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Summary

The pH of diluted aqueous dispersions of modifiedlyfN-
isopropylacrylamide) with chlorhexidine was evaéditat normalized skin surface
temperature, as well below and over the loweraaitsolution temperature value.
Three different poly-N-isopropylacrylamides werenthesized by surfactant free
emulsion polymerization. They were evaluated in térens of pH in the aqueous
dispersions in the presence of chlorhexidine. Térdéncy was similar in all
investigated systems at increasing temperature daegtv25°C and 45°C. The pH
value decreased from the range between 9,87 -dy@ to the range 9,38 - 9,46.
The course of pH decrease between the temperat82°6 and 45°C was more
radical, comparing to 25°C and 32°C, however ineganthe decrease was
monotonic.

The systems with chlorhexidine tend to change tHewpth temperature
increase more radically, in the comparison to tlorbexidine alone. The
formulations applied on the skin surface or in dn@ cavity should be evaluated in
proper temperature spectrum.
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INTRODUCTION

Thermosensitive polymers in the area between 32RC3%°C have been
specifically applied in the medical and pharmaaalitiesearch, as they are close to
the interesting range of physiological temperatafethe human body - 37°C of the
internal body temperature, and 32°C of the bodfasartemperature. The microgel
particles of poly(N-isopropylacrylamide) are widddyown and extensively studied
in many fields of biotechnology and medical sciencéhey undergo a specific
volume phase transition in the point of lowericalt solution temperature (LCST),
usually at ca. 32°C, when assessed in agueousosdutl-3]. In this group of
polymeric material the network is stable and tlze sif the particles is in the range
of manometers and micrometers.

During the swelling, the diffusion is the contralyj factor - the rate of the
collapsing of the microgel is correlated to theestt pores in the networkOn that
way the medicinal agents may be delivered in thhgetad manner to the desired
place of activity [4,5]. The controlled delivery ofedicinal agents topically to the
skin surface may provide therapeutic levels whaguired and minimize the
undesired systemic absorption of the drug. Bindwigelatively large bioactive
invidious with the use of thermosensitive polymesss researched i.a. for insulin
and prednisone acetate [6,7]. Through the chemicalifications of polymers the
release prolongation, or targeted drug delivery mmayealized. On the other hand
potential drug carriers may influence the naturbl @f the body surface, and
change the originally acidic environment to high phlues. This sophisticated
systems, containing water, thermosensitive polyared medicinal agent the pH
values should be determined at different tempegatuto maintain the safety of
preparation applied on the skin.

Between high number of local antiseptics used imrmoon bacterial and
fungal skin infections one of the most appliedhe thlorhexidine. This bioactive
component was evaluated in the terms of releasa fpolymeric vehicles to
enhance the antibacterial activity of the formwlatj8, 9].

In this study the pH of diluted aqueous dispersiafs modified poly(N-

isopropylacrylamide) in the presence of chlorhengédiwas evaluated, at



temperature assigned as standard human body stefaperature, and below and

over the volume phase transition temperature value.

MATERIAL AND METHODS

Materials

Chlorhexidine was supplied by Sigma-Aldrich. Demed water from the
TKA DI 6000 unit (Germany) was used for all the gaeations, and respective
operations during the assessments. N-isopropytuoige 97%, respective
initiators and co-monomer were obtained from conumaérsuppliers and used
without further purification. The components usadhe buffer solutions were of

pharmacopoeial purity.

Applied polymers

pNIPAM microgels particles derived from former erpeents in the field
of polymer chemistry. They were synthesized by agidnt free emulsion
polymerization (SFEP) in deionised water at 343 uRder an inert nitrogen
atmosphere, according to the procedure evaluatd®elign [10] and developed i.a.
by Vincent [11] D'Emanuele and Dinarvand [12]. Riertened characteristics of
the obtained polymers is presented in the followiagle 1.

Composition of evaluated systems
The composition of evaluated systems was preseimethe Table 2.
Chlorhexidine was combined with the dispersion wphtlesized polymer. The
merging period was maintained for 24 h, at the re@emperature.

pH measurements

The pH of the prepared gels were measured usingévenMulti Metler
Toledo device with attached ION segment, pH/mV/ORRe pH electrode InLab



413, NTC, pH 0-14, 0-80°C, was used for the measemes, and five repetitions

for every measurement were carried out, using ds2dnwvater.

Buffer solutions

For comparison of pH at different temperaturesnadad buffer solutions
were prepared [13]. Buffer of pH 9,18 and buffetuson of pH 10,01 were
assigned as more close to the pH range evaluateesent research. Composition

of buffers is attached in the Table 3.

RESULTS

LCST of the assessed systems was estimated tothe nange 32°C - 36°C
°C. When the increased temperature was appliedlthef assessed polymeric
dispersions decreased. In the case of PNM-I thegxtleased from ca. 9,87 at 25°C
to ca. 9,74 at 32°C. After consequent increaseemiperature up to 45°C the pH
decreased to 9,46. Similar course was observeldeirdispersion of PNM-II. The
high pH value of 9,87 at 25°C decreased to 9,&2%T, and than to 9,39. Also in
the case of PNM-IIl, the pH values decreased frodd %o 9,46, with intermediate
value of 9,73 at 32°C.

These measurements were compared to normalizedrtadfutions of pH
9,18 and pH 10,01 at three different temperatuees] were depicted on the
common graph - Figure 1.

For better evaluation of the samples, the area ffagure 1 was enlarged on
the graph on Figure 2, and limited to the area betw25°C and 32°C. The bold
dotted line represents the pH of chlorhexidine @lisjpn - the pH of that dispersion
was in the range between 9,78-9,79. However the giHdispersions of
chlorhexidine combined with polymers decreased, #ral difference between
initial temperature (25°C) and intermediate temjueea(32°C) was in the range of
0,10 - 0,20 pH unit.



DISCUSSION

Usually with the temperature change, the obsenk¢dvpuld also change,
depending of the measured medium. As it is indecatethe following Equation 1

the pH is changing with the increase of the tentpeea

pH = pH - (E-E)/k {Eq. 1}

where: E - potential (in V) developed in the segselectrode, E - standard
potential (in V) of the electrode at known gHk - the potential change of pH per
pH unit expressed in Volts, according to Nernstatigmn.

The slight decrease of observed pH is usually elesewhen alkali buffers
are used. Also in the case of low pH values, arease in acidic buffers, when they
undergo heating, is observed. During the sequenti@surements of polymer
dispersions with chlorhexidine, consequent decredseH was observed in the
preliminary measurements. The measured differewess statistically significant,
and confirmed in multiplied repetitions.

The proposed mechanism of evaluated changes irs pireithermosensible
characteristics of the polymers applied in theaes®e The particles of polymer are
almost totally swollen below the so called LCSTd éime chlorhexidine may exhibit
its ionic activity. The chlorhexidine molecules mdiffuse relatively fast in the
agueous environment of expanded polymer brancinesexhibit its ionic activity.
This was confirmed in our research, as the inghlis in the range of 9,87 - 9,94 at
the temperature of 25°C, and decreases to 9,674-18,the 32°C. For the non-
combined chlorhexidine dispersion the pH in merdgtbtemperature range is stable
- ca. 9,785. The proposed evaluation of the phenarreegiven on the Figure 3.

When the temperature is below the LCST, the chiodmee (1) may
relatively easy diffuse through the polymeric maid), and dynamic equilibrium
is maintained between the chlorhexidine entrappetieé polymeric matrix and the
chlorhexidine present in aqueous environment (d)h e increase of temperature
the polymeric net (4) is collapsing. The chlorhéx&d(3) present in the polymeric

matrix area may by more strictly bounded to theyp@r branches, so the dynamic



equilibrium between the combined (3) and un-comii(®® chlorhexidine moves
towards the combined fraction.

Intriguing is the behaviour of chlorhexidine in tpeesence of polymers,
when compared to the pure chlorhexidine dispersi@msl should be further
examined. The open question is, if the polymer, wheesent in the expanded
form, influences the ionization of chlorhexidineédaenables higher dissolution of
the species. When the temperature is increasiegytthis consequently decreasing,
and the rates K depicted on the Figure 3, may be orderedpds) >Kazoc)
>Kausec). The presence of mesostructures was studied inrdesph@nacromolecules
of microgels, where the space spanning networkse wiermed [14]. This
occurrence may also influence the pH decreasedhwwioed mixtures of poly-N-
isopropylacrylamides and chlorhexidine.

The separate evaluation should be performed forehiarged area of
dependency between pH and temperature in the r2bf§e and 32°C. The almost
horizontal, dotted line on the Figure 2 represehés pH of chlorhexidine water
dispersion. With the increase of the temperatueedifference is in the range of
0,01 pH, whereas for the polymer - chlorhexidinstesns the pH decreases in the
range of 0,1-0,2 pH unit. This may be elucidatedthwy initial influence of the
polymer on the ionic activity of the chlorhexidimethe aqueous dispersion.

According to Blackburn [15] the chlorhexidine hagefionization sites with
pKa values between -4,46 and 10,15. The presenceolyimer induces the
increased ionic activity of chlorhexidine molecakethe 25°C temperature however
with the increase of the temperature to 32°C tHgnper particles are collapsing,
and the influence on the ionization decreases. Thay be schematically
represented as on the Figure 4. The respectiveldigs assessments should be

performed to evaluate in details this hypothesis.

CONCLUSIONS

1. The presence of chlorhexidine influences the p&tterns of N-
isopropylacrylamide polymers observed at variougoeratures.

2. In the analyzed systems the tendency was similaall systems, at
increasing temperatures between 25°C and 45°CpHhealue decreased from the

range between 9,87 and 9,94 down to the range bet@&&8 and 9,46. The course



of pH decrease between the temperature of 32°C4&AG was more radical,
comparing to 25°C and 32°C, however in generatldoeease was monotonic.

3. The systems with chlorhexidine tend to changepiH with temperature
increase more radically, in the comparison to tilerbexidine alone.

4. The formulations applied on the skin surfaceénahe oral cavity should

be evaluated in proper temperature spectrum.
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Tabela 1. Gtéwna charakterystyka badanytimerow

Table 1. Main characteristics of assessed polymers

Oznaczenie Charakterystyka
Assignation Characteristics
PNM-I| Inicjator z anionow grup funkcyjm
Initiator with anionic functional groups
PNM-II Inicjator z kationowy grum funkcyjma
Initiator with cationic functional groups
Komonomer z hydrofoboavgrup
PNM-1II funkcyjna

Co-monomer with hydrophobic
functional groups

PNM-I, PNM-II, PNM-III - polimery/polymers

Tabela 2. Sktad badanych uktadéw
Table 2. The composition of evaluated dispersions

PNM-1 | PNM-1I |PNM-IIl | CX | Woda
Sktad [mg] [mg] [mg] Water
Composition [mg] | [9]
PNM-I-CX 2,5 - - 2,5| 30,00
PNM-11-CX - 2,5 - 2,5| 30,00
PNM-III-CX - - 2,5 2,5 | 30,00
CX - - - 2,5 | 30,00
dispersion/rozproszenie

PNM-I, PNM-II, PNM-III - polimery/polymers, CX -

chlorheksydyna/chlorhexidine
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Tabela 3.Sktad roztworow buforowych

Table 3. Composition

of buffer solutions

Sktadniki Roztwor buforowy | Roztwor buforowy/
Components Buffer solution Buffer solution
pH 9,18 pH 10,01
Tetraboran disodu/Disodium tetraborate [M] 0,01 -
Weglan sodu/Sodium carbonate [M] - 0,0125
Wodoroweglan sodu/Sodium hydrocarbonate [M] - 0,0125
Objetos¢ roztworu wodnego/Agueous solutipn 1000,0 1000,0
volume [ml]
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Ryc. 1. Wplyw temperatury na odczyn rozpraszZeadanych polimeréw N-
izopropyloakrylamidu i chlorcheksydyny
Fig. 2. The pH of dispersions of synthesized polgmand chlorchexidine at

different temperatures
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Ryc. 2. Wptyw temperatury na odczyn rozprasbhadanych polimerow
N-izopropyloakryloamidu i chlorcheksydyny — p@kgzony obszar

Fig. 2. The pH of dispersions of synthesized poklgnand chlorhexidine at
different temperatures — the enlarged area
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Ryc. 3. Schematyczne przedstawienie rownowag dycmmch w obgbie systemu
polimer-chlorheksydyna - objaienia w tekcie
Fig. 3. Schematic representation of dynamic equdlitin the system polymer-

chlorhexidine — details in the tekst
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- Prawdopodobny obszar

O{ przytaczenia protonu/
Possible ionization site

Ryc. 4. Maliwy wptyw polimeru na jonizagj czasteczki chlorheksydyny
Fig. 4. The possible influence of polymer on theization of the chlorchexidine

molecule
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