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Summary

For the evaluation of conductivity measurements the control and
monitoring of release process, high number of cotidity measurements was
performed. The measurements were done for the csitigpws of chlorhexidine with
methylcellulose, and lidocaine hydrochloride witletinylcellulose. Chlorhexidine, a
very slightly soluble substance is released from mhethylcellulose bead in the
amounts ca. 30%-70%, and it depends of temperatutbe release process. The
lidocaine hydrochloride at the same time is reldaseom methylcellulose
formulation in 70-100%.

The conductivity in the donor compartment at thartspoint, and in the
acceptor compartment at the termination pointeotfthe released amounts of the
drug. This study confirms the possibility of applion of conductivity
measurements for the preliminary assessments dfitietics of release of soluble

and practically insoluble substances from the naigipolymeric matrix.
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INTRODUCTION

New drug forms are developed with different kinds pmlymers. The
polymers may bind active substances and prolongréhease in the place of
application, i.e. on the skin or on the mucus. pblymers are swelling in agueous
environment and the viscosity of resulting systeésnisigh. Since several years there
is an increase observed in the research on newagdisnicrogels, characterized as
thermo-sensitive factors. When an increase or dseran environmental temperature
around specified critical value is performed thafoomation of a macromolecule is
changing, and also the changes of the releasebasgwed, gradual or rapid.

Application of this kind of polymers may be used. iin a delay of drug
release, or for drug-targeting to specified tissuHsis should also diminish the
possibility of eventual adverse drug reactions. iAddally in the release kinetics
assessments the temperature has to be controlledsjpecial manner, when the
thermo-sensitive polymers are applied.

Between most used macromolecules, applied in reflsgthrere are derivatives
of N-isopropylacrylamide [1]. They were studied.,.as factors enabling the drug
targeting of anticancers and products of advana@edhnology [2]. In this contexts,
the analysis of thermal properties of known and elidapplied polymer -
methylcellulose seems to be interesting, as agtualso thermosensitivity of
methylcellulose was evidenced in the ophthalmigdrnechnology [3] (Fig. 1).

The measurements of drug release kinetics reqoimglkicated methods, and
developed research apparatus. However, the amduhieadrug, which is moved
from donor compartment to the acceptor compartnmeay be reflected by the
conductivity of ions resulting from the dissociatiof the active substance molecule
[4].

The important factor, which influences the posgipilof conductivity
measurement is the solubility of the analyzed suiasts. An example of a very low

soluble substance is chlorhexidine base, whereadidbcaine hydrochloride has



much higher solubility. The additional factors #éne viscosity and molar weight of
the active compound [5].

For the assessments were chosen substances whttaydication potential
and opposite solubility in water. Chlorhexidinei&nown antiseptic, and since many
years is applied in stomatology and dermatologymBitous attempts to apply it in
various drug formulations, confirm its high valueinfectious conditions of the oral
cave, and in the prophylaxis and medication ofhteedries. Very low water
solubility, which is ca. 0,008% [6] is charactaddbr this compound.

The lidocaine hydrochloride has much higher valolewater solubility - ca.
68% [7]. It is used in local anesthesia of the sldid mucous membranes, in various
diseases and during surgical interventions (Taple 1

For the evaluation of conductivity measurements tle control and
monitoring of release process, high number of cotidity measurements was
performed. The measurements were done for the caitigpes of chlorhexidine with

methylcellulose, and lidocaine hydrochloride witkthylcellulose.

MATERIAL AND METHODS

Applied polymer and compositions of the formulations

Methylcellulose is a polymer widely applied in theharmaceutical
technology, and this polymer is very good charamter [8]. The methylcellulose
was used to prepare formulations with lidocainerbghloride and chlorhexidine.
The concentration of lidocaine hydrochloride andodiexidine was 0,125%, and
equal quantities of methylcellulose were givenhe tormulations - according to the
attached Table 2.

Thereease of the active substance

The release of the active substances was perfoacemtding to the European
Pharmacopoeia, however the temperature was moddgdne of the topics of the
study was to evaluate the influence of temperaturehe drug release [9]. In this

study temperatures of 22°C, 32°C,oraz 42°C werataiaed. The first temperature



parameter was introduced to the study, as the-sbellitions are specified in this
temperature. The second temperature parametereistdndardized skin surface
temperature, important for the patient, when amgiythe drug onto the skin. Both
chlorhexidine and lidocaine hydrochloride are aggplin this conditions. The 42°C
temperature is a limit value - highest for the paphysiological conditions [10].

The donor compartment, of 25¢molume, was prepared from the dialysis
membrane, closed by lab clips, without air insishethe acceptor compartment the
deionized water was used, with conductivity nothleigthan 1QuS/cm. The release
vessels were tightly closed and the air was remdvexh the device, with the
pressurized nitrogen.

In the release the cumulated amounts of activetanbs after 6 h were
evaluated - the topical dose interval was equafotor application daily of the
semisolid drug on the skin. The active substancesewassessed by the UV
spectrophotometric method - TECAN Infinite 2000.eTpercentage extinction
coefficient in 0.01 mol/L HCI solution was 225.1% the p > 0.999, at 250 nm for
chlorhexidine. For the lidocaine the percentagénetion coefficient was 207.35 (p
> 0.999), at 254 nm. The method gave linear efferct®m concentration of 1 to 18
pug/mL.

The conductivity assessments

The conductivity was assessed in donor compartmemd acceptor
compartment before release start, and after 6 lspetified before temperatures.
Also the conductivity of pure solutions of lidocaihydrochloride and chlorhexidine
was assessed in concentrations applied in the daombracceptor compartment. On
the Scheme the measurements rules were preseme&even Multi Metler Toledo,
and conductivity segment TDS/SAL/resistyvity coreecto conductivity sensor
InLab 730, NTC, 0,001-1000 mS/cm was used - thgpezature range -5 °C — 100
°C.



RESULTS

Releaserates

The cumulated amounts of lidocaine hydrochloridel @hlorhexidine in
acceptor compartment, after specified period, wareus, as it is presented on the
respective graphs on the Fig. 2 and 3. Betweenststems the higher amounts of
released drug were identified in the case of lidezdydrochloride - the cumulated
amount after 6 h was 99,12; 70,68; 69,64%, fortdmeperatures 22, 32 and 45°C
respectively. For the comparison the cumulated atsoaf chlorhexidine released

from the donor compartment were 28,99; 29,04 an8738 respectively.

CONDUCTIVITY

As it is presented in the tables 3 and 4, the caiidty of methylcellulose
preparations was between 127;88cm and 3019,64S/cm. The parts in the system
conductivity had the active compound, the macroodé the water. With the
release process, the content of chlorhexidinedmichine hydrochloride decreased in
the donor compartment, and increased in the accemimpartment. Also the
respective conductivity decreased and increasd¢ddeirsame manner. After 24 h the
conductivity in the donor compartment was betwedn53 and 110,75uS/cm,
depending of the active substance and temperatuntheorelease process. The
conductivity of chlorhexidine system containing thethylcellulose at the beginning
of the process was 127,88/cm, and after the release process terminatiernvalue
was ca. 54,531S/cm, at 22 °C. In the acceptor compartment, diteshing the
process, the conductivity was 32,11 and 6w3&m at 22 °C. Respective values of
the conductivity in higher temperatures - 32 °Qi°C in donor compartment are
presented in the table 3. The values of condugtfeit the acceptor compartment are

gathered in the table 4.



DISCUSSION

According to the achieved data, the release proisefaster in the case of
lidocaine hydrochloride preparations, comparingtte chlorhexidine, even if the
temperature is the same. As it was observed foptéparations with chlorhexidine,
with the increase of temperature, between 22 an®C3the increase in the released
amount was rather slight, whereas when the temyreradised for the next 10°C, the
increase in released amount was significant - Zig.he topic of drug binding, and
types of the respective bonds in the course ofitiberaction with cellulose is
extensively studied [11].

The increasing temperature influences the amounsolate chlorhexidine,
thus the temperature increase accelerates thelutisgoprocess. As it is presented
on the Fig. 4, the preparation of chlorhexidinehwitethylcellulose is a suspension,
and in the preparation of lidocaine hydrochlorideghwmethylcellulose the active
substance is in molecular dispersion. From our datacan conclude, that the
increase to 42°C influences significantly the siitybof chlorhexidine in the
methylcellulose medium.

In different way proceeded the kinetics of lido@imydrochloride from the
methylcellulose bead. The assessed in the accemptgpartment amount of lidocaine
hydrochloride was highest at 22°C, and increasehef temperature resulted in
decrease of lidocaine hydrochloride observed iratteeptor compartment. However
the increase from 32 °C to 42 °C did not influesigmificantly the process - graph
on Fig. 3.

In the assessments of release kinetics some appreas made to the
conductivity assays, considering the release ofrohial organophosphorous
compounds [12]. In this study the correlation imtaspects was performed. The
amount of released active substance was compartx toonductivity in the donor
compartment before the release assessments. Adseltdtion between the released
amount and the conductivity in acceptor compartnadt@r release termination was
studied. Depending of the temperature there areifsignt correlation in the
temperatures 22 °C and 32 °C, whereas at 42 %@lt#ieon was rather weak - Fig. 5.

According to general rules, the amount of the actubstance in the donor

compartment is decreasing and in the acceptor cameat is increasing. Thus also



the conductivity should change the values in prbpoal way. Actually in the case
of chlorhexidine the concentrations and condugtiwere lower, comparing to that
of lidocaine hydrochloride - Fig. 6.

To perform more detailed study of the changes m dhug release from
methylcellulose bead, the actual values of conditgtin the acceptor compartment
(A2a) were compared to that calculated accordingh® dissolution of amounts
released from the donor compartment (A2t) (Tab. 5).

As it is presented in the table, the ratio of th&ue of conductivity measured
in the acceptor compartment and the calculatedeyabas near the 1,0. The minimal
increase beyond the 1,0 may be explained by thsoldison of the molecule,
according to the Ostwald rule. However for the pragion of chlorhexidine the ratio
A2a/A2t is between 19,05 and 37,88/cm. As the chlorhexidine is characterized by
very low solubility, the conductivity measured hretdonor compartment reflects this
amount of chlorhexidine, which is in equilibriumtivithe sediment.

Thus the theoretical, calculated value of the catidily in the acceptor
compartment, evaluated from the initial conducyivitt the donor compartment is
much lower, than the actual conductivity valuegtakom the measurements.

As an additional parameter the ratio D1/D2 in % applied. It enables the
comparison of the donor compartments at the instiaje (D1) and after termination
of the release (D2). The D1/D2% factor had valuE%-43% for the preparation of
chlorhexidine with methylcellulose. The lidocaingdhochloride-methylcellulose
preparations were characterized by much lower gadfi¢his factor - around 3%.

CONCLUSIONS

We can conclude from this assessments that chlwlinex a very slightly
soluble substance is released from the methyloskubead in the amounts ca. 30%-
70%, and it depends of temperature of the releaseeps. The lidocaine
hydrochloride at the same time is released fromhgietllulose formulation in 70-
100%.

The conductivity in the donor compartment at thartspoint, and in the
acceptor compartment at the termination pointectfthe released amounts of the

drug.



This study confirms the possibility of applicationf conductivity
measurements for the preliminary assessments dfitie¢ics of release of soluble
and practically insoluble substances from the nmigipolymeric matrix.

The limitations of this method are connected toghaper characterization of
the solubility of analyzed compound, and evaluabbmolar mass of this compound
in the interpretation.

The method will be further developed, to determthe optimal study
conditions. This should assure good additional attaristics of polymers during the

release research.
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Ryc. 1. Struktura metylocelulozy, R=CH3 lub R=Hyssinek CH/H okoto 60%
Fig. 1. The structure of methylcellulose, R=CH3RatH, the ratio CHH is in the

range of 60%
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Ryc. 2. S¢zenie uwolnionej chlorheksydyny po 1, 2, 3, 4, 5gd@lzinach procesu

Fig. 2. The percentage of released chlorhexiditer &f 2, 3, 4, 5, and 6 hours]
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Ryc. 3. Stzenie uwolnionego chlorowodorku lidokainy po 1, 2435 i 6 godzinach
procesu
Fig. 3. The percentage of released lidocaine hydoocde after 1, 2, 3, 4, 5, and 6

hours
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Ryc. 4. Makrofotografie badanych probek: gqualenie metylocelulozy i
chlorheksydyny (A) oraz patzenie metylocelulozy i lidokainy (B)
Fig. 4. Visualized formulations of chlorhexidine )(Aand lidocaine (B) with

methylcellulose
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Ryc. 5. Wplyw temperatury na wasto przewodnictwa badanych prébek, jako
czynnika predyktywnego we wginej ocenie kinetyki uwalniania substancji czynnej
z podiza metylocelulozowego. Punkty po lewej stronie wgkreodpowiadaj
preparatom chlorheksydyny (CHX), po prawej - lidioka(LID).

Fig. 5. The influence of temperature on the condiigtin donor compartment,
correlated with temperature, and released percembghlorhexidine (left part of the

graph, CHX) and lidocaine (right part of the grapiD)
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Ryc. 6. Wplyw temperatury na wasto przewodnictwa w kompartmencie
akceptorowym, jako czynnika predyktywnego we gueej ocenie kinetyki

uwalniania substancji czynnej z pogido metylocelulozowego. Punkty po lewej
stronie wykresu odpowiadgjpreparatom chlorheksydyny (CHX), po prawej -
lidokainy (LID).

Fig. 6. The influence of temperature on the condlitgtin acceptor compartment,
correlated with temperature, and released percembghlorhexidine (left part of the

graph, CHX) and lidocaine (right part of the grapiD)
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Drug diffusion
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Kompartment akceptorowy
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Schemat. Sposob pomiaru przewodnictwa w kompar@eéntonorowym (D) i
akceptorowym (A). Cyfra "1" oznacza stan na ptiaz badania, a cyfra "2" stan po
zakaczeniu badania

Scheme. System of evaluated donor (D) and accépjocompartments. The "1"
denominates the beginning of the process, whereas2t' denominates the end of

the process
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Tabela 1. Poréwnanie rozpuszczdkiahlorheksydyny i chlorowodorku lidokainy

Table 1. The comparison of solubility of lidocaimgdrochloride and chlorhexidine

Substancja Rozpuszczalnid w wodzie Bibliografia
Active compound Solubility in water Reference
Chlorheksydyna, zasada ca. 0,008 % [6]
Chlorhexidine, base
Lidokaina, chlorowodorek ca. 68 % [7]
Lidocaine, hydrochloride
Tabela 2. Sktad badanych systemow
Table 2. The composition of assessed formulations
Formulacja MC LID CHX Woda
Formulation Water
MC-LID 0,125 0,125 - 25,750
MC-CHX 0,125 - 0,125 25,750

MC - metyloceluloza, methylcellulose, LID - chlorodorek lidokainy,

lidocaine hydrochloride, CHX - chlorheksydyna,arhlexidine,

MC-LIG, MC-CHX - odpowiednie formulacje, respectif@mulations
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Tabela 3. Temperatura i przewodnictwo w kompartrneedonorowym

Table 3. Temperature and conductivity in donor cartipent

Typ Temperatura Przewodnictwo SD Przewodnictwo
preparatu | Temperature - poczatek procesu - koniec procesu
Formulation [°C] Conductivity - start point Conductivity - finish SD
[MS/cm] [LS/cm]
MC-CHX 22 127,88 0,18 54,53 0,55
32 144,15 0,48 107,72 1,4(
42 176,19 0,48 110,75 0,67
MC-LIG 22 2852,33 3,71 85,21 0,32
32 2922,98 12,31 91,43 0,21
42 3019,61 38,19 92,82 0,19

SD-standard deviation
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Tabela 4. Temperatura i przewodnictwo w kompartreeakceptorowym

Table 4. Temperature and conductivity in acceptongartment

Typ Temperatura| Przewodnictwo po zakozeniu | SD
preparatu | Temperature procesu
Formulation [°C] Conductivity after finish [uS/cm|

MC-CHX 22 32,11 0,38
32 28,92 1,30
42 57,99 1,41

MC-LIG 22 65,12 0,33
32 70,98 0,91
42 67,45 1,54

Tabela 5. Uzupelniagy parametr oceny badanych formulacji - stosunek/A2t.

Szczegoty w tedcie

Table 5. The additional parameter - A2a/A2t ratitetails in the text

Typ Temperatura
preparatu | Temperature A2a/A2t SD D2/D1 SD
Formulation [°C]

MC-CHX 22 20 0,21 42 0,51
32 34 2,43 73 1,15
42 38 1,18 62 0,50

MC-LIG 22 1 0,01 3 0,01
32 1 0,01 3 0,01
42 1 0,02 3 0,04

SD - standard deviation
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