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Summary

The aim of present work was preliminary assessnoénthe conductivity
changes in aqueous compartment, consisting of didec hydrochloride, and N-
isopropylacrylamide derivative microgel, during reasing the temperature between
25° and 42°C, as a prerequisite to demonstrateassbility of applying this microgel
for pulsed release of lidocaine hydrochloride, wiresreased temperature is applied.
Conductivity of respective systems composed of ipelyand lidocaine hydrochloride
were assigned as PNM I-LD, PNM II-LD, and PNM IILD: obtained values were in
the ranges: 39,91 uS/cm - 53,30 uS/cm in the 2&/therature, 46,14 uS/cm - 56,16
pnS/cm in the temperature of 32°C, and 53,30 uS/tb8;42 uS/cm at 42°C.

During heating or cooling of the microgels derivas of N-
isopropylacrylamide, there is possibility to obtapulsed release of lidocaine
hydrochloride from the polymeric bead in the rangetween 25°C and 42°C,

according to the conductivity measurements.
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INTRODUCTION

Lidocaine hydrochloride is usually applied as loaahesthetic, often in the oral
cavity [1]. Dermal application of lidocaine is aded, when burn wounds occur, and
the efficacy of the adrenaline-lidocaine subcutasemfiltration was assessed in
patient undergoing burn surgery, including the hesatic effect of the infiltration
[2]. The formulations of lidocaine are applied tectease the pain caused by Herpes
zoster infection, and postherpetic neuralgia [&okcaine is also used in mixtures with
other local analgesics, like prilocaine for paimtrol in the course of transrectal
ultrasound guided prostate biopsy [4], or for tapi@nesthesia of gingival mucosa in
the form of eutectic system [5].

Mixture of lidocaine and epinephrine was assessedpiilpal anesthesia in
stomatology [6]. The lidocaine possesses alsodstery anti-inflammatory activity
which may be considered as the additional syneécdisature, addressed to diseases
with pain and inflammation [7].Development of propelivery systems for controlled
and targeted delivery of lidocaine is of high inpoce, as there is possibility of
severe cutaneous intoxication [8]. For developmantidocaine intra-oral, topical
formulations, mucoadhesive polymers are extensivaigsearched - the
hydroxypropylcellulose, polyoxyethyleneglycol, pabyylic resin, and
polyvinylpyrrolidone were investigated [9].

Two phase, melt systems, containing lidocaine dydol were evaluated for
the topical application on the skin - 5% cream prefd with the systems was highly
effective in the term of obtaining dermal anestag$D]. Contemporary some authors
proposed binding of lidocaine hydrochloride in abge microspheres [11]. Gorner
proposed lidocaine-loaded biodegradable nanosphareéargeted analgesics delivery
[12]. In the newer research the local implants weeseloped by Liu [13]. This
implants consisted of polyanionic, i.e. carbopadlitogels or polycationic, i.e. chitosan
systems, and obtained release rates from the itspleere described by the Higuchi
model.

Thermosensitive sol-gel reversible hydrogels ailé isteresting polymers for
development of the controlled drug delivery devicEke so called lower critical
solution temperature (LCST), in which the transitipoint occurs, is in the range

between 30 °C and 160 °C, with poly(N-vinylcaprtdat) and poly(vinyl pyrrolidone)



on the lowest and highest end of the scale resbgt{l4]. In case of poly(N-
isopropylacrylamide) the precipitation in aqueousvi@nment is visualized as
opalescence in temperature above 32°C, accordinghéo dehydration of the
hydrophobic isopropyl groups during the coil-todglte transition. For lidocaine,
lidocaine  hydrochloride, propranolol,  propranolol ydhochloride, and
cyanocobalamine Fundueanu and al. developed aedtaih of microgel preparation
[15]. Tasdelen evaluated a co-polymer of N-isoplagylamide and itaconic acid to
enable the controlled release of lidocaine, andlcmied that both temperature and pH
influence the release process [16].

The conductometric analysis has a long historyhm terms of indicating and
assessment of different substances in aqueous niHwgause of electroanalysis in
biomedical science is developed for numerous agijpdic. New techniques involve
miniaturized electrolytic conductivity probe withvade range [17]. Electrochemical
studies are often applied for the evaluation of athéc structures - Lorente et. al.
exploited the conductometry for micelles containieigacaine hydrochloride [18].

The characterization of microemulsions with dictafe sodium was performed
by the conductivity measurements, to evaluate iflaence of water amount on the
properties of the formulation [19]. In last decalerclin and Beronius proposed
interesting device for testing the structure amehgport phenomena of electrolytes in
liquid solutions, applying the lidocaine hydrochdte as model substance [20]. The
idea of the device is based on the conductometsessments.

The aim of the work was preliminary assessmenhefdonductivity changes in
aqueous compartment, consisting of lidocaine hydoole, and N-
isopropylacrylamide derivative microgel, during reasing the temperature between
25° and 42°C, as a prerequisite to demonstrateabsbility of applying this microgel

for pulsed release of lidocaine hydrochloride, whemeased temperature is applied.

MATERIAL AND METHODS

Material

pNIPAM microgels particles derived from previous e in the field of

polymer science. The polymers were synthesized lnfjactant free emulsion



polymerization (SFEP) in de-ionized water at 343 dfider an inert nitrogen
atmosphere. The characteristics of the polymepsasented in the Table 1. Lidocaine
hydrochloride was purchased from Sigma-Aldrich.ifirad water obtained from the
TKA DI 6000 system (Germany) was used for all th&peziments. N-
isopropylacrylamide 99%, initiators and co-monomwere obtained from commercial

suppliers.

Composition of assessed systems

The composition of evaluated systems was presemiethe Table 2. The
respective mass of lidocaine hydrochloride was dhixgith the dispersion of
synthesized polymer. The mixing period was maimdirfor 24 h, at the room

temperature.

The conductivity assessments

The conductivity was assessed in evaluated systaispecified temperatures,
l.e.. 25°C, 32°C, and 42°C. The conductivity of epusolutions of lidocaine
hydrochloride was assessed in concentrations applighe systems. The SevenMulti
Metler Toledo, with conductivity segment TDS/SAIlSigivity with the conductivity
sensor InLab 730, NTC, 0,001-1000 mS/cm, measuresmange -5 °C — 100 °C was
applied.

RESULTS

The conductivity of evaluated systems was in timgeabetween 8,73 uS/cm and
44,63 pS/cm in the case of synthesized microgelsl PNPNM II, and PNM IIl. For
the 25°C temperature the conductivity was 8,73 mS/d 1,79 uS/cm, whereas when
temperature increased, the conductivity increaseddl - up to 10,25 uS/cm - 13,31
pnS/cm range for the 32°C, and up to the range 2288m - 44,63 uS/cm for the
highest assessed temperature - 42°C - column 1 albleT3. The respective
conductivities for the solution of lidocaine hydnbaride, gathered in the column 2 of
Table 3 were in following ranges: 41,46 uS/cm 6@, 41,62 uS/cm for 32°C, and
55,66 uS/cm for 42°C.



Also the conductivity of respective systems compasiepolymer and lidocaine
hydrochloride were measured and presented in col@mpable 3. In this systems
assigned as PNM I-LD, PNM II-LD, and PNM IlI - L@he obtained values were in
the ranges: 39,91 uS/cm - 53,30 uS/cm in the 28Btpéerature, 46,14 pS/cm -
56,16uS/cm in the temperature of 32°C. When theé¢eature increased to 42°C, the
conductivity of complexed systems was in the rab®§&0 uS/cm and 118,42 puS/cm.

The theoretically estimated values enumerated lumwo 4 of the Table 3 based
on the assumption of additive characteristics ef¢chnductivity in this systems. The
calculated values for the PNM | - LD, PNM Il - Lnd PNM Il - LD systems were
in the range of 50,19 uS/cm - 53,25 puS/cm at 259C87 uS/cm - 66,28 uS/cm at
32°C, and 77,74 uS/cm - 100,29 uS/cm at 42°C. énldkt two columns, namely
number 5 and 6, the differences between measurddcaltulated values were

presented in absolute numbers and as the percerdhgss.

DISCUSSION

The microgel particles possess an interesting prppef collapsing and
expanding itself, usually in the aqueous envirorim@hen the temperature increases
or decreases. According to that fact, the avaitstoff the functional groups would be
limited or enhanced, depending on the degree ddiresipn of the polymeric net in the
defined temperature conditions. This fact shoulg¢ehaonsequences in binding of
other substances, like biologically actives, protenolecules, drugs, etc. In this
research the influence of temperature on the cdivlycof polymer - water soluble
drug systems was evaluated, as a prerequisitestugh the possibility of pulsed
release of that drug from proposed formulation.

As it can be seen from the Fig. 1 the conductigitpolymer PNM | and PNM
[l increases slowly with the increase in tempematAdditionally the increase of the
conductivity has similar course like in the caselidbcaine hydrochloride solution.
However in the case of PNM Il the increase is miatder expressed. This may lead
to the conclusion, that the increase of temperdeads to increased activity of ionic
groups in the PNM Il polymer, and this informatiomould be applicable for
development of the pulsed release system.



The comparison of the conductivity changes of tbengonents in aqueous
systems with the changes in conductivity of resgltpolymer-drug systems gives
important information. According to the data prasenon the graph, in Fig. 2, the
systems with PNM Il and PNM Il polymer are chasied by moderate variability,
when the increased temperature is applied. Howemethe case of PNM | - LD
system, the characteristic increase in the condticis observed, which reflects the
changes in the conductivity for the solution obkidine hydrochloride.

In the case of PNM Il - LD also the consequentease of conductivity was
observed, but not so remarkable, as in the cas®\M | - LD. Curiously, when the
temperature of PNM IIl - LD system increased, itnductivity in the first step
decreased from 52,29 uS/cm to the 49,24 uS/cmthemdincreased to 60,08 pS/cm.

When data from table 3, column 6 are compared, sonegularities are
observed, considering the predicted and asses$eesvaf conductivity. For PNM | -
LD mixtures, the measured conductivity at 25°C \abmost 26% lower then that
calculated. So it may be assumed that in this ¢omdi, part of the lidocaine
hydrochloride is bonded to the polymer, or its &aion decreased. However at higher
temperatures, the measured values are almost 8%83#dhigher, comparing to the
theoretically calculated, so there is increaséédresence of ionized individua in the
solution. It should be noted, that this interactwwas observed when the polymer
synthesized with acidic initiator was applied - #e ionic interaction may be
involved.

The PNM Il - LD system behaves oppositely - theduantivity consequently
decreases, with the temperature increase, compdhnegpredicted and measured
values, from ca. 26%, through 44%, to 88%.

Regarding the alkali character of the initiator legap in the synthesis, this is
logical result of the interaction between the padynand drug. There are data from
present experiment, which should be further evatljahamely the influence of the
increased lipophilicity of PNM 11l on the condudtiy of related system with lidocaine
hydrochloride. According to acquired data, when teenperature increases, the
conductivity falls down in this system, when is qmared to the predicted values.
Probably the opening of lipophilic polymer stru@unhibits the movement of some
ions in the polymeric matrix, attracting them toetimet, or slowing down the

movement of the particles.



The proposed relations in a microgel particle, whba temperatures are
changing are presented on Fig. 3. The;KKs2), and Kup) values represent in our
study the affinity of the drug to the microgel imcreasing temperatures, according to
the conductivity measurements. The K values differvarious systems, depending
both on the applied system and temperature of siseeds. When PNM | - LD system
is considered, the values are in following pattégs) < K2) < Kaz). For PNM Il and
PNM Il systems the values reach the ordegke Kzz) > Kz,

CONCLUSIONS

1. During heating or cooling the microgels, derwes of N-
isopropylacrylamide, there is possibility to obtapulsed release of lidocaine
hydrochloride from the polymeric bead in the rangetween 25°C and 42°C,
according to the conductivity measurements.

2. In the case of anionic initiator the observeddiactivity changes suggest that
the N-isopropylacrylamide polymer may be involved devices, which release
lidocaine hydrochloride, when increased temperasiepplied.

3. Oppositely, the N-isopropylacrylamide derivasiveynthesized with alkali
initiator, or characterized by increased lipohtlicimay exhibit the pulsed release

during cooling the polymeric beads.
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Tabela 1. Charakterystyka zastosowanych w badapialaineréow
Table 1. Characteristics of polymers applied inghesent study

Zastosowane grupy funkcyjne

Typ mikrazelu
Type of microgel Implemented functional groups
PNM | Grupa kwasowa/Acidic group
PNM II Grupa zasadowa/Alkalic group
PNM Il Grupa kwasowa & Grupa lipofilowa/Acidic gup & Lipophilic group

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

Skiad PNM-I PNM-II PNM-III LD Woda
Composition Water
[mg] [mg] [mg] [mg] ]
PNM I - LD 5,00 - - 5,00 60,00
PNM Il - LD - 5,00 - 5,00 60,00
PNM Il LD - - 5,00 5,00 60,00
LD - - - 5,00 60,00

PNM I, PNM II, PNM III - polimery/polymers,
LD - chlorowodorek lidokainy/lidocaine hydrochloed
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Tabela 3. Przewodnictwo badanych systemow, w kibrastosowano polimery

i chlorowodorek lidokainy

Table 3. Conductivity of assessed systems withrpetg and lidocaine hydrochloride

Przewodnictwo/Conductivity

[MS/cm]
1 2 3 4 5 6
Temperatura Typ _ _ —
LD Wartosci Wartasci Radznica
Mikrozel zmierzone obliczone Poz. 4 i 3| Przyrost (+) lub spade
Temperature Type ) )
LD + mikrozel | LD + mikrozel O]
°C) Microgel Measured valugsEstimated valuegDifference|lncrease (+) or decreg
LD + microgel | LD + microgel | It. 4 and 3 O]
(%]
25 PNM || 8.73 | 41.4639.91 +1.97 SO 50.19 -10.29 -25.78
32 PNM || 10.25 | 41.6256.16 +0.73 SO 51.87 4.29 +7.65
42 PNM || 23.24 | 55.66118.42 +0.49 SD 78.90 39.52 +33.37
25 PNM| 11.61 | 41.4642.24 +0.57 SO 53.07 -10.83 -25.65
I
32 PNM| 24.66 | 41.6246.14 +1.18 S 66.28 -20.14 -43.66
I
42 PNM| 44.63 | 55.6653.30 +0.60 SO 100.29 -46.99 -88.16
I
25 PNM| 11.79 | 41.4652.26 +1.58 SO 53.25 -0.99 -1.89
i
32 PNM| 13.31 | 41.6249.24 +0.75 SO 54.93 -5.69 -11.55
[l
42 PNM| 22.08 | 55.6660.08 +0.41 SO 77.74 -17.66 -29.40

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

LD - chlorowodorek lidokainy/lidocaine hydrochloegd

SD - odchylenie standardowe/standard deviation
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Ryc. 1. Wptyw temperatury na przewodnictwo badanyolmerow i chlorowodorku

lidokainy, PNM I, PNM II, PNM III - polimery, LD chlorowodorek lidokainy
Fig. 1. Influence of temperature on the conductioitassessed polymers and
lidocaine hydrochloride, PNM I, PNM II, PNM Il -glymers, LD - lidocaine
hydrochloride

13



120

——PNM I -LD
——PNM Il - LD
—+PNM Il - LD

-

[0} o

o o
1 1

Przewodnictwo/Conductivity [US/cm]
[o)]
o

40 -
20 -
0 T T 1
20 30 40 50
Temp. [°C]

Ryc. 2. Wplyw temperatury na przewodnictwo badangygttemow
zawierajcych polimery i chlorowodorek lidokainy, PNM | - LIPNM II - LD,
PNM Il - LD: odpowiednie mieszaniny polimerow ilohowodorku lidokainy
Fig. 2. Influence of temperature on the condugtivitassessed systems
containing polymers and lidocaine hydrochloride MPN- LD, PNM 1l - LD,

PNM Il - LD: respective mixtures of polymers anddcaine hydrochloride
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Ryc. 3. Wizualizacja wazania chlorowodorku lidokainy z mikielami, w zalenosci
od temperatury pomiaru. L§- chlorowodorek lidokainy zwzany w mikrosferach
polimerowych, L) - chlorowodorek lidokainy poza mikrosferami polioeymi,
gestas¢ zacienienia odpowiada zmianom morfologicznym zadeloym w trakcie
podgrzewania i chtodzenia rozproszenia mikrosféimprowych

Fig. 3. Visualization of the influence of temperaton the binding of lidocaine
hydrochloride with microgels. L - lidocaine hydrochloride bonded to polymeric
microspheres, LI - lidocaine hydrochloride outside the polymericrospheres,

density of the dots represents the changes dugatiity and cooling the microspheres
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