DOI: 10.1515/cipms-2017-0010

Curr. Issues Pharm. Med. Sci., Vol. 30, No. 1, Pages 43-49

DE GRUYTER
OPEN

Current Issues in Pharmacy and Medical Sciences
Formerly ANNALES UNIVERSITATIS MARIAE CURIE-SKLODOWSKA, SECTIO DDD, PHARMACIA

journal homepage: http://www.curipms.umlub.pl/

and Medical Sci

The use of the Gelot emulsifier
in diclofenac sodium semi-solid preparations

ANETA BERNER-STRZELCZYK', AGNIESZKA JACH', JUSTYNA KOLODZIEJSKA',
MicHAL KOrODZIEJCZYK!, MALGORZATA GODLEWSKA', MAGDALENA PIECHOTA-URBANSKA?

! Department of Drug Form Technology, Medical University of Lodz, Muszynskiego 1, 90-151 Lodz, Poland
2 Department of Applied Pharmacy, Medical University of Lodz, Muszynskiego 1, 90-151 Lodz, Poland

ARTICLE INFO ABSTRACT

Received 14 March 2017 In topical formulations, the rheological parameters and pharmaceutical availability
Accepted 09 May 2017 of many active agents have been improved by the addition of modern excipients. This
Keywords: translates into increased interest in the topical use of NSAIDs. The aim of this study was
diclofenac sodium, to create series of effective oil in water (O/W) diclofenac sodium cream formulations that
e}’:l“IISiﬁers’ differ in the applied fatty phase, utilizing Gelot ™64 (Gattefossé) (a modern non-ionic
rheology,

pharmaceutical availability.

emulsifier). In the produced prescriptions, estimation was made of the effect of this on
the rheological parameters and the pharmaceutical availability of the diclofenac sodium.

Herein, the hydrophilic petrolatum-based cream demonstrated the highest rate of release
of the active agent, as well as the best set of beneficial rheological parameters.

INTRODUCTION

Lately, there has been increasing interest in transdermal
drug delivery, as the skin is a convenient, easily accessible
site of application of therapeutic substances. According
to Polish Pharmacopoeia X, semi-solid preparations for
external application to skin include: ointments, creams, gels,
pastes, poultices and medicated plasters (patches). These
products, besides their therapeutic function, also assist in
skin care. By delivering drugs to the skin, it is possible
to deliver the substance to deeper layers so as to achieve
systemic effects [16,22]. Transdermal therapy is an excellent
alternative to the application of multiple therapeutic agents.
Its use eliminates a number of side effects that occur during
oral therapy [3,20]. It also has advantages over administra-
tion of the therapeutic agent in painful injections — which
pose the risk of infections and generate hazardous medical
waste. Limited skin permeability, resulting from the struc-
tural composition of the skin and its barrier function, is
a problem in the case of some substances [13,24]. Cur-
rently, various techniques are being developed to improve
the process of drug permeation, including modification of
active ingredient [7] and using surfactants [15] or micro
emulsions [11,27], liposomes [5], cyclodextrins [1,4,19],
transferosomes [6], oleodendrimers [14] and bacterial cel-
lulose membranes [26].

* Corresponding author
e-mail: aneta.berner-strzelczyk@umed.lodz.pl

At present, there are many preparations on the market
intended for topical application that contain analgesic and
anti-inflammatory substances. Semi-solid preparations with
NSAIDs for use on the skin were approved by the National
Institute for Clinical Excellence (NICE) in 2008, as first-
line treatment for osteoarthritis. The FDA has also approved
these as safe alternatives to oral NSAIDs [12].

Cordero et al. [8] reported that diclofenac had the highest
bioavailability of the NSAIDs assayed by them. It is a deriv-
ative of phenylacetic acid, and is used as a relief medication
in alleviating moderately severe pain such as dysmenorrhea,
neurovascular headache or gout. This preparation tends to
accumulate in the synovial fluid. Thus, despite the short
half-life, it is effective in the treatment of arthritis. Hence,
it is employed as a drug for alleviating symptoms in the
long-term treatment of rheumatic diseases such as rheuma-
toid arthritis, degenerative joint disease and osteoarthrosis.

Diclofenac is also applied topically in treating trau-
matic inflammation of tendons, ligaments, muscles and
joints due to sprains or bruises [12,30]. In ophthalmology,
it is prescribed in the treatment of keratitis, conjunctivi-
tis and in the prevention of surgically-induced miosis [2].
Currently, studies are being conducted on formulations that
would allow physicians to use diclofenac in dealing with
new disease entities in oncology [23], neurology [18] and
dermatology [25].
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Diclofenac is available in a variety of topically applied
formulations and newer semi-solid preparations of diclof-
enac sodium for topical purpose have been in development
in the form of light creams and oil in water (O/W)-type
emulsions.

As noted in literature, emulsion systems are a promis-
ing form of topically applied drugs. They are preferred by
patients because they are more easily washed off with water
than are ointments, and they leave a less greasy feel. The
application on skin is easy, prompting patients to comply
with the requirements of the therapy, and significantly influ-
ences the effects of the treatment [29].

The objective of the study was to select a suitable fatty
phase of the test product, which after the use of a Gatte-
fossé-Gelot ™64 emulsifier, would ensure the obtaining of
an O/W cream of best rheological parameters for effective
release of the therapeutic agent and for easy application.
Gelot ™64 is a modern, non-ionic emulsifier produced by
Gattefossé. It is intended for products applied topically,
rectally and intravaginally. Gelot ™64 is a mixture of
glycerol monostearate and PEG-75 stearate. It is a univer-
sal O/W non-ionic emulsifier (HLB of 10), and it comes
in the form of semisolid pellets of faint odor. It is most
frequently used at concentrations of 2-7% and even up to
20%. Moreover, it is stable over a wide pH range (3-11) and
the pH of the emulsifier solution in water is 3.4-6.5. The
melting point of Gelot ™64 is 55.5-62.5°C [28].

Glycerol monostearate, a component of Gelot ™64, is
a non-ionic emulsifier. It is formed when one hydroxyl group
of glycerol is esterified with stearic acid. In the glycerol
monostearate molecule, an alkyl chain is lipophilic, whereas
non-esterified hydroxyl groups are hydrophilic. The HLB
of this emulsifier is 4 and it forms O/W-type emulsions. It
is mainly used as an adjuvant emulsifier [22].

PEG-75 stearate is a fatty acid ester (in this case to
stearic acid) and a polyoxyethylene glycol (PEG). Herein,
the longer the PEG chain, the greater the hydrophilicity of
the emulsifier molecule (the higher the number of PEG, the
longer the chain). PEG-75 stearate is used in the formulation
of O/W-type emulsions.

Gelot ™64 is suitable for the emulsification of formula-
tions for topical application to the skin that are difficult
to form as stable emulsions, e.g. preparations for external
use with niosomes containing resveratrol [22], sunscreen
creams, hair removal creams and hair straightening formu-
lations. Emulsions formed owing to this emulsifier provide
creamy texture and perfect distribution upon the skin. What
is more, these preparations when distributed on the skin,
leave a non-perceptible film that is neither greasy or sticky.

The product is safe and poses no threat to human health.

In our work, the prepared formulations were subjected
to complementary physicochemical tests designed for semi-
solid preparations for cutaneous application. The effects of
the applied vehicle on the pharmaceutical availability of
the therapeutic agent and the rheological properties of the
produced formulations were determined. Then, formulations
of the best application properties and the highest release
profile were selected.

MATERIALS AND METHODS

The following were used to prepare the products for this
study.

Materials

Diclofenac sodium — Sigma-Aldrich; white petrolatum
— Galenic Laboratory Olsztyn Ltd.; hydrophilic petro-
latum — Coel Pharmaceutical Laboratory, Eucerin Plant;
white wax — Galfarm Ltd.; liquid paraffin — Amara; olive
oil; Gelot ™64 — Gattefosse SAS; purified water; and
a buffer solution of Na,HPO,-C H,O.-H,O (pH 5.00 + 0.05;
7.00 + 0.05) — CHEMPUR.

Apparatus

Cone-plate digital rheometer DV-III — Brookfield, 3.0,
with ‘Rheocalc for Windows’ software; Multifunction
Meter CX-505 — Elmetron, with combined electrode EPS-1
— Elmetron Zabrze Extensometer; Apparatus for testing
therapeutic agent release from a dosage form DT600 HH —
Erweka; Spectrophotometer Nicolet Evolution 300, version
1.0 — Spectro-Lab; Moisture balance MAC 50 — Precision
Engineering Plant Radwag; Automatic mixer Unguator® e/s
— Eprus; General electronic laboratory balance B2 — AXIS;
Analytical electronic balance AD50 — AXIS; Analytical elec-
tronic balance AS 110/C/2 — Precision Engineering Plant
Radwag.

Formulation prescription

The prescription of preparations with diclofenac sodium
was worked out. Semi-solid light O/W-type creams, differ-
ing in the vehicle fatty phase, were prepared with the use
of Gelot ™64 emulsifier (Gattefossé). The following fatty
components were employed in the individual creams:

» white petrolatum (F1),

» white wax (F2),

» white petrolatum and white wax in the ratio 1:1 (F3),
* hydrophilic petrolatum (F4),

¢ liquid paraffin (F5),

* white wax and olive oil in the ratio 1:1 (F6).

The weight ratio (in g/100 g of the preparation) of the
individual components is shown in Table 1.

Table 1. Composition of the tested formulations (in g/100 g of

preparation)

Egmﬂ;ﬂ%’; F1 F2 F3 Fa F5 F6
Sodium diclofenac (g)| 2.0 2.0 2.0 2.0 2.0 2.0
Gelot ™64 (g) 10.0 10.0 10.0 10.0 10.0 10.0
White petrolatum (g)| 20.0 10.0
White wax (g) 20.0 10.0 10.0
e o
Liquid paraffin (g) 20.0
Olive oil (g) 10.0
Water (g) to 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0

Utilizing an Unguator mixer, the suggested creams were
produced in accordance with the standard guidelines for
these types of formulations.

Current Issues in Pharmacy and Medical Sciences



Aneta Berner-Strzelczyk, Agnieszka Jach, Justyna Kolodziejska, Michat Kolodziejczyk, Malgorzata Godlewska, Magdalena Piechota-Urbanska

Determination of pH

The measurement of pH was performed by the poten-
tiometric method — as recommended by the Polish Phar-
macopoeia X [9]. The determination was carried out using
a pH-meter and a combined electrode, at room temperature.

Tensile test

The degree of the increase of the area of the cream placed
between two plates of an extensometer was determined with
the increase of load. The test was conducted at room tem-
perature, and the values of the applied load were matched
experimentally.

The results of the measurements enabled an assessment
of the dependence P = f (m) of the area of the spread creams
(cm?) on the imposed load (g) [31].

Testing the kinetics of the loss of volatile components

Determination of the rate of water loss from the prepared
creams was performed in the moisture balance, at 32°C.
herein, the determined amount of cream was weighed on an
aluminum pan. During a 2.5-hour exposure, readings of the
percent weight loss were taken every 15 minutes.

The process of the kinetics of volatile components loss
from the tested creams was defined as the percent weight
loss (%) in the function of time t. The dependence is illus-
trated in the graph and described by a correlation equation
of the type y = ax + b. The area P (c.u.) under the curves
presenting the rate of water loss from the tested samples was
calculated by the trapezoid method.

Viscosity test

Viscosity tests were performed at 32°C, using a digital
cone-plate rheometer combined with the “Rheocalc for
Windows” software. In this work, the following viscosity
parameters were determined: the shear stress at constant
shear rates (0.2-2.2 s), viscosity and the yield stress. The
Casson mathematical model was used to describe flow
curves [17].

Determination of pharmaceutical availability
of the tested formulations

The tests of the therapeutic agent release (determination
of pharmaceutical availability) from the produced creams to
the acceptor fluid were carried out by the chamber method,
in accordance with the requirements of the Polish Pharma-
copoeia X for transdermal therapeutic systems (TTS) [10].

The weighed amount of the tested cream was placed
within an extraction chamber holding a semi-permeable
membrane (Visking-Serva). Prior to the determination, the
membrane was exposed to purified water for 24 hours. The
prepared extraction chamber was inserted into round-bottom
beakers of the apparatus for release, and the beakers were
filled with purified water. The acceptor fluid was heated to
32°C. A paddle mixer rotating at 100 rpm was immediately
used [10].

The solution samples were collected at determined inter-
vals. The amount of the diclofenac sodium released to the
acceptor fluid during a 6h-exposure was measured in the
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collected samples by way of utilizing the spectrophotomet-
ric method. The absorbance was measured at A = 272 nm,
following the earlier determination of the calibration curve
presenting the dependence of the absorbance on the concen-
tration of diclofenac sodium.

The course of the calibration curve at the level of sig-
nificance p = 0.05 and a correlation coefficient r = 0.9999
was determined by the equation:

A=03175-C-0.0014

A — absorbance
C — concentration of the sodium salt diclofenac (mg/100 ml)

The mean squared error (MSE) = 0.0001.
RESULTS

Preparations with diclofenac sodium of O/W type
emulsion, with uniform consistency, of white color, odorless
and of beneficial properties for application, were obtained.
The produced creams were easy to spread, absorbed well
and did not leave the skin feeling greasy.

The discussed results are the arithmetic mean of six
measurements.

The results of extensometric tests of formulations con-
taining diclofenac sodium were described by the correla-
tion between the increase in the surface area of the tested
samples P (cm?) and the applied load (g). Figure 1 presents
the extensibility curves of the tested creams. The correlation
between the observed increase in the surface area and the
applied load is described by the regression equation of the
type y = ax + b, at the level of significance p = 0.05. The
surface area P (c.u.) under the curves was calculated using
the trapezoid method. The results are shown in Table 2.
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Figure 1. Comparison of the correlation between the observed
increase of surface area and the applied load

Table 2. Parameters of the regression equation of the typey =ax + b,
characterizing the extensibility of the tested formulations

Testec} Corrc_el_ation Regr_gssion Regr'e'ssion AtLe:clﬂT—s:r Qfas;:igi';
formulations |coefficient r|coefficient a|coefficient b (c.u) line (c.u.)

F1 0.9713 0.0229 12.67 9,669.8 9,411.9

F2 0.9811 0.0580 8.07 12,143.4 11,827.8

F3 0.9603 0.0573 11.18 13,830.9 13,294.7

F4 0.9160 0.0487 14.06 13,824.6 13,577.5

F5 0.5559 0.0203 57.87 32,430.8 | 31,666.8

F6 0.8062 0.0426 23.46 17,945.4 17,454.3
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The above results indicate that cream F5 with liquid
paraffin demonstrates the highest extensibility (32,430.8
c.u.). This cream also reaches the maximum extensibility
area very quickly. At the same time, this formulation has
a relatively thin consistency, which may result in a flowing
away from the application site.

Formulation F6, as the second in turn, has the largest area
under the extensibility curve — 17,945.4 c.u. Although it
contains beeswax (which increases the density and hardness
of the creams), the addition of olive oil resulted in a good
level of spreadability. The use of wax alone as the fatty
phase (F2) or wax with white petrolatum (F3) resulted in
lower extensibility than that of the F6 combined formulation.

F1 cream, with white petrolatum, is characterized by it
distinctly holding the smallest area under the extensibility
curve (9,669.8 c.u.).

F2, F3 and F4 preparations are characterized by holding
comparable extensibility: from 12,143.4 c.u., to 13,824.6
c.u. (Fig. 2).
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Figure 2. Comparison of the areas under the extensibility curve of
the tested formulations
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Good spreadability definitely helps patients self-distribute
the cream over the administration site, and this determines
the therapeutic efficacy due to immediate and complete
coverage of the affected site.

Figure 3 reveals the pH measurement results of the
derived diclofenac sodium formulations. The tested creams
obtained similar values of pH: in the range from 7.1 for the
F5 sample, to 7.4 for the F3 sample. This pH range is consid-
ered to be safe for the skin, and such pH ensures diclofenac
sodium stability in the produced cream.
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Figure 3. Comparison of pH values of the produced formulations

The rate of water loss from the demonstrated creams
is presented in Figure 4. The course of the dependence of
percent loss of volatile components (%) on the exposure

time t for the tested formulations was characterized by the
regression equation of the type y = ax + b, at the signifi-
cance level of p = 0.05. The trapezoid method was used to
calculate the surface area P (c.u.) under the curves. Table 3
shows the parameters of the regression equation.

Table 3. Parameters of regression equation of the type y =ax + b,
characterizing the rate of water loss from the formulation

Tested Correlation Regression Regression Area under
formulations | coefficient r | coefficient a | coefficient b |the curve (c.u.)
F1 0.9427 0.39 17.92 7,197.00
F2 0.9523 0.29 17.84 5,970.00
F3 0.9537 0.32 16.37 6,089.00
F4 0.9623 0.35 18.54 6,442.00
F5 0.9203 0.31 26.04 7,138.00
F6 0.9295 0.30 25.00 6,829.00

The process of water loss is accompanied by a propor-
tional increase in structural viscosity (the larger the area
under the curve of volatile component loss, the higher the
viscosity). Too fast and sudden loss of volatile components
during the storage of the creams may result in increased
viscosity and reduced spreadability, and, thus, less conve-
nient use of the product, both when squeezed out of the tube
and when distributed on the patient’s skin. Such a result
was obtained for the F1 cream (7,197.00 c.u.) with white
petrolatum as a fatty phase. This cream also demonstrated
the weakest extensibility. The F5 cream with liquid paraffin
was characterized by a slightly smaller loss of volatile com-
ponents (7,138.00 c.u.). This formulation also had the dis-
advantageous too high extensibility.
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Figure 4. Comparison of the dependence between the rate of
water loss and exposure time of the tested formulations

The analysis of water loss from the tested samples during
exposure at 32°C showed that initially the rate was similar
in all creams. However, after 30 minutes, the differences
became more pronounced (Fig. 4). After 150 minutes, the
least water loss was observed in the F2, F3 and F4 formu-
lations (Fig. 5). Thus, it is possible to predict the highest
stability of these creams during storage, and, moreover, to
expect at that time, the least change in viscosity in relation
to the baseline values. The flow curves of the produced
creams were determined on the basis of viscosity measure-
ments. Graphically, they are presented in the form of the
dependence between the shear stress and the shear rate of
the tested creams (Fig. 6).
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The highest viscosity — 106,358.00 mPa-s, at a shear rate
of 0.8 1/s, was found in the F1 cream (white petrolatum).
Such high viscosity value and (described earlier) lowest
spreadability, may disqualify this prescription due to applica-
tive reasons. In contrast, all other creams are characterized
by held significantly lower viscosity values (Tab. 5).

Table 5. Viscosity parameters determined at two randomly selected
shear rates at 32°C

loss curve
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6 formulations | Shear stress Viscosity Shear stress Viscosity

Tested (N/m2) (mPa-s) (N/m2) (mPa-s)
Figure 5. Comparison of the area under the volatile component F 85.10 106,358.00 87.10 48,375.00
F2 33.20 41,499.50 46.72 25,954.44
F3 35.39 44,233.21 47.51 26,396.22
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Figure 6. Comparison of flow curves of the tested formulations

The tested formulations are non-Newtonian systems, and
their internal structure is destroyed with increasing shear
stress. This is manifested by their decreased viscosity. These
are plastic systems, and their flow curves do not cross the
start of the co-ordinate system. What is more, they have the
boundary value of shear stress at that which they begin to
flow — the yield stress t,. The obtained results demonstrate
that the F1 cream, produced on a white petrolatum base, is
a system diluted with shear. In the F1 cream, with regard
to the increase in shear rate, the shear stress increases more
slowly than proportionally (Fig. 6). A similar, though defi-
nitely much smaller, dependence was observed for the F2
and F3 formulations. However, for the F4 and F6 formula-
tions, a slight progression of shear stress was observed with
increasing shear rate.

The flow curve of the F5 cream (produced on the liquid
paraffin base) demonstrated a different course. For this
preparation, a slight decrease in shear stress was observed
with each increase in shear rate. This implies that it is a so-
called ‘shear thickening’ system (Fig. 6).

A graphic illustration of flow curves enables a compari-
son of the value of the structural viscosity of the tested
diclofenac sodium formulations, and the value of their yield
stress. The yield stress (plasticity) t, was calculated accord-
ing to the Casson model (Tab. 4).

Table 4. Parameters of Casson model determined at 32°C

Tested formulations | Plastic viscosity (mPa-s) Yield stress (N/m?)
F1 1,262.00 51.9
F2 5,437.00 15.1
F3 1,994.00 22.4
F4 215.50 10.9
F5 973.80 12.1
F6 709.70 4.5
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However, the F5 prescription demonstrates very low
values of structural viscosity: 10,934.00 mPa-s, at a shear
rate of 0.8 1/s; and 2,098.00 mPa-s, at a shear rate of 1.8 1/s.
The held very low structural viscosity values and too high
spreadability parameters encourage a rejection of formula-
tion F5 (liquid paraffin). The F6 formulation (beeswax and
olive oil) demonstrates similarly low viscosity as the F5
preparation.

The remaining formulations: F2, F3, and F4 are char-
acterized by holding intermediate values of structural
viscosity. At a shear rate of 0.8 /s, they are within the range
of 17,892.00-44,233.21 mPa-s (Tab. 5).

All formulations hold yield stress, i.e. after exceeding
a certain boundary shear stress, they demonstrate a tendency
to flow, while at lower stress, they behave like elastic solid
bodies. The highest value of yield stress was demonstrated
by the F1 cream — 51.9 N/m?, and the lowest by the F6
cream — 4.5 N/m? (Fig. 7, Tab. 4).
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Figure 7. Comparison of the value of yield stress of the tested
formulations

There is a correlation between the values of the yield
stress of semi-solid preparations and their application prop-
erties. The lower the yield stress value, the better the cream
is distributed on the skin. In addition, the lower the yield
stress value, the easier it is to be squeezed out of a tube
container. Such formulations also have greater capacity to
restore their structure. A higher value of boundary shear
stress indicates a more rigid structure.

47



48

The use of the Gelot emulsifier in diclofenac sodium semi-solid preparations

The tested formulations are rheologically unstable
thixotropic systems, and they are characterized by holding
positive thixotropy. This means that during viscosity tests
performed at the same temperature (T = 32°C) with the
same shear rate, the values of shear stress of the ascending
flow curve are higher than the values of shear stress of the
descending flow curve. This is a type of hysteresis loop
(a graphic presentation of ascending and descending flow
curves), and is characteristic of systems exhibiting thixot-
ropy. The hysteresis loop test was carried out by gradually
increasing the shear rate to a certain maximal value and
then decreasing it. Figure 8 is a revelation of the hysteresis
loop of one of the prepared formulations. The ascending
flow curve was obtained from the shear stress values at the
shear rate from 0.20 (1/s) to 1.80 (1/s). The descending flow
curve was obtained from the values of shear stress from 1.80
(1/s) t0 0.20 (1/s).

140

the tested formulations are presented in Table 6. A deter-
mination of the regression equations allowed a definition
of the order of the process of diclofenac sodium release.
In analyzing the course of regression as a function of
time, it was found that the active agent diffusion differed
depending on the type of the vehicle. For the F1, F2 and F3
formulations, the release was in accordance with the first
order equation. Herein, correlation coefficients r, reached
the highest values (close to unity) for these formulations
(Tab. 6). However, for the F4, F5 and F6 preparations, cor-
relation coefficients r, reached the highest value (close to
unity). Hence, the Diclofenac sodium release from these for-
mulations proceeded according to the square root equation
c=Kt"

Table 6. Values of the correlation coefficients of equations
describing the rate of diclofenac sodium release from the tested
formulations

The rate of diclofenac sodium release from the tested [T oo q rormumations| Correlation Correlation Correlation
formulations to the acceptor fluid was demonstrated as the coefficient r, | coefficientr, | coefficientr,
. . A =272 nm
correlation between the amount of active agent (mg/cm?2)
. . F1 0.9928 0.9958 0.9955
and the exposure time (h) (Fig. 9).
F2 0.9943 0.9950 0.9831
A W F3 0.9981 0.9982 0.9744
120
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100 P
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Figure 9. Comparison of the kinetics of diclofenac sodium release
from the tested formulations (A = 272 nm)

The dependence of the released active agent concentra-
tion on the duration of the diffusion process (Cs = f(t)) was
described by three regression equations at the level of sig-
nificance p = 0.05:

y = ax + b; the zero order equation,
In (100 — ¢) = -kt + In a; the first order equation,

¢ = Kt"?; the ‘square root’ equation.

The correlation coefficients r of the equations describing
the rate of the process of diffusion of the active agent from

r, for the equation y = ax + b
r, for the equation /n (100 - c) = -kt + In a
r, for the equation ¢ = Kt*2

Figure 10 compares the amount (mg/cm?) of diclofenac
sodium released after the 3 and 6™ hour of pharmaceutical
availability testing.
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Figure 10. Comparison of the amount of active agent release from
the tested formulations after 3 and 6 hours

An analysis of Figure 10 (demonstrating the kinetics
of diclofenac sodium release from the produced creams)
reveals that the process of diffusion was most effective for
the F4 formulation (hydrophilic petrolatum). After a 6-hour
exposure, 4,135.1 mg/cm? of the membrane, or 81.15% of
the total contained diclofenac sodium, was released from
the F4 formulation, to the acceptor fluid. At the same time,
this formulation is characterized by holding advantageous
rheological parameters (the mean value of the area under
extensibility curve and the mean value of structural viscos-
ity). Beneficial rheological parameters were also obtained, as
mentioned earlier, for the F2 and F3 formulations. However,
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these preparations have a much lower rate of release of the
therapeutic agent. The F2 formulation (white wax), after
the 6-hour test, reached the lowest rate of diffusion of the
therapeutic agent (1,707.5 mg/cm? of the membrane, or
33.51% of the total contained diclofenac sodium). After the
same time of exposure, in the case of the F3 preparation
(beeswax and white petrolatum), the rate of release was
39.2% of the total amount of diclofenac (1,997.1 mg/cm?
of the membrane).

CONCLUSIONS

To summarize, the F1, F5 and F6 formulations were
rejected due to their held inappropriate rheological prop-
erties. However, from among the remaining prescriptions,
F2, F3 and F4, all of which held beneficial extensibility
and viscosity parameters, the F4 formulation (hydrophilic
petrolatum) held distinction, as it demonstrated the highest
pharmaceutical availability of diclofenac sodium (81.15%).
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