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Modeling of Association Properties
of Cetylpyridinium Halides (Cl, Br)
and their Influence on Liberation
and Rheological and pH Balances
of Hydrogels with Ibuprofen

The paper studies the influences of two cationic surfactants - ce-
tylpyridinium chloride (CPCI) and cetylpyridinium bromide
(CPBr) - at concentrations 10-times below and 10-times above
the CMC — at 25°C-40°C on the release of ibuprofen from hy-
drogels, rheological properties and pH. The association of sur-
factants in the water solutions was studied by conductometry.
It was found that the temperature dependences of the surfac-
tants’ CMCs are not linear and the CMCs of CPCl are higher than
that of CPBr. The concentrations of the polymer (chitosan) and
the drug were kept constant. Amounts of the released drug in-
creased with the increasing temperature. From the hydrogels
with CPBr and CPCl, whose surfactant concentration was below
the respective CMC, higher amounts of the active ingredient
were released than from the hydrogels with surfactant concen-
trations above the respective CMC. It is shown that for increasing
temperature the hydrogels exhibit gradual transition for pseudo
plastic to thixotropic system, what is advantageous for their
practical application. The hydrogels’ pH values were in the inter-
val 5.10-5.46, which is ideal for their application on the skin
and for the chitosan swelling. The presented topic is a precondi-
tion of synthesis of the on-line and off-line control algorithms of
an optimal release kinetics, elaborated by the authors.

Key words: Surfactants, ibuprofen, chitosan, hydrogel, associa-
tion, release, rheology, pH

Modellierung der Assoziationseigenschaften von Cetylpyri-
diniumhalogeniden (Cl, Br) und ihr Einfluss auf das rheolo-
gische Gleichgewicht, das pH-Gleichgewicht und die Ibu-
profenfreisetzung aus Hydrogelen. Der Beitrag untersucht
den Einfluss der beiden kationischen Tenside Cetylpyridinium-
chlorid (CPCl) und Cetylpyridiniumbromid (CPBr) auf die Frei-
setzung von Ibuprofen aus Hydrogelen, die rheologischen Ei-
genschaften und den pH-Wert im Temperaturbereich von 25 °C
bis 40°C. Die Tensidkonzentrationen waren 10-mal niedriger
und 10-mal héher als die CMC. Die Assoziation der Tenside in
den wiéssrigen Losungen wurde mittels Konduktometrie unter-
sucht. Es wurde festgestellt, dass die Temperaturabhéngigkeit
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der CMCs der beiden Tenside nicht linear ist und die CMCs von
CPCl héher sind als die von CPBr. Die Konzentrationen von Poly-
mer (Chitosan) und Wirkstoff (Ibuprofen) wurden konstant ge-
halten. Die Mengen des freigesetzten Wirkstoffs nahmen mit
steigender Temperatur zu. Aus den Hydrogelen mit CPBr und
CPCl, deren Tensidkonzentration unterhalb der jeweiligen CMC
lag, wurden héhere Mengen des Wirkstoffes freigesetzt als aus
den Hydrogelen mit Tensidkonzentrationen oberhalb der jewei-
ligen CMC. Es zeigt sich, dass die Hydrogele bei steigender Tem-
peratur einen graduellen Ubergang vom pseudoplastischen zum
thixotropen System zeigen, was fiir ihre praktische Anwendung
vorteilhaft ist. Die pH-Werte der Hydrogele lagen im Bereich
von 5,10-5,46, was sowohl fiir ihre Anwendung auf der Haut
und als auch fiir die Chitosan-Quellung ideal ist. Das vorgestellte
Thema ist eine Voraussetzung fiir die Synthese der Online- und
Offline-Kontrollalgorithmen einer optimalen Freisetzungskinetik,
die die Autoren ausgearbeitet haben.

Stichwdrter: Tenside, Ibuprofen, Chitosan, Hydrogel, Assozia-
tion, Freisetzung, Rheologie, pH

1 Introduction

The thermodynamically driven self-assembly of amphiphilic
molecules into mesomorphic structures has been the object
of intensive studies [1-3]. Surfactants have widespread ap-
plications in the emulsification for micellar-enhanced ultra-
filtration for tracing contaminants from waste water [4]. The
micelles are used as drug delivery agents [5, 6] and are sim-
ilar to biomembranes, proteins, liposomes and enzymes [Z;
8], dosage forms, disinfectants, antiseptics, emulsifiers [9,
10]. Cationic surfactants proved to be excellent carriers for
the drug delivery [11]. They are also widely utilized in var-
ious industries [12]. Besides, the study of thermodynamic
and aggregation properties of the drugs in solutions provide
an invaluable source of knowledge that is used in pharma-
ceutical applications. The experimental data obtained by
conductometric measurements can be utilized for the evalu-
ation of various parameters that are discussed in terms of
drug-drug, drug-water, and drug-surfactant interaction [5].

Nowadays, many research teams devote to the preparation
of new biomaterials that may help to healing cutaneous
wounds. In accordance with [13] the reasons for their wide
use are:
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e VOwing to their three-dimensional hydrophilic and poly-
meric structures they can adsorb liquids on the body sur-
face.

e Due to their large water content they maintain the wett-
ability of wound sites.

e They simulate structures of natural living tissues, which
accelerates tissue formation and enhances of wound
healing.

Hydrogels as dosage forms consist of a gel-forming material
(polymer-natural or synthetic), and drug and auxiliary sub-
stances (often surfactants). During the last two decades the
natural polymers have been substituted by synthetic ones,
which have a longer lifetime, a high absorption of water and
@ high strength. Fortunately, the synthetic polymers have well
defined structures, which can be modified to ensure good dis-
integration and function [14].

It was found [15] that the release from the semi-solid der-
matological hvdrogels can be determined by the evaluation
of three factors: the properties of the active agent, the kind
of vehicle and interactions between the active agent and ve-
hicle.

Ibuprofen (Fig. 1a) is the first of the approved derivatives
of propionic acid that is used as a nonsteroidal anti-inflam-
matory drug (NSAID). It is indicated for the relief of the in-
flammations and some diseases like headache, kinesialgia,
toothache, rachialgia etc. [16, 17].

Chitosan (poly-D-glucosamine) is a natural polymer pre-
pared either by chemical deacetylation with sodium hydro-
xide or enzymatic deacetylation by N-deacetylase [18]. It has
special properties for use in the pharmaceutical, biomedical,
food industry, health and agriculture due to biocompatibility,
biocegradability and non-toxic nature. However, the high
molecular weight and poor solubility at neutral pH limit its
industrial applications [19, 20]. When the chitosan bonds
with the drug, a macromolecular prodrug conjugate is
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Figure 1 a — structure of ibuprofen, b — stiucture of studied surfactants, X~
stands for CI~ or Br~
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formed that enters the cell by endocytosis. This supports
the drug transport to the target cells and maintains a suit-
able drug concentration from a carrier. There were described
antibacterial, antitumor and antioxidant properties of the
chitosan as such and also of it's modified forms [20].

Based on this knowledge the authors have decided to ana-
lyze of the micellar properties of cationic surfactants,
namely cetylpyridinium bromide and chloride in water solu-
tions in the temperature range 25 °C—40°C. The results ob-
tained from associative (in particular conductometric) stud-
ies of the chosen alkylpyridinium halogenides we use in
the preparation of hydrogels containing the macromolecular
substance — chitosan, the non-steroidal anti-inflammatory —
ibuprofen and the surfactants at concentrations, which are
the 10-times higher and 10-times lower than their CMC val-
ues. The preparation of hydrogels is described in [22]. The
obtained results serve for decisions on the suitability of hy-
drogels for dermatological use.

2 Experimental

2.1 Chemicals

The hydrogels were composed from chitosan (CHIT, M, =
190000375000 g/mol (Sigma Aldrich Chemie GmbH,
Germany)), ibuprofen (RS)-2-[4-(2 methylpropyl) phenyl]
propane acid, (Merck Chemical Company, Germany, see
Fig. 1a), two cationic surfactant — hexadecyl pyridinium
chloride and hexadecyl pyridinium bromide (see Fig. 1b),
lactic acid solution (LA Merck Chemical Company, Ger-
many) and redistilled water (as solvent). The basic character-
istics of surfactants can be found in [21].

2.2 Instruments and measurements methods

2.2.1 Determination of the CMC

— Conductivity

The conductivity was measured by conductometric titration
in the temperature range 25°C—45°C (conductometer Ino
Lab, Germany) with double conductivity cell and platinum
electrode (cell constant K=0.474 cm™). Precision of the
measurements was + 0.01 pS cm™. The systems were conti-
nually stirred and thermostated by a thermostat (JULABO
5E, Swiss) the precision was + 0.1°C.

— Spectrophotometry

The absorbance (A) of the hydrogel solutions was measured
by UV VIS spectrometer (Hewlett Packard 8452A (diode ar-
ray)). Redistilled water was used as a blank.

— Preparation of hydrogels

The mass concentration of chitosan in hydrogels was con-
stant (W =2.5%). Lactic acid of the mass concentration
W =1% was used for the neutralization of the hydrogels.
The measurements were done in absence and in presence
of surfactants. The surfactant concentration was above and
below of the CMC repectively. In the hydrogels mass con-
centration of the drug-ibuprofen was constant at W = 0.1 %.
The masses of surfactants in hydrogels at the different tem-
peratures are summarized in Table 1.
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T/EE Mass of CPCl/g Mass of CPBr/g
at CMC below CMC above CMC at CMC below CMC above CMC
25 0.0168 0.00168 0.1680 0.0146 0.00146 0.1460
30 0.0176 0.00176 0.1760 0.0148 0.00148 0.1480
35 0.0185 0.00185 0.1850 0.0152 0.00152 0.1520
40 0,0201 0.00201 0.2010 0.0165 0.00165 0.1650

Table 1 Masses of surfactants in hydrogels at different temperatures

— In vitro release

The in vitro release experiments are described in detail in the
reference [22]. Conditions of the experiment were the follow-
ing: T=25°C-40°C, in 1.0 cm cuveltes at A, =224 nm,
specific absorption coefficient (Al% = 354).

lem

= Rheological properties of hydrogels

We used the rotating viscometer (Viscotester VT 500, Ger-
many). The outer stationary cylinder was filled up to the lub-
ber line with the hydrogel and the inner cylinder was in-
serted. The system was kept at the temperature (25°C—
40°C). The system has 20 speed degrees that indicated the
revolutions of the inner cylinder. The measurement started
ascending from the smallest until the highest degrees and
the rotating moment M, was readout at the every degree.
After reaching the highest degree, the measurement contin-
ued in descending way.

Rheological measurements were done 24 h after the sam-
ple preparation. From the obtained values the basic rheolog-
ical parameters were calculated: the shear strain (7), speed
gradient (D), and dynamic viscosity (). Finally the rheo-
grams t-D were constructed. The expressions used for calcu-
lation of rheological parameters:

MoF
= _1‘3[ (1)
Mg is a torque [N cm], fis a factor of the system (f = 3754)
o (2)
1000

M is a system factor (M =1290), n means the revolutions
[min~!]
T

=% 3)

where # is in [Pa s].
3 Results and Discussion
3.1 Critical micelle concentration

To analyze the influences of the counter ion and the tempera-
ture (25°C~40°C) on the CMC, we studied two cationic sur-
factants (hexadecyl pyridinium chloride and hexadecyl pyri-
dinium bromide) by conductometry. The critical micelle
concentration is established by the intersection of the two
straight lines of the conductivity (x) vs. molarity (¢) plots.
The obtained CMCs are in good agreement with the results
of other authors [23-25] and they are summarized in Fig. 2a.

Galan at all. [23] also studied tetradecyl pyridinium chlor-
ide (CPCl) and tetradecyl pyridinium bromide (CPBr) and
they presented the table of CMCs of alkylpyridinium halides
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with the number of carbon atoms in the alkyl chain N = 8—
15 at 25°C. We have completed those results with the CMCs
for Ne=16. The dependences In CMC vs. N of the both
CPCl and CPBr are graphically presented by the straight
lines (Fig. 2b). We have established the CMCs of these sur-
factants for N =16 and, as it can be seen, all values lie on
the straight lines.
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Figure 2 a — CMC as function of temperature of studied surfactants; b — In
CMC as function Nc of alkylpyridinium halides at 25 °C
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Let us remark that CMCs of ionic surfactants are influ-
enced not only by the temperature but also other factors like
their structure, additives, solvent, pressure and others.

The obtained values of CMC were used for preparation of
hydrogels containing gel creation base — chitosan W =
2.5%), drug — ibuprofen (W =1 %), and surfactants al con-
centration which are 10-times higher and 10-times lower
than their CMCs (see Table 1).

37 Liberation balances

Liberation dependences of ibuprofen at 25°C—40"C are
summarized in Fig. 3.

From Fig. 3 follows that the mass percentages of ibupro-
fen released from hydrogels having a surfactant concentra-
tion that is below the CMC concentration is higher than
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the release from a hydrogel having a surfactant concentra-
tion above CMC. The same applies to hydrogels with CPBr,
which released a higher amount of ibuprofen than the
CPCl-containing hydrogels. Such a behavior can be attribut-
ed to the relatively high value of the CMC (Fig. 2a) and also
to the hydration radii of the two anions of the surfactants.
The amount of the drug released from the hydrogels was
small (not more than 9.0%). Ganje etal. [26] proposed to
evaluate the kinetic parameters of the drug release using
some models presented in the following text.

— Zero order model (model 1)

Basic formula:

c=ik}

(4)

0 60 180 240

¢t/ min

40 °C
35°C
30°C
25°C

{} &l 120 184 ?;4»0
i/ min
(d)

Figure 3 Cumu:ative amounts of released ibuprofen from prepared hydrogels with surfactant CPBr. a — below CMC, b — above CMC and with surfactant CPClc

_ below CMC, d — above CMC
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where ¢ is the amount of the released ibuprofen in time &.
Values of k and coefficient of correlation r of prepared hydro-
gels are summarized in the Table 2.

The values of k for zero order model are higher for hydro-
gels with the surfactant CPBr than with CPCI. They are also
for systems with concentration of surfactants below CMC
than above CMC. Values of correlation coefficients are suffi-
ciently high.

= First order model (model 2)

Basic formula:

Values of k and r of the prepared hydrogels are summarized
in the Table 3.

From the Table 3 one can deduce the same trend of the
increasing values of k, but the values of correlation coeffi-
cients are lower than those shown in the Table 2. This indi-
cates that the first order model is not sufficiently suitable for
description of the drug release from hydrogels.

- Higuchi’s model (model 3)
Basic formula:

C =k (6)

Inc =kt (5) Values of parameters k and r of the prepared hydrogels are
summarized in the Table 4.
(k £5) - 10%/% min-'
T/°C Hydrogels without Hydrogels with CPBr Hydrogels with CPCI
surfactant

below cMC above CMC below cMC above CMC

i 25 12.8 + 1.01 18.3 + 1.10 9.7 110 14.7 + 1.30 5.2 0.40
r=0.981 r=0.991 r=0.963 r=0.977 r=0.985

30 222 £1.70 14.50 + 0.70 15.0 + 1.20 57 4+0.80
r=0.981 r=0.993 r=0.981 r=0.939

35 31.2:4 110 22.7 £ 1.50 20.5 + 1.00 10.2 + 1.00
r=0.995 - r=0.986 r=0.991 r=0.972

40 40.2 + 1.60 33.5+0.80 3430+ 1.40 13.1 £0.80
r=0.996 r=0.997 r=0.995 r=0.987

* Standard deviation

Table 2 Calculated values of k and r for the released ibuprofen from hydrogels according to zero order model

at the different temperatures

(k £5) - 10%/min™!
T/°C Hydrogels without Hydrogels with CPBr Hydrogels with CPCI
surfactant
below CMC above CMC below CMC ahove CMC
25 77 +1.40 9.5 1.25 534083 54 +0.8] 3.9+ 0.85
r=0.926 r=0.958 r=0.942 r=0.948 r=0.956
30 9.8 +1.65 76+ 1.04 5.9 0.56 4.5+ 0.76
r=0.936 r=0.956 r=0.977 7=0.936
et 35 10.1 +1.58 9.1 +1.00 74 +0.94 6.0+ 1.04
r=0.943 r=0.943 r=0.961 r=0.881
40 1.4 +£1.21 10.5 £ 1.91 935+ 1.09 7.2 110
r=0.963 r=0.931 r=0.917 r=0.940

Table 3 Calculated parameters of released

ibuprofen from hydrogels according to the first order model at different temperatures

(k ) - 103/mol dm=* min-1/2
T/°C Hydrogels without Hydrogels with CPBr Hydrogels with CPCI
surfactant
below cMC above CMC below CMC above CMC

25 12.4 + 0.67 18.7 £ 1.07 8.3+ 0.31 10.7 £ 0.87 41 +0.34

r=0.976 r=0.981 r=0.986 r=0.989 r=0.986

30 231 +0.98 14.0 £ 1.30 13.0 + 1.30 4.7 +0.24

r=0.980 r=0.983 r=0.980 r=0.990

35 32.0+ 1.00 23.8+ 1.80 1874 1.60 7.54+0.97

r=0.980 r=0.980 r=0.984 r=0.980

40 405 + 1.63 349+ 1.99 316 %130 9.8+ 1.04

r=0.986 r=0.989 r=0.980 r=0.987

Table 4  Calculated parameters of released ibuprofen from hydrogels according Higuchi's model at different temperatures
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Correlation coefficients in the Table 4 are sufficiently high
for all liberation experiments. The least of them is 0.980.
This indicates suitability of the Higuchi's model for study
of the drug liberation from the prepared hydrogels.

— pseudo-first order model (model 4)

Basic formula for calculation:

Csat — C1

kt=—1n (7)

Csat
where ¢, is a concentration in time I, ¢y is @ saturated con-
centration, k is a rate constant [27].

Values of k and r of the prepared hydrogels are summa-
rized in the Table 5.

From Tables 2—5 can be concluded, that for increasing the
temperature of the hydrogels the rate constants of the drug
liberation are also increasing. This is in conformity with the
theory of the temperature influence on the rate of processes.
The highest values of correlation coefficients are in the ta-
bles of the mathematical models 3 and 4. Therefore, the rate
constants from the Table 4 were used for calculation of acti-
vation energies of the release. The calculation was done in
accordance with the expression:

k= AgHr (8)

The symbol A is a pre-exponential factor, T'is thermodynam-
ic temperature in Kelvins, R is molar gas constant. Depen-
dences In k= f (1/T), which are linear, were used for calcula-
tion of the activation energy. Calculated activation energies
are summarized in the Table 6.

Activation energies of the drug liberation from hydrogels
are higher for the systems with the concentration of surfac-
tants above their CMCs. The highest value was reached for
liydrogels with the concentration of the surfactant CPBr be-
low CMC.

3.2 Rheological properties

Interaction between hydrogels and the drug can be easily de-
termined by measuring of the viscosity of hydrogels. The ob-
tained flow curves (dependences of the shear stress — 7 vs.
the rate of shear — D) for the prepared hydrogels are shown
in Fig. 4.

One may observe (Fig. 4) the gradual transition of the
time independent non-Newtonian pseudo plastic systems to
the time-dependent thixotropic (or rheopexic) due to the in-
creased temperatures of experiments. The temperature de-

creases the shear stress (t) of the prepared hydrogels. The
linear dependence of the shear stress on the temperature ap-
pears for the highest values of the rate of shear D. There-
fore, the dependences 7=f (Dyux) have their correlation
coefficients in the range r=0.983-0.996. In accordance to
[15, 28] the mutual interaction between the hydrogel and
the drug may be expressed by the equation

T =70 Du (9)

where 7, is the shear stress at D=0, the D is the rate of
shear and n is a constant characterized the type of the flow.
The calculated value of n is in the interval 0.483-0.532, and
7, is from interval 11.66—17.37 Pa and thus the differences
between them can be neglected.

3.3  pH measurements

The last experiment consists in the establishing pH of the
prepared hydrogels. The obtained values of pH are in the
range 5.10-5.46, that is ideal for their application on the
skin (pH = 4.50—6.70). These values of pH are also suitable
for the preparation of hydrogels with chitosan, which is used
as the hydrogel base.

4 Conclusions

The association, liberation, rheological and pH balances of
two cationic surfactants with the same cationic group — al-
kylpyridinium and different anionic group — halides chlor-
ide (CPCl) and bromide (CPBr) were studied in the tempera-
ture range 25°C-40°C.

The plots CMC vs. temperature are increasing non-linear
functions and for CPCl they are higher in comparison to
CPBr. That can be explained by the sizes of the ions (Br>
Cl) and by hydration layer around the ions.

Hydrogels (E £ s)/kJ mol™!
CPBr below CMC 4488 +2.99
CPBr above CMC 7677 £ 3.32
CPCl below CMC 5115 + 4.16
CPCl above CMC 5272 £ 445

Table 6 Activation energy of drug liberation from hydrogels

(k #s) - 10%/mol dm™ min™!
T/°C Hydrogels without Hydrogels with CPBr Hydrogels with CPCl
surfactant
below CMC above CMC below CMC above CMC
25 012 +0.011 0.18 £ 0.015 0.08 = 0.006 0.12 £ 0.016 0.04 £ 0.002
r=0.980 r=0.989 r=0.986 r=0.989 r=0.996
30 0.25+0.018 0.14 +0.008 0.14 +0.016 0.05 + 0.005
r=0.992 r=0.993 r=0.989 r=0.990
35 0.32+0.014 0.24 +0.015 0.20 £ 0.010 0.09 +0.010
r=0.995 r=0.986 r=0.993 r=0.981
40 . 0.42 +0.021 0.35+0.008 0.38 £ 0.020 0.13 £ 10.01
r=0.993 r=0.998 r=0.992 r=0.989
Table 5 Parameters for released of ibuprofen form hydrogels according pseudo-first order model at different temperatures
447
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4.1 Liberation balances

The amounts of ibuprofen released from the hydrogels with
CPBr are higher than the amount released from the hydro-
gels with CPCL. If the surfactant concentration is below the
CMC, a larger amount of the drug permeates through the
semipermeable membrane than above the CMC. This is be-
cause in the latter case the drug is trapped in the micelles.
The release rate constants from the hydrogels investigated
are also higher in the systems with a surfactant concentra-
tion below the CMC concentration. To evaluate the experi-
ments, the rate constants of drug release from hydrogels
were calculated using four kinetic models. Based on this
one can conclude that the release kinetics fits to the Higu-
chi’s model and/or the pseudo first-order model. The reason
for this is that the concentration approaches its saturation
values, the rate of its increase decreases. The models are ne-

150

0 200 400 /4 600

150

0 .

0 200 400 600
D/st

©

cessary parts of the compartment models used within the
frame of synthesis of optimal control algorithms of the drug
delivery.

4.2 Rheological properties

All evaluated hydrogels exhibit non-Newtonian pseudo-plas-
tic flow that transits into tixoplastic flow if the temperature
increases. The coefficient n characterizes the type of the hy-
drogel flow. The differences between hydrogels’ pHs are not
statistically significantly influenced by the temperature. The
measured values of pH were within the interval 5.10—5.46.
In the end it is worth noting that the knowledge extracted
from the experiments performed here is inevitable for opti-
mization of dosage forms. The sense of the optimizaticn is
to find the release kinetics which keeps the drug concentra-
tion close to the middle of the therapeutic window and, at

600
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0 200 400 600
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0 200 4

00
D /st
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Figure 4 Rheological dependences = =f(D) for hydrogels with CPBr (above CMC) at different temperatures: a — 25°C, b — 30°C, c — 35"C, d — 40°C

EER 448

Tenside Surf. Det. 57 (2020) 6



Zuzana Vitkova et al.: Modeling of association properties of cetylpyridinium halides (Cl, Br) and their influence

the same time, secures an optimal therapeutics effect. To
this end the authors possess all relevant in-vivo data of the
drug ibuprofen. Therefore, the team's research activity is
now focused on the incorporation of all here obtained find-
ings into appropriate models, both the deterministic and sta-
tistic pharmacokinetic models and the pharmacodynamic
E, ., model so as to be able to predict of the optimal release
kinetic. That knowledge is a prerequisite of the development
of an on-line/offline automatic control of the release kinetics
for reaching the desired therapeutic effect. This is a main in-
centive of this research. See also [29, 30].

Acknowledgements

The paper is one of the outcomes of the research work for the pro-
ject entitled “Research center for severe diseases and related com-
plications®, “ITMS: 26240120038". This project is co-financed
by the European Union “We support research activities in Slova-
kia“.

References

Mc Bain, J. W.: General Discussion on Colloids and their Viscosity. Trans. Fara-
day Soc, 9 (1913) 99-101. DOI:10.1039/tf9130900034

. Wennerstrom, H. and Lindman, B.: Micelles: Physical Chemistry of Surfactant

Association. Phys. Report 52 (1979) 1-86.
DNOI:10.1016/0370-1573(79)900877-5

. Meyers, D.: Surfactant Science and Technology. Willey, New Jersey. 2006

ISBN 978-0-471-68024-6.

. Huang, J. H, Peng, L, Zeng, G. M, Li, X, Zhao, Y, Liu, L. X. and Chai, Q.: Eval-

uation of Micellar Enhanced Ultrafiltration for Removing methylene Blue and
Cadmium lon Simultaneously with Mixed Surfactants. Sep. Purif. Technol. 125
2014) 83—89. DOI:10.1016/j.seppur.2014.01.02

. Nabij, A, Tasneem, S, Jesudason, C. G, Lee, V. S. and Zain, S. B. M. J.: Study of

Interaction between Cationic Surfactants (CTAB) and Paracetamol by Electrical
Conductivity, Tensiometric and Spectroscopic Methods. J. Mol. Liq. 256 (2018)
100 107. DOI:10.1016/j.molliq.2018.01.185

. Waters, L. J, Hussian, T. and Parkers, G. M. B.: Titration Calorimetry of Surfac-

tant-Drug Interactions: Micelle Formation and Saturation Studies. J. Chem.
Thermodyn. 53 (2012) 36-41. DOI:10.1016/j.jct.2012.04.021

Maity, B, Chaterjee, A, Ahmad, S. A. and Seth, D.: Interaction of the Nonster-
oidal Anti-inflammatory Drug Indomethacin with Micelles and Its Release. /.
Phys. Chem. B 119 (2015) 3776-3785. PMid:25668149;
DOI:10.1012/acs.jpcb.5b00467

. Hoque, A, Hossian, M. D. and Khan, M. A.: Interaction of Cephalosporin Drugs

with Dodecyltiimethylammonium Bromide. J. Chem. Thermodyn. 63 (2013)
135 141, DOI:10.1016/}.jct2013.04.007

. Mitra, A. K, Lee, C. H. and Cheng, K.: Advanced Drug Delivery. Willey, New

Jersey. 2016.

Vip, K. W, Mao, X, Ay, P. Y, Hedley, D. W, Chow, S, Dalil, S, Mocanu, 4705
Bastianutto, C, Schimmer, A. and Liu, F. F. Benzethonium Chloride: A Novel
Anticancer Agent Identified by Using a Cell-based Small-molecule Screen. Clin.
Cancer Res. 12 (2006) 5557 —5569. PMid:17000693;
DOI:10.1158/10178-0452-06-0536

Balasubramanian, D, Srinivas, V., Galkar, V. G. and Sharma, M. M.: Aggrega-
tion Behaviour of Hydrotropic Compounds in Aqueous Solution. 1. Phys. Chem.
93 (1989) 3865-3870. DOI:10.1021/j100346a098

. Alhmoud, H. A.: The Effect of Surfactant Above and Below the Critical Micelle

concentration (CMC) and the Mathematical Models Used to Determine the
Kinetics of Drug release from the Matrix System. Afr. J. Pharm. Pharmacol.
10 (2016) 88 —94. DOI:10.5897/AIPP2015.4472.

. Nguyen, N. T-P, Nguyen, L. V.-H., Tran, N. M.-P, Nguyen, D. T. Nguyen, T N.-T,

Tran, H. A, Dang, N. N.-T. and Vo, T. V.: The Effect of Oxidation Degree and
Volume Ratio of Components on Properties and Applications of in Situ Cross-
linking Hydrogels Based on Chitosan and Hyaluronic Acid. Materials Sci. Eng.
C 103 (2019) 1-13, ISSN 0928-4931. PMid:31349450;
DOI:10.1016/j.msec.2019.04.049

. Ahmed, E. M.: Hydrogel: Preparation, Characterization, and Applications: A Re-

view. J. Adv. Res. 6 (2015) 105~ 121. PMid:25750745;
DOI:10.1016/j jare.2013.07.006

. Eros, I, Cscka, 1, Csdnyi, E. and Takdcs-Warmsdorff. T: Examination of Drug

Release from Hydrogels. Polym. Adv. Technol. 14 (2003) 847 -853.
DOI:10.1002/pat.405

. Henry, J.: British Medical Association Guide to Medicines and Drugs. London,

Dorling Kindersley Publishers (1999), ISBN 978-0863186127.
Benson, H. A. E. and Watkinson, A. C.. Transdermal and Topical Drugs Delivery.
John Wiley & sons (2006), ISBN 978-80-7080-875-7.

Tenside Surf. Det. 57 (2020) 6

20.

21

22.

23,

24.

26.

27.

28.

29;

. Tokuyasu, K, Ohnishi-Kumeyama, M. and Hyashi, K.: Purification and Charac-

terization of Extracellular Chitin Deacetylase from Colletotrichum Lindemuth-
bianum. Biosci. Biotechnol. Biochem. 60 (1966) 1598~ 1603. PMid:8987657;
DOI:10.1271/bbb.60.1598

. Vinsovd, J. and Vaviikovd, E.: Resent Advances in Drug and Prodrugs Design of

Chitosan. Curr. Pharm. Des. 14 (2008) 1311-1326. PMid:18537655;
DOI:10.2174/138161208799316410

Yan, C. Y, Chen, D. W, Gu, J. W, Hu, H. Y, Zhao, X. . and Qiao, M.: Preparation
of N-succinyl-chitosan and their Physical-chemical Properties as a Novel Exci-
pient. Pharmaceutical Society of Japan 126 (2006) 789~795.
PMid:16946592; DOI:10.1248/yakushi.126.789

Oremusovd, J. and Greksdkovd, O.: Effect of Counterions and Temperature on
the Association and Partition Balances of Hexadecylpyridinium Halides in
Aqueous Solutions. Tenside Surf. Det. 42 (2005) 289-294.
DOI:10.3139/113.100270

Vitkovd, Z., Oremusovd, J, Herdovd, P, Ivdnkovd, O. and Vitko, A.: Association,
Distribution, Liberation and Rheological Balances of Ikyldimethylbenzylammo-
nium Chlorides (C12-C16). Molecules 22 (2017) 1802 1817.
PMid:29073737; DOI:10.3390/molecules22101802

Galdn, J. 1, Gonzdles-Pérez, A, Seijas, J. A, Uriarte, E. and Rodriguez, J. R.: Ef-
fect of Counterion on Thermodynami Micellar Properties of Tetradecylpyridi-
nium in Aqueous Solutions. Colloid Polym. Sci. 283 (2005) 456 —~460.
QOI:10.1007/500396»004‘1206-0

Skerjanc, J, Kogej, K. and Cerar, J.: Equilibrium and Transport Properties of Al-
kylpyridinium Bromides. Langmuir 15 (1995) 5023 -5028.
DOI:10.1021/1a981710

. Mehrian, T, De Keizer, A. and Korteweg, A. J.: Lyklemaj:Thermodynamic of

Micellization of Alkylpyridinium Chlorides. Colloid Surf A. Phys.Chem. and En-
gin. Aspects 7 (1993) 255-267, ISSN 09277757,
DOI:10.1016/0927-7757(93)80040-L

ganje, m., jofari, s, m., Tamadon, A. M, Niakosari, M. and Maghsoudlou, Y.:
Mathematical and Fuzzy Modeling of Limonene Release from Amylose Nano-
structures and Evaluation of its Release Kinetics. Food Hydrocolloid 9 (2019)
186 - 194. DOI:10.1016/j.foodhyd.2019.04.045

Vitkovd, 7, Oremusovd, J, Herdovd, P. and Kodadovd, A.: Release and Rheo-
logical Properties of Topical Drugs. Tenside Surf. Det. 50 (2013) 39-44.
DOI:10.3139/113.110232

Hagger, O.: The Logarithmic Rheogram of “Non-Newtonian” Liquid Sub-
stances. Pharm. Acta Helv. 38 (1966) 887 —890, ISSN 0031-6865.

Vitkovd, 7, Herdovd, P. and Vitko, A.: Pharmacokinetics and Pharmacody-
namics from Perspective of Pharmaceutical Technology (In-silico approach),
(in Slovak) (2016), Felia s.r.o., Bratislava, ISBN 978-80-89842-03-8.

X
swissatest

Movenstrasse 12
CH-go1s5 St.Gallen
phone 4171311 80 55
fax 44171311 80 57

Swissatest Testmaterialien AG
swissatest.ch

YOUR COMPETENCE CENTRE FOR TEST
MATERIALS AND TESTING IN THE DOMAINS
OF WASHING, CLEANING AND HYGIENE.

¥ Standardised soiled
test fabrics

X Test material for leather

X Testing of washing systems

¥ Testing of detergents
~and enzymes

“NHygiene assessment -

449 [



Zuzana Vitkova et al.: Modeling of association properties o

30. Vitkovd, Z, Tarnik. M., Miklovicovd, 7, Murgas, J, Oremusovd, J. and Vitko, A.:
System-based Approach to Prediction of Surfactants Influences on Pharmaco-
kinetics and Pharmacodynamics. Tenside Surf. Det. 57 (2020) 33 -39.
DOI:10.3139/113.110661

Received: 07. 01. 2020
Revised: 07. 08. 2020

Bibliography

DOI 10.3139/113.110713

Tenside Surf. Det.

57 (2020) 6; page 442 — 450

® Carl Hanser Verlag GmbH & Co. KG
ISSN 0932-3414

I Correspondence address

Dr. Marian Tarnik

Institute of Robotics and Cybernetics

Faculty of Electrical Engineering and Information
Technology in Bratislava

Slovak University of Technology in Bratislava
81219 Bratislava

Slovak Republic

E-Mail: marian.tarnik@stuba.s

450

f cetylpyridinium halides (Cl, Br) and their influence

R ~

The authors of this paper

Assoc. Prof. Dr. rer. nat. Zuzana Vitkovd, PhD. graduated from the Faculty of Phar-
macy of the Comenius University in Bratislava, where she has been acting as a tea-
cher and researcher. Research: Drug delivery, bio-pharmacy, pharmacokinetics,
pharmacodynamics

Eng. Jarmila Oremusovd, PhD. graduated from the Faculty of Chemical Technology
of the Slovak University of Technology in Bratislava. Research: Physical-chemical
analysis of drugs.

Prof. Eng. Anton Vitko, PhD. graduated from the Faculty of Electrical Engineering and
Information Technology of the Slovak University of Technology in Bratislava. Re-
search: Intelligent robotics, bio-cybernetics, system theory.

Assoc. prof. Olga lvankovd , PhD. graduated from the Faculty of Civil Engineering,
Slovak University of Technology in Bratislava. Research: Modelling of dynamic sys-
tems

Eng. Marian Tdrnik, PhD. graduated from the Faculty of Electrical Engineering and
Information Technology of the Slovak University of Technology in Bratislava. Re-
search: Theory of automatic control, bio-cybernetics, intelligent systems

Prof. Eng. Jdn Murgas, PhD. graduated from the Faculty of Electrical Engineering
and Information Technology of the Slovak University of Technology in Bratislava. Re-
search: Theory of automatic control, intelligent systems and bio-cybernetics.

Dr. Viadimir Oremus, graduated from the Medical Faculty of Charles University in
Prague, Czech Republic. Research: Cardiology, models in medicine.

Assoc. Prof. Eng. Eva Miklovicovd, PhD. graduated from the Faculty of Electrical
Engineering and Information Technology of the Slovak University of Technology in
Bratislava. Research: Theory of automatic control, system simulation, bio-cyber-
netics.

Tenside Surf. Det. 57 (2020) 6



