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Summary

Seven carbomer 934 lots exhibiting no appreciable differences in IR spectra, density or carboxylic acid group content were
found to differ significantly as regards the rheological characteristics of their aqueous dispersions. These differences are attributed
to differences in mean molecular weight, and explain significant differences between the two most dissimilar lots as regards the
dissolution profiles of theophyliine and hydrochiorothiazide tablets in which they were used as matrices.

Introduction

Carbomers, marketed by BFGoodrich under
the trade name Carbopol® (BFGoodrich, 1985),
are acrylic acid polymers crosslinked with
polyalkyl ether (American Pharmaceutical Asso-
ciation and The Pharmaceutical Society of Great
Britain, 1986; Cosmetic, Toiletry and Fragance
Association, 1992). Since the 1950s, when they
were introduced as better thickening agents than
natural gums (Barry and Meyer, 1979a), their
pharmaceutical use has progressively increased
(Secard, 1962; Perotti, 1970a,b; Cosmetic, Toi-
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letry and Fragance Association, 1992)., Pharma-
ceutical grade carbomer 934 (Carbomer 934P), in
which the polyalkyl ether is alkylsaccharose, is
authorized by the FDA for use in dosage forms
for internal administration. Available data on the
basic properties of carbomers are nevertheless
scarce in comparison with those concerning other
hydrophilic polymers with similar uses, such as
cellulose ethers (Doelker, 1987). Particularly im-
portant among such properties are those related
directly or indirectly to the rheological properties
of aqueous dispersions of carbomer, which are of
relevance both to its technological characteristics
and to the release of drugs from solid dosage
forms in which it is used as binder (Concheiro et
al., 1987; Vila-Jato et al., 1987) or matrix (Vazquez
et al., 1992). Official standards for the viscosity of
aqueous dispersions of carbomer (British Phar-
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macopoeia, 1988; The National Formulary XVII,
1990), which refer only to a single concentration
of the polymer (and differ as to the procedure
used), may not be sufficient to guarantee interlot
homogeneity among dosage forms in which it is
used. In this work we investigated variability
among carbomer lots, from different points of
view, and its consequences for the release of
theophylline and hydrochlorothiazide from car-
bomer-based formulations.

Materials and Methods

Materials

We studied samples of Carbomer 934 NF lot
A91121 (hereinafter lot 1) and Carbomer 934P
NF lots 8902185 (lot 2), 8902160 (lot 3), 8801779
(lot 4), 8902161 (lot 5), 9004705 (lot 6) and
8902162 (lot 7). Nominal viscosity was 2050-5450
cP for neutral 0.2% w/v aqueous dispersions,
and 30000-39400 cP for 0.5% w/v dispersions
(both at 25°C). All carbomer samples were desic-
cated under vacuum at 80°C for 1 h before use,
and results are referred to dry weight when rele-
vant. Theophylline USP, solubility 8.3 mg/ml
(Cohen, 1975), and hydrochlorothiazide USP, sol-
ubility 0.61 mg/ml (Deppeler, 1981), were from
J. Escuder, Spain (theophylline lot 016, hydro-
chlorothiazide lot 0014).

Carboxylic acid group content

Carboxylic acid group content was calculated
following The National Formulary XVII (1990)
from neutralization curves obtained potentiomet-
rically in duplicate with a Crison MicropH 2001
pH-meter.

IR spectra

IR spectra between 200 and 4000 cm ™! were
recorded in KBr pellets on a Perkin-Elmer 1330
spectrophotometer.

Density
True density was determined in triplicate with
a Quantachrome MCY-2 helium pycnometer.

Equilibrium moisture curves at 20°C

Duplicate 1 g samples were stored until their
weight became constant under atmospheres with
relative humidities controlled by aqueous sul-
phuric acid solutions. Equilibrium moisture con-
tent was calculated from the final weight gain.

Viscosity

The viscosity of 0.005, 0.010, 0.015, 0.020, 0.025
and 0.030% w/v dispersions of carbomer was
measured in triplicate at 37°C in a Canon-Fenske
U-type viscosimeter (Afora, Ref. 5354/2) after
neutralization as per The National Formulary
XVII (1990). The rheological behaviour of more
viscous 0.1% w/v dispersions was determined
from shear stress-shear rate curves recorded at
25°C (after neutralization as above) in a Brook-
field DV-II digital rotatory viscosimeter using
spindle speeds of 0.3—60.0 rpm. For lots 3 and 6,
curves were also obtained for 0.2% w /v disper-
sions.

Release of theophylline and hydrochlorothiazide
Direct compression carbomer /theophylline
and carbomer /hydrochlorothiazide tablets were
produced, using carbomer lots 3 and 6 (four for-
mulations in all), in a Korch EKO excentric press
equipped with piezoelectric pressure transducers
(Martinez-Pacheco et al., 1985) and flat 12 mm
teflon punches lubricated with a suspension of
magnesium stearate in acetone. Tablet weight
was 500 mg, drug content 10% w/w with a maxi-
mum compression force of 2250 N; dies were
filled by hand. Dissolution profiles were obtained
using a US Pharmacopeia XXII (1990) Type 11
apparatus (Turu Grau) operated at 150 rpm
(tablets were prevented from floating by reten-
tion in 2.8xX28X1 cm cages with 1.6 mm
meshes). All assays were carried out over 8 h
using six tablets and 900 ml of distilled water as
dissolution medium. The quantities of theo-
phylline and hydrochlorothiazide released were
determined spectrophotometrically at 272 and 274
nm, respectively. Higuchi’s dissolution rate equa-
tion (Higuchi, 1962, 1963) was fitted to the data
for theophylline, and a zero-order rate equation
to those for hydrochlorothiazide (Pérez-Marcos
et al., 1991a). The corresponding rate constants
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Fig. 1. Mean neutralization curves of the seven carbomer 934
lots studied.

for each carbomer lot were compared using
Wilcoxon’s test (Siegel and Castellan, 1988).

Results and Discussion

The carboxylic acid group content of carbomer
934 should be between 56 and 68% (British Phar-
macopoeia, 1988; The National Formulary XVII,
1990). The contents of the seven lots studied, as
calculated from the corresponding neutralization
curves (Fig. 1), satisfied this standard and were
virtually identical, all lying between 594 and
60.3% (Table 1). The IR spectra of the seven lots
were also very similar (Fig. 2), with carbonyl and

TABLE 1

Mean carboxylic acid contents, true densities and equilibrium
moisture (20°C, RH. = 58.3%) of the seven carbomer 934 lots
studied (SD in parentheses)

Lot Carboxylic acid True density Equilibrium
content (%) (gem ™) moisture (%)
1 59.59 (1.12) 1.489 (0.021) 8.40 (0.09)
2 60.00 (0.97) 1.505 (0.006) 9.07 (0.43)
3 60.09 (1.93) 1.489 (0.006) 8.67 (0.03)
4 59.41 (0.96) 1.510(0.015) 8.62 (0.01)
5 60.09 (0.00) 1.512(0.018) 8.95 (0.20)
4] 60.09 (0.00) 1.446 (0.007) 8.84 (0.07)
7 60.28 (2.09) 1.481(0.026) 8.67 (0.13)
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Fig. 2. IR spectra of the seven carbomer 934 lots studied.

hydroxyl bands at 1722 and 3420 cm™!, respec-
tively (Graf et al., 1983) and an 800-1000 cm™!
region showing that the spatial configuration of
the polymer is the same in all seven lots (Bardet
and Alain, 1975a).

Though there is no official specification for the
true density of carbomer, the manufacturer de-
clares a value of 1.41 g/cm® regardless of variety
(BFGoodrich, 1985). The true densities measured
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Fig. 3. Equlibrium moisture curve at 20°C of carbomer 934 lot
1. The six lots omitted superimpose lot 1.
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Fig. 4. Mean viscosities of dilute aqueous dispersions of the
seven carbomer 934 lots studied, as measured with a Canon-
Fenske U-type viscosimeter.

in this work (Table 1) were slightly greater than
the declared value, but very similar to each other.

The above findings show that the lots studied
did not differ significantly as regards their chemi-
cal and structural characteristics,

Because of its hygroscopic nature, special at-
tention is paid to the moisture content of car-
bomer (British Pharmacopoeia, 1988; The Na-
tional Formulary XVII, 1990). The equilibrium
moisture curves of the seven lots studied were
practically identical (Fig. 3 and Table 1). At con-
centrations of 0.030% w /v or less, lot 3 produced
the most viscous aqueous carbomer dispersions,
and lot 6 the least (Fig. 4 and Table 2). In
conjunction with the Mark-Houwink equation
(Mark, 1938; Houwink, 1940), the intrinsic vis-
cosities of lots 3 and 6 (Table 2), calculated by

TABLE 2

Mean viscosities (cSk) of dilute aqueous dispersions of carbomer
lots 3 and 6 (SD in parentheses), and their intrinsic viscosities.

Lot Concentration
(% w/v)

0.010 0015 0020 0025

3 0.8910 1.0036 1.1516 1.3232 1.5888 17.870
(0.0064) (0.0073) (0.0043) (0.0043) (0.0177)

6 0.8597 09580 1.0425 1.1732 1.3730 15.636
(0.0115) (0.0167) (0.0201) (0.0032) (0.0221)

Intrinsic
viscosity
~1
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Fig. 5. Mean shear stress-shear rate curves of 0.1% w/v

aqueous dispersions of the seven carbomer 934 lots studied

(for clarity, standard deviations are indicated only for the
most and least viscous lots).

Martin’s method (Bardet and Alain, 1975b), sug-
gest that these lots have different mean molecu-
lar weights (Florence and Atwood, 1988).

The rheological behaviour of 0.1% w /v disper-
sions in the rotatory viscosimeter (the apparatus
stipulated by The National Formulary XVII
(1990), used by the manufacturer and commonly
employed for characterization of highly viscous
fluids) was clearly pseudoplastic (Fig. 5) (Barry
and Meyer, 1979a,b). Interlot variability was con-
siderable, with lots 3 and 6 again producing re-
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Fig. 6. Shear stress-shear rate curves (mean+SD) of 0.2%
w /v aqueous dispersions of lots 3 and 6.
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Fig. 7. Cumulative dissolution curves (mean+SD) of theo-
phylline tablets made with carbomer lots 3 and 6.

spectively the most and the least viscous disper-
stons. These two lots also differed (Fig. 6) as
regards the behaviour of 0.2% w /v dispersions
(one of the standard concentrations used for
characterization of carbomers) (BFGoodrich,
1985; American Pharmaceutical Association and
The Pharmaceutical Society of Great Britain,
1986; British Pharmacopoeia, 1988; The National
Formulary XVII, 1990)

In recent years, a considerable amount of re-
search has been performed on the controlled
release of various drugs from carbomer matrices

-

v Lot 3
@ lot 6

ved (%)
F

75
50 |

25

Hydrochlorothiazide dissol

0 T T T T T T T 1
0 60 120 180 240 300 360 420 480
Time (min)
Fig. 8. Cumulative dissolution curves (mean+ SD) of hydro-
chlorothiazide tablets made with carbomer lots 3 and 6.
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TABLE 3

Results of fitting Higuchi’s equation or the zero-order kinetic
equation to the data for release of, respectively, theophilline and
hydrochlorothiazide from matrices of lot 3 and lot 6 carbomer:
rate constants and correlation coefficients

Lot  Theophilline Hydrochlorothiazide
k (% min~'?) r k(% min~!) r

3 4.363 0.9819  0.155 0.9912
6 4.943 0.9806 0.208 0.9899

(Vazquez et al., 1992). To investigate the poten-
tial influence of the above viscosity differences on
the quality of carbomer-based dosage forms, we
studied the rate of release of two drugs with
widely differing solubilities in water (theophylline
and hydrochlorothiazide) from matrices of lot 3
and lot 6 carbomer. Release of both drugs was
slower from the matrix composed of the more
viscous carbomer (Figs 7 and 8). As previously
reported for carbomer matrices, release kinetics
depended on the solubility of the active principle
in water: theophylline release complied with
Higuchi’s equation, while hydrochlorothiazide re-
lease exhibited zero-order kinetics (Table 3)
(Pérez-Marcos et al., 1991a,b). For both drugs,
there was a statistically significant difference be-
tween the kinetic constants determined for lot 3
and lot 6 matrices (p > 0.99 from Wilcoxon’s
test). The fact that the difference was greater for
hydrochlorothiazide than for theophylline may be
attributed to the difference between the release
mechanisms involved in the two cases (Vazquez
et al., 1992).

Conclusions

In spite of the chemical and structural similar-
ity of the seven carbomer 934 lots studied, they
differed considerably as regards the rheological
behaviour of their aqueous dispersions, possibly
due to differences in mean molecular weight.
These differences had a significant effect on the
rates at which theophylline and hydrochlorothia-
zide were released from carbomer matrices.
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