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Summary

In this study we assessed the influence of lidecaydrochloride on the pH
of diluted aqueous dispersions of modified poly@dgropylacrylamide), at
temperature assigned as normalized skin surfacpeieture, and below and over
the lower critical solution temperature value. TEiredifferent N-
isopropylacrylamide polymer derivatives were sysibed by surfactant free
emulsion polymerization, and assessed in the teofngH in the aqueous
dispersions in the presence and absence of lidetsidrochloride.

The tendency in observed system was similar at ethdifferent
temperatures, when lidocaine was applied. The dhevimcreased from the range
between 5,39 - 5,90 up to the range 6,22 - 6,55%veder, the step of pH between
the temperature of 25°C and 32°C was more radicaiparing to 32°C and 45°C.

The lidocaine hydrochloride influences the pH patdeobserved at various
temperature in polymeric systems: measurementsragapations applied on the
skin or mucosa should be evaluated in respectimpéeature range.
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INTRODUCTION

Poly(N-isopropylacrylamide) microgel is a known am$earched in many
fields polymer that undergoes a volume phase tiansiat the lower critical
solution temperature (LCST), at 32°C in water gohg [1-3]. The microgels are
stable polymeric networks, characterized by dinmmsibetween manometers and
micrometers. The process of deswelling in this grotipolymers is controlled by
diffusion, and the rate of the collapsing of thecno@article is correlated to the
dimensions of pores in the polymeric net [4].

Thermosensitive polymers in the medical researcke Hzeen applied as
factors responding to environmental changes ateimperature in the range of 32-
36 °C. The medicinal agents may be delivered indbetrolled manner to the
specified place of activity [5]. The controlled Wekry of actives to the skin can
provide therapeutic levels where required and mizemsystemic uptake.

Binding of small bioactive molecules with the udehat kind of polymers
was studied i.a. for benzoate, diltiazem, cyanoleob@, dextrans [6]. The
chemical modifications in that group of polymers ymanhance the release
prolongation, or enable the specified targeted dieltyery.

However, this potential drug carriers may influetioe natural environment
of the skin surface, and change the natural pHhttesirable values. In complicated
agueous systems, with thermosensitive polymer agdicimal agent, the pH should
be determined at various temperatures, to demaasdtra respective properties of
preparation in the place of application. One of kheal anesthetics commonly
applied on the skin is lidocaine hydrochloride. sThioactive was evaluated in the
terms of release from polymeric vehicles [7, 8].

In this study we assessed the influence of lidacaydrochloride on the pH
of diluted aqueous dispersions of modified poly@dgropylacrylamide), at
temperature assigned as normalized skin surfacpeteture, and below and over
the LCST value.



MATERIAL AND METHODS

Materials

Lidocaine hydrochloride was supplied by Sigma-Adtri Deionized water
from the TKA DI 6000 system (Germany) was used dbbrthe dispersions, and
respective operations during the measurements.opapylacrylamide 97%,
respective initiators and co-monomer were obtafin@th commercial suppliers and
used without further purification. The monopotassiphosphate, and the disodium

phosphate used in the buffer solutions where ofrpheopoeial purity.

Applied polymers

pNIPAM microgels particles derived from former erpeents in the field
of polymer chemistry. They were synthesized by amtent free emulsion
polymerization (SFEP) in deionised water at 343 uRder an inert nitrogen
atmosphere, according to the procedure evaluatd@elipn [9] and developed i.a.
by Vincent [10] D'Emanuele and Dinarvand [11]. PNMmas characterized as a
polymer with terminal anionic functional groupscarding to the applied initiator.
The PNM-II was synthesized in the presence ofatoti with cationic groups,
resulting in cationic amidine terminal functionabgps. The PNM-Ill was assumed
to have increased hydrophobicity according to timecfional groups introduced

during the synthesis.

Composition of assessed systems

The composition of evaluated systems was presentdéide Table 1. The
respective mass of lidocaine hydrochloride was ohixdth the dispersion of
synthesized polymer. The mixing period was maimdifior 24 h, at the room

temperature.



pH measurements

The pH of the prepared systems was measured usn§dvenMulti 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 measmes, and five repetitions

for every measurement were carried out, using dsednwvater.

Applied buffer solutions

For comparison of pH at different temperature, déad buffer solutions
were prepared [12]. Buffer of pH 6,87 and buffeiuson of pH 7,41 were assigned
as best fitted to the pH range measured in pressearch. Composition of applied
buffers is presented in the Table 2.

Turbidity and LCST

Turbidity measurements of the microgel dispersiaese performed over
the temperature range 18-50°C. That range of teatyres covered the LCST
range for the synthesized polymers.

RESULTS

The evaluated LCST of the assessed systems was 3/éC and is
presented in the Table 3. The observed tendengyestgythat the phase transition
point temperatures may be presentd as follows PRRNM-II<PNM-III.

The pH of assessed polymeric dispersions changtdtiae increase of the
temperature. pH of PNM-I increased from ca. 6,2258C to ca. 6,66 maximum at
32°C. After following increase of temperature upts9C the pH decreased to 6,38.
Opposite sequence was observed in the dispersi®Nbdf-II. The relatively high
pH of 6,87 at 25°C decreased to minimum of 6,1828C, and than increased to
6,54. Similar scheme was observed in the case ®i-RN however the absolute

differences where very small. For comparison, mesasants of normalized buffer



solution of pH 6,87 at three different temperatuses presented on the common
graph - Figure 1.

With the addition of lidocaine hydrochloride, the pf the system changed.
The tendency in observed system was similar aettiferent temperatures. The
pH value increased from the range between 5,390 &p to the range 6,22 - 6,55.
However the step of pH between the temperature58€2and 32°C was more
radical, than that between 32°C and 45°C. For tkelHRI, the change observed
was low - from 6,13 to 6,22, respectively from 326G15°C.

The buffer solutions of pH 6,87 and 7,41 were mea$uat the same
temperature and are depicted commonly on the goapthe Figure 2. The lines,
representing buffers pH are rather straight, wittspecific maxims or minims.

DISCUSSION

The temperature of a medium, measured at diffémmperature may vary.
According to the Equation 1 the potential is chaggwith the increase of the

temperature.

E = - 2,3 (RT/nF) log @+ (1)

where: E - total potential (in mV) developed betwdbe sensing and reference
electrode, E- standard potential of the electrode ata 1 mol/l, R - gas constant,
T - temperature, n - valency of ion

The activity of hydrogen ions is changing, as veslthe characteristics of
the electrode sensor, so with the increase ofdhmpérature, the slight decrease of
pH is usually observed when alkali buffers are iggplAdversely, in some cases
the increase of pH value is observed, when thaabidfers are heated. According
to the sequential measurements of polymer dispessi@and respective dispersions
of polymer and lidocaine hydrochloride, some minamsl maxims were observed
during the preliminary measurements. The differenae statistically significant,
and confirmed in several repetitions.

The proposed mechanism of observed pH changesish#rmosensible
characteristics of the polymers applied in the asde Below the so called LCST

the particles of polymer are almost totally swoll&ome of the remaining initiator



molecules, still attached to the polymer backbongy nexpress ionic activity
parallel to the acidic or alkali character of théiator. This was confirmed in our
research, as the initial pH is in the range of 6&1lthe polymer synthesized with
the use of acidic initiator. For the polymer syriied using the alkali initiator, the
higher initial pH was observed - ca.6,87. With itherease of temperature up to the
point of phase transition, actually the LCST, tlodymer branches collapsed, and
the remained initiator was closed in mesophormeaar

The presence of mesostructures was studied inrdespp@nacromolecules of
proteins [13], and synthetic polymers [14,15] imthg microgels, where the space
spanning networks were formed [16].

The next step - radical heating over the LCST vaksilts in damage of
mesophorms through the division, and consecutiMapsing of the polymeric
microspheres. The observed pH may be assignedet@xpelled remains of the
initiator. However part of the functional groups imitiator are hidden in the
polymeric matrix, so the pH is still different, cparing to that initial measured pH
value. The respective scheme is presented on #pd gn Figure 3.

When the lidocaine hydrochloride is implementedoirthe polymeric
dispersion, the pH values are increasing with tizegiase of the temperature. There
is no minimal or maximal pH between 25°C and 435, sequential increase,
more evident between 25°C and 45°C. The PNM-llisdoet change the pH
between 32°C and 45°C. This may be elucidated by #aishing of the process of
expelling the water solution of lidocaine hydroaide from the polymer matrix.
The PNM-IIl is a polymer with increased hydrophatyicThe dependency between
the equilibrium rates, according to the Figure 4aymbe expressed like:
KI<KII<KIIl, however the A KII-KI, is higher thanA KIlI-KII.

CONCLUSIONS

1. According to the presented data, the N-isoprgylamide polymers
exhibit interesting behavior, in the terms of pHidterent temperatures.
2. The presence of lidocaine hydrochloride inflendhe pH patterns

observed at various temperatures.



3. In the case of assessed systems the pH wag iratige of 5,39 - 6,55.
Comparing these values to the pH of skin surface,can conclude the good
adherence of the systems to dermal physiologicatqidlitions.

4. However the temperature has high impact on tHevplues of the
dispersions, and pH measurements of preparatigpligedpon the skin or mucosa

should be evaluated in respective temperature range
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Tabelal. Sktad badanych uktadéw

Table 1. The composition of evaluated dispersions

Sktad PNM-| PNM- | PNM- | LD | Woda

Compositio | Il 1 Water
n [mg]| [d]
[mg] | [mg] | [mg]

PNM-I-LD | 2,5 - - 2,5 30,00
PNM-II- - 2,5 - 2,5| 30,00
LD
PNM-III- - - 2,5 2,5| 30,00
LD
LD - - - 2,5| 30,00

PNM-I, PNM-II, PNM-III - polimery/polymers,
LD - chlorowodorek lidokainy/lidocaine hydrochloed

Tabela 2. Sktad poréwnawczych roztworéw buforowych

Table 2. Composition of buffer solutions

Skiadniki Roztwor buforowy | Roztwér buforowy
Components Buffer solution Buffer solution
pH 6,87 pH 7,41
Diwodorofosforan potasu 0,0125 0,00435
Monopotassium phosphate [M]
Wodorofdosforan sodu 0,0125 0,01515
Disodium phosphate [M]
Objetos¢ roztworu wodnego 1000,0 1000,0
Aqueous solution volume [ml]
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Tabela 3. LCST badanych systemoéw
Table 3. The LCST of assessed systems

Polimer LCST
[°C]
PNM-I 32
PNM-II 34
PNM-III 35

LCST - temperatura w punkcie przemiany fazowej
/lower critical solution temperature
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Ryc.1. Wptyw temperatury na odczyn badanych poliwer
N-izopropyloakryloamidu
Fig.1. The environmental pH of synthedipolymers at different

temperatures
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Ryc.2. Odczyn rozcieezonych uktaddw lidokaina—polimer

Fig. 2. The influence of lidaoa hydrochloride on the pH

of diluted dispersions of syegtzed polymers
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25°C ——> 32°C —— 45°C

Struktura rozwinieta/ Mezostruktura/ Struktura zwinieta/
Expanded structure  Mesostructure  Coiled structure

Ryc.3. Schematyczne przedstawienie zndraxdnicy i morfologii
zsyntetyzowanych polimerow
Fig. 3. Schematic representation of changes indibeneter and

morphology of synthesized thermosensitive polymers
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Ryc. 4. Zobrazowana rownowaga dynamiczna gdmyi czsteczkami
lidokainy pozostajcymi w obgbie ndgnika polimerowego, oraz w
otaczagcym gosrodowisku wodnym

Fig. 4. Depicted dynamic equilibrium between lidoeahydrochloride

attached to the polymeric carrier and presentenatijlueous environment
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