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Summary

The aim of the work was the evaluation of the catidity changes in aqueous
environment, consisting of chlorhexidine, and Npipylacrylamide derivative
microgel, during increasing the temperature betvasC and 42°C, as a prerequisite to
develop the this microgel for controlled releasecblforhexidine, when alterations in
temperature are involved. Conductivity of studiegstems underwent specific
alterations, when temperature increased. For teesywith polymer PNM | the values
of conductivity were in the range 104,47 uS/cm 4,I8 uS/cm, for temperature range
25°C and 42°C. In the case of PNM Il - CX systeespective values reached 91,75
uS/cm - 135,95 uS/cm. The lowest conductivity veluere observed when PNM Il -
CX mixture was studied: 96,90 uS/cm and 117,37 mS/c

When a complex of derivatives of N-isopropylacrylden with chlorhexidine
undergoes thermal alteration, there is a potertbalobtain controlled release of
chlorhexidine from the polymeric bead in the rarmgween 25°C and 42°C. The
affinity of chlorhexidine to the polymer may be essed in this systems applying the
conductivity measurements. The solubility of chextdine in the polymeric systems
should be in future evaluated, to determine roletra$ factor in the conductivity

alterations.
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INTRODUCTION

Due to the potency against plague bacteria, andeth@ency t retention on the
mucosal surfaces, chlorhexidine is considered torteeof the most effective antiplague
agent [1]. However other potential applicationgaatied the researchers. Rouse et al.
analyzed the vaginal irrigation for the preventiaf peripartal infection [2].
Chlorhexidine is advised for reduction of materawadl neonatal mortality and morbidity
in the so called low-resource settings; the nednaad vaginal chlorhexidine
applications demonstrated potential in reducin@teementioned maternal and neonatal
mortality and morbidity, in concentrations applid the irrigation between 0,25 and
1,00% [3].

The antimicrobial activity of chlorhexidine is wigeused for the preoperative
whole-body disinfection, when prophylaxis againgiuwd infections is required [4].
Changes in skin flora composition were evaluatednayy authors. According to that
data, the daily scrub with chlorhexidine reduced #kin colonization by antibiotic
resistant Staphylococcus epidermidis [5]. The appilbn field of chlorhexidine was
evaluated to skin disinfection procedure for inserof peripheral catheters [6].

N-isopropylacrylamide derivatives, structured aBesps of dimension ca. 1 mcm
attract the researchers, according to the resgettiermosensitivity, pH-sensitivity, etc.
The new copolymers, consisting the N-isopropylaernjtle, and another co-monomer
groups are now synthesized, to obtain particleb mibper characteristics, including the
chemical, physical, and biological properties. Tdeposition of biologically active
components on the microgel carriers was widelyistud

The iron protoporphyrin IX molecule was bonded &wrpolymer developed on
the basis of imidazole containing poly(N-isoprogyldamide) microgel, to enable
forming of soluble structures containing multiplen centers [7]. Zhang and coworkers
synthesized novel biodegradable thermosensitiveogét with structure similar to
Pluronic F127, and evaluated the related techniguethe encapsulation of three
proteins, i.e. native hemoglobin of molecular weigh. 67.000, bovine serum albumin



of molecular weight ca. 66.000, and insulin of necalar weight ca. 5.700 [8].
Thermosensitive poly(N-vinyl caprolactam) nanomdes8 were used for binding of
three model drugs, namely nadolol, propranolol, &dtine. The applied bioactive
molecules influenced the swelling of the synthasipelymer, and for nadolol and
propranolol increased binding to polymer was obsgrwith the increase of the
temperature of assessments [9]. The triggeredetgliof doxorubicine was evaluated in
release experiments [10]. According to authorsestants this was the first system
engineered to mimic the natural polymer networkhimitthe secretory granules,
applying the phase transition behavior, in respeanvironment.

To study the release and the behavior of activepoamds in the presence of
different carriers, numerous methods are appliaedluding specific pharmacopeial
guidelines [11]. However the evaluation of the bibge molecules presence in the inner
and outer phase of the analyzed system, may berpe€l by more sophisticated, but
still simple methods.

In previous studies an approach was made to adsesslease of chlorhexidine
and lidocaine from ionic [12] and non-ionic gel i@bs [13]. According to the
bibliographical data, the drug release from theieato the acceptor compartment may
be assessed by drug - selective electrode, wh@meaaine selective membrane was
applied [14].

There are also numerous techniques arising onablegbound of electrochemical
methods, which are applied in biosystems based hen nano-science [15]. The
conductometrical analysis per se was evaluated guthd results for drug release
assessments, in the case of controlled drug dglsyestems of naltrexone hydrochloride
and morphine hydrochloride [16]. The conductometnethods were also applied with
success for the assessment of complexation coasthmaiprostadil - alphacyclodextrin
complex [17]. In last work of Abad-Villar et al. éhconductivity measurements were
involved to detect the chlorhexidine in eye dropeparations [18].

The aim of the work was the evaluation of the catiglity changes in aqueous
environment, consisting of chlorhexidine, and Npipylacrylamide derivative
microgel, during increasing the temperature betvasC and 42°C, as a prerequisite to
develop the this microgel for controlled releasecblforhexidine, when alterations in

temperature are involved.



MATERIALSAND METHODS

Materials

Polymers

pNIPAM microgels obtained in previous works in teld of polymer science.
The polymers were synthesized by surfactant freel®an polymerization (SFEP) in
de-ionized water at 343 K, under an inert nitroganosphere. The basic property of the
polymers is presented in the Table 1.

Chlorhexidine was supplied by Sigma-Aldrich. Watexs purified in the TKA DI
6000 system (Germany),and in this form used for thié experiments. N-
isopropylacrylamide >99%, initiators and co-monomwere received from commercial

suppliers.

Composition of assessed systems

The composition of evaluated systems was presemethe Table 2. The
respective mass of chlorhexidine was composed wsyhthesized polymer in

homogenous mixture. The binding interval was manei for 24 h, at 22°C.

The conductivity evaluation

The conductivity was evaluated in studied polymeligpersions, at maintained
temperatures: 25°C, 32°C, and 42°C. The conductieit pure dispersion of
chlorhexidine was measured in concentrations agpliehe systems. The SevenMulti
Metler Toledo, containing conductivity segment TBAL/resistivity with the
respective sensor InLab 730, NTC, 0,001-1000 mSafrmange -5 °C — 100 °C was
used.

RESULTS

Conductivity of studied systems underwent speafierations, when temperature
increased. They are presented in column 3 of Tableor the system with polymer
PNM 1 the values of conductivity were in the rarig®,47 puS/cm - 134,70 puS/cm, in



the range between 25°C and 42°C. In the case of PNMIX system, respective values
reached 91,75 puS/cm - 135,95 puS/cm. The lowestumivity values were observed
when PNM Il - CX mixture was studied. The dataviestn 96,90 uS/cm and 117,37
pnS/cm were observed for this system.

Respective values for CX only, dispersed in wateere much lower. 46,62
puS/cm, 38,08 uS/cm, and 41,18 uS/cm values wessinathen 25°C, 32°C, and 42°C
temperatures were applied.

In column 4 of the Table 3, basing on the consiitamathat the conductivity in
this systems has additive characteristics, respedtieoretical, calculated values are
gathered. When PNM [ - CX system was heated froP€2ehrough 32°C, to 42°C, the
values should increase in following manner - 55y83cm, 48,33 uS/cm, 64,42 uS/cm.
For the PNM Il - CX system respective values weBé3 uS/cm , 62,74 uS/cm, and
85,81 uS/cm. In the case of PNM Il - CX the valuleterestingly were ordered as:
58,21 uS/cm, 51,39 uS/cm, 63,26 uS/cm.

The difference between assessed instrumentallyeaticthated theoretically data
are presented as absolute values and as increpsecents, in final two columns, 5 and
6.

DISCUSSION

Thermosensitive polymers, in the form of small spla particles are
characterized by specific property, which enablgpaading and collapsing of the
polymeric net, when temperature is altered in eatalh system. The alteration in
volume of the particle is reflected by alteration solubility or in so called phase
volume. According to that fact, when Lower Criticdblution Temperature (LCST) or
Volume Phase Transition Temperature (VPTT) is ededehe microparticle collapse.
Consequently also the functionals, present in tieeaparticle should be less available,
as they are "hidden" inside of the particle. Hetie collapsing, and expanding of the
microsphere at different temperature conditionsukhanfluence the binding and the
release of the drug, or other small moleculesondfithe polymeric bead. Actually, in
this study the influence of temperature was asdesse factor influencing the
conductivity, which reflects the presence of vgoaringly soluble drug - chlorhexidine
base in the system containing thermosensitive petym

According to the Fig. 1, the conductivity of PNMCX systems increases with the

increase of temperature. In former research wetiitksh the tendency of aqueous



dispersions of studied polymers to express increasaductivity when heated [19].
The increase had similar course like the expoteftiaction, with the exception of
PNM II polymer, where the increase was much higite42°C. This information leads
to the suggestion, that the increased temperatéiteences the activity of ionic groups
in the PNM Il microgel. That information should tedo the application of the
thermosensitive polymer in development of the cdlgd drug delivery system.

The increase in the conductivity of applied systemshe course of extending
temperature was compared between values calcutaedetically and assessed during
measurements. The informations from table 3, col@mvere compared to values from
the column 4. The regularity was observed in a# tases, i.e. the conductivity
predicted, calculated was ca.50% lower than thaess®d in the measurements of
respective samples. For PNM | - CX mixtures, theasueed conductivity at 25°C was
47% higher then that calculated.

According to that it may be assumed, that in thosditions, part of the
chlorhexidine is better solubilized than in theeca$ dispersion of pure chlorhexidine
base, or ionization of the total system increagdsb at higher temperatures, 32°C and
42°C, the measured values are 59% and 52% highemparing to the theoretically
predicted, so there is increase in the presendenifed substances in the dispersion.
We should mention, that this interaction was obsa&rwnetherless the polymer was
synthesized with acidic initiator or alkali inita@t however in the case of PNM | it is
slightly higher. The PNM Il - CX system behaves ifanfy - the conductivity is
regularly higher in the measurements, comparingptteelicted and measured values.
Regarding the alkali character of the initiator lsgap in the synthesis, it would be
logical result of the interaction between the patynand drug, that the increase in
conductivity is slightly lower, comparing to PNM -1 CX system. This happened
actually, and in our assessments the resultingegdior that system were: 36,75 uS/cm,
49,53 uS/cm, and 36,88 uS/cm respectively for éhgperatures 25°C, 32°C, and 42°C.
The difference in range of 10%, could be assigmethé reversed ionization of the
chlorhexidine in the presence of polymer synthebizih the use of alkali initiator.

The data from present experiments, will be furtdeweloped, including the
influence of the increased lipophilicity of PNM Idn the conductivity of the system
with chlorhexidine. As it is seen from the TablecB8lumn 6, the conductivity data for
25°C, 32°C, and 42°C may be interpreted as intaateekvel between PNM | - CX and



PNM II - CX. We can conclude, that both lipophitigi and acidity influence the
ionization of the PNM III - CX system.

The relations in a microgel particle, accordinghe alterations in temperature are
depicted on Fig. 2. The ) Ksz), and Kap) values reflect in this study the affinity of
the assessed substance to the microgel in altetergueratures, when the conductivity
is measured. Actually the K values differ slightiyarious systems, depending both on
the applied system and temperature of evaluationeMPNM | - CX, PNM Il - CX,
and PNM Il - CX systems are considered, the vahresin following pattern: s >
Kaz) < Kua). However comparing the affinity of chlorhexidine the polymers
following order should be evaluatedipkm ny>Kenv 1y>Kenm ). The important factor,
which should be in future additionally analyzedthe solubility of chlorhexidine in

evaluated systems.

CONCLUSIONS

1. When a complex of derivatives of N-isopropyldanyide with chlorhexidine
undergoes thermal alteration, there is a potertbalobtain controlled release of
chlorhexidine from the polymeric bead in the rabgeveen 25°C and 42°C.

2. The affinity of chlorhexidine to the polymer mhg assessed in this systems
applying the conductivity measurements.

3. In the case of cationic initiator involved inetlsynthesis, according to the
observed conductivity changes the N-isopropylacnydi® polymer may be involved in
devices, which release chlorhexidine in controleahner, when increased temperature
is applied.

4. Also the N-isopropylacrylamide derivatives syedized with anionic initiator,
and characterized by increased lipohilicity, mayibit the controlled release during
cooling the polymeric beads.

5. The solubility of chlorhexidine in the polymersystems should be in future

evaluated, to determine role of this factor in¢beductivity alterations.
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Tabela 1. Charakteryzacja zastosgalaw badaniach mikeeli

Table 1. Characterization of microgels appliechi@a present study

Rodzaj polimeru

Polymer assignation

Struktura grupy funkcyjnej

Structure of the functional

//
H—O0—S—O0—R1
\

PNM |
0

H,N, CH,
PNM II HC R1

H,N CH,

H,C
NCHH3
PNM Il H3c/§
R1I7T N

Tabela 2. Sktad badanych systemow polimerowych

Table 2. The composital assessed systems

Woda
Skiad PNM I PNM lI PNM I CX Water
Composition [mg] [mg] [mg] [mg] [a]
PNM | - CX 5,00 - - 5,00 60,00
PNM Il - CX - 5,00 - 5,00 60,00
PNM Il CX - - 5,00 5,00 60,00
CX - - - 5,00 60,00

PNM I, PNM II, PNM Il - polimery/polymers, CX - dorheksydyna/chlorhexidine
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Tabela 3. Przewodnictwo badanych uktadéw, w ktéastosowano polimery i
chloroheksydya

Table 3. Conductivity of evaluated systems withypwdrs and chlorhexidine

Przewodnictwo/Conductivity
[LS/cm]
Temperatura Typ 1* 2 3 4 5 6
Temperature Wartdsci Wartdsci Raéznica Przyrost
[°C] Type |Mikrozel| CX |  zmierzone obliczone | Poz.4i3 Increase
Microgel CX + mikrozel | CX + mikrozel | Difference [%]
Measured valuesEstimated valueslit. 4 and 3
CX + microgel | CX + microgel
25 PNM-| 8.73 | 46.4104.74 +0.77 S 55.15 49.59 47.34
I 2
32 PNM-| 10.25 | 38.0118.35 +0.79 S 48.33 70.02 59.17
I 8
42 PNM-| 23.24 | 41.1134.70 +0.24 S 64.42 70.28 52.17
I 8
25 PNM-[ 11.61 | 46.4 91.75+1.04 SD 58.03 33.72 36.75
I 2
32 PNM-| 24.66 | 38.0124.32 +0.84 SIp 62.74 61.58 49.53
I 8
42 PNM-| 44.63 | 41.1135.95 +0.61 S 85.81 50.14 36.88
I 8
25 PNM-| 11.79 | 46.4 96.90 +0.79 SD 58.21 38.70 39.94
[l 2
32 PNM-| 13.31 | 38.0 105.29 +0.57 S 51.39 53.90 51.19
[l 8
42 PNM-| 22.08 | 41.1117.37 +0.71 S 63.26 54.11 46.10
[l 8

PNM I, PNM II, PNM Il - polimery/polymers, CX - dbroheksydyna/chlorhexidine,
*dane opracowane i przedstawione witeej, przy analizie systemow zawiegaych
chlorowodorek lidokainy/
data considered and presented in former researhwivolved the use of lidocaine
hydrochloride, SD - odchylenie standartowe/standardation
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Fig. 1. Wplyw temperatury na przewodnictwo badanygstemow zawieragych
polimery i chloroheksydy) oraz na samchloroheksydyaw uktadzie wodnym, PNM
[ - CX, PNM Il - CX, PNM lll - CX: odpowiednie miganiny polimerow i
chloroheksydyny, CX: chloroheksydyna

Fig. 1. Influence of temperature on the condugtivitassessed systems containing
polymers and chlorhexidine, PNM | - CX, PNM Il - CRNM lII - CX: respective

mixtures of polymers and chlorhexidine, CX: chlodidne
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e } unsolubilized particles of CX

i

Ryc. 2. Wizualizacja wdzania chloroheksydyny z miktelami, w zaleénosci od
temperatury pomiaru. GX - chloroheksydyna zwrana z mikreelem, CXo -
chloroheksydyna poza mikielem, @stags¢ zacienienia odpowiada zmianom
morfologicznym zachodzym w trakcie podwsiszania | obrdania temperatury
rozproszenia mikreeli

Fig. 2. Visualization of the influence of temperaton the binding of chlorhexidine
with microgels. C¥ - chlorhexidine bonded to microgels, g chlorhexidine outside
the microgels, density of the dots represents tkeaéions during increasing and

decreasing the temperature
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