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Abstract

Carbomer (C) and procaine (P) were selected respectively as models of polyelectrolyte (PE) and basic drug (B) of low stability
in agueous solution. The purpose of this investigation was to test if a (C—P) aqueous system provides a microenvironment in
which P is less exposed to hydroxyl ion catalyzed degradation, its main degradation pathway over a wide pH range. It was
determined that in (C—P) a high fraction of P was present in the form of ion pairs [R€&Q with the carboxylate groups of
C. The [RCOO PH"] fraction was above 97% for compositions containing higher than 50 mol% of P. The chemical stability of
C-P was assayed at two selected pHs (7.5 and 8.5) in comparison with conventional reference solutions (RS) without C. Procaine
in (C-P) was 4.2 and 6.2 times more stable than in its respective RS at the two conditions assayed. The stabilizing factor was
calculated as the ratio of the rate constafy/ k5.7

Since C-B systems exhibit negative electrokinetic potential that attracts positive ions suct) asdHepels negative ones
such as (OH), the stabilizing effect would be associated with the higher acidity of (C—P) environment, in whicmBldcules
attached to the PE should also have lower kinetic energy than those in the bulk medium.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction pharmaceutical dosage forms. It is also well known
that the pH of maximum stability of many drugs is
In the field of chemical stability of drugs, kinetics <7 (Connors et al., 1986in such cases the reactiv-
and mechanisms of specific acid and base catalyzedity of the drug towards HO-catalysis is higher than
reactions are among the best describ€arétensen  the reactivity towards H-catalysis. Consequently, the
and Rhodes, 2000; Guillory and Poust, 1996; Connors HO™ -catalyzed pathway is of prime relevance in drug
et al., 1986; Kostenbauder and Bogardus, }9886r stability and will be addressed here.
many valuable drugs, these degradation pathways are In connection with this point, in previous works
the limiting factor that prevents the design of liquid (Jimenez-Kairuz, 20Q2 Vilchez, 2002 Jimenez-
Kairuz, 2003 we have reported equilibrium and re-
leasing properties of aqueous systems consisting of
fox: +54.351-4334127. an acid polyelectrolyte (PE), i.e. carbomer (C), loaded
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rubmanzo@dqo.fcg.unc.edu.ar (R.H. Manzo). transparent hydrogels a high fraction of loaded B is
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present in the form of ion pairs with the carboxylate
groups of the PE [RCOCBH™] forming a disperse
system with a high negative electrokinetic potential
(2) (Jimenez-Kairuz et al., 2002; Vilchez et al., 2002

Therefore, the important equilibria involved in C
and P mixtures are depicted kys. (1)—(3)

RCOOH= RCOO + H* (1)

where RCOOH= carboxylic groups of the PE.

B+Ht = BH* 2)

®)

Hence, an important fraction of the total drug [B],
([B] = (B) + (BH™) + ([RCOO BH™))), is placed
in the PE environment (PEE) as [RCOBHT].
Such fraction reaches 82% in carbomer—lidocaine
(Jimenez-Kairuz et al., 2002and 87% in carbomer—
metoclopramideJimenez-Kairuz et al., 2003ydro-
gels.

In accord with the current knowledge of colloidal
chemistry, the loaded PE, having a negafivpoten-
tial, will attract positive ions such as () and (BH")
and repel negative ions e.g. (HQ Therefore, the

RCOOH+ B = [RCOO BH*]
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stability is about 3.5. Although the referenced authors
used a variety of buffer systems to keep a constant pH
during kinetic runs of P, neither evidence of general
acid nor basic catalysis were noticed in any case.
The basic sites of P, having &g, of 2.45 Connors
et al.,, 198§ and a [Kap, early reported as 8.05
(Connors et al., 1996 and later as a more reliable
value of 8.95 Gtrobel and Bianchi, 1970determine
the speciation as a function of pH[pH3N-CgH4—
COO-CH-CHy—NH(CH,—CHg)2] ™, [pH2N—CgH4—
COO-CH—CH,—NH(CH,—CHg)2]™  and  pHaN—
CsHs—COO-CH—CHy—N(CHy,—CHg)2), which will
be regarded as (PA"), (PH") and (P), respectively).
Intrinsic reactivities of each species towards &hd
HO™ catalyzed reactiongJonnors et al., 1996have
been well established. The highest second order rate
constant k5, = 2.47M~1s~1 at 37°C) corresponds
to the pathway depicted biq. (5) which produces
the greatest contribution to the overall degradation rate

in the range of pH 5-9Connors et al., 1996
Rate contribution= ko~ (PHT)(OH™) (5)

If the contribution of this pathway to the overall
degradation rate would be decreased by lowering

loaded PE would be seen as a microenvironment of (HO™) and/or the reactivity of PH by ion pairing,

higher acidity than the bulk solution medium. Besides, then a significant increase of stability would be ob-
the protonated basic drug molecules attached to theserved. With regard to this point, it was early observed
PE should also have lower kinetic energy than those (Testa and Etter, 197%hat at pH 6 the rate of P
in the bulk owing to the higher microviscosity of PEE.  degradation was lowered almost to a half by addition
In order to test if such factors are able to pro- of carbomer to the solution. Such observation was
duce a significant effect on the chemical stability of gscribed to the rise of the macroviscosity.
OH™-catalyzed reactions, carbomer (C) and procaineé  The stabilizing effect of micellar solutions on the
(P) were selected as the PE and B models, respectively.hydrolysis of P has also been report@drida et al.,
It is well known that P is easily hydrolyzed to 1978.
p-aminobenzoic acid (PABA) and diethylaminoethanol  |n the following sections some relevant aspects of
(Eq. (4). equilibrium properties of C—P systems together with

kinetic results on P degradation are reported.
pHoN-CsH4—COO—-CH-CHy—N(CH>—CHg)»
+H20 — pH2N-CgH4—COOH

+ HOCH,—CH—N(CH,—CHg)» 2. Materials and methods

4)
Since this is a classical model of drug, which un- 2.1. Materials

dergoes specific acid and base catalyzed hydrolysis,

its kinetics and mechanism has been studied exten- Carbomer 934P (C) was kind gift from BF-Goodrich

sively (Connors et al., 1986; Schmid, 1961; Higuchi (CarbopdP 934P, Brecksville, OH). Procaine free

et al., 1950.
The pH-rate profile Connors et al., 19860f P,
logkons Versus pH, indicates that the pH of maximum

base (P) was obtained as a precipitate by neutraliz-
ing a P HCI (USP-grade Montréjl Cérdoba, Arg.)
solution with 1IN NaOH solution (Titris8l, Merck,
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Darmstad, Germany), washed with cold water and 3. Results and discussion
dried under vacuum to constant weight. Lidocaine (L)

(Sigma, St. Louis, MO)p-aminobenzoic acid (PABA)  3.1. Equilibrium properties
(USP-grade, Parafaffy Bs. As., Arg.), Methylcel-

lulose NF (Montreé’?, Coérdoba, Arg.), NaCl p.a. Fig. 1 reports the species distribution of a set of
(Sintogra?, Bs. As., Arg.), KbPOy4 p.a. (Anedrg, (C—P), hydrogels as a function of mol% of R &
Bs. As., Arg.) and distilled water were used. mol% of P = 25, 50, 75 and 100). The figure also

shows observed pH values of the aqueous phase after
2.2. Preparation of carbomer—basic drugs hydrogels partition with CH, which selectively extracted the free

base. The methodology to calculate compositions was

Two series of C—procaine (C—Phydrogels were  previously reported)jmenez-Kairuz et al., 2002As

prepared by neutralizing 0.1 or 0.25% aqueous disper- can be seen in the figure, in the range of pH 7.4-8.7,
sions of C with the appropriate amount of P in solid the percent of[RCOOPH] is above 97%, and drops
form (x refers to the mol% of P that neutralize the car- to 91.9% at the more acidic pH of 6.15, indicating
boxylic group of C: 25, 50, 75 and 100%). Dispersions that equilibrium 3 is remarkably shifted to the left, as
were then stirred fo¥E1 h, using magnetic stirring bar, mol% of B is decreased.
at room temperature. The series of C—lidocaine (G-L) The figure also shows that the species of the highest

hydrogels were prepared in a similar way. chemical reactivity PH remains below 1.7% in the
three higher loaded compositions, but rises to 8.13%
2.3. Species distribution determination at the lowest one.

Equilibrium 3 may be perturbed in several ways.
Samples of (C—R)at 0.1% of C were shake flask For instance, the addition of a neutral salt such as
partitioned with a 1:1 cyclohexane (CH)/hydrogel NaCl produced a lowering of pH paralleled with a
ratio. Concentration of P in CH @) was spec- frise of conductivity as shown ifig. 2 Such proto-
trophotometrically assayed at 271nm (Shimatsu genic effect would be due to the migration of PH
UV-160A, spectrophotometer, Tokyo, Japan). The pH and Hf from the PEE to the bulk medium as a con-
was recorded before extraction and at equilibrium. sequence of ionic exchange with Naogether with
In order to calculate species distribution as was pre- the presence in the bulk solution of the counter ion
viously described Jimenez-Kairuz et al., 2002the Cl~. To get complementary information regarding this
true partition coefficient of P between water and CH point, a set of measurements was made using the
was calculated by measuring partition concentrations system carbomer—lidocaine (C-L). Lidocaine, having

and pH at equilibrium. higher chemical stability than P, allowed more detailed
experiments. Such measurements included the deter-
2.4. Degradation measurements mination of the changes in the proportion of ionic

pairs after addition of increasing amounts of NacCl.

Reference solutions (RS) of P to be used in degra- As can be seen ifig. 3, the decreasing of pH is ef-
dation measurements were made by dissolving P in fectively accompanied by a concomitant lowering of
the appropriate phosphate buffer (pH: 7.50 or 8.50). ([RCOO™LH"]). Such changes are also paralleled by

Stability experiments were carried out at 20 and a strong decrease in viscosity)(as it is shown in
40°C. The pH of (C-P) hydrogels at 0.25% of C was Fig. 4
measured and when needed, adjusted by addition of Hydrogels constituted by dispersed hydrophilic
NaOH to pH 7.50 or 8.50. Samples of (C—P) hydro- polymers are well described as biphasic systems in
gels and RS were withdrawn at predetermined inter- which each phase is interpenetrated by the other
vals, appropriately diluted with buffer solution of pH:  (Martin, 1993. The polymer phase, having a high
6.40 and spectrophotometrically assayed at two ana-microviscosity produces the main contribution the
lytical wavelengths (289 and 266 nm) as per reference macroscopically observeg
(Higuchi et al., 1950 in order to get P and PABA Consequently, in the present situation, the observed
concentrations. drop of» may be associated with the migration of ba-
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Hidrogels pH: 6.15

Fig. 1. Species distribution at equilibrium of a set of hydrogels (C-&fer the partition with CH.

sic drug molecules placed in the PEE to the aqueous pH (Fig. 3) or viscosity Fig. 4) as would be expected
fluid phase. based on equilibria 1-3.

This is consistent with the observation that when  To further illustrate this point the conductivity of
a non electrolyte such as glycine is added instead of both electrolytes, NaCl and L HCI, were measured
NacCl, it does not produce any significant change in in a set of hydrogels of increasing concentration of
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Fig. 2. Variation of pH M) and conductivity Kesp (L) of a (C—PYs hydrogel with the addition of NaCl.
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Fig. 3. Variation of pH (black symbols) and mol% of ion pair (empty symbols) with the addition of NEGIr(C]) or glycine (A or A)
in a (C-L) hydrogel.

the neutral hydrophilic polymer methylcellulose. As cases the conductivity remained almost constant re-
Fig. 5 shows, the system does not follow Warren’'s gardless of the increase gf This behavior indicates

rule that relates conductivity with in homogeneous  that the electrolytes were essentially placed in the
systems Brockris and Reddy, 1998since in both aqueous fluid phase in presence of NaCl keeping their
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Fig. 4. Variation of dynamic viscosityy] of a (C-L) hydrogel with addition of NaCIl) or glycine @A).
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Fig. 5. Conductivity kesp of NaCl (M) or L HCI (A) in methylcellulose hydrogels of increasing viscositig¥ (empty symbol).

activities constant. Therefore, changes in chemical re- at such pHs lo@ops is linearly related to pH with a

activity as a consequence of the increasey efould positive slope Connors et al., 1986)

be unexpected in this case. Reference solutions were prepared with the same
pH and concentration of P as the corresponding (C—P).

3.2. Procaine degradation The pH of RS were regulated by phosphate buffers

(ionic strengthu = 0.1) while those of (C—P) were
Comparative kinetic runs of (C—P) hydrogels and adjusted by either the addition of NaOH or the appro-
RS were performed at two selected pHs (7.5 and 8.5); priate amount of P.
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Fig. 6. Degradation kinetics of P in a (C—P) hydrodel)(and RS W), at pH 7.5 and 40C.
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Table 1
Degradation rate constants of procaine in (C—P) and RS

pH Temperature Time kobs (107 s71) Stabilizing
(°C) interval (h) RS (C-P) effect
75 40 0-24 17.0 4.04 4.21
0-120 379 -
0-24 - 5.92 -
85 20 0-120 13.3 2.17 6.12

2 Rate obtained in hydrogel with 12% of NaCl.

Fig. 6 shows comparative kinetic results at pH 7.5
and 40°C that were obtained by sampling at the early
stages of degradation (low conversion fractions).

As can be seen in the figure, a significant stabilizing
effect is observed in (C—P) with respect to RS. The
kinetics of degradation of P in (C—P) also adheres to
the first order law. The stabilizing effect, calculated
as the ratio of the rate constamgoss/ k(()%gp), which
is equivalent to the ratio of their respective half lives
tlc/—zp/th/sz, was 4.21 Table J).

Samples were taken at low conversion fractions in
order to minimize some shortcomings of the compar-
ison between (C-P) and RS. In fact, generation of
PABA results in a lowering of the pH as the reaction
progress. The rate of pH lowering, that was linear with

time, expressed in pH units per houtgH/h) was
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7.4x 1073 for (C—P) and 5L x 10~ for RS. Therefore,
although P in RS is hydrolyzed at a higher rate than
in (C-P), it exhibited a lower shift in pH with time
due to the higher buffer capacity of RS. Sampling at
low conversion fractions minimized pH changes and
provided more reliable results.

However, a run of (C-P) extended during 120 h.
(Fig. 7, Table 9 yielded ak$; P similar to that obtained
within the first 24 h. This result would be a conse-
quence of two opposite effects since on one hand, the
lowering of pH lowers (HO), but at the same time
the presence of PABA in the bulk medium contributes
to shift equilibrium 3 to the left and equilibrium 2 to
the right with a concomitant rise of the high reactive
free PH'.

It should also be noted that the rate of hydrolysis of
P in buffered systems increases as the ionic strength
decreasesGonnors et al., 1986 Thus, ifkfjbsS would
be corrected to the same as (C—P) a higher value
would arise affording a higher value of the stabilizing
effect reported.

Therefore, it is clear that the observed stabilizing
effect of 4.21 times the half life of P would be ascribed
mainly to the lowering of the proportion of drug that
is degraded through the pathway depictedq (5)

These results confirm the initial hypothesis that the
interaction of B—PE produces a microenvironment of

48

72 96 120

Time (hs)

Fig. 7. Degradation kinetic of P in a (C—P) hydrogel at pH 7.5 anéiGl@etween 0 and 120h.
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high viscosity, in which the drug degradation rate
is considerably lowered due to higher acidity and/or
lower reactivity of the reactant group of the drug.
However, present results do not reveal how much of

the observed effect is due to each possible stabiliz-

ing mechanism. With regard to this point, it should be
noted that in the early report of Testa and Etter, they
did not find significant differences in the second order
rate constant of P degradation in a set gi¢hydro-
gels coveringy from 656 to 983 Pa. Consequently, It
appears that under such conditions the increasg of
is not a critical variable.

From equilibrium data presented in this report it is
clear that, as only a small fraction of drug remains
as free species P and PHn the agueous environ-
ment, their contribution to the overall degradation rate
is considerably lowered. Therefore, a mechanistic ex-
planation to the early observation of Testa and Etter
is now available.

A.F. Jimenez-Kairuz et al./International Journal of Pharmaceutics 269 (2004) 149-156
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