharmacopeia.cn/v29240/images/v29240/g-1337.gif

ACKNOWLEDGEMENTS

I would like to express my warmest thanks to my supervisor Dr. Ildik6 Csoka for her
inspiring help, profound humanity, wholehearted advices and spending many hours with

supervision of my scientific life. Thank you for showing me always the best guide(line).

| owe my most sincere gratitude to my supervisor Professor emeritus Dr. Istvan Erés. | am
be beholden for his professional guidance and encouragement during my Ph.D. work. | thank

to him the practical guidance in my research.

| thank to my supervisors for introducing me to the world of semisolid dosage forms. I am
deeply grateful for placing the facilities at my disposal and expanding my mind about life.

| greatly acknowledge to Professor emeritus Dr. Tamas Paal for his scientific experience,
statistical evaluation of my experimental results and reviewing my scientific studies with

never-ending enthusiasm. | owe my warm gratitude to him for his accurate help.

I am much obliged to Professor Piroska Szabo0-Révész Head of the Institute of
Pharmaceutical Technology and present Head of the PhD programme Pharmaceutical

Technology for providing me with the opportunity to work in her institute.

My special thanks are due to my co-authors for their kind collaboration and for new ideas.

I thank all members of Institute of Drug Regulatory Affairs and Institute of Pharmaceutical

Technology for their help and friendship.

| owe my thanks to my family and friends for their love and for giving me a peaceful
background. Their contributions have become a support for completing my postgraduate

studies.



ANNEX






ORIGINAL ARTICLES

Institute of Drug Regulatory Affairs', Institute of Pharmacodynamics and Biopharmacy?, Institute of Pharmaceutical

Technology?, University of Szeged, Szeged, Hungary

In vitro and in vivo evaluation of drug release from semisolid dosage forms

E. PETRO', A. BALOGH2, G. BLAZSO2, |. EROS3, . CSOKA

Received May 26, 2011, accepted June 23, 2011

Eva Petré, Institute of Drug Regulatory Affairs, University of Szeged, 6720 Szeged, Eotvis u 6, Hungary
petro@pharm.u-szeged.hu

Pharmazie 66: 936-941 (2011) doi: 10.1691/ph.2011.1079

This study presents the in vitro and in vivo testing of anti-inflammatory drug containing creams, hydrogels
and organogels for dermal use. In vitro penetration studies were performed with products by measuring the
diffused drug amount through synthetic membranes soaked in isopropyl myristate (IPM). Our developed
preparations were investigated under in vitro conditions together with two marketed medicinal products
used as reference preparations. In vivo studies were carried out on anaesthetized male Wistar rats; the
carrageenan-induced paw oedema decreasing effect of twelve different formulations and the reference
products were measured in comparison with a control group. All - previously in vitro screened - selected
products reduced paw oedema in rats. Significant differences were found among the developed products
both in vitro and in vivo. Correlation between the in vitro penetration studies and in vivo results were found
in the case of o/w creams, organogels and hydrogels.

1. Introduction

Properties of and drug release from semisolid preparations have
recently found the interest of researchers from an application
(Silva et al. 2009; Wu et al. 2010; Belal et al. 2011; Chen
et al. 2011) and regulatory perspective (Csoka et al. 2007) as
well as regarding their effects on the skin (Yamaguchi et al.
2006; Elsayed et al. 2007). Dissolution testing - which is fre-
quently used in the examination of other dosage forms -, is
also widespread in case of semisolid dosage forms (Sznitowska
et al. 2004). Although many in vitro and in vivo methods are
used for studying the penetration through the skin (Schmitt
etal. 2010; Azeem et al. 2010; Hoffmann and Miiller-Goymann
2005; Shakeel 2008, 2009; Shams et al. 2010), there are neither
validated methods for their in vitro characterization in any Phar-
macopoeias (USP 23/NF 18 1995) nor adequate in vivo sampling
techniques for their investigation (Kanfer et al. 2010).

The aim of regulatory authorities is reducing the number of
animal studies and precede their use with in vitro investigations.
At present, in vitro studies are not required by regulators.
Methods for measuring percutaneous absorption are: stud-
ies with mathematical models, model membranes, stratum
corneum, keratome slices, perfused or whole skin and in vivo
techniques. Models for them can be: mouse, rabbit, rat, guinea
pig, swine, primate and human. The confidence level is high in
case of in vivo investigations and use of human skin. The physi-
ological hierarchy is increasing with decrease of hairless strains.
From the above mentioned list we chose the model membrane
and in vivo study for our investigation (Howes et al. 1996).

In vitro tests can be used for screening the compositions prior to
in vivo animal testing, although there are many anatomical and
physiological factors, which are not properly represented under
in vitro conditions (Barry 1983; Naegel et al. 2008).

There have been several methods to predict drug penetra-
tion in humans with human (Tadini and Maiai Campos 2009;
Dragievic-Curic et al. 2010) and animal in vitro models,
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although animal skin (mouse (Wasdo et al. 2009; Heo et al.
2010), rat (Shakeel et al. 2008; Melero et al. 2010), pig (Songkro
et al. 2009; Caon et al. 2010), guinea pig (Barbero and Frasch
2009; Doan et al. 2010), rabbit (Nicoli et al. 2006; Meshali
et al. 2008), snake skin (Haigh et al. 1998; Ngawhirunpat et al.
2006)) tend to be more permeable than human. Rat abdominal
skin (Farahmand and Maibach 2009; Kumar et al. 2009) has
been shown to be a reasonable model based on the in vitro static
cell experiments.

Guidelines offer as methodology for these studies the Franz dif-
fusion cell (FDC) which is frequently used (Franz 1975; Fasolo
et al. 2009; Kim et al. 2009; Ogita et al. 2010).

Fundamental requirement for these studies is the in vitro-in
vivo correlation IVIVC) (Wissing and Miiller 2002; Buch et al.
2010) posing a major challenge not only for solid, but also for
semisolid dosage forms (FDA Guidance 1997 and 1998; Shah
2005; Cardot et al. 2007; Retting and Mysicka 2008).

The purpose of this study was to evaluate developed compo-
sitions both in vitro and in vivo (Medeiros et al. 2009) and to
assess whether there is an in vitro-in vivo correlation or not.
Despite the increasing number of publications within this field,
no standard experimental conditions are used, therefore the com-
parison of the data is very difficult.

2. Investigations and results

Because of high variability among in vitro skin techniques and
different data with high standard deviation measured with FDC,
we investigated the in vitro and in vivo characteristics and in
vitro-in vivo correlation of our products. A simple isopropyl
myristate (IPM) model was chosen to simulate the partition
phenomenon, which occurs when absorbing through the out-
ermost layer of the skin. It is a question, whether the usage of
IPM under in vitro circumstances can help in screening prior to
in vivo testing (Barry 1983; Thakker and Chern 2003).

Pharmazie 66 (2011)
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Fig. 1: Cumulative penetrated diclofenac sodium in hydrogels through IPM soaked
synthetic membrane

In our study the suitability of an in vitro methodology for predict-
ing in vivo performance was studied. Diclofenac sodium (DS),
a non-steroidal anti-inflammatory agent was chosen as a model
drug (Aurora-Prado et al. 2002; Lopes et al. 2003).

When developing these compositions, we focused on a less
number of additives sensitizing the skin and also using them at
lower concentrations to extend the present product range. These
developed products were compared to the reference products in
efficiency.

Our hypothesis was, that in vitro penetration studies carried out
by means of IPM can be used as a surrogate of different animal
skin models and brings us closer to the proper in vitro selection
of products for in vivo studies. Results of the in vitro penetration
were compared, and correlation between these results and the
in vivo performance were observed.

2.1. Invitro penetration study of diclofenac sodium

The penetration process from different vehicles (n = 12) and two
reference gels were measured through synthetic cellulose acetate
membrane soaked in IPM.

Figures 1-4 and Table 1 show the penetrated diclofenac sodium
amount in percentage against time through IPM soaked mem-
brane. In vitro penetrated drug amount during a given time period
was 6.01% from hydrogel formulations, 5.17% from organogels,
3.63% in the case of o/w creams and 5.12% from w/o creams in
average. All of our products reached the drug penetration level
of reference gels (penetrated drug amount of reference hydrogel
was 1.16% and reference gelemulsion was 2.31%). The hydrogel
samples containing 0.8% polymer showed the highest in vitro
penetration rate (8.41%) and the reference hydrogel was the last
in the order. Standard deviation (SD) were in the range from
0.46% (DSOG 25) to 2.29% (DSHG 1.0).
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Fig. 2: Cumulative penetrated diclofenac sodium in organogels through IPM soaked
synthetic membrane
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Fig. 3: Cumulative penetrated diclofenac sodium in o/w creams through IPM soaked
synthetic membrane
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Fig. 4: Cumulative penetrated diclofenac sodium in w/o creams through IPM soaked
synthetic membrane

2.2. In vivo percutaneous testing of diclofenac sodium

A carrageenan-induced oedema study was used to test in vivo
efficiency of formulations Data are presented in Fig. 5.
Diclofenac sodium 1% (w/w) in 40%, 45% w/o creams (p < 0.05)
(labelled with *) exerts only a moderate oedema inhibition com-
pared to the control group. One percent (w/w) active agent
incorporated in 50% w/o cream, in the o/w cream vehicles, in
hydrogel and organogel preparations and in case of both mar-
keted reference products showed to be efficient in comparison
with the non-treated group (p <0.001) (labelled with **%). The
highest oedema swelling inhibition rate was measured in case of

Table 1: Cumulative penetrated diclofenac sodium measured
within 6 h in case of IPM soaked membrane

Composition Penetrated drug amount & SD (%)
DSHG 0.8 841+£1.34
DSHG 0.9 5.03+1.12
DSHG 1.0 4.60+2.29
DSOG 25 6.8 £0.46
DSOG 30 5.25£0.51
DSOG 35 345+£0.77
DSOW 65 3.394+0.99
DSOW 70 4.00+0.86
DSOW 75 4.20£0.54
DSWO 40 3.60£0.54
DSWO 45 6.75+1.17
DSWO 50 5.00£1.05
Ref HG 1.15+0.91
Ref GE 2.31£0.86
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Fig. 5: Anti-inflammatory effect of different preparations containing 1% diclofenac
sodium on carrageenan-induced oedema in rats

the 35% emulsifier containing organogel, which was more sig-
nificant than both of the registered products. The lowest effect
was observed in the 45% water containing w/o formulation.
More than 58% of our products reached or exceeded the oedema
decreasing effect of the reference hydrogel, and 8% of our for-
mulations exceeded the value of the reference gelemulsion.

2.3. In vitro-in vivo correlation (IVIVC)

Moderate (x < 0.90), significant (0.90 < x) or no correlation at all
were measured between the in vitro penetration results compared
to that of in vivo efficiency studies with difference fitting. Best
IVIVC was established in case of IPM soaked membrane in o/w
creams and in organogel samples in case of linear fitting and in
o/w creams in case of power trend line fitting. IVIVC rate was
not remarkable in w/o samples (Table 2). It can be concluded,
that o/w creams had the best (0.9732 and 0.9714) and w/o creams
the worst fitting (0.0403 and 0.0228) also in case of linear and
power trend line fitting.

Based on evaluation of absolute values between in vitro pene-
tration and in vivo efficacy studies the 0.9% hydrogel, the 30%
organogel and the 40% w/o cream had the best IVIVC order
numbers and the reference gel emulsion had the worst order
number. IVIVC was also established in case of 0.8% and 1.0%
hydrogel, 65%, 70%, 75% o/w creams and in 50% w/o cream.
Correlation in reference gels was not significant. No correlation
was found between the in vitro penetration study and in vivo
results in case of reference gels.

The reference hydrogel was compared to the 0.9% hydrogel.
In vitro penetration order number studies showed, that our prod-
uct had better values than the reference hydrogel (Table 3).
The reference gel emulsion was not compared with gel emulsion
sample, because in earlier studies their in vitro drug release rate
(results under publication, not published here) proved to be the
lowest among our developed products.

Table 2: IVIVC correlation coefficients in case of IPM soaked
membrane with linear and power trend line fitting

Composition R? with linear fitting RZ with power trend line fitting
Hydrogel 0.6913 0.7331

Organogel 0.9176 0.81

O/w cream 0.9732 0.9714

W/o cream 0.0403 0.0228
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3. Discussion

Impregnation of membranes with IPM for in vitro penetration
studies was already analysed previously (Pénzes et al. 2005).
It was shown that different natures of model barriers (synthetic
cellulose acetate membrane and stratum corneum) used in the
experiment resulted in significant differences in the in vitro pen-
etration and in vivo absorption. The synthetic cellulose acetate
membrane is an inert barrier, while skin is an active barrier.
Although the rate limiting step of diffusion through the skin
is the stratum corneum which consists of dead cells. That is
why we employed the reliability of diffusion through the stra-
tum corneum with IPM soaked membrane in order to mimic a
lipophilic barrier.

In vitro penetration studies were performed in order to evaluate
the effect of IPM. Diffusion through the IPM soaked mem-
brane decreased in the following order: hydrogels > organogels
> w/o creams > o/w creams >reference gel emulsion > reference
hydrogel. Based on the in vitro penetration results many prod-
ucts could be excluded because of their low penetration rate,
although they were effective in the in vivo studies. This questions
the applicability of IPM for screening.

Several studies examined the paw oedema decreasing effect of
different compounds (Blazs6 and Gébor 1997; Szabados-Nacsa
et al. 2011). The paw oedema decreasing effect of our prod-
ucts (n=12) and two reference gels were also investigated in
our work. Similar to a previous study (Cséka et al. 2005) -
where in vitro and in vivo percutaneous absorption of ketamine
hydrochloride and piroxicam were investigated -, we also found,
that our hydrogel samples showed to be efficient in vitro and
in vivo. In contrast to this investigation, in our experiments
in vitro-in vivo correlation was found among our o/w cream,
organogel and hydrogel samples.

In the in vivo experiments the average order of the preparations
was as follows: reference gel emulsion >hydrogels > organogels
> o/w creams > refrence hydrogel > w/o creams. More than half
of our developed products reached and exceeded the oedema
decreasing effect of the reference hydrogel, and one preparation
exceeded the value of reference gel emulsion. It means that our
aim to develop new products with fewer additives, that reach the
oedema decreasing effect of reference gels, was successful.

All the developed products with less additives than the refer-
ence gels, except the 25% organogel, 65% o/w cream and w/o
compositions, reached minimum the same in vivo effect as the
reference hydrogel. The anti-inflammatory effect of one formu-
lation (DSOG 35) was higher than the reference gel emulsion.
However, the in vitro penetration and in vivo results showed sig-
nificant differences in the dosage form types and even within
each group of dosage forms. Correlation was found between
the in vitro penetration and in vivo data of o/w creams and
organogels and moderate IVIVC was found in case of hydrogels.
In the guidelines edited by the FDA and in cooperation of
International Pharmaceutical Federation (FIP) and American
Association of Pharmaceutical Scientists (AAPS), the Franz ver-
tical diffusion cell is accepted as a ‘gold standard’ method for
semisolid investigations (FDA Guidance for Industry SUPAC-
SS 1997; Siewert et al. 2003). Similar to the profile of these
guidelines, the FDC was found to be proper for prediction of
in vivo results (Tashtoush et al. 2004). However many critical
points were observed in connection with the methodology itself;
the very low amount of receiving medium, the complicated tube
system, and the possibility of bubble formation emphasises the
necessity to validate the method (results under publication, not
published here).

Implementation of IPM as a “skin model” as a surrogate for dif-
ferent animal skin models can be used only together with release
data. The release results are handled as the drug diffuses 100%
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Table 3: In vitro-in vivo number according to in vitro penetration and in vivo oedema decreasing effect

Composition In vitro number In vivo number Absolute value of in vitro-in vivo difference Order number of absolute value
DSHG 0.9 5 4 1 1

DSOG 30 4 3 1 1

DSOW 75 8 6 2 2

DSWO 40 10 11 1 1

Ref HG 14 7 7 4

Ref GE 13 2 11 10

through the polar channels, partitioning from IPM which repre-
sents the 100% lypophilic way of absorption through the stratum
corneum. The in vivo behaviour will be between these data as
the consequence of both polar and apolar ways of absorption.
Our conclusion is, that hydrophilic preparations diffused more
readily through synthetic membranes, while an opposite order
is experienced in case of penetration studies.

We strengthen the fact, that penetration studies are not accept-
able without in vivo feedback. But what type of in vivo studies
can be accepted? Which one gives a good prediction for clinical
use? Differently permeable animal skin investigated under very
different circumstances (pH, temperature, methodology, thick-
ness) or even cadaver human skin or a simple physicochemical
model (like IPM) showing no interindividual variability will give
a good prediction.

In the present study IVIVC with the animal tests in use was
found in some cases. Evaluating the in vitro, in vivo and IVIVC
data we can offer our hydrogel and organogel compositions for
clinical use.

Our developed products were able to show anti-inflammatory
effects and to decrease the carrageenan-induced oedema in rats.

4. Experimental
4.1. Materials

Micronized diclofenac sodium (DS) (Ph.Eur. 6) was used as hydrophilic
active ingredient (Human Co., Hungary). The following materials were used
as vehicle components. Carbomer 934P (prop-2-enoic acid) was obtained
from BF Goodrich, Brussels, Belgium. Sorbitan monopalmitate (Span 40)
was purchased from Sigma-Aldrich, Hungary. Miglyol 812 N (fractionated
coconut oil, glyceryl tricaprylate/caprate) and Imwitor 780K (isostearyl
diglyceryl succinate) was donated by Sasol, Germany. Pemulen (PTR-2) was
a gift from Novean, USA.Tagat S (PEG-30 glyceryl stearate) was supplied by
Evonik, Germany. Isopropyl myristate 98%, disodium hydrogenphosphate
and citric acid were ordered from Merck, Germany. All other additives,
triethanolamine, liquid paraffin, cetostearyl alcohol and sodium hydroxide
were purchased from Hungaropharma Co., Hungary. All components used
were of Ph.Eur. 6 grade. The reference hydrogel (Ref HG) and the reference
gel emulsion (Ref GE) are commercial medicinal products.

Table 4 summarizes the compositions selected and investigated in this study.
The concentration of DS used in the formulations was 1% (w/w) and it was
suspended in the vehicles. The numbers used in each coded sample series
indicate the concentration of a particular ingredient of the formulation, as fol-
lows: hydrogel (HG) contains 0.8, 0.9 and 1.0% Carbomer 934P; organogel
(OG) contains 25, 30 and 35% Span 40 emuslifier; gel emulsion includes
40,45 and 50% Pemulen TR-2 gel; oil in water (O/W) cream consists of 65,
70 and 75% purified water; water in oil (W/O) cream includes 40, 45 and
50% purified water.

4.2. Preparation of the formulations

In case of hydrogels, Carbopol 934 P was used as polymer and it was added
first to purified water. Constant stirring at room temperature at 450 rpm
- 625rpm (Stuart heat-stir, England, Sterilin Ltd.) was continued until
the complete dissolution of the powder. It was followed by adding tri-
ethanolamine until the three-dimensional network was built up and the pH of
the sample was adjusted to 7.0 (ISFET pH Meter, IQ Scientific Instruments,
Inc., USA) to form a neutralised clear gel. The organogel samples were
produced by melting (80 °C) sorbitan monopalmitate and Miglyol 812 N oil
together under continuous stirring and homogenization.
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Cetostearyl alcohol, liquid paraffin and Tagat S were melted together (80 °C)
and mixed in order to prepare the oil phase of the oil-in-water cream prepa-
rations. The aqueous phase containing purified water was heated up to a
similar temperature. The phases were mixed and homogenized until the
cream cooled down to room temperature.

In water-in-oil creams cetostearyl alcohol, liquid paraffin and Imwitor 780 K
were melted together (80 °C) and mixed. Purified water was heated up to
similar temperature, mixed with oil phase, homogenized and cooled down
to 25°C.

The hydrogel and organogel samples were stored at cold temperature (10 °C)
for 1 day before adding the active agent. The o/w and w/o creams were stored
at the same temperature written above (already containing the active agent)
for 1 day before testing.

4.3. Invitro penetration study of diclofenac sodium

A franz vertical diffusion cell system (Hanson Research Co., USA)
containing six cells and equipped with autosampler (Hanson Microette
Autosampling System, USA) was used. The area for diffusion was 1.767 cm?
and the receptor chamber volume was 7 ml. Cellulose acetate membranes
(Porafil, Machenerey-Nagel, Germany and Pall Life Sciences, USA) with
an average pore size of 0.45 wm were used. Membranes were soaked in iso-
propyl myristate for in vitro penetration studies to mimic a lypophilic barrier
like the stratum corneum (Shas et al. 1991). Membrane filters were mounted
on the top of the Franz diffusion cells. A stirring rate of 450 rpm was used.
The dissolution medium temperature was maintained at 32 0.5 °C. Phos-
phate buffer (pH 5.4 & 0.1) (Orion Star pH, Thermo Electron Co., Singapore)
was chosen as receiving medium as representative of the physiological
values of dermis and skin surface. On one hand, our aim was to validate
our in vitro drug release results (results under publication, not published
here). In the drug release investigations the receiving medium pH was pH
5.4+0.1. In order to compare the in vitro drug release to the penetration
results, pH was set the same as in our previous study, because in the validation
method experiment conditions can not be changed. Our first examinations
were carried out with 5.4 pH. In the future we plan to study the penetration
results with 7.4 pH, because the physiologically conductive fluid usually
used is phosphate buffer pH 7.4 (Barry 1983).

The receptor medium allows sufficient amount of active ingredient released
within a reasonable time period to ensure accurate analysis. Diclofenac
sodium was chosen as an active agent. On the other hand, diclofenac sodium
is poorly soluble in acidic (pH 1-3), but is rapidly soluble in alkaline con-
ditions (pH 5-8) (Tripathi 1998; Manjunatha et al. 2007). That is why our
first step was to maintain alkalic (pH 5.4) conditions in this study.

Samples (0.24-1.65 g, amount depended on types and consistency of the
vehicles) of different compositions were placed evenly on the surface of the
membrane, and 800 wl samples were taken after 0.5, 1, 2, 3 and 6h and
replaced with fresh receiving medium. The absorbance of the diclofenac
sodium content was measured by UV Spectrophotometer (Unicam Helios o
UV-Vis Spectrophotometer, England) at 275 nm, based on prior calibration
curve. The blank vehicles without active agents served as references in the
analytical measurements. No sink conditions were used.

Four parallel measurements were done with plotting the penetration amount
of diclofenac sodium in percentage over a 6 hours time period. Results were
expressed as the mean & S.D.

4.4. In vivo percutaneous testing of diclofenac sodium
4.4.1. Experiments

Products for in vivo testing were selected based on in vitro results (results
under publication, not published here). Experiments were approved by the
Animal Ethics Committee of the University of Szeged, Hungary (IV/01758-
6/2008).

Male Wistar rats (150-181 g) were studied. All measurements were per-
formed at 24 + 1 °Cin an air-conditioned room. The animals were kept under
standard 12 h light/12 h dark conditions with food and water ad libitum. All
experiments were carried out in the same period of the day (1-4 p.m.) to
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Table 4: Composition of formulations (%, w/w)

Component |, Hydrogel (HG) Organogel (OG) o/w cream (O/W) w/o cream (W/O)
DSHG 0.8 DSOG 25 DSOW 65 DSWO 40
DSHG 0.9 DSOG 30 DSOW 70 DSWO 45

Marking — DSHG 1.0 DSOG 35 (wiw %) DSOW 75 DSWO 50

Liquid paraffin - - 15-10-5 45-40-35

Triethanolamine quantum satis - - -

Miglyol 812 N - 75-70-65 - -

Imwitor 780 K - - - 5

Tagat S - - 10 -

Carbopol 934 P 0.8-0.9-1.0 - - -

Span 40 - 25-30-35 - -

Cetostearyl alcohol - - 10 10

Purified water Ad 100 - 65-70-75 40-45-50

exclude diurnal variations in pharmacological effects. Each rat was tested
only once. One day prior to the application of the preparations, the back
of each rat (15cm?) was carefully shaven and depilated by Veet® depila-
tory cream (Reckitt Benckiser, France) in 5 min under 2.5-3.5% isoflurane
anaesthesia (Forane® solution, Abbott Laboratories, Hungary). The skin of
the animals was cleaned by wiping with water containing cotton. The rats
were dried under infrared lamp for 10 min.

On the day of the experiment, the animals were anaesthetized with Forane
solution. Experimental animals were exposed to different vehicles (hydro-
gels, organogels, o/w and w/o creams) containing 1% (w/w) diclofenac
sodium and to the two reference gels. Each formulation (300 mg) was applied
onto the depilated dorsal skin of the rat. One group (n=5) served as absolute
control — it was not treated at all. The 12 remaining groups (n=60) were
treated with different vehicles containing diclofenac sodium, and 2 groups
(n=10) treated with commercial preparations (reference products). Local
inflammatory response was elicited by 0.1 ml subplantar injection of car-
rageenan (Viscarin, Marine Colloids Inc., Springfield, USA) solution given
into the right hand paw one hour after the treatment. The concentration of
carrageenan solution was 0.5% which was prepared in physiological saline
solution. The left paw, used as control, was treated without carrageenan
(Gébor 2000). Paw volume was measured with a plethysmometer (Hugo
Sachs Elektronik, Germany) 5 h after the injection.

The volume difference between the carrageenan- and saline-injected paws
was used for the evaluation of the inflammatory response. The degree of
paw swelling was calculated as:

®

Vi—-V

Swelling (%) = x 100

(€Y

where Vi is the volume of the carrageenan-treated paw, V is that of the
non-treated paw.

On the basis of Eq. (1), the percentage of oedema inhibition was calculated
as:

1 — swelling,,
Inhibition (%) = (w) % 100 @

Swellmgcomml

Where swellingreated is the mean value observed in the treated group, and
swellingteontrol 1S the mean value observed in the control group.

4.4.2. Invivo data analysis

Statistical analysis was performed by one-way ANOVA, followed by
Newman-Keuls Multiple Comparison Test. At a significance level of
p<0.05, the anti-inflammatory effect was titled moderate, and at a signifi-
cance level of p<0.001 it was called significant (GraphPad 4.0). Data are
presented as means &+ S.E.M.
The relative bioavailability (RBA) regarding the systemic effect was calcu-
lated as:

inhibition%p

RBA = 3)

inhibition%rt
where inhibitionp is the percentage oedema inhibition for the different D
samples and inhibitionr is the percentage oedema inhibition for the different
T samples.

4.5. In vitro-in vivo correlation

Correlation rate was calculated between the in vitro penetration and in vivo
absorption data.
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Although a good correlation is a tool for predicting in vivo results based
on in vitro data (Cardot et al. 2007), in case of semisolid dosage forms this
correlation is not well established.

Linear and power trend line fitting between in vitro penetration data and
in vivo absorption studies were used.

Correlation rate was evaluated as “good” above the coefficient rate of 0.90.
The correlation was “moderate” below this value. No correlation was estab-
lished when numbers were close to 0. Although many studies reported about
basic concept of IVIVC, different methodologies (absorption studies, plasma
concentration, AUC) are available based on the type of data (Cardot et al.
2007).
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Short Communication

Review of in vitro drug release test method’s
statistical evaluation to compare dissolution profile
of semisolid dosage forms — Part |

Eva Petro, Istvan Eros, and lldiko Csoka

ABSTRACT

The aim of this mini-review study is to give an overview about in vitro drug release
test methods statistical evaluation comparing dissolution profile of semisolids.

The FDA released guidance in May 1997 entitled Scale-up and Post Approval Changes
for Nonsterile Semisolid Dosage Forms (SUPAC-SS). The guidance focuses on creams, gels,
lotionts and ointments. The guideline desribes in vitro dissolution tetsing as an useful final
quality control (QC) tool. The aim of it is to assure batch-to-batch quality of the product.
Changes are separated in 4 categories in 3 Levels (Level 1,2,3). Level 2 recommends in vitro
release (IVR) testing. Although there are several in vitro drug release test methods of semisolid
dosage forms, their statistical evaluation is not clarified up to this day.

Our second challenge was to describe similarity and difference of these pharmaceutical dosage
forms with use of similarity (f2) and difference (f1) factors. The FDA has issued these factors for
solid dosage forms.

Our present work deals with calling attention on the lack of statistical validated
method for semisolid dosage forms.

Keywords: semisolid dosage forms, dissolution, in vitro.

INTRODUCTION

In May, 1997 the FDA issued a guidance entitled Scale-up and Post Approval Changes:
Chemistry, Manufacturing and Controls, In Vitro Release Testing and In Vivo Bioequivalence
Documentation for Nonsterile Semisolid Dosage Forms (SUPAC-SS). The guidance focuses on
creams, gels, lotions and ointments. It describes changes in 4 categories: components and
composition; manufacturing equipment and process; scale (batch size); site of manufacture.
Changes are categorized in 3 Levels: Level 1,2,3. Level 1 means changes that are unlikely to have
any detectable impact on formulation quality and performance of the product in contrast with
Level 2, which could have this impact. For Level 2 changes the guideline recommends in vitro
release (IVR) testing in addition to application and compendial specifications. Level 3 is which
have a significant impact on formulation quality and performance of the product. This level
contains of IVR test for a site change or in vivo bioequivalence where application and compendial
specifications are met.
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The IVR test can characterize the performance of the
product. The guideline describes several critical parameters of the
method; diffusion cell system, synthetic membrane, receptor
medium, number of samples, sample applications, sampling time,
sample analysis, IVR rate, design of the rate comparison study.
(FDA Guidance for Industry, 1997; Shah et al., 1998).

Among several mathematical methods investigated for
dissolution profile, f1 and f2 by Moore and Flanner are the most
common used and simplest (Moore and Flanner, 1996).

METHODS

In Vitro Release (IVR) Test Comparison
The IVR test should be carried out as a two-stage study.

At the first stage, 2 runs of (six cells) in vitro apparatus should be
carried out, yielding 6 slopes for the prechange lot (R) and 6 slopes
for the postchange lot (T). IVR should be expressed in percentage.
If, at the first stage, the 90% confidence interval falls within the
limits of 75% to 133.33%, no further in vitro test is necessary. If
the test is not passed at the first stage, 4 additional runs of the
apparatus should be carried out, yielding 12 additional slopes or 18
in all. The first step in the statistical evaluation is to form the
36=6x6 individual T/R ratios from the post- and prechange slope
data. The second step is to order the 36 rations from lowest to
highest. In the third step, the eigth and twenty-ninth ordered
individual ratios are the lower and upper limits. The product can
pass or fail at the first stage. If the product had not passed at the
first stage, an additional 4 runs would have been carried out,
yielding 12 additional slopes per lot, for a total of 18 slopes. All
324=18x18 would be obtained. At the second stage, the 110th and
the 215th ordered individual ratios are the lower and upper limits.
The product can pass or fail at the second stage.

In case of there is only 30=5x6 individual T/R ratios, the
sixth and twenty-fifth ordered T/R ratio are the limits.

Similarity (f2) and difference factors (f1)

Moore and Flanner described 2 equations — a difference
factor (f1) (1) and the similarity factor (f2) (2). Both of them are
acceptable methods by FDA for dissolution profile comparison,
although f2 is preferred (O’Hara et al., 1998).

Z_,"K’ = o
= ‘ﬂ— w1000
>R
=1

Sy

H

=1

.

where n is the number of dissolution sample times, Rt and
Tt the mean percent drug released at each time point: t for the
reference and the test dissolution profiles.

The difference factor calculates the percent difference
between the 2 curves at each time point and is a relative error
between the 2 curves.

The similarity factor is a logarithmic reciprocal square
root transformation of the sum of squared error and is a similarity
on percentage between the 2 curves.

Curves to be considered similar, f1 values should be close
to zero — between 0 and 15 and f2 values should be close to 100 —
between 50 and 100 (Shah et al., 1998).

CONCLUSION

FDA has focused on a dissolution profile comparison in
the pre- and post approval changes and bioequivalence. A
dissolution profile can characterize the product better than a single
point dissolution test. It helps to assure product performance and
bioequivalence.

Our aim is to evaluate the IVR test and the similarity and
difference factors with our developed products — ointments, creams
and gels — in the future. We would like to discuss the deficiences of
this field and validate the in vitro, in vivo and also the statistical
evaluation of semisolid dosage forms.
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Félszilard gyogyszerformak fejlesztése — a hatoanyag felszabadulas és bioekvivalencia
vizsgalatok alapjai
(Alkalmazott elvek, médszerek és berendezések: Irodalmi attekintés)
L. rész

Petré Eval, Erés Istvan?, Cséka 1ldikd’

Bevezetés

A hatoéanyag tartalmu félszilard gyogyszerformak (ke-
nbcsok, krémek, gélek, pasztak stb.) az Osszetett készit-
mények kozé sorolhatéak, a rendszert alkotd6 kompo-
nensek és fazisok szama szerint [1, 2]. Bar e rendszerek
hatéanyag leadésa in vitro moédszertananak teriiletén fi-
gyelemre méltd eredmények vannak, biofarmaciajuk
szamos kérdése — a széleskorli vizsgalatok ellenére —
még kozel sem tekinthetd tisztazottnak [3, 4].

A dermatolégiai gydgyszerformak gyogyszerleada-
sanak tanulmanyozasara két modszercsoport terjedt el:
— a diffuzios vizsgalatok és a
— kioldodasi vizsgalatok [4].

A gyakorlatban szivesen hasznaljak e két modszer
kombinaciojat is, ami lényegében a szuszpendalt hato-
alapul, de a szemléletesség miatt ezt a ,,kombinalt”
modszert is kioldddasi vizsgalatnak nevezik.

A kioldodasi vizsgalatok a termék egyik legfonto-
sabb mindségindikatoranak és igy a mindségellendrzés
alappillérének szamitanak [1, 2]. Célszer(i validalt és hi-
vatalos (gyogyszerkonyvekbe felvett, illetve az iparban
alkalmazott) médszerekkel dolgozni [5]. E moddszerek
mindségének és robosztussaganak a kutatsba torténd
bevezetése soran figyelembe kell venniink, hogy a vizs-
galt félszilard rendszerek elsGsorban emberi felhaszna-
lasra késziilnek. Ezen alkalmazasukon kiviil egyre fon-
tosabb szerepet toltenek be a kioldodas vizsgélatok,
mint bioekvivalencia tesztek, amelyek az in vivo ered-
mények elbrevetitésére is szolgalhatnak. Ennek kévet-
keztében az in vitro—in vivo korrelacio (IVIVC) vala-
mint a biologiai hasznosithatosag mérésére is alkalma-
sak lehetnek a kioldodasi vizsgalatok [1, 2].

A félszilard készitményekre regulacios szempont-
bol ugyanolyan szigoru elvarasok vonatkoznak, mint
a szilard gyogyszerformakra [1, 2]. Mig a szilard
gyogyszerformak esetében jelentds irodalmi és kisér-
leti adatokkal rendelkeziink a hatdanyag kioldodas
vizsgalatokra vonatkozoan, addig a félszilard készit-
mények teriiletén szamos megoldatlan kérdéssel talal-
kozunk. Ennek valészinii oka, hogy tervezésiik még
mindig tapasztalati alapokon és nem tudomanyos
megfontolason nyugszik, aminek kdvetkeztében nincs

A félszilard készitmények (kendcsok, gélek, kre-
mek, pasztik stb.) a gyogyszerformak fontos ré-
szét alkotjak, azonban biofarmdcidjuk, ezen beliil
a hatéanyag felszabadulasdara vonatkozo, kiilon-
boz6 miiszerekkel végzett vizsgalataik a mai napig
sem tekinthetéek megoldottnak. Mig pl. a szilard
gyogyszerformak esetében szamos modszerrel ren-
delkeziink a hatéanyag kioldodasanak vizsgadlatd-
ra, addig a félszilard készitmények kutatasa sordn
jelentds hianyossdgok vannak. Nem létezik ugyan-
is egységes, gyogyszerkonyvi, validalt modszer az
ipari kutatas—fejlesztés szamdra. Célunk e témdaban
osszefoglalo tanulmany készitése volt, a jelenleg
alkalmazott hatéanyag felszabadulasi vizsgalatok-
10l, az alkalmazott modszerekrdl és berendezések-
rol. Tovabba felhivjuk a figyelmet azokra a kritikus
paraméterekre, amelyek figyelembe vételével lehet-
segessé valhatnanak a hatosagi és ipari elvarasok,
gy egy egységes, gyogyszerkonyvi validalt modszer

beépitése a kutatasi tevékenységbe.

egységes, validalt gydgyszerkdnyvi modszer az ipar
szamara [6].

Jelen dolgozatban célunk a tervezett validaciéo meg-
valdsulasat elésegité elméleti hattérismeret, modsze-

A

Felszabadult hatéanyag (Q)

Vizsgalat ideje 5

1. abra: A Higuchi egyenlet grafikus abrazoldsa. Az abran
0 a felszabadult hatéanyag mennyiségét, A a mdtrixban
lévo teljes koncentrdciot, D a gyogyszer diffiizios
koefficiensét, C_pedig a matrixban oldott gyogyszer
koncentraciojat jeloli.
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2. dbra: A borgyogyadszati készitmények terdpids hatdsadt
meghatdrozo tényezok [17]

Készitményalap
hatéanyaggal

Oldédas
Liberacié *=T= qiffuzio

Megoszlas
diffuzié

Penetracic <+

L

Permedcié <=—Negoszlas

diffazié
L
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3. abra: A terdapias hatas részfolyamatai [18]

rek, késziilékek és kritikus paraméterek ismertetése és
attekinthetd 0sszefoglalasa.

A hatoanyag kioldodas matematikai megkaozelitése

A félszilard gyogyszerformakbol a hatdanyag felsza-

N

—

= I e ; ;
- *;%‘zzsifb_%—’- epidermis

dermis

4. dabra: A hatoanyagok bejutdsi kapui [7, 11, 17]

hatéanyag mennyiség, C”a szuszpendalt gyogyszer

oldhatésaga, D a gyogyszermolekula difftizios koeffi-

ciense.

Az el6bbi megallapitas soran a kovetkez6 feltételek-
nek kell teljesiilniiik:

—a gyogyszermolekulak atmérdje sokkal kisebb le-
gyen, mint a kendcs- (gél-, krém-) réteg, melyen a
vizsgalatot végrehajtjuk,

—a gyogyszer eredeti koncentracioja C./-nal jellem-
zOen nagyobb legyen,

— a vizsgalt feliilet nem elegyedhet a készitményalap
Osszetevoivel.

A modell csak azokra a rendszerekre alkalmazhato,
amelyekben a gyogyszer oldhatdésaga a hatéanyag

A Higuchi egyenlet grafikus abrazolasa soran (1.
dbra) az id6 fliggvényében a felszabadult hatéanyag
mennyiségét jelenitjiik meg. Ez utébbi érték az ido
gyokének fiiggvényében egy egyenest ad [8§].

Bialik [9, 10] — részben Higuchi modellje alapjan,
részben attol fiiggetlenill — a gyogyszer felszabadulas
kinetikajanak vizsgalata soran a mért adatokhoz az
alabbi fliggvényeket illesztette:

badulasat leir6 matematikai modellek elsé-

sorban a passziv diffuzio feltételezésén ala-
pulnak. Fick 1. térvénye a leggyakrabban al-
kalmazott matematikai osszefiiggés [7]:

[ Felszabadult hatéanyag ]

Bort borito lipid réteg

dm dC

[ :I"ranszepidermélis ut ] [

Transzglandulasis

—— =-DA—— (1)

Transzfollikularis at

dt dx

]
T T 1
[Stratum corneum] [ szortiliszé ] [faggyﬂmirigy] verejtékmirigy
——|

ahol dm a dt id6 alatt A feliileten végbemend [ Intercellularis

belépés

] [ Intracellularis ]
belépés

anyagaramlas dC/dx koncentracio-gradiens ha-
tasara. D a vizsgalt molekula diffuzios allandoja.

Barrier réteg

Az oldott vagy szuszpendalt formaban [énéllé anatén']iai] [ Teljes réteg ]
réteg

funkcioja

1év6 hatoanyag felszabadulasara vonatkozoan
Higuchi fejlesztett ki egy geometriai megfon-
tolason alapulo elméletet [8]:

0=42C,DC’ ),

1
I El6 epidermis I

Kapillaris

ahol QO a 7 1d6 alatt kioldodott (felszabadult)

5. abra: A farmakon utja a bérben [7, 15]




2012. marcius

GYOGYSZERESZET 133

L tablazat

Perkutan felszivéddst befolydsolo faktorok [7, 15, 16]

Hatbéanyag Molekulatomeg, diffuzids koefficiens, v/o megoszlasi hanyados, permeabilitasi koefficiens, ionizacid

Készitményalap | Polaritas, hatdanyagot oldé képesség, illékonysag

Koncentracio, a str. corneumra gyakorolt hatas
Segédanyagok, penetraciot fokozd komponensek, pH

Bér Tipus, életkor, nem, rassz, anatomia, szovettan

Hoémérséklet, a str. corneum sériiltsége vagy épsége
Hatéanyag metabolizmusa

Alkalmazés A borfeliileten alkalmazott dozis (filmvastagsag, koncentracio)

A készitményalappal kontaktusban levé borfeliilet
Az alkalmazas gyakorisaga és idOtartama

Q=4+ Bt
Q=Aexp (By
Q=41
Q=4+ B/t
Q=1/(A+Bt)

A3)
“)
3
(6)
(D,

ahol O a felszabadult (oldodott és diffundalt) hato-
anyag mennyisége ¢ id6 utan, 4 a fiiggvény tengely-
metszése €s B az iranytényez0. Bialik azt talalta, hogy

az (5) hatvanyfiiggvény és a (7) recip-
rok Osszefiiggés adta a legszorosabb
korrelaciot, ill. regressziot.

A hatoanyag kioldodas biologiai
megkozelitése

A boron alkalmazott gyogyszerké-
szitmények terapias hatasa bonyolult
folyamat. A komplexitas oka: egy-
részt a bor tobbrétegii barrier felépité-
se ¢s funkcidja, masrészt pedig a ke-
nbcsterapiaban, a tobbi gydgyszerfor-
matol eltérdéen, szamolnunk kell a ké-

szitményalap sajat hatasaval is. A

hatas elofeltétele, hogy a hatéanyag-

hoz megfelelé készitményalapot va-

lasszunk, illetve biztositsuk, hogy a

hatéanyag az alapbdl felszabaduljon

¢s behatoljon a bor kiilso rétegeibe.

A terapias hatds ez utdébbi harom
tényez6 kolcsonhatasanak eredmé-
nyeként alakul ki (2. dbra) [11, 17].

A perkutan abszorpcié folyamata-
nak feltételei a kovetkezok:

— a hatéanyag készitményalapbol tor-
ténd felszabadulasa (liberacio),

—a gyogyszermolekulak belépése a
bor kiilsé sejtrétegeibe (penetra-
cio),

— atjutas az elhalt és €16 epidermisen
(permeacio),

— a hatdéanyag belépése a keringésbe
(3. abra) [7, 12].

A hatbéanyag felszivodasa dermato-

logiai készitmények esetében nem kivédnatos, egyes
esetekben artalmas is lehet [12, 16, 17].

A legkiilsé rétegen, az epidermis szarurétegén,
vagyis a stratum corneumon Keresztiili bejutas kulcs-
fontossagu a perkutan abszorpci6, valamint a derma-
tologiai kezelés sikere szempontjabol.

A hatéanyagok penetracidjanak két modja lehetsé-
ges: a hamrétegen keresztiili és a borfliggelékeken ke-
resztiili Ot, ezeken beliil:

—I IN VITRO MODSZEREK

-

Membran nélkili médszerek

|->| ellentétes polaritasu folyadékok |

nyitott tartaly médszer |

—»I gél modell (agar-, zselatin gél) |

—>|Sebesség szabalyoz6 / -korlatozé membran modszerek |

cella membran

I egyensulyra vezetd
diffuzié

természetes eredeti |

|<— membran

folyamatos ataramoltatas
(folyadékcsere)

-
—>| emberi boér |
]

szintetikus membran I

6/a abra: In vitro hatoanyag kioldodds modellezésére alkalmas modszerek

[7, 18]

(Diffuziés készileR <Kiold6da’si készﬁlék)

|

T

vizfirdé —

Y

mintavétel

6/b. abra: Diffuzios és kioldoddsi késziilék vazrajza [19]
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- a fent emlitett folyamatokat, a négy
SRR legfontosabb tényezd, a hatéanyag, a

b b

Oldatos készitmény

Biologiali
Oldott molekulak megoszlas kozeg
diffaziéja (akceptor fazis)

.
e

Szuszpenziés készitmény
Biologiai
Szuszpendailt Oldott molekulak kozeg
1€SZECSKEK diffuzioja (akceptor fazis)
oldédasa

megoszlas

7/a abra: Membrdnnal miikodo kioldodasi késziilék dltalanos modellje

Hatarfeltlet
(membrannal vagy
membran nélkul)

Donor kompartment
(készitményalap+
oldott és vagy
szuszpendalt
Hatbanyag)

Akceptor kompartment
€——1— (kiold6 kozeg)

Magneses

A
Kkeverd ]

7/b abra: Oldodads, diffuzio és megoszlas a membrdnnal miikodo
késziilékekben

/

————+— hdéméré
|_kenécs
E_ -

keveré—

alkohol + viz L
felfogé kézeg —

8/a és b abra: Membrdn nélkiili, a mintdval nem elegyedd folyadékot

tartalmazo modell (bal oldalon) [21], és nyitott tartdlyos, a mintdaval nem

elegyedo folyadékot tartalmazo membran nélkiili modell [23]

— az ép hamsejteken keresztiili (intracellularis 1t),

— a hamsejtek kozotti (intercellularis ut),

— a szOrtlisz6kon keresztiili (transzfollikularis 1t) és a
faggyumirigyeken keresztiili (transzglandularis 1t),

—a verejtékmirigyek altal torténd bejutas (szintén
transzglandularis ut) (4. és 5. d@bra) [7, 11, 12].
A megfelelé dermatologiai terapia magaban foglalja

készitményalap, a borstruktura vala-
mint az alkalmazas jellemz6inek fi-
gyelembe vételével (I tablazat) [7,
15-18]. A Tronnier-féle hatasharom-
sz0g (2. abra) szemlélteti megfeleléen
a komplex folyamatot.

A készitményalap és a bor szaba-
lyozzak a hatdéanyag felszabadulasat
(kioldodas és difftizio), valamint a
liberaciot kovetd megoszlast, igy a
perkutan penetraci6 és permeacio6 fo-
lyamatat a tobbrétegli szarurétegen
(str. corneum) keresztill. A stratum
corneum elhalt sejtekbdl all, igy a fo-
lyamatban az aktiv transzport nem
jatszik szerepet. Az epidermisnek a
stratum corneum alatti sejtrétegei
(str. granulosum, str. spinosum, str.
basale) ¢é16 sejtekbdl allnak, ezért itt
mar az aktiv és facilitalt transzport
folyamatok is szamitasba johetnek [7,
11, 12, 16, 17].

Az egyes human rasszok kozotti
eltérések tovabbi kérdéseket vetnek
fel a kutatds soran. Az afrikai borti-
pus a siriibb és vastagabb sejtréteg
kovetkeztében rigidebb és a kaukazu-
sinal jobban ellenallo a toxikus kémi-
ai anyagokkal szemben, igy hatéko-
nyabb barrierként szolgal. A témaval
napjainkban a geokozmetikanak ne-
vezett tudomanyag foglalkozik [19].

A hatoanyag kioldodds sordn alkal-
mazott vizsgalati modszerek

A bor in vitro modellezése bonyolult
feladat, ezért egyszeriisitett modelle-
ket hasznalnak a gyakorlati laborat6-
riumi munka soran (6/a és 6/b dbra)
[7, 18, 19].

A 6/a. dbra a két szerkezeti alapti-
pust — membran nélkiili és membran-
nal miikodo késziilékeket — szemlélte-
ti. Ez nem jelent torténeti sorrendet,
mivel a mult szazad 20-as éveiben
mar alkalmaztak nagyon szellemes

membranos modelleket [7, 17, 18], és a 20. szazad vé-
gén is taldlkozunk a kdzleményekben membran nélkii-
li gél-modellekkel.

A 6/b abran a két funkcionalis tipus — diffuziés és
kioldason alapul6 késziilék — vazlata lathato [19].

Az in vitro tesztek — amint mar a Bevezetésben
utaltunk ra — a készitmény terapias hasznalhatosaga-
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9/b abra: Laboratoriumi membranos késziilék
(Mayer és Kedvessy [24])

nak indikatorai, valamint a bioeckvivalencia tesztek is,
igy az in vitro-in vivo korrelacio (IVIVC) elérejelzésé-
re is alkalmasak [1, 2, 20].

Az in vitro vizsgalatok eldnye, hogy a vizsgala-
tot végzd személy laboratoériumi koriillmények ko-
zOtt a gyogyszer felszabadulasat zavaro faktorokat
kizarni képes. Hatranya, hogy a metédus nem ké-
pes teljesen szimulalni az in vivo feltételeket, kiilo-
nos tekintettel a vérkeringésre €s metabolizmusra
[7, 18, 20].

In vitro modszerek

Az in vitro modellek — a 6/a dbrdn lathatjuk — két
nagy csoportra tagolhatéak: membran nélkiili, un. fel-
szabaduldsi és membrannal mikodd diffiizios model-
lekre. Ez utébbi modelleknek két alapvetd alkotoré-
sziik van: (1) a membran, amely fermészetes (emberi,
allati eredetil), illetve mesterséges membran lehet, és
(2) a diffuziods cella, amely a vizsgalt készitményt, a
bort szimulalé membrant, és az un. akceptor fazist tar-
talmazza. A celldban a minta és az akceptor fazis ko-
zO0tt megy végbe a hatdanyag diffzidja, mely az
egyensulyi allapot eléréséig tart. Az in vivo koriilmeé-
nyek szimulalasat az akceptor folyamatos keringetése
vagy allandé ataramoltatasa biztositja [7, 18].

A félszilard gyogyszerformak hatdéanyag felszaba-

dulési vizsgalatara alkalmas altalanos berendezés fel-
épitése lathato a 7/a és 7/b dabrdkon [7, 16, 18].

Az in vitro vizsgalatok hatranya, hogy nem veszik
figyelembe a bor fizioldgiai koriilményeit, igy az ép
stratum corneumon Keresztili steady state aramlast
valamint a borfiiggelékeken torténd penetraciot.

Tovabbi nehézség, hogy az in vitro kisérletek csak
a hatoanyag kioldodott, illetve atdiffundalt mennyi-
ségét mérik. Az ¢él0 szervezetben viszont szamol-
nunk kell a gyogyszer szovetekben végbemend
metabolizacidjaval is. Ha a human bdrszévet model-
lezésére allati eredetli bort hasznalunk, figyelniink
kell a szOr eltavolitasa kovetkeztében 1étrejott
permeacio emelkedésre, valamint é16 vizsgalati allat

V4

nak elkeriilésére.
Membran nélkiili hatéanyag kioldodasi modellek

A modszer 1ényege a hatoanyag felszabadulas kineti-
kajanak mérése. A feltételezés alapja, hogy a hato-
anyag a készitményalap és a tesztkdzeg kozott hason-
l6képpen oszlik meg, mint in vivo koriilmények kozott
az alap és az alkalmazott borfeliilet kozott. Az egyik
legegyszeriibb membran nélkiili késziiléket szemlélte-
ti a 8/a. dbra [21]. E modszer Iényege, hogy a vizsgalt
készitményt két ellentétes polaritast folyadékra réte-
gezték. A hidrofob folyadék a szaruréteget, a hidrofil
pedig az ¢€l6 borszovetet szimulalja. Konstrukcios
hiba, hogy a készitmény nem az apolaris kozeggel
érintkezik, hanem — fizikai kémiai megfontolasok mi-
att — a polaris kozeggel. igy nem tekinthetd a fiziologi-
as viszonyok modelljének.

Jobban utanozza a fizioldgiai torténéseket a 8/b. db-
rdn bemutatott késziilék. A mintat szlirépapir-memb-
rannal fedik, hogy ne keveredjen az akceptor fazissal,
vagy membranra, illetve alkalmas mintatartoba helye-
zik, annak érdekében, hogy ne mozduljon el, és ne
képzddjenek buborékok a hatarfeliileten. A kioldokd-
zeget az livegcellaba toltik. Akceptorként vizes kozeg,
viz, agar-gél vagy zselatin-gél hasznalhato. Poulsen
[22] alkalmazott eldszor akceptor kdzegként izopropil-
mirisztatot, annak érdekében, hogy megkozelitse a va-
16di, boron keresztiil zajlo megoszlast és diffuziot.

A gyogyszerforméabdl a hatbéanyag felszabadulési
jellemzoéinek, valamint a hatéanyag és a készitmény-
alap kozotti interakcié megfigyelésére alkalmas ez az
eljaras [7, 22].

Membrannal végzett hatoanyag-kioldodasi modellek

A gyakorlatban a membranon keresztiili diffuziot
megvaldsito in vitro késziilékek terjedtek el legjobban
[7, 17, 18]. A berendezések elve a megoszlas. A hato-
anyag oldodik a készitményalapban, és az oldott mole-
kuldk a membran és a készitmény hatarfeliiletére dif-
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12. abra: Diffucel késziilék felépitése [26]

fundélnak. Behatolnak (penetraloédnak) a membranba,
majd a membran és az akceptor kozotti megoszlas ko-
vetkezményeként atjutnak az akceptor fazisba. A
membran a str. corneumot, az akceptor az élo epi-
dermist szimuldlja, igy a torténések harom lényeges
részfolyamatanak — liberacio, penetracio, permeacio —
végeredménye kvantitativ modon meghatarozhat6. Ez

a jelenség-csoport lathato a 9/a és 9/b abrakon. ban [7, 20].

A késziilék eldnyei kozott
megemlitendd a  viszonylag
egyszeru szerkezet, a jol repro-
dukalhato kisérleti koriilmé-
nyek és az eredmények 6sszeha-
sonlithatosaga alapjan konnyen
és gyorsan kivalaszthatd egy
Osszetétel sorozatbdl a legjobb
készitményalap. Természetesen
ez az eljaras sem szimulalja a fi-
ziologids torténéseket minden
részletiikben. Néhany memb-
randiffuziés modellt mutatunk
bea 10., 11. és a 12. abrdn.

A Sartorius cég altal szer-
kesztett késziilékek (10 és 11.
dbrak) a liberacid, penetracio €s
permeacié kinetikai viszonyai-
ol is értékelhetd képet adnak,
mivel a frakciok gytjtése és az
akceptor folyadék folyamatos
keringetése a vérkeringést szi-
mulalja [25]. Hasonl6 célt szol-
gal az Asche és mtsai altal szer-

kesztett késziilek (12. dbra)
[26].
A kisérletekben  hidrofil

vagy lipofil karakterii membra-
nokat alkalmazhatunk. A hid-
rofil membran az ¢él6 epider-
mist, a lipofil membran pedig a
stratum corneumot szimulalja
[20].

Hidrofil tipusii membranok

A celofan, kiilonb6z6 celluloz-
szarmazékok, a nefrofan és
fluor-vinil-polimer hasznalato-
sak  hidrofil membranként.
Ujabban a polikarbonat memb-
ranokat is megfelelének talal-
tak [20].

Az akceptor fazis vagy vizes
kozeg (viz, puffer oldat, etanol-
viz elegy, agar-gél, zselatin-gél)
vagy nemvizes kozeg (izo-
propilmirisztat) lehet [7, 20].

Lipofil tipusu membranok

A lipofil membranok az in vivo viszonyokat jobban
szimulaljak, mint a hidrofil membranok. Polidimetil-
sziloxan (PDMS), politetraflouroetilén (PTFE) vala-
mint szilikon membranokat alkalmaznak leggyakrab-
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Petro, E., Erés, I., Csoka, L.: Development of semisolid
dosage forms — drug release and bioequivalence investigations.
Principle, methods and equipments — review. Part .

The semisolid preparations represent an important part of
dosage forms, however their biopharmaceutics considering
investigations of their drug release with different methods
cannot be as good as resolved up to this day. However there
are a lot of drug release methods in case of solid dosage forms,
the drug release methodology in case of semisolids is still not
clarified. There is no harmonised validation method for their
drug release in the industrial research and development in the
Pharmacopoeias. The aim of our study is to give an overview
about the most used drug release experiments, methods and
equipments. Furthermore we try to pay attention to these
critical parameters, which can help to build a harmonised
validation method into the research process. This project can
fulfil the regulatory and industrial requirements.
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TOVABBKEPZO KOZLEMENYEK

Gyégyszerészet 56. 195-202. 2012.

Félszilard gyogyszerformak fejlesztése — a hatoanyag felszabadulas és bioekvivalencia
vizsgalatok alapjai
(Alkalmazott elvek, médszerek és berendezések: Irodalmi attekintés)
II. rész*

Petré Eval, Erés Istvan?, Cséka 1ldikd’

In vivo modszerek

Klinikai 0sszehasonlitd vizsgalatokban (pl. gliikokor-
tikoidokkal végzett kisérletekben) és validalt bio-
ekvivalencia mérésekben (pl. dermatofarmakokineti-
kai vizsgalatokban) hasznaljak az in vivo teszteket. A
félszilard gyogyszerformak bioekvivalencia (BE)
vizsgalatai a hatoanyag farmakologiai aktivitasat és a
gyogyszerforma (készitményalap és a benne alkalma-
zott egyes segédanyagok, pl. penetracidt-permeaciot
fokozo szerek) befolyasat vizsgaljak, illetve hasonlit-
jak dssze.

A helyileg alkalmazott kortikoszteroidok bizonyitot-
tan hatasosak kiilonb6zd bérbetegségek gyogyitasaban,
mint pl. ekcéma és psoriasis. A legelterjedtebb vizsga-
latok a vazokonstriktor hatas, a kroton olajjal végzett
gyulladascsokkentd vizsgalat, valamint az adheziv
,tape stripping” mddszer. A bioekvivalencia vizsgala-
tok fejlesztése ezért a vizsgalati irdnyelvek és modsze-
rek meghatarozasa szempontjabol is fontos [1, 20].

Az €16 allatban a perkutan abszorpci6 folyamatanak
megértése érdekében eldszor a penetraciot és
permeéciot kell vizsgdlnunk. Azt fontos tudnunk,
hogy az in vivo gyogyszer-permeacios vizsgalatoknal
nagy a szoérds mértéke, sok a hibatényez0, igy az in
vitro vizsgalatokkal egyiitt tekinthetdek megbizhato
vizsgalatnak [7].

Allatkisérletes modellek

Szamos kisérletet végeztek a laboratériumi allatmo-
dellek fejlesztésére, melyben a perkutan abszorpcio
folyamata megkozeliti az emberét. Ez sajnos csak rit-
kan sikeriilt, az emberi és allati bér anatomiai és fizio-
logiai kiilonbségei miatt. A stratum corneum vastag-
saga és felépitése, a szOrtliszok és izzadsagmirigyek
strisége, a vérkeringés, valamint a biokémiai ténye-
z0k az ember és a kisérleti allatok esetében 1ényegesen
kiilonboznek [7].

Tovabbi korlatot jelent, ha a kisérlet célja a gyogy-
szer terdpias aktivitdsanak vagy biohasznosithato-

*Az elsd rész megjelent Gyogyszerészet, 56, 131-137 (2012).

A félszilard készitmények (kendcsok, gélek, kre-
mek, pasztik stb.) a gyogyszerformak fontos ré-
szét alkotjak, azonban biofarmdcidjuk, ezen beliil
a hatéanyag felszabadulasdara vonatkozo, kiilon-
boz6 miiszerekkel végzett vizsgalataik a mai napig
sem tekinthetéek megoldottnak. Mig pl. a szilard
gyogyszerformak esetében szamos modszerrel ren-
delkeziink a hatéanyag kioldodasanak vizsgadlatd-
ra, addig a félszilard készitmények kutatasa sordn
jelentds hianyossdgok vannak. Nem létezik ugyan-
is egységes, gyogyszerkonyvi, validalt modszer az
ipari kutatas—fejlesztés szamdra. Célunk e témdaban
osszefoglalo tanulmany készitése volt, a jelenleg
alkalmazott hatéanyag felszabadulasi vizsgalatok-
10l, az alkalmazott modszerekrdl és berendezések-
rol. Tovabba felhivjuk a figyelmet azokra a kritikus
paraméterekre, amelyek figyelembe vételével lehet-
segessé valhatnanak a hatosagi és ipari elvarasok,
gy egy egységes, gyogyszerkonyvi validalt modszer

beépitése a kutatasi tevékenységbe.

saganak megallapitasa, ugyanis a betegségek lefolyasa
is eltér6é az emberekben az allatokhoz képest.

Az allatkisérleteket széles korben hasznaljak a le-
hetséges toxicitas eldrejelzésére, azonban le kell szo-
gezniink, hogy az allatokon végzett toxicitasi mérések
semmi esetre sem szolgalhatnak teljesen biztonsagos
¢s alapos ttmutatdként ebben a kérdéskorben.

Az allatkisérletekben a felszivodott hatdanyag
mennyiségét detektaljak, ami nem azonos a dermato-
logiai biologiai hasznalhatosaggal. Ennek alapjan az
allatkisérleteknek két tipusa van:

— a felszivodott hatdanyag mennyiségének mérése,
— a kivaltott borreakcid (gyulladas, 6déma stb.) meg-

sziintetése, ill. csokkentése [7, 12, 15].

Kisérleti technologiak
A fiziologiai vagy farmakologiai valasz megfigyelése
Ha a félszilard készitmény barmely hatd- vagy segéd-

anyaga biologiai reakciot (pl. lokalis allergiat, toxici-
tast, izzadsag- vagy faggyumirigy szekréciot, vazo-
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1I. tablazat

Az FDA és a FIP-AAPS iranyelveinek ésszehasonlitasa

FDA |

| FIP -AAPS

Modszer: Franz diffuzios cella

Membran: szintetikus poliszulfon, celluléz-acetdt, -nitrdt észter, politetrafluoroetilén

— vizes pufferrendszer
- (vizoldékony hatdanyag)
- viz-alkohol elegy (korlatozottan

—  Alkohol-tartalmu rendszer
- (és feliiletaktiv anyag)

0ld6d6 hatdoanyagok)
kioldokizeg hdmérséklet 32°C
300 mg mintamennyiség Jellemz6 dozis
5<x mintaszam

6 6ras intervallum

(pl. 30 perc,1, 2, 4, 6 6ra) friss
aliquot

membran-kioldo kozeg kapcsolata

mintavételi ido

Validalt, specifikus, érzékeny
modszer

mintaanalizis

dilataciot, vaszkularis permeabilitast, epidermalis pro-
liferaciot, keratinizaciot) valt ki, az erre adott valasz a
penetracio kinetikajanak megismerését segiti elo.

Helyi allergias, toxikus stb. reakciok kivaltasat hasz-
naljak fel az allatkisérletek soran. Ezen kiviil gyakori a
bér verejtékmirigyeinek, pigmentacidjanak, faggyu-
mirigy termelésének, és az elobb felsorolt patofizioldgias
folyamatok megfigyelése, €s ha lehetséges, szamszeri ér-
tékelése is. Az ide tartozd legnépszeriibb technikak sora-
ban a bornek a szteroidokra adott vazokonstriktor vagy
fehérit valaszat vizsgaljak, valamint a béron alkalma-
zott nitroglicerinre bekovetkezd vérnyomas kiilonbségek
vizsgalatat alkalmazzak [15].

A bor valtozasainak vizsgalata fizikai tényezdk
hatasara

In vivo és in vitro is elterjedt a bor fizikai eltérdségei-
nek, ill. fizikai mérésekkel jellemezhetd valtozasainak
vizsgalata. Ide sorolhatok pl. a transzepidermalis viz-
vesztés, homérsékletkiilonbségek, mechanikai analizis,
ultrahang, funkcid és dimenzid szerinti osztalyozas,
spektrumanalizis, fotoakusztikus és elektronikus lehe-
tdségek mérésén alapuld modszerek. Koziilik szamos
kisérlet fontos informaciot szolgaltathat, azonban az or-
vosi kezelésben egyelére nem jonnek szamitasba.

A hatoanyag, illetve a készitmény tomegvaltozasanak
mérése

Az alkalmazott vivéanyag és a penetraciot fokozo
anyag mennyiségének csokkenésébdl lehetdség van a
gyogyszer felszivodasanak helyére kovetkeztetni. Mi-
vel a bér impermeabilis szamos farmakon szamaéra,
ezért a koncentraciocsokkenés kicsi lesz, és ez pontos
analizist tesz lehetévé. A koncentraci6 eltérések a ké-
szitményalap Osszetételétdl, izzadsagtol vagy a transz-

epidermalis vizvesztéstdl is fiigghetnek. A koncentra-
ci6 emelkedés a készitmény béron torténd felhalmozo-
dasabol eredhet [7].

Szévettani vizsgalatok

Ezek a vizsgalatok kevésbé pontos analizist tesznek
lehetové, mint az el6zo, mivel a felszivodas utan a
gyogyszeranyagok tavol keriilhetnek az alkalmazasi
helyiiktol.

demonstralasara bevezették a floureszcens mikro-
szkopokos vizsgalatot és mikroszkopikus autoradio-
grdafiat. Kiillondsen az utobbi modszer alkalmas a ra-
dioaktiv anyagok kimutatasara, mivel azok elnyelik
az alfa és béta sugarakat. Triciummal jeldlt izotopok
alkalmazasa gyenge emisszids hatdsuk miatt java-
solt. Erds béta-elnyeld vegyiiletek sotétitik a vizsgalt
teriiletet.

Korabbi vizsgalatokban a kutatdk a penetraciot fo-
kozo anyagot megfestették. A fizikokémiai elmélet bi-
zonyitja, hogy a membrantranszport molekularis szin-
ten, a megoszlassal és diffuzioval valosul meg. A fes-
ték befolyasolja a folyamatot, igy ezt a vizsgalatot ma
mar nem hasznaljak.

Fluoreszcens meghatarozast az A vitamin, tetra-
ciklin és benzpirén meghatarozasara hasznalnak. A
stratum corneum permeabilitdsanak meghatarozasara
tetrakloroszalicilanilidet hasznalnak.

A bérpenetracio kozvetlen mérését a keratolitok és
emolliensek befolyasoljak [7].

A hatoanyag kioldodas sordn alkalmazott
vizsgalati berendezések

A szilard gyogyszerformakkal ellentétben a félszilard
készitmények vizsgalatara nincs egységesen elfoga-
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dott, gyogyszerkonyvi mod-
szer [6]. A kioldodas vizsgala-
tok célja a kritikus paraméte-
rek — a membrantipus, pérus-
méret, nedvesedés, feliilet,
mintamennyiség, mintavétel
valamint az akceptor kozeg
stb.— kioldodast befolyasolo

hatasanak feltérképezése, mi-

vel a felsorolt tényez6k az

egyes modszerek esetében kii-
16nb6znek, ennek kovetkezté-
ben nem vetheték Ossze az
eredmények.

A gyakorlatban két beren-
dezés-tipus terjedt el:

1. Franz diffuzios cella, amely-
ben a donor rész az akceptor
felett helyezkedik el és a
vitacié is fokozza,

2.a forgdlapdtos késziilékek,
melyekben a mintatartd fe-
letti akceptor fazist a valtoz-
tathat6 sebességgel forgd
lapat allanddé aramlasban

tartja.
A dermatologiai  készitmé-
nyekben alkalmazott hato-

anyagok kioldddasi vizsgala-
tanak alapmodellje a Franz
vertikalis diffuzios cella. A
Food and Drug Administra-
tion (FDA) és az American
Associety of Pharmaceutical
Scientists (AAPS) iranyelvei-
ben legalkalmasabb késziilék-
ként — kiilonb6ozé  tipusu
membranokkal ellatva — a
Franz cellat jeloli meg, azon-
ban nem hataroz meg konkrét
vizsgalati koriilményeket a ha-
téanyag felszabadulas vizsga-
latara vonatkozoan (I1. tdbld-
zat) [1, 2, 3].

Altalaban a Franz cellaval
kapott hatdéanyag felszabadu-
lasi értékek alacsonyabbak,
mint a forgolapatos késziilék-
kel kapott adatok. A két mod-
szer kozotti kiilonbség gyak-
ran szignifikdns. Ennek oka
feltehetéen az, hogy a forgodla-
patos késziilékekben rendsze-
rint nem alkalmaznak memb-
rant, igy a vizsgalt készitmény

s Cella, donor és akceptor résszel
‘— membran
szorité _]
I— Mintavétel helye
{ Mintavételi cs6
Akceptor folyadék < —— > Temperal6 edény
helye
J — > keverd
13/a abra: Franz cella felépitése [30]
Minta helye ‘ Uvegbél késziilt
' zardelem
Membran Vizsgalandé
készitmény
1 : v Mintavétel helye
Kiold6 kbézeg o

Boér hémérsékletére
beallitott vizképeny

r———4
Sy
: Akceptor
Hélix keverd visszapoétiasanal
helye

13/b abra: Franz cella miikodése [31-36]

Termosztat a
hémérséklet
beallitasahoz

Akceptor fazis
pétlasa

Keverés Automatikus 6 cellabdl Mikroprocesszorral
sebességének Mintavevé allé diffuziés Vezereit mintagyajto, amfely
szabalyozasa P rendszer 10 protokolt képes tarolni

13/c abra: Franz cellak mintavevovel, termosztdttal és mintatartoval [35]
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" Lapat, valtoztathaté fordulatszam

|, Kiold6 cs6

- Mintatarté fedél
|, Membran

U-:E:* Mintatarté

— Mintatart6 alj

14/a abra: Forgolapadtos késziilék kioldo eleme
a mintatartoval és a lapattal [36, 37]

A késziilék részegységei

vizfurdé tarté lap

SR8-Plus kontrollegység
vizfurdé

edény centralé gydrd
vizfurdd

diffuziés (kioldd) edény
héterel6 lemez
SR8-Plus allvany

0NN B LN -

14/c abra: Hanson SR 8 PLUS késziilék [37]

diszpergalddik az akceptor fazisban az allandé keve-
rés hatasara. Ekkor a készitmény és a kozeg kozotti
érintkezési feliilet jelentésen megnovekszik, ez a tény
a kioldodott hatdoanyag mennyiségét nagymértékben
megemeli [28, 29].

Az alabbiakban bemutatjuk a késziilékek felépitését
és mikodésiik alapelveit.

Franz vertikalis diffuzios cella

A diffazios cella elso leirdsa 7. J. Franz nevéhez fiz6-
dik [30]. Bérpermeacios kisérletekben, dermalis és
transzdermalis rendszerek, szemészeti készitmények,
borapolasi termékek és peszticidek vizsgalataban al-
kalmaztéak elsésorban.

Idealis a félszilard készitmények mindségellendrzé-
sének megvalositasahoz. Pontos, konnyen kezelhetd,
és az elmult 15 évben szigoru ipari és hatosagi elvara-
soknak vetették ala.

A Franz vertikalis diffuziés cella automata minta-
vevo egységgel és 6 mintavevo hellyel rendelkezik. A
hatoéanyag felszabadulast szimulalo keverést az tiveg-
cellakban hélix keverd biztositja. Az akceptor fazis 4
vagy 7 ml térfogatti.

A cella donor és akceptor részbdl all. A vizsgalandd
rendszert (kendcs, gél stb.) a membran fels6 részére, az
tivegcella nyitott részére helyezziik, itt valésul meg a
hatéanyag felszabadulas. Az iivegcellakat 3 kiilonb6zo
méretben forgalmazzak. Az akceptor fazis az iivegcel-
laban talalhat6. A bér pH-ja az izzadsagmirigyek, a
borzsiradék és az epidermisben a Staphylococcusok al-
tal lebontott zsirsavak miatt enyhén savas (pH 4,0-6,8)
jellegti, igy a kioldokdzeg pH-jat ennek megfelelden
kell beallitani. A mintavétel a vizsgalatot végzé altal
meghatarozott idénként a 32 °C-ra termosztalt kioldo-
folyadékbol a fels6 csdvon keresztiil torténik. Az alatta
helyet foglalo cs6 a kivett minta potlasara szolgal (1. 13/a
és 13/b. dbraf). A moddszer végrehajtasara részletes
validalési tervet sziikséges késziteniink [31-36].

A kioldodott és a membranon az akceptor fazisba
diffundalt hatéanyag mennyiségének meghatarozasat
HPLC késziilékkel vagy egyéb analitikai modszer se-
gitségével végezziik.

A hatoanyag kioldodas matematikai megkézelitése
c. fejezetben leirtak alapjan altalaban az id6 négyzet-
gyokének fliggvényében abrazoljuk a kioldddott hato-
anyag mennyiségét, mikrogramm/cm? (pug/cm?) egy-
ségnyi feliiletre szamitva. Igy a linearis regresszio se-
gitségével legtobbszor egyenest kapunk, amelynek
meredeksége jellemz6é a hatéanyag felszabadulés se-
bességére. Ez az érték készitmény-specifikus és a ter-
mék biofarmaciai mindségének jellemzésére szolgal.
Az eredményeket a megfeleld nemparametrikus sta-
tisztika segitségével értékeljiik ki [1, 3, 7, 28, 29].

A késziilék elényei az aldbbiakban foglalhatdk 6sz-
sze:
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— tetszbleges szdmu min-
ta vizsgalhato és mérés
végezhetd egy mérési

protokollon beliil,
— tetszbleges, ill. elére
beallithatd  térfogatu Diszné
minta vehetd az adott Elettelenteljes bér
idépillanatban, / ‘ \ / Tengerimalac \
. r PR Kerat etszete
—a mintavételek 1do- Sraemames
. , Patkany
pOﬂtJa a celnak megfe' / Stratum corneum \
leléen valaszthaté meg / Nyl \
és 6161'6 beéllithaté a / Membranmodellek \
meres: pI:OtVOkOH meg_ / Matematikaimodellek \/ Egér \
szerkesztésével,

— a mérési protokollok a

crer

15. dbra: A perkutan abszorpcio meghatdrozdsadra alkalmas fiziologiai hierarchia [20]

ban tarolhatok,

— a mintavétel mindegyik cellabol egyszerre hajthato
végre a mikroprocesszoros vezérléssel,

— egyidejlileg torténik a kivett akceptor fazis potlasa
is,

— a mintavételt egyenesen HPLC {ivegekbe végzi a ké-
sziilék.

A hatbéanyag felszabadulas vizsgalatanak a kovetke-
70 teriileteken van kiemelt fontossaga:

— a gyogyszerforma tervezésének és az dsszetétel op-
timalasanak szakaszaban,

—a tobbkomponensii dermatologiai készitmények
gyartasi szakaszban torténd célzott monitorozasa-
kor (pl. az alapanyag és/vagy segédanyag beszallitd
valtozasa esetében, a gyartastechnoldgia valtoztata-
sa utan, az 0sszetétel modositasat kovetden),

— gyartaskozi ellenérzéskor és a végtermék ellendrzé-
sekor,

— bioekvivalencia vizsgalatok esetében.

Azokban az esetekben, amikor az egyes gyartasi té-
telek 0sszehasonlitod vizsgalatat végezziik a késziilékkel
(,,batch-to-batch™), akkor olyan szintetikus membrant
célszerli alkalmazni, amely a diffuziot nem gatolja, a
vivbanyag atjutisat az akceptor fazisba viszont meg-
akadalyozza. A ,,Supac-SS-Scale Up and Post App-
roval Changed Guidelines” [37] elbirja azokat a vizsga-
latokat, amelyeket az Osszetétel barmilyen véltoztatasa
utan el kell végezni. Ezek kozott szerepel a készitmé-
nyek hatdéanyag leaddsanak in vitro vizsgélata is.

Ha a készitmény fejlesztési fazisaban kivanjuk mo-
dellezni a kiilonb6z6 kisérleti dsszetételek boron ke-
resztiili felszivodasat, akkor az alkalmazott szinteti-
kus membrant célszerli lipofillé tenni, és ez 4ltal 1¢-
nyegében a megoszlas is tanulmanyozhatd. Ilyen
elokisérletek alkalmazasaval az allati béron végzett in
vitro vizsgalatok és az in vivo vizsgalatok szama ész-
szertien csOkkenthetd, mivel az in vitro modell a biol6-
giai hasznosithatosag predikciojanak tekintheto.

A vertikalis cella gyartoja a vizsgalati koriilmények
vonatkozasaban a kovetkez6 ajanlasokat teszi [38]:

— a vertikalis cella 6 és 15 mm? feliilettel all a kutatok
rendelkezésére,

— olyan szintetikus membrant hasznaljunk, amely nem
anyagot, ill. nem Iép kdlcsonhatdsba sem a készit-
ménnyel sem az akceptorral,

— az akceptor megvalasztasakor tigyeljiink arra, hogy
ne lépjen fel kdlcsonhatas a membran és az akceptor,
ill. az akceptor és a készitmény kozott,

— a vizsgalt minta tomege 300 mg — 1 g kozott legyen,

— amintavételek szamat és a vizsgalat id6tartamat ugy
hatarozzuk meg, hogy legalabb 5 mérési pont ¢s leg-
alabb 6 ora diffuzids id6 alljon rendelkezésre a kine-
tikai fliggvény megszerkesztéséhez,

— a felhasznalt analitikai modszer megfeleld, specifi-
kus és érzékeny legyen,

—az eredmények abrazoldsdhoz a felszabadult far-
makon kumulativ mennyisége—ido6 és a feliiletegy-
ségre vonatkoztatott farmakon mennyiség — diffa-
zi0s 1d6 négyzetgyoke fiiggvényeket javasoljak.
Megjegyezziik, hogy a késziilék meglehetdsen

draga, kiilon beruhazas sziikséges a beszerzéséhez

[31-34].

Forgolapatos késziilék

Széles korben hasznaljak a forgolapatos késziilekeket
(pl. a Hanson SR8-Plus késziiléket), amely az USP 1, 2
késziilékekkel azonos elven miitkodik, és forgdkosaras,
ill. forgolapatos izemmoddban egyarant alkalmazhato
[6, 40]). Hasonlé a Magyar Gyogyszerkonyv VIII. ki-
adasaban hivatalos tabletta kioldodast vizsgald beren-
dezésekhez, az akceptor fazis edényének térfogataban
van csak kiilonbség.

A forgblapatos késziilékhez 8 munkahely tartozik
és a mintavételezés manualisan torténik. (A mintavé-
tel automatizalt is lehet.) A mintakat mintatartoba és
70 ml kioldokdzeget tartalmazo livegesovekbe helye-
zik. Az livegcsovekben forgdlapat gyorsitja az akcep-

crer
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vizsgalatok elvégzése elbtt validalni kell a keverés se-
bességét, a forgolapat behelyezésének magassagat és
annak pontos helyzetét. Ha a mintatart6t nem hatérol-
ja membran, az akceptor fazis elészlirése sziikséges,
amely 10 mikrométeres porusméretii szliron keresztiil
torténik. A késziilék 1ényeges elemét, a minta, a keve-
16 és akceptor befogadasat biztositd csovet a 14/a abra
szemlélteti.

E késziilék elénye, hogy a berendezés kiegészithetd
kendcscellaval, és automatizalhatd. Az egyes mintak
eredményei kozotti szords értéke altalaban kisebb,
mint mas kioldédasi moédszerek eredményeinek szora-
sa, igy pontosabb, reprodukalhatobb vizsgalatot tesz
lehetdvé. A miiszer felépitését illetden a hibalehetdsé-
gek megegyeznek a szilard gyogyszerformak esetében
tapasztaltakkal. A kioldokozeg mennyisége meghalad-
ja a bor alatti szoveti folyadékmennyiséget, igy human
és allati bor in vitro modellezésére nem alkalmas. A
gyogyszer gyakran teljesen kioldédhat a kozegben,
igy inkabb kioldoédast, mint hatéanyag felszabadulast
mériink. Szuszpenzids készitmények esetében univer-
zalis késziilékként hasznalhato [28-36, 39, 40]. A teljes
késziilék vazrajza és a késziilék fényképe a 14/b ¢és
14/c abrakon lathato.

In vitro — in vivo korrelacio (IVIVC)

A gybgyszer terapias hatasossaga az in vitro kioldodast
jellemzd mutatoszamokbol €s in vivo biohasznositha-
tosagabol tevodik dssze. A kioldodas mértéke — amint
mar ramutattunk a késziilékek ismertetésekor — nagy-
ban fiigg a valasztott vizsgalati modszertdl és a készii-
€k tipusatol. A miszerben, kioldokdzegben, keverési
sebességben stb. bekovetkezo eltérések a kioldodast je-
lentékeny mértékben megvaltoztatjak [7, 41, 42].

Az in vitro — in vivo korrelaciét gyakran alkalmaz-
zék a termékek korai fejlesztésének stadiumaban, mi-
vel csokkenti a kutatdsra szant idot és optimalja a
formulalasi paramétereket, vagyis segit a leghatéko-
nyabb Osszetétel kivalasztasaban [41, 44].

A hatbéanyagok biofarmdciai csoportositdsa (Bio-
pharmaceutical Classification System, BCS) a gyogy-
szer oldhatosagara és permeabilitdsara alapozva segit-
séget nyUjt az in vitro kioldodas vizsgalat jellemzdinek
megallapitasdban és a kivant IVIVC elérésében [41].

Az IVIVC matematikai kapcsolatot teremt a gyogy-
szer in vitro felszabadulasa / kioldédésa és az in vivo
eredmények kozott. Az in vitro tulajdonsagokra a ha-
téanyag felszabadulasi vizsgalatok idéfliggvényeibdl
kovetkeztetiink, az in vivo eredményeket pedig az id6
fliggvényében abrazolt hatéanyag plazmakoncentracio
értékeibdl kapjuk.

A felszabadult és felszivodott hatdbanyag mennyiség
idofliggvényei kozott leggyakrabban linearis regresz-
szi6 van; nem gyakori, de eléfordul nemlinearis fligg-
vénykapcsolat is.

A két modszer eredményei kozotti kapesolat (korre-
lacio) kiilonbozo szinteken valosul meg. Az 4 szint a
kapott eredmények teljes és tokéletes egyezését fejezi
ki. Ha az in vitro kioldodas idéfiiggvényét és az in
vivo eredmények iddbeli valtozdsat egymasra fektet-
jik és a két fiiggvény pontrél pontra megegyezik, il-
letve egyez6vé tehetd bizonyos aranyositasi tényezok
alkalmazasaval, akkor 4 szinti korrelaciordl beszé-
link. E szint alapjan az in vitro adatokbodl az in vivo
adatok eldrejelzésére lehetdségiink van.

B ¢és C szintii korrelacio kevésbé tokéletes egyezés
jellemzésére szolgal. Ezekben az esetekben a két fligg-
vény nem egyezik meg pontrél-pontra. A B szint
kvantitativ jellemzésekor az in vitro kioldoédasi id6 ko-
zépértékét vetik Ossze az in vivo kioldodasi id6 kozép-
értékével vagy a szervezetben tartdozkodasi id6 kozép-
értékével. A B szintli korreldcio jelz6szama nem tiik-
rozi vissza az aktualis in vivo plazmaszintet, mivel a
tartézkodasi id6 kozépértékéhez szdmos kiilonbozo in
vivo gorbe rendelhetd. A C szint is egy pont kapcsola-
tot mutat a kioldédasi paraméter (pl. a hatéanyag
50%-a kioldodasahoz sziikséges 1d6) és egy
farmakokinetikai paraméter (pl. vérszint gorbe alatti
tertlet, C_ , T )kozott.

A ,tobbszords” C szint a gyogyszer tobb farma-
kokinetikai paraméterét veti Ossze az in vitro hato-
anyag felszabadulas atlagértékével [42].

Addig, amig az in vitro kioldodasi eredmények nem
egyértelmiien tiikrozik az in vivo adatokat, (B és C
szintli korrelacid), a modszert nem fogadhatjuk el a
gyogyszer klinikai hatékonysaganak megbizhato eldre-
jelzésére. Ha az adatok atfedik egymast, akkor megfe-
lel6 mindségkontrollként hasznalhatjuk ket [20, 28,
43].

Roviden Osszefoglaljuk az in vivo vizsgalatok, illet-
ve az ezeket szimulalo biologiai membranok nehézsé-
geit. Bizonyitott, hogy a foetus, a fiatalok valamint az
idések bore sokkal permeabilisebb, mint a felndtteké.
Megoldatlan problémat jelent pl. az 0jsziilott csecse-
moéhez hasonld in vivo allati bérmintat talalni, mivel
a borgyodgyaszati készitmények esetlegesen fellépd
mellékhatasai a toxikus dozishatart is elérhetik ilyen
esetben.

A minta szarmazasa (abdominalis, él6 vagy
cadaver) ugyancsak befolyasolhatja az eredményeket.
A kisérletek végrehajtasahoz elsédlegesen human €16
szovet alkalmazasa ajanlott.

Az emberi szdvet beszerzésének nehézségei miatt
leggyakrabban laboratoriumi allatok, igy pl. ragesalok
(patkany, egér, tengerimalac), nyulak, kutyak, majmok
és disznok borét alkalmazzak. Az allatok bore viszont
tobb szortiiszot, kevesebb izzadsagmirigyet tartalmaz,
valamint a stratum corneum vékonyabb a huméanhoz
képest, igy jobb hatdéanyag felszabadulast tesz leheto-
vé. E két utdbbi abszorpcids it a human boron torténd
alkalmazasnal elhanyagolhato [7]. Masik hatranyuk,
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hogy az allatok sziikségszerli szOreltavolitdsa sordn az
esetlegesen keletkezett sériilés szintén megemeli a pe-
netracié fokat.

A nyulbér a legpermeabilisebb a félszilard gyogy-
szerformak szdmara, ezt koveti a patkdny bdre. Az
emberi bor strukturajahoz a legkozelebbi hasonlosagot
a majom- ¢s a disznobdr mutatja, mely vizsgalatot in
vivo kisérletek is alatamasztjak.

A 15. dbra [15] a perkutan abszorpciot szimuldld
modelleket mutatja be. A diagramok cstcsan a legmeg-
bizhatobb modszerek foglalnak helyet. A felsoroltakon
beliil elényt élveznek a szor nélkiili fajtak [7, 15, 16].

Sejtkulturdakon torténd vizsgdlatok

A biologiai membranok szerkezeti, kezelési és beszer-
z¢&si nehézségei a human sejtkultirakra iranyitottak a
figyelmet, és a human eredetli preparatumok helyette-
sitésére egyre tobb €16 sejtkulturat tartalmazo in vitro
vizsgalati berendezés jelent meg a kutatasban. A
Living Skin Equivalent (LSE) kollagént tartalmazo
matrixban elhelyezkedé human dermalis fibroblastok
és az ezeket fedo human keratinocitdk halmaza, ame-
lyek egyiitt egy tobbrétegli epidermist alkotnak. Elso-
sorban dermatotoxikologiai és irritacids vizsgalatok
elvégzésére fejlesztették ki. Hatranya az, hogy sokkal
permedbilisebb a human boérnél [44, 45].

Az LSE sejtkultaraval az alabbi teriileteken végez-
tek vizsgalatokat:

— sejtkulturak eldallitasa és tulajdonsagaik vizsgalata

[46-48],

— irritacios hatés, toxicitas és egyéb karosito hatas ku-

tatasa [49-56],

— a boron keresztiili permeacio vizsgalata [57-63]
— a hatéanyagok bdrben torténd metabolizmusanak

vizsgalata [57, 64].

Kisérleti  célokra  alkalmasak  tovabba a
Reconstructed Human Epidermis (RHE) modellek
[65-73]. Az Epiderm (MatTek, USA [74-84]), a
Skinethic (Skinethik, France [84,88) és az Episkin
(L’Oreal, France [89-91] a leggyakrabban alkalmazott
rekonstrukturalt epidermis tipusok. Fototoxicitasi, ir-
ritacios és korrozivitasi kisérletek elvégzésére alkal-
masak elsésorban. Mig az Epiderm és Skinethic kul-
tara tenyésztésének alapja mesterséges membran, ad-
dig az Episkin kollagén alapu rétegen kifejlesztett sejt-
halmaz. Ezek a sejtmodellek anatomiai és eléallitasi
szempontbdl jelentdsen kiilonbdznek, de a dermatolo-
giai és kozmetikai kutatasokhoz, a toxicitas, irritacio
és egyéb borkarositd hatds vizsgalatdban mara mar
nélkiilozhetetlenné valtak [88].

ek
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Petrd, E., Erés, 1., Csoka, 1.: Development of semisolid
dosage forms — drug release and bioequivalence investigations.
Principle, methods and equipments — review. Part I1.

The semisolid preparations represent an important part of
dosage forms, however their biopharmaceutics considering
investigations of their drug release with different methods
cannot be as good as resolved up to this day. However there
are a lot of drug release methods in case of solid dosage

forms, the drug release methodology in case of semisolids

is still not clarified. There is no harmonised validation
method for their drug release in the industrial research and
development in the Pharmacopoeias. The aim of our study
is to give an overview about the most used drug release
experiments, methods and equipments. Furthermore we try
to pay attention to these critical parameters, which can help
to build a harmonised validation method into the research
process. This project can fulfil the regulatory and industrial
requirements.
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Drug release from semisolid dosage forms: a comparison of two
testing methods
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Abstract Keywords
The aim of the present work was to extend our previous in-vitro drug release studies using
semisolid dermatological bases with non-impregnated cellulose acetate membranes.
A comparison of the performances of two apparatuses, the more commonly used Franz cell
and the new modified USP (mini paddle with ointment holding cell) systems were applied to
this work. Five different semisolid as well as two marketed preparations containing 1%
diclofenac sodium were used. Complex, slightly non-linear release curves indicating sink
conditions were found. This was explained by the co-diffusion of excipients modifying the
characteristics of the membrane and the receiving medium dynamically. Although our test
model is, as a rule, not suitable to establish an in-vivo-in-vitro correlation, good qualitative as
well as quantitative correlations were found within some types of dermatological bases.
The correlation between the results of the two in-vitro methods also depends on the type of
semisolids studied. The release curve characteristics and the amount of diclofenac sodium
released at 6h were measured. Their repeatability and reproducibility were calculated.
The slopes and Q-values were correlated with in-vivo data. In general, the modified USP method
provided more precise results than the Franz cell method.
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Introduction

In-vitro dissolution testing is an important tool in both drug
development and quality control'. Its methodology has been
established for solid dosage forms. In the case of drug release rate
testing from semisolids®, using several in-vitro method vari-
ations® have led to guidelines and recommendations' ' which
have been published. There is no generally accepted pharmaco-
poeial method available to date.

The guidelines mostly recommend the use of Franz vertical
diffusion cell''™"? as the testing apparatus. It is widely used by
researchers'*'® as an analytical tool.

In our previous work'”, the correlation between in-vitro release
rate and in-vivo efficacy (IVIVC) for various semisolid formu-
lations containing diclofenac sodium was studied. The carrageen-
induced rat paw edema test represented the in-vivo model, while
release experiments using the Franz vertical diffusion cell
mounted with isopropyl myristate (IPM) soaked cellulose acetate
membrane represented the in-vitro part of the study.

For quality control and product development purposes, how-
ever, simple (non-impregnated), inert, porous synthetic mem-
branes are recommended'®. Thus, our previous work should be
continued with these porous synthetic membranes.

Address for correspondence: Eva Petr6, Institute of Drug Regulatory
Affairs, University of Szeged, 6720 Szeged, Eotvos u 6, Hungary.
Tel: +36-62-54-61-15. Fax: +36-62-54-64-79. E-mail: petro@pharm.u
-szeged.hu

Another apparatus with which to study in-vitro drug release
from semisolid preparations has recently been offered. Hanson
Research Company has extended its SR8-Plus Test Stations for a
small-volume system. This device is an adaptation of the United
States Pharmacopoeia (USP) Dissolution Apparatus 2. It has a
special small-volume vessel (modified holding cell) and a mini-
paddle. The former includes a donor chamber for topical drug
application. After mounting a selected membrane on the mouth of
the chamber it is immersed in the receiving medium before
starting the test'®.

The technical differences between the Franz vertical diffusion
cell (which will be referred to as the ‘‘Franz cell’’) and the
modified holding cell — mini-paddle system (which will be
referred to as the ‘‘modified USP’’) are as follows (Franz cell
versus modified USP, resp.):

e Cell volume: 7ml (which is most commonly used) versus

70 ml,

e Sample volume: 800pl (replaced with fresh receiving
medium) versus 2.00 ml (not replaced),

e Semisolid sample amount: 0.24-1.65 g versus 0.40-0.70 g,

e Stirring rate: 450 rpm versus 100 rpm,

e Sampling: automated versus manual.

The sample surface was 1.767 cm? in both cases.

To our knowledge the performances of these two systems have
not yet been compared.

The primary purpose of our present work was to extend our
previous in-vitro experiments'’, to study the release rates of
diclofenac sodium using a cellulose acetate membrane of 0.45 um
average pore size without IPM impregnation from a wide range of
dermatological bases.
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Our secondary purpose was to compare the performances of
the Franz cell and the modified USP systems.

Experimental
Materials

Micronized diclofenac sodium complying with the European
Pharmacopoeia, Vol. 6 (Eur. Pharm.) was used as the hydrophilic
active ingredient (TEVA-Human Co., Debrecen, Hungary). The
following materials were used as base components: Carbomer
934 P (prop-2-enoic acid) obtained from BF Goodrich, Brussels,
Belgium; sorbitan monopalmitate (Span 40) purchased from
Sigma-Aldrich, Budapest, Hungary; Miglyol 812N (fractionated
coconut oil, glyceryl tricaprylate/caprate) and Imwitor 780K
donated by Sasol GmbH, Hamburg, Germany; Pemulen (PTR-2)
was a gift from Luibrizol Co., Wickliffe, OH; Tagat S (PEG-30
glyceryl stearate) supplied by Evonik Ind. AG, Essen, Germany;
and disodium hydrogen phosphate and citric acid purchased from
Merck, Darmstadt, Germany. All other additives, namely
triethanolamine, liquid paraffin, cetostearyl alcohol and sodium
hydroxide were purchased from Hungaropharma Co., Budapest,
Hungary. All components used were of Eur. Pharm. grade.

The reference hydrogel (REFHG) and the reference gel-
emulsion (REFGE) were marketed medicinal products:
Diclofenac-Ratiopharm® (Ratiopharm Hungaria Ltd., Budapest,
Hungary) and Voltaren emulgel® 1% (Novartis Hungaria

Table 1. Compositions of the formulations (w/w%).

Pharm Dev Technol, Early Online: 1-7

Consumers Healthcare Ltd., Budapest, Hungary), respectively,
and were purchased from Hungarian pharmacies.

The formulations studied

Table 1 summarizes the compositions of the dermatological bases
selected and investigated in this study. The concentration of
diclofenac sodium used in the formulations was 1.0 w/w% and it
was uniformly dispersed in the bases. The REFGE contained
diclofenac diethyl amine salt. The numbers used in each coded
sample series indicate the concentration of a particular ingredient
of the formulation, as follows: hydrogel (HG) contains 0.8%, 0.9%
and 1.0% Carbomer 934 P; organogel (OG) contains 25%, 30%
and 35% Span 40 emulsifier; gel-emulsions (GE) include 40%,
45% and 50% Pemulen TR-2 gel; oil-in-water (OW) creams
consists of 65%, 70% and 75% while water-in-oil (WQO) creams
40%, 45%, 50% purified water.

Preparation of the formulations
Hydrogels (HG)

Carbopol 934 P was added to purified water and dissolved with
constant stirring at room temperature at 450-625rpm (Stuart
heat-stir, Sterilin Ltd., Keisen Products, Chelmsford, England).
After its complete dissolution triethanolamine was added until the
three-dimensional network was built up, then the pH of the
sample was adjusted to 7.0 (ISFET pH Meter, 1Q Scientific

Composition character and code (%)

Hydrogels Gel-emulsions Organogels O/W* W/O*
HGO08 GE40 0G25 OW65 WO040
HG09 GE45 0G30 OW70 WO45
Components (%) HG1 GES50 0G35 OW75 WOS50
Liquid paraffin - - - 15 45
10 40
5 35
Triethanolamine q. s.¥% - - - -
Mygliol 812 - 50 75 - -
50 70
50 65
Imwitor 780 K - - - - 5
5
5
Tagat S - - - 10 -
10
10
Carbopol 934 P 0.8 - - - -
0.9
1.0
PTR-2 gel*** - 40 - - -
45
50
Span 40 - - 25 - -
30
35
Cetostearyl alcohol - - - 10 10
10 10
10 10
Purified water to 100 10 - 65 40
5 70 45
0 75 50
REFGE Contains diaethylamine, Carbopol 974 P, Cetomacrogol 1000, Cetiol LC, liquid paraffin, prolylene glycol, isopropyl alcohol,
purified water, ‘‘Créme 45 perfume
REFHG Contains lactic acid, sodium disulfite, hydroxypropylcellulose, diiospropyl adipinate, isopropyl alcohol, purified water
*Creams.

**Quantum satis: add to reach pH="7.0.

##*PTR-2 (premulen TR-29) gel consisted of 2.0 g PTR-2 and 1.0 g triethanolamine, mixed and diluted to 200.0 g with distilled water.
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Instruments Inc., San Diego, CA) to form a neutralized clear gel.
The gel was stored at cold temperature (10 °C) for one day before
adding the active agent with vigorous stirring.

Organogels (OG)

The samples were produced by melting sorbitan monopalmitate
and Miglyol 812N oil together on a water bath at 80°C with
continuous stirring and homogenization. The gel was stored under
a cold temperature at 10 °C for one day before adding the active
agent with vigorous stirring.

Gel-emulsions

Pemulen TR-2 (PTR-2) and diclofenac sodium were added to
distilled water followed by continuous stirring. Triethanolamine
was added to the sample for neutralization until building a gel
consistency. Mygliol 812N oil and distilled water were then
added to the gel with vigorous stirring (1000 rpm, Stirrer DLH,
VELP Scientifica, Usmate, Italy) until the appropriate consistency
was achieved for topical application.

Oil-in-water preparations (OW)

Cetostearyl alcohol, liquid paraffin and Tagat S were melted
together on a water bath at 80 °C and mixed in order to prepare the
oil phase. Diclofenac sodium was dissolved in purified water and
the solution was heated up to a similar temperature at 80 °C. The
phases were mixed and homogenized until the cream cooled down
to room temperature then allowed to stand for one day before use.

Water-in-oil preparations (WO)

Cetostearyl alcohol, liquid paraffin and Imwitor 780K were
melted together on a water bath at 80 °C and mixed. Diclofenac
sodium was dissolved in purified water and the solution was
heated up to a similar temperature at 80°C. The phases were
mixed, homogenized and cooled down to 25 °C, then allowed to
stand for one day before use.

In-vitro drug release testing methods
Membrane, receiving medium and analysis

Cellulose acetate membranes (Porafil, Machenerey-Nagel GmbH,
Diiren, Germany and Pall Life Sciences, Batavia, NY) with an
average pore size of 0.45 um were used. The area for diffusion
was 1.767 cm®.

The receiving medium was to mimic the penetration through
the skin surface and the stratum corneum. According to various
text books, sebaceous and eccrine secretions lay down an acid
mantle on the skin surface and stratum corneum with a pH about
519 although this value varies with the state of the body, gender,
environmental conditions, season, etc. up to plus—minus half pH
unit'®2!. Thus, a phosphate buffer of pH 5.4 4+0.1 (Orion Star
pH, Thermo Electron Co., Singapore) was chosen as the receiving
medium. Its temperature was maintained at 32 £ 0.5 °C to reflect
the usual external skin temperature'.

The absorbance of the samples was measured by
UV  spectrophotometry ~ (Unicam  Helios o  UV-Vis
Spectrophotometer, Cambridge, England) at 275nm and their
diclofenac content calculated using a calibration curve. The blank
ointment bases (compositions without diclofenac sodium) were
also tested but, for their absorbance remained below 2% of those
of the diclofenac containing samples throughout the experiments;
the blank values were not taken into account.

The experiments were run in triplicate. The results, because of
their calculated precision, as a general rule, were rounded to
three digits.

Drug release from semisolid dosage forms 3

Diffusion cells

The Franz vertical diffusion cell system (Hanson Research Co.,
Chatsworth, CA) containing six cells and equipped with an
autosampler (Hanson Microette Autosampling System) was used.
The receptor chamber volume was 7 ml. The membranes soaked
previously in phosphate buffer were mounted on the top of the
cells. A stirring rate of 450rpm was used. Quantities of 0.24—
1.65 g ointment samples (depending on the type and consistency
of the different compositions) were placed evenly on the surfaces
of the membranes. An 800 pl sample was taken after 0.5, 1, 2, 3
and 6 h and replaced with fresh receiving medium.

The modified USP apparatus was the SR8-Plus Dissolution
Test Station with modified holding cell for semisolids (Hanson
Research Co.). In our study, the apparatus containing eight cells
with 70 ml volumes was maintained. Quantities of 0.40-0.70 g
samples were placed on the membrane surfaces of the small
ointment sample holders which were then dropped into the glass
vessels containing the receiving medium. The stirring rate was set
to 100 rpm. Two 2 ml samples were taken manually after the same
time intervals as described for the Franz cell.

In-vivo experiments

A carrageen-induced edema study was used to test in-vivo efficacy
of the formulations'’. As for this technique we referred to
the literature®>** for the details. The experiments were approved
by the Animal Ethics Committee of the University of Szeged,
Hungary (IV/01758-6/2008). Male Wistar rats (150-181 g) were
studied. All measurements were performed at 24 4+ 1 °C in an air-
conditioned room. The animals were kept under standard 12h
light/12h dark conditions with food and water ‘“‘ad libitum’’.
All experiments were carried out in the same period of the day
(1-4 p.m.) to exclude diurnal variations in pharmacological effects.
Each rat was tested only once. One day prior to the application of
the preparations, the back of each rat (15 cm?) was carefully shaven
and depilated by Veet® depilatory cream (Reckitt Benckiser,
Massy, France) in 5min under 2.5-3.5% isoflurane anaesthesia
(Forane® solution, Abbott Laboratories, Budapest, Hungary). The
skin of the animals was cleaned by wiping with water containing
cotton. The rats were dried under infrared lamp for 10 min.

On the day of the experiment, the animals were anaesthetized
with Forane solution and exposed to different test compositions.
A 300mg sample from each formulation was applied onto the
depilated dorsal skin of the rat. Local inflammatory response was
elicited by 0.1 ml subplantar injection of carrageen (Viscarin,
Marine Colloids Inc., Springfield, IL) solution given into the right
hand paw 1 h after the treatment. The concentration of carrageenan
solution was 0.5% which was prepared in a physiological saline
solution. The left paw, used as the control, was treated without
carrageenan. Paw volume was measured with a plethysmometer
(Hugo Sachs Elektronik, March, Germany) 5 h after the injection.

The volume difference between the carrageenan- and saline-
injected paws was used for the evaluation of the inflammatory
response. The degree of paw swelling was calculated as:

(Ve = Vo)
0

Swelling (%) = 100 (1)

where V, and V,, were the treated and untreated paw volumes,
respectively.

Data and methods for statistical comparisons

The release of diclofenac from the compositions studied was
described as:
HE

E:at%—l—b (2)
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where

a is the slope representing the release rate of diclofenac
sodium (FDA Guidance 2007);

t is the sampling time (h) and

b is the intercept.

In our statistical comparisons

Q is the cumulative amount (ug/cmz) of the diclofenac
released in 6 h;

s is standard deviation expressed in relative %;

repeatability stands for the average s of the indicated values
within the parallel runs (average intra-run s);

reproducibility stands for the s of the results of the indicated
values determined in the three parallel runs (inter-run s) and

r is the coefficient of correlation.

Results

The results of this study are presented in Tables 2—4. Slopes,
intercepts and Q data in these tables represent average values for
three parallel runs and all cells working. Characteristic
release curves (one composition each) are shown in Figures 1
and 2 (modified USP method, separated for better clarity) and
Figures 3 and 4 (Franz cell method). The average swelling % data
measured in our previous work'”, which were used in the present
IVIVC studies, are reproduced in Table 5 (GE series of ointments
were not studied in vivo).

Characteristics of diclofenac release from semisolid
preparations and its transport through cellulose acetate
membrane

Equation (2), i.e. linear relationship between the amount released
and the square root of time is valid only when sink conditions
persist. If not, the release curves show saturation.

The solubility of diclofenac varies considerably with pH.
According to the most reliable literature data, conditions of
pH=5.5 and 23°C, which are close to our experimental
conditions, give the solubility as 36 pg/ml**. In our experiments,

Table 2. In vitro release data using the modified USP method.

Pharm Dev Technol, Early Online: 1-7

the highest amounts dissolved were around 1100 and 2500 pg in
the Franz cell and modified USP studies, respectively. Perfect
sink conditions persist if the drug concentration in the receiving
medium does not exceed 10% of the solubility of the drug
under the given conditions at any time pointzs. Thus, even if
the 9°C temperature difference between the literature data and
our experiments is taken into account, sink conditions were
not expected to occur at pH 5.4 in our experiments. Researchers
using sink conditions in similar studies applied higher pH
values'>'%2°,

The release curves seen in Figures 1-4, however, show no
saturation. The figures indicate the best linear fit, however, the
release curves are also not completely linear as should follow
from Equation (2). This phenomenon can be seen in the case of
the GE, OG and WO series of preparations using the modified
USP apparatus while it occurs in almost all the cases using Franz
cell experiments which demonstrated linearity. This phenomenon
suggests that the release is not controlled by one single process
(diffusion) of diclofenac alone.

The following mechanism is proposed to explain these
findings. It is well known that surface active agents and lubricants
(like IPM used in our former experiments) may modify both (non-
impregnated) artificial membranes and the solubility of sub-
stances. In our present study, the dermatological bases studied
contained such agents. During the dissolution not only the
diclofenac was released through the membrane but other ingre-
dients as well. The latter modified both the membrane structure
(making it more suitable for penetration) and the receiving
medium dynamically. This explanation may account for the
shapes of the curves and the increased solubility of the diclofenac
reaching sink conditions in the receiving medium.

The idea that components of creams and ointments modify the
characteristics of the membranes they penetrate into and through
is not new. It has also been described for human skin*~°.

It can be seen that the slower the diclofenac release the poorer
the linearity of the curve (see e.g. the Franz cell experiments
versus the modified USP experiments). Using the Franz cell the

Repeatability Reproducibility

Composition a b r 0 Hg/cm2 Sa Sp Sr 5Q Sa Sp Sy 5Q
Hydrogels

HGO08 242 71.8 0.9895 687 9.32 26.6 1.91 4.10 12.1 39.6 2.90 9.98

HG09 250 45.5 0.9993 651 10.0 21.1 0.57 6.78 14.1 23.4 1.89 9.03

HG1 259 355 0.9804 661 10.8 18.4 3.00 8.50 7.35 23.3 3.19 9.20
Gel-emulsions

GE40 191 —30.3 0.9728 451 11.9 18.6 0.58 6.97 19.2 20.5 1.28 11.9

GE45 231 —82.5 0.9824 511 11.7 24.9 9.08 5.61 11.1 29.8 7.82 10.6

GES50 200 —-96.9 0.9635 424 13.7 16.3 2.26 8.81 16.1 28.4 3.95 11.0
Organogels

0G25 294 131 0.9546 850 18.3 18.2 2.95 8.72 22.8 31.8 1.76 10.5

0G30 322 —-0.92 0.9838 832 15.6 25.3 0.80 7.46 19.4 379 0.79 9.03

0G35 339 49.2 0.9731 899 18.3 28.9 2.53 9.29 15.1 43.0 1.20 13.8
Oil-in-water creams

OWo65 146 75.2 0.9828 425 11.1 23.6 1.83 5.54 18.7 23.3 2.08 13.9

OW70 243 —15.7 0.9943 688 8.85 17.6 2.13 3.31 24.3 25.8 2.00 4.41

OW75 305 116 0.9982 866 7.02 17.9 1.97 4.90 29.5 23.1 2.61 6.27
Water-in-oil creams

WO040 178 —80.0 0.9682 442 14.5 23.3 4.13 7.65 19.8 42.1 5.13 11.9

WO45 121 39.9 0.9678 355 19.4 37.0 343 6.99 23.4 44 .4 4.98 12.8

WO50 164 0.28 0.9598 438 14.3 24.8 1.68 8.39 19.9 38.3 2.65 14.1
Reference preparations

REFGE 1460 —115 0.9911 3330 2.13 16.6 0.94 6.30 6.45 17.4 1.10 7.09

REFHG 1070 —166 0.9802 2340 7.05 15.2 0.64 6.66 14.3 17.7 324 11.1
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Table 3. In-vitro release data using the Franz cell method.
Repeatability Reproducibility
Composition a b r Q ug/cm2 Sa Sp Sr 5Q Sa Sp Sr 5Q
Hydrogels
HGO08 91.4 —38.8 0.9527 202 13.8 20.3 6.81 12.9 13.4 57.7 6.32 17.0
HG09 104 v33.3 0.9782 217 18.6 239 1.83 9.78 26.0 62.4 5.38 29.1
HG1 111 -21.9 0.9750 250 15,3 18.9 4.13 12.6 27.6 68.2 3.63 20.1
Gel emulsions
GE40 130 —43.9 0.9901 287 3.80 38.4 0.93 5.99 29.3 17.7 4.20 15.9
GE45 163 —49.1 0.9931 360 17.9 10.8 1.35 8.07 28.2 60.3 2.20 14.0
GE50 113 —35.1 0.9929 250 24.9 44.8 5.95 7.92 36.7 80.4 3.75 254
Organogels
0G25 97.8 -36.9 0.9954 208 6.15 25.5 1.15 6.59 29.1 34.8 2.15 13.6
0G30 934 —50.6 0.9957 190 7.75 24.4 1.05 13.9 22.6 473 3.96 18.7
0G35 54.9 —26.7 0.9948 110 18.2 323 1.52 9.31 8.90 15.9 3.35 13.9
Oil-in-water creams
OW65 115 -30.5 0.9998 252 7.79 16.3 7.12 13.2 14.7 2.13 10.3
OW70 219 —70.0 0.9989 465 5.51 18.6 7.14 10.0 14.2 3.07 8.17
OW75 270 —8.61 0.9996 649 12.8 10.9 6.23 14.6 11.7 2.82 9.37
Water-in-oil creams
WO040 43.7 2.30 0.9910 109 16.7 12.9 1.92 9.32 22.3 17.3 431 16.9
WO045 21.9 —7.03 0.9763 47.5 18.3 15.9 242 8.66 23.2 24.4 3.18 16.8
WO050 82.4 —18.2 0.9940 186 15.5 16.3 1.60 5.72 17.6 21.5 3.74 14.2
Reference preparations
REFGE 296 —194 0.9798 547 8.56 15.3 0.79 6.75 8.39 25.9 2.61 9.17
REFHG 120 —76.4 0.9749 225 10.4 12.7 2.42 5.10 18.0 19.3 2.78 7.02
Table 4. Correlation between in-vitro and in-vivo data. 900 0630
800 _—" owro
Slope Q 700 /
600
USP/  USP/ Franz/ USP/  USP/  Franz/ AT GE 45
.. 500
Composition  Franz ~ Swell ~ Swell Franz Swell Swell 200 = /:' WO 40
HG 0.9805 0.9904 0.9440 —0.8065 —0.5663  0.9440 300 / /
GE 0.8488 0.8488 200 /)//
oG —0.8417 0.9943 —0.7794 —0.9373 0.5123 —0.7794 100 o x
ow 0.9973 0.9939 0.9999 0.9965 0.9926 0.9993 o /
WO 0.6047 0.4125 0.9632 0.7490 0.5830 0.9750 n': 1 1" 9 9':
All data* 0.5306 0.3378 0.4233 03385 02665 03385 100 g g g
-200
USP: modified USP method; Franz: Franz cell method; Swell: swelling
%. *Including REFGE and REFHG data. Figure 2. Release experiments with the modified USP method (the best

4000
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Figure 1. Release experiments with the modified USP method (the best
linear fit indicated), 1/2.

intercepts were always negative with poor precision, thus
indicating a lag-time diffusion of the analyte through the
membrane. This trend is not so obvious with the modified USP
method when the release rates were higher.

linear fit indicated), 2/2.

700
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-200
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Figure 3. Release experiments with the Franz cell (the best linear fit

indicated), 1/2.

Effect of the composition of the different dermatological

bases on diclofenac release using cellulose acetate
membrane

In case of the OW compositions the release rates (the slope a in
Equation (2), see Tables 1 and 2) measured either by the modified
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Figure 4. Release experiments with the Franz cell (the best linear fit
indicated), 2/2.

Table 5. Swelling data measured in vivo.

Composition Swelling (%)
HGO08 45.7
HG09 47.2
HG1 50.0
0G25 29.1
0G30 50.0
0G35 58.2
OW65 37.5
OW70 41.8
OW75 43.6
WO040 18.1
WO045 16.3
WO50 28.3
REFGE 51.80
REFHG 38.30

USP or the Franz cell methods increased with increasing water
(and decreasing paraffin) content. A similar, although much less
pronounced, trend could be observed in the HG series with
increasing Carbopol and consequently, the neutralizing triethano-
lamine content. By contrast, the ‘‘worst’” and ‘‘best’”” compos-
itions were found with the WO and GE series. In the modified
USP method, the release rates for the two marketed creams were
much higher than those of our other compositions. This difference
was not so pronounced with the Franz cell method.

The results observed for the OG series were surprising. The
modified USP method indicated slightly, not significantly
increasing diclofenac release rates with an increasing amount of
the emulsifier span, while this trend was just the opposite for the
Franz cell experiments. Research to explain this phenomenon will
be performed in the future. The only relevant differences between
the two in-vitro systems which might account for this phenom-
enon were the receptor volumes and the sampling. Using the
Franz cell, the 0.8 ml/7.0 ml samples taken were always replaced
with fresh receiving medium at all time points. Using the
modified USP method the volumes were not replaced. In our
present working hypothesis, the emulsifier, when penetrating into
the membrane, facilitates the passage of the diclofenac, possibly
forming micellar structures which helps in its solubilization in the
receiving medium. The structure and composition of micelles
depend on the concentration of the emulsifier. When the receiving
medium is diluted after sampling, the concentration of the
emulsifier decreases as well as in the membrane initiating micelle
changes during the passage.

Apart from this explanation, our experiments suggest that
beside the fact that the release rates are naturally much faster
when the modified USP method is used, the two test systems do
not mimic the in-vivo processes in the same way.

Pharm Dev Technol, Early Online: 1-7

In vivo-in vitro correlation

Table 5 summarizes the quantitative correlation between the
results generated in the two in-vitro dissolution methods and the
in-vivo swelling % (Equation (1)) data (17). For r and not 7 data
are presented, the negative r values indicate opposite trends in the
data (i.e. increasing and decreasing release rates with the
concentration of a component).

Correlation between the slopes (apparent release rates) and
swelling data

When all data have been generated either with the modified USP
or with the Franz cell method and correlated with the in vivo
swelling % results, no correlation was found. Thus, neither
method was predicting IVIVC, in general. The same is valid for
the correlation of the two in-vitro methods.

However, varying the concentrations of the components within
one type of composition, a good correlation may be achieved
between in vitro, generated by the modified USP method, and in-
vivo data in the HG, OG and OW series. Similar findings, with a
somewhat poorer correlation, can be observed with the Franz cell
and in-vivo data for the HG, OW and WO series. The IVIVC was
the best for both in vitro methods in the case of the OW
compositions. Only one of the two in-vitro methods gave
somewhat acceptable correlation in the case of the OG and WO
preparations using the modified USP and Franz cell methods,
respectively.

When the correlation within the OW series was the best, one
may postulate that the release of diclofenac sodium from oil-
in-water bases was the closest to a single diffusion controlled
process.

Correlation between Q and swelling data

Correlations for the cumulative amount dissolved in 6 h (Q) data,
as a rule, were much poorer that those for the slopes. It was not
surprising for our proposed explanation described the dissolution
of diclofenac from semisolids as a complex procedure with
co-dissolution of other ointment components modifying the
membrane and the solubility of diclofenac dynamically. The
slope, although biased by the previously mentioned sub-
processes, was determined by the whole curve characterizing
the main release process. It should have been a better correlation
with the in-vivo data than the Q values when calculated as the
mean of single measuring points.

Statistical comparison of the performances of the Franz
cell and the modified USP systems

Comparing the standard deviation data in Tables 2 and 3, one can
see that, in most of the cases, the precision (both repeatability and
reproducibility) of the modified USP method was found superior
to that of the Franz cell method.

As a rule, the precision of Q values was better than that of the
slopes while those of the intercepts (b) were the poorest. This
should be a natural consequence because the linear release
correlation curves are really not completely linear. Standard
deviations for the correlation coefficients did not provide any new
information.

Discussion and conclusion

It should be emphasized that it may be true only for our selected
experimental conditions, that the following conclusions may be
drawn.

Comparing the modified USP and the Franz cell methods, the
former seems to be more precise. Moreover, because it is a more
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complex piece of equipment the Franz cell needs more frequent
maintenance than the USP modified apparatus method.

Although the release of the active principle, namely the
diffusion through the cellulose acetate membrane, seems to be a
more complex process which results in not fully linear curves.
This presumably involves co-penetration of excipients modifying
both the membrane and the apparent solubility of the active
principle in the receiving medium dynamically. The slopes (a) of
the release curves (Equation (2)) are the best parameter for
IVIVC, although the amount dissolved at a given time (Q) can be
measured with higher precision. The latter may be better for
quality control purposes.

Our experiments show that when we use a non-impregnated
cellulose acetate membrane neither the modified USP nor the
Franz cell is suitable to establish IVIVC. In general however,
other researchers”” and our own former studies®® could obtain
acceptable IVIVC for some semisolid compositions using the
Franz cell. Moreover, varying the composition within the same
types of semisolid dermatological bases good IVIVC may be
achieved. In this respect the performances of the two in-vitro
methods are different, depending on the type of base utilized.
Thus, both methods could be suitable for optimization studies, but
this is not true for all types of dermatological compositions.
Consequently, to support such studies, it is advisable to establish
at least qualitative IVIVC with parallel in-vivo experiments.
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Abstract

Semisolid systems (creams, gels etc.) for dermal application
get more and more importance in pharmaceutical and cosmetic
industry. However the number of methodologies for their phy-
sico-chemical characterization have been increasing; deve-
lopment of methods for the measurement of the active agents
release onto the skin surface is still a challenging task.

Beside measuring the amount of the active agent reaching the
skin; dissolution testing (also called release testing) can be also
a good indicator of product composition changes, therefore it
can be used as quality control methodology.

The purpose of this study was to investigate the in vitro drug
release of active agents from hydrogels, organogels, o/w and
w/o creams, emulgels and w/o/w multiple emulsions for der-
mal use by means of the vertical diffusion cell methodology, for
quality control purposes.
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1 Introduction

Dissolution studies are developed and are available mainly
for solid dosage forms (tablets, capsules); different methodolo-
gies validated for these forms are detailed in the main Pharma-
copoeias [1,2]. There is no compulsory method in any Pharma-
copoeia for semisolid dosage forms; only two guidelines are
available suggesting equipment for the measurement of drug
release from these preparations. According to these guidelines
and also based on literature data, drug release has been exten-
sively investigated by means of the Franz cell diffusion system
with a synthetic membrane [3-6].

The experimental conditions in drug release testing such as
receptor phases, membrane-types, usage of different animal
skin-models etc. depend on the purpose of the experiments;
whether the aim is quality control or so called bioavailability
testing in order to decrease the number of animal testing or
eliminating them [7,8].

Concerning cosmetic products, the product behavior on the
skin and also the release of the active agent content should be
tested under in vitro conditions without animals; as the EU
banned cosmetic testing on animals in 2009, therefore alterna-
tives should be found for evaluation [9].

The following figure summarizes the role of drug release
studies in case of semisolid dermal preparations (Figure 1.).

Predicting the practical applicability or changes within a
given system with mathematical modelling [10,11] or different

In Vitro Dissolution

, N

‘ Quality Control ‘ Bioavailability/Bioequivalence
Product Batch Storage
characterization Control 9

Fig. 1. Application of dissolution testing in product characterization
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experimental methods — such as this drug release/dissolution
measurements has increasing importance nowadays. As seen
on the Figure 1.; active agent release from a cosmetic or phar-
maceutical product is an important quality indicator when
(1) describing a given composition; (2) it’s necessary to detect
the effect of changes in components and manufacturing pro-
cess; and (3) we have to follow up the changes during storage
(stability testing). It can be also used as bioavailability testing
in order to predict the ,,in vivo” performance of the developed
product.

2 Aim

The aim of this study is to evaluate the applicability of drug
release testing in following the composition changes in case
of 17 cosmetic and pharmaceutical dosage forms. The in vitro
drug release data in case of two active agents were measured
from different vehicles (hydrogel, organogel, w/o and o/w
creams, o/w emulgels and w/o/w multiple emulsions) for der-
mal use. The presented compositions were developed by our
research group earlier [12,13].

3 Experiments

3.1 Compositions of the investigated products

The drug release process of 1.0 w/w% diclofenac sodium
from different products (n=15) and 1.0 w/w% ketamine HCI
containing systems (n=2) was measured through synthetic
cellulose acetate membrane soaked in the receiving medium
(Table 1, Table 2).

3.2 Drug release measurements

The Franz vertical diffusion cell system (Hanson Research
Co.) containing 6 cells, and equipped with autosampler (Han-
son Microette Autosampling System) was used for the drug
release measurements.

The products were placed on the synthetic cellulose acetate
membrane (Porafil, Macherey-Nagel, Germany) with pore size
of 0.45 pum. The diffusion area was 1.767 cm?. Experiments
run at 32+0.5°C and 25+0.5°C (in case of w/o/w). 800 ul sam-
ples were taken after 0.5,1,2,3,4,5,6 hours. Phosphate buffer
(pH 5.440.1) was chosen for receptor medium. Absorbance was
measured by UV spectrophotometer (Unicam Helios a UV-Vis
Spectrophotometer, England) at 275 nm and 269 nm (w/o/w).
The blank agents without active agents served as references in
the analytical method.

4 Results and discussion

The release profiles of hydrogels and w/o creams are illust-
rated in Figures 2-4.

Very low amount of active agent was released even after
6 hours of experiments in case of hydrogels and w/o creams.
The difference in release rates between the 0.8 and 0.9 w/w%
polymers containing products wasn’t significant. A slightly

Tab. 1. Products containing 1 % diclofenac sodium

dosage form composition marked as:
hydrogel polymer (Carbomer 934 P) DSHG 0.8
content (W/w%): DSHG 0.9
(1)0.8(2)0.9(3)1.0 DSHG 1.0
organogel gelling agent (sorbitan monopalmitate)  DSOG 25
content (W/w%): DSOG 30
(4) 25.0 (5) 30.0 (6) 35.0 DSOG 35
o/w emulgel polymer (Pemulen TR-2) containing DSGE 40
aqueous phase (W/w%): DSGE 45
(7) 40.0 (8) 45.0 (9) 50.0 DSGE 50
o/w cream aqueous phase (W/w%): DSOV 65
(10) 65.0 (11) 70.0 (12) 75.0 DSOV 70
DSOV 75
w/o cream aqueous phase (W/w%): DSVO 40
(13) 40.0 (14) 45.0 (15) 50.0 DSVO 45
DSVO 50
Tab. 2. Products containing 1 w/w% ketamine HCI
dosage form composition marked as:
w/o (16) aqueous phase w/o
emulsion (W/w%): 75.0
w/o/w (17) primary ((16)w/o emulsion) phase w/o/w
emulsion (W/w%):40.0

increased amount was released in case of 1 w/w% polymer con-
tent, which phenomena is due to the increased trietanolamine
content, facilitating the diclofenac dissolution through the
membrane.

Drug release from w/o creams is mainly driven by the diffu-
sion capacity of the active agent through the compositions with
slightly different viscosities (Figure 3.). No significant diffe-
rences were found at this level of changes.

The following figure (Figure 4.) gives an overview about
the release rates of some selected (based on the stability data)
products from the different types. No significant differences in
release rates were found in case of the following compositions:
organogel containing 25.0 w/w% gelling agent (DSOG 25), the
w/o cream with 45.0 w/w% internal water content (DSVO45)
and the hydrogel product containig 1.0 w/w% polymer content
(DSHG1).

The release rate from the emulgel with 45.0 w/w polymer
containing water phase showed a slightly higher released acive
agent amount after 6 hours, but still not evaluated as significant
change. These compositions therefore, can be predicted to be
equivalent in their ,,in vivo” performance; in spite of the fact,
that they vary in composition and product type.

Significant difference from these products was found in
case of the 75.0 w/w % external aqueous phase containing o/w
cream (DSOV75).

Figure 5. shows the difference between the release rates of
the primary w/o emulsion and a w/o/w product; after adding
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Fig. 2. Drug release from hydrogels in case of different polymer content
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Fig. 4. Drug release from different dosage forms

the external aqueous phase to the primary (w/o) one. The same
amount of the active agent was incorporated into the aqueous
phase of the primary; and in case of the inner and external
water phases of the multiple emulsion. 75.0 % of the drug dis-
solved in the multiple emulsion released during 5 hours; while
37% from the primary simple one. The advantage of multiple
emulsions for achieving faster drug release from its external
phase, followed by a slower drug dissolution from the inner
phases — could be detected.
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Fig. 3. Drug release from w/o creams with different aqueous phase ratio
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5 Conclusions

Dissolution testing has an increasing role in case of all do-
sage forms in pharmaceutical dosage form design and develop-
ment. Its applicability can be extended to cosmetic products as
well; as alternative method instead of animal testing.

Different levels of product composition changes and “simi-
larity” in case of different products can be detected only after a
careful validation of the drug release measurement with Franz
vertical diffusion cell system.

This study was supported by the National Development Agency, Operational Program of National Development Plan
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