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Abstract

Carbopol is one of the most common thickening agent for water phases. It is used after neutralisation and its rheological
properties in the aqueous medium are well known. The aim of this work was to investigate the gelation properties of Carbopol
971 e 974 polymeric systems in water-miscible cosolvents such as glycerine and PEG 400. Since in these cosolvents, carboxy-
polymethylene precipitates after neutralisation with a base, then the attention was pointed out of the gelation properties of the
different systems at increasing temperature, in order to obtain Carbopols gels avoiding neutralisation and, at the same time,
making possible the dissolution in these gels of insoluble or poorly soluble water drugs. Rheological properties of PEG 400
and glycerine samples were compared with similar systems in water by performing oscillatory analyses and measuring the main
rheological parameter§’, G” ands. The results obtained showed that Carbopol 971 and 974 in PEG 400 gave rise after heating
to gels that show a satisfactory rheological behaviour. The elastic modulus is greater than the viscous one showing a remarkable
elastic character of these samples and the performed frequency sweeps show a typical spectrum of a “gel-like” structure. Being
Carbopols well-known mucoadhesive polymers, gels adhesive properties were studied using the ex vivo method. Then, the
possible cutaneous irritation were also tested using the in vivo method (Draize test). No signs of cutaneous irritation and good
mucoadhesive properties were obtained for the PEG 400 and water gels of Carbopol 974 prepared by heating.

After rheological and mucoadhesive properties were set, paracetamol as a model drug was then inserted in the composition of
the gels and the release characteristics were defined. Dissolution tests pointed out the greater release control properties of PEC
400-Carbopol 971 samples. These studies showed PEG 400-Carbopol systems as a first-rate alternative to traditional water gels
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

—_— _ Carbopols, which are very high molecular weight
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gels, suspensions and emulsions, as a thickening andralization and to show that the addition of water to
viscosity agent, in order to modify the flow characteris- nonaqueous Carbopol samples increased strongly their
tics. Recently, they are also used for their mucoadhesive elasticity.
properties and a relevant amount of work has been done  In this paper simple dispersions of polymers in dif-
on the bioadhesive potential of Carbopol polymers. ferent pure cosolvents were compared with the same
Formulations include ophthalmic, rectal, buccal, nasal, systems prepared by heating at°@) so in order to
intestinal, vaginal and topical preparations. In particu- verify changes in the polymer solvation after heating,
lar, Carbomer grades with no residual benzene content,and an improvement of the rheological properties giv-
like Carbopol 971P e 974P chosen in this work, may be ing rise to a gel structure. Samples were also compared
used in oral preparations, in suspensions and in tabletswith similar systems in water in order to verify the
(Wade and Weller, 19948F Goodrich brochupeand possibility of their use in topical or oral dosage forms
certainly in topical preparations. Carbopol 974P NF instead of the water system. There were no cases in
and 971P NF are polymerised in ethyl acetate and it is which PEG 400, glycerine and water were mixed in
for this reason that they are a toxicologically preferred each other.
alternative to Carbopol 934P NF resin. Carbopol 974P,  Despite the fact that polyethylene glycols are re-
like Carbopol 934P, is a highly cross-linked polymer, garded as non-toxic and non-irritant materials and sev-
whilst Carbopol 971P is a lightly cross-linked polymer eral dermatological formulations based on PEGs are
(BF Goodrich brochune on the market, some adverse effects have been reported
In previous works Tamburic and Craig, 1995g,b  (Fisher, 1978 The possible cutaneousirritation caused
Blanco-Fuente etal., 1996; Riley et al., 2Qahe rheo- by the prepared gels were investigated.
logical and mucoadhesive properties of different kinds ~ Mucoadhesive power of the samples with better rhe-
of Carbopols gels in water have been studied. ological properties were also tested. The bioadhesion
Itis afactthatusually, Carbopol gels are prepared by can be defined as “any kind of adhesion phenomenon
the dispersing of polymer in water, in which it swells in which one or more of the involved phases, either
up to 1000 times the original volume (BF Goodrich substrate or adhesive, are part of a living organism”
handbook) and neutralises the system. It permits the and this notion implies the presence of watéfaite,
ionisation of the carboxylic groups, and as a conse- 1990. If the adhesion is on a mucosal surface then
guence of that, a strong gel then forms. the phenomenon is called mucoadhesion. This occurs
When a water insoluble drug has to be added to this by a process of wetting and interpenetration of the
gel it can only be dispersed, and a transparent aqueousmucoadhesive polymer with the mucus gebtchel et
gel cannot be obtained. However, in some cases, wateral., 1987. The recent development of mucoadhesive
insoluble drugs are soluble in hydrophilic water misci- dosage forms is due to the fact that a mucoadhesive
ble cosolvents, for example in PEG 400 and glycerine. drug formulation permits to localise a drug in a
The possibility then to obtain gels from these hy- particular region, thereby increasing bioavailability
drophilic solvents, by using a polymer as thickening and, at the same time, increasing the contact time
agent, should seriously be taken into account so in or- between drug and mucosa.
der to make possible the addition of these water insolu-  Afterward, the examination of the ability of these
ble drugs. Besides, a drug dissolved in the liquid phase gels to control the release of a drug and dissolution
of the gel under a non ionised form may potentially studies was carried out. Therefore, a model drug such
penetrate more a barrier like skin or a certain mucosa. as Paracetamol was chosen for these studies.
Therefore, the aim of this work is the investigation of
the gelation properties of Carbopol 974 and 971 inthese
cosolvents, so in order to create systems that are able to2. Materials and methods
load and dissolve a large number of drugs. Previously
(Chu et al., 199, Carbopol 934P polymeric systems Paracetamol USP (gift of ANGELINI Pharmaceu-
were studied in different mixtures of propylene gly- ticals, Ancona, Italy), Carbopol 974 and Carbopol 971
col and glycerol, with the addition of a certain amount (BF Goodrich, Cleveland, OH), glycerine Eur. Ph.
of water in order to make possible the Carbopol neu- (ACEF, Fiorenzuola d’Arda, Italy), Polyethylene Gly-
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col 400 Eur. Ph. (ACEF, Fiorenzuola d’Arda, Italy),

deionised water obtained from an ion-exchange sys-

tem MF3 (San Salvatore di Cogorno, Genova, Italy).

2.1. Gel preparation

Two methods of gel preparation were used with both
Carbopol C971 and C974, in order to verify if this could
influence the rheological characteristics of the gel.

According to the first preparation method, a cer-

tain amount of Carbopol was dispersed in water, PEG ®

400 and glycerine, respectively. The dispersion was
homogenised using an Ultraturrax T25 for 5min at

12500 rpm, degassed under vacuum and then left at

rest for one day before being analysed.
Since preliminary rheological studies of water or

PEG 400 Carbopol gels revealed an increased consis-

tency starting from 60C, in the second preparation
method, after a complete dispersion with Ultraturrax

T25 at the same conditions previously described, the

sample was then heated at“@ and the system was

stirred mechanically until a homogeneous and trans-

parent dispersion was formed (30 min).
Carbopol concentration in all systems ranged be-
tween 0.5 and 4% (w/v).

For the release studies, the 0.5% (w/v) of Paraceta-

mol was dissolved in the three different media at room
temperature before the addition of the polymer. The fi-
nal gels contained the 0.5% (w/v) of Paracetamol and

the 4% (w/v) of Carbopol. Paracetamol was chosen ®

as the model drug due to its intermediate water solu-
bility (1:70) between an insoluble and a very soluble
drug.

2.2. Rheological characterization

Rheological analyses were performed in triplicate

using a stress control rheometer (Stress-Tech, Reolog-

ica) equipped with a cone-plate geometry (4/40) oper-
ating in the oscillation mode. The gap was 168.
The following tests then were carried out:

(LVR) of the sample, and therefore the consequent
choice of the stress value to use in the other oscilla-
tion tests.

Temperature sweef he test was performed to out-
line sample behaviour at constant frequency and
stress in a range of temperatures: 1 Hz frequency,
1 Pa stress, temperature range 10>@@nd heating
rate 0.5°C/min were the experimental parameters.
A cooling step followed the heating procedure at the
same conditions in the temperature range 70-€10
Time sweepThe test was performed to see the
changes in the samples with time at constant tem-
perature (70C), stress (1 Pa) and frequency (1 Hz).
Time range 0—90 min.

Frequency sweef he sample was exposed to a step-
wise of increasing frequency at a constant stress
(1 Pa); 0.05-50 Hz frequency range, in the field of
linear viscoelasticity, at different temperatures be-
tween 10 and 70C. The frequency range and t&é
values were plotted in logarithmic scale.
Creep-recoveryThe test was carried out at 2G at

a stress of 1 Pa, which was maintained constant for
100 s. Itwas then instantly removed and the recovery
was followed for 200s. The Creep complianke
(defined as the ratio between the measured strain
and the applied stress) is monitored against time.
The test was also used to calculate the viscosity of
the sample from the linear stress—strain region of the
retardation curve.

Viscometry test Flow measurements were per-
formed on the 0.5% (w/v) Carbopol gels at the
0.05-10Pa range of stress at°Z0 Viscosities of
non newtonian systems were recovered from the be-
ginning of the flow curves. The obtained data was
analysed using the “Power Law

o= Ky"

whereo: shear stresg: consistency index;: shear
rate,n: power law index.

The shearing behaviour of a fluid is represented by

e Oscillation stress sweeffhe sample was exposed a straight line in a log—log shear rate/shear-stress plot,

toincreasing stress at a constant frequency; a€20

and it is possible to have a good approximation of the

1Hz frequency and different ranges of stresses shearing properties of fluids. For example, for Newto-

(0.05-10Pa, 0.05-100 Pa, 0.05-500 Pa).Ghal-

nian samples the power law model gives 1 andK =

ueswere plottedinlogarithmic scale. Thistestallows 1, for a shear thinning (pseudo-plastic) fluig 1 and
the determination of the linear viscoelastic regime for a shear thickening (dilatant) fluid> 1.
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2.3. Cutaneous irritation speed of 5 mm/min. Ten replicates were performed for
eachtype of gel and the average and standard deviations
The 4% (w/v) glycerine and PEG 400 gels of Car- were then calculated.
bopol C974 prepared by heating were tested and the 4%
(w/v) water C974 gel was used as a negative control. 2.5. Drug release studies
Guinea pigs, weighing 300—400 g and 7-8 weeks old
(Charles River, Calco, Lecco, Italy) were used for the Invitro drug release tests were carried out on the 4%
modified Draize test protocaDfaize etal., 1944; Zisu,  (w/v) Carbopol gels prepared according to the second
1995. The animals were housed separately in stainless- method and the 0.5% (w/v) paracetamol was dissolved
steel cages and identified by tags attached to an ear.in the medium during the preparation step. The method
Water and food pellets were available ad libitum. The used was the USP XXIV apparatus 2 with the use of
environment was controlled with a 12 h light—dark cy- the Enhancer CéM 4 cn? section Rege et al., 1998
cle,aroomtemperature of 22 and arelative humidity ~ (VanKel, NJ). The height of the Enhancer C&fswas
of 60%. Six animals were used in each test group, in all set to an inner volume of 4 ml and gel samples were
atotal of three groups. The test gel was applied for 24 h then placed into them. Therefore, only the upper sur-
by an occlusive patch of about 1 émn the flank of the face of the gel disk was in contact with the dissolution
animal that was carefully shaved the day before. An- medium. The dissolution media used were distilled wa-
imals were observed for erythema and oedema in 0.5 ter, phosphate buffer pH 6.8 and HCI 0.1N. Since Car-
and 24 h after gel removal according to the standard bopol viscosity is sensitive to pH changes, then these
classification score®(aize et al., 1944; Zisu, 1995 three different media were chosen in order to verify if
the drug release from the gels was influenced by the
2.4. Mucoadhesive tests external conditions surrounding them. Tests were per-
formed in triplicate for 480 min using an Erweka DT6.
Mucoadhesive studies were performed on the 4%  The Enhancer Cell$" were settled at the bottom
(w/v) gels, according to the ex-vivo method using a of the vessels containing 900 ml of the dissolution
tensile tester Instron 5543 (Milan, Italy). This method medium at 37C, and the distance between the gel
determines the maximum force and work needed to surface and the stirring paddle (50 rpm) was found to
separate two surfaces in intimate contaBtaico- be 1.5cm. In 10 min intervals 3 ml of the dissolution
Fuente et al., 1996; Ponchel et al., 128Vhe force medium were withdrawn, and then passed through a
and the work necessary to detach the gel from the sur- 0.45um membrane filter and assayed spectrophoto-
face of the mucous layer of the bovine oesophagus weremetrically at 248 nm. The initial volume of the medium
measured recording force versus displacement curves.was maintained by adding 3 ml of dissolution medium
The oesophagus mucosa has been chosen for its smootlafter each sampling.
surface and thinness.
Bovine oesophageal mucosa were drawn immedi-
ately after the sacrifice of the animals at the slaugh- 3. Results and discussion
terhouse and then frozen-aR0°C (Lejoyeux, 199).
The mucosawere defrozen and cleaned before the tests3.1. Rheological characteristics
using an isotonic solution (NaCl 0.9%) at room tem-
perature, cut into discs of 2cm in diameter and thenit  As previously described, the rheological character-
was fixed on the lower support of the tensile tester by isation pointed out an increasing sample elasticity at
a cyanoacrylate glueduchene et al., 1988 Very thin increasing temperature and on gelation properties of
layers of the 4% Carbopol gels prepared by heating Carbopol 974 and Carbopol 971 in PEG 400, glycerine
were applied in 1.5cm disks of electrophoresis foils and water. Storage modulu§’§, loss modulus @)
(CA251/0, Schleicher and Schuell, Dassel, Germany) and loss tangent (taf) were monitored. The elastic or
and then glued on the upper metal probe. The tests werestorage modulus represents the elastic storage of en-
performed applying a pre-load of 10N for a time con- ergy and this is a measure of how well structured a
tact of 5 min and raising the upper probe at the constant material is. The loss or viscous modulus represents the
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viscous energy dissipation and it will be large when the the phase degree, which decreases from 39.5t0 15. This
sample is predominantly viscoubamburic and Craig, = means that at this temperature the system changes its
19953. The loss tangent is the measure of the energy, structure gradually with time, raising its elastic char-
lost to stored energy, in the cyclic deformation (8an acter, through a probable increase of the polymer sol-
G"IG). A value of tand < 1 means a prevalent elastic vation (a transparent dispersion formed).
behaviour Madsen et al., 1999 These data are confirmed by the temperature sweep
The different parameters were used to define the test fig. 2) performed on the 4% (w/v) sample. On
rheological characteristics of samples so in order to heating, the elastic moduls’ shows a temperature
verify if their structure corresponds to the rheological dependent behaviour increasing from 0.5 to 125 Pa. Of
definition of gel. In the presence of a gel struct@e course, at the same time, the phase angle decreases
andG” are frequency independent and the phase anglefrom the value of 72 to the value of 13.15 during the
8 is small, whilst for concentrated solutions there is heating cycle. These results confirm the change from
a frequency dependence Gf and G’ and the phase  a prevalent liquid status to a “gel-like” structure at in-
angle is variableQarlfors et al., 1998 creasing temperature. The “gel-like” structure is not
A definition from Burchard and Ross-Murphyisthat reversible but gets even stronger as the temperature de-
a gel shows a plateau in the real part of the complex creases during the cooling step of the t€sg(2).
modulus extending over an appreciable window of fre- Frequency sweep tests performed on the 4% (w/v)
quencies i.e. they are viscoelastic soliBsichard and systemFig. 3), show frequency dependence behaviour

Ross-Murphy, 1990 with crossover (whei@’ becomes equal t6”) value
shifted towards the low frequencies when the tempera-
3.1.1. Carbopol 974 in PEG 400 ture is increased. The reciprocal of the frequency at the

The stress sweep of PEG 400 samples preparedcrossoverpointcan be regarded as the relaxation time of
without heating, shows a prevalent liquid behaviour entangled network in the polymer solutidfibayashi
(tan 5 > 1) with negligible variations ofs' and G” et al., 2002. For the 4% (w/w) system the crossover

moduli and of the phase degre® \hen polymer con- point shiftfrom 3 HZ at _10C to .0'5 Hz "."t 60C show-
centration is increasedble 9. ing longer relaxation time at increasing temperature.

The time sweep tesE(g. 1), performed at 76C, This crossover shift towards higher frequencies is a

shows that in all cases (but particularly for the 4%, w/v s;lgn oflm(IJre .Ia}stmg elastic propertrlles: thus it means
gel) a remarkable variation of tH&' modulus and of that ge e_astlcny gets greater as the temperature in-
creases, in agreement with the temperature sweep and

the time sweep tests.

Table 1 The creep-recovery test performed on the 4% (w/v)
Stress sweep results of Carbopol 974—Carbopol 971/PEG 400 gels prepared without heatingig. 4) confirms the fea-
% (wiv) G (Pa) G" (Pa) ture of a viscous liquid of this sample at room tempera-
0.5 0.43+ 0.020 0.8%:0.007 ture, characterised by a low viscosity (0.190 Pdg),
; g-igi g-gg; g';zobofgo which represents the total elastic component of a sys-
c o974 1 0.47+ 0.020 1.00% 0.080 tem andJpr which is the total recovered elasticity of a
0570°C  0.40+£0002  090:0.060  System,bothareO. .
170°C 0.31+ 0.003 2.60+ 0.007 Data collected from the viscometry test on the 0.5%
270°C 44.0+ 1.410 38.0+ 0.640 w/v sample Table 4 suggest that C974 gels prepared
ggooc 264?31 %%sz 348%&100656% without heating respects the power law equation with
1 0.42+ 0.030 0.94% 0.020 a correl_atlon coeff|C|_en_t of 1 and = 0.98, showing
5 044 0.009 0.71t 0.080 Newtonian characteristics. _
c971 4 5.80+ 0.470 18.1+ 0.560 As expected, the corresponding gels prepared at
0570°C 0.43+ 0.007 1.05+ 0.001 70°C show an increase of the elastic character due to
; ;88 2;&:;’;5 ifi g-%gg the temperature increase during the preparation step. In
170°C 340.L 4.240 155 7.800 the stress sweep test, these systérablé 1) show, par-

ticularly for the 2 and 4% (w/v) concentration, a greater
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G’ value than the sample prepared at room tempera-ties. For example the 4% (w/v) gel has&aof 960 Pa,
ture, and a moduli crossover value that moves towards a s value of 20 and a crossover at 474 Pa.

a higher stress. These results reflect the presence of a The temperature sweep tebid. 2) shows a slight
stronger and more resistant structure, thus confirming decrease in the moduli value during the heating cycle
a remarkable change in the sample rheological proper- and a corresponding slight increase during the cooling

600 0,008
— - 0,007
] 10,006 &
< 400 - I =
& ] ~
< T0005 U e jrax
32 300 - e
) | 0,004 32 JcJr 4% 70°C
& 200 - r &=
| 40003 &
100 |- 4 0,002
0 0,001
| 60 136 254
Time (sec.)

Fig. 4. Creep-recovery of Carbopol 974 in PEG 400.
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cycle. Probably, at a further heating treatment (afterthe ~ The time sweep and temperature sweep, performed
preparation step), the gel behaves like many other sys-onthe C971 samples prepared without heating, are sim-
tems, with a consistency reduction as the temperatureilar to those obtained using C974. As already stated for
increases and a corresponding recovery as the temperthe C974 gels, these results confirm the change from
ature decreases. As expected @levalue at the end  a prevalent liquid state to a “gel-like” structure at in-
of the cooling cycle is higher than that of the corre- creasing temperature andtime. Also the creep-recovery
sponding gel prepared without heating at the end of the tests show, as already observed for the C974 samples,
same step confirming that the greater elasticity is still an increase in samples consistency and elasticity with
maintained. a change in the viscosity value from 9.16 Pas for the
Fig. 3 represents the frequency behaviour of the 4% sample prepared at room temperature to 6431 Pas
4% sample prepared at 7G compared to system of the corresponding sample obtained by the heating
obtained without heating. The heated sample exhibited procedure.
a characteristic “gel-like” mechanical spectra with a However, stress sweep and frequency sweep tests
G’ modulus greater tha®” in the entire frequency  pointed out the lower elastic character of C971 sys-
range examined and both moduli almost frequency- tems compared with C974 samples. This result is in
independent. All the oscillatory results indicate thatthe agreement with the cross-linking structure of the two
heating procedure is able to transform PEG 400-C974 Carbopols. In fact C974 possess a higher cross-links
samples from low viscosity semi-dilute solution to a density.
“gel-like” structure probably giving rise to interactions Indeed, the stress sweep testalfle ) of sam-
polymer-solvent. When a sufficient solvation is present ples obtained with both preparations methods show a
then polymers chains are in a more extended form caus-greater dependence &f andG” on polymer concen-
ing an increase in systems elastic behavidtiny et tration. Therefore, as for the C974 gels, itis possible to

al., 1992. observe anincrease in the elastic character after heating
The creep-recovery test, carried out on the 4% con- particularly for 2 and 4% (w/v) concentrations.
centration sampleHig. 4), gives a viscosity value The frequency sweep test for the 4% (w/v) concen-

of 422kPas, six order larger than that of the cor- tration, prepared atroomtemperature, outlines a certain
responding system prepared without heatingloa frequency dependence of both moduliw@h>G': it's

of 2.3 10231/Pa and aJor of 1.9 x 1073. This a typical mechanical spectrum of semi-dilute polymer
time the curve is typical of a viscoelastic material, solutions. But, at 60C, the storage modulus shows a
showing a considerable creep and recovered elasticslighter variation with frequency and the system has
component. the typical behaviour of a polymer dispersion whose

Regarding flow behaviour the 0.5% (w/v) system chains are becoming entangled.
shows very similar characteristics to the sample ob-  The mechanical spectrum in the available frequency

tained at room temperaturégble 4. range of the 4% (w/v) gel prepared by heating confirms
an increase in sample elasticity and a greater predom-
3.1.2. Carbopol 971 in PEG 400 inance of its elastic character. It show&aapproxi-

Figures relative to these systems were sponta- mately 10 times bigger tha@” independently on the
neously omitted and data simply described since in temperature of the test, but a certain dependence on fre-
most cases their rheological properties were similar to quency persists. For these reasons areal gel status is not
those of C974 described above. In fact C974 and C971 present and the system can be considered as a “weak-
have got a similar behaviour when dispersed in PEG gel” (lkeda and Nishinari, 2001 Therefore, the C971
400. They show prevalent liquid properties when pre- system shows an increasing elastic character atincreas-
pared at room temperature, and they are not proposableing temperature like the C974 sample but at the same
as semi-solid controlled drug delivery systems or even time, a less remarkable solid-like behaviour.
as an alternative to Carbopol water gels. Anyway, a  The viscometry test shows for both preparation
temperature increase makes possible the complete solimethods that there is not a modification of flow charac-
vation of the polymeric molecules with formation of teristics {Table 4 and it confirms similarity with C974
“gel-like” structures. samples. We are in presence of Newtonian systems.
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Table 2 properties at increasing temperature is not due to wa-
Stress sweep results of Carbopol 974-Carbopol %Q/H ter loss, but to a temperature-depending behaviour. The
% (W) G’ (Pa) G” (Pa) gel status, seenin the stress sweep test, is confirmed by
0.5 0.31+ 0.030 0.76v0.070 the frequency sweep testig. 7). In the 4% (w/v) C974
1 0.40+0.050  0.34£0.030 gel,G’ does not depend on the frequen@y> G” and
2 35.0+2.830  7.40£0.130 the § values are reduced from 8 to 3 as the frequency
cora 3.5 —_— giofol.ggs (2151% g:ggg decreases, thus confirming the sample elasticity. The
170°C 0.31+ 0.011 1.40¢ 0.040 creep test for the 4% (w/v) gel prepared according to
270°C 100+ 3.530 10.0+ 0.700 the first procedure confirms the presence of an elastic
470°C 480 6.360 35.0k 3.650 response in the gel with low values&fc andJor (2.8
0.5 0.27+ 0.020 0.90+ 0.040 x 10-31/Pa).
; Z:ggi 8:838 g:;& 8:838 .So, concerning gels prepared without hegting, de-
co71 4 13.0+ 1.300 8.50+ 1.110 spite the fact that at low Carbopol concentration water
0.570°C 0.20+ 0.006 110+ 0.014 and PEG 400 systems possess similar characteristics, it
170°C 1.00+0.101 2.50£0.170 can be concluded that, when the polymer concentration
270°C 1.50£0.020  4.40-0.200 is increased, C974 water gels showed better rheologi-
aroc 3.50+£0.130 7.00£ 0.290 cal behaviour than the corresponding samples in PEG
400.
3.1.3. Carbopol 974 in bO As expected, systems prepared afZQpossess a

As demonstrated by the test described below, Car- higher elasticity than the corresponding samples pre-
bopol 974 water based gels, prepared at room tempera-{pared at room temperature, and especially for the 2
ture, show after heating an increase in the elastic com-and 4% (w/v) concentrations. The 4% gel shows, in
ponent. This behaviour is similar to that of the PEG the stress sweeféble 9, a G’ of 480Pa and a low
400 samples. 8 value. The increase in elasticity is confirmed by the

In the stress sweep testable 2, until the 2% G'-G” crossover shift from 7.4 Pa for the sample pre-
(w/v) polymer concentration, it was very difficult to  pared by the first method to 85 Pa for the one obtained
determine a linear viscoelastic regime for the prevail- by the heating procedure. As already described for the
ing liquid character of the samples prepared at room gel prepared without heating, the temperature sweep
temperature. They present tarvalues bigger than 1  test performed on the same system prepared ac70
and depending upon the stress applied. The situation is(Fig. 6) showed an increase & modulus and a de-
different for the 4% (w/v) gel whos@’ value is 360Pa  crease of during the heating cycle, until it reached a
ands value ranges quite low between 4 and 5. So, an in- temperature of 60C. A further increase in tempera-
crease in polymer concentration brings better rheolog- ture lead to a decrease in the storage modulus. Then,
ical characteristics, until reaching a kind of gel-status. G’ gradually returns to the initial value during the cool-

While the time sweep test carried out at"Td(Fig. ing cycle. It must be noted th&' values are higher
5) shows for the 4% (w/v) gel, prepared without heat- for the gel prepared at 7&€. The typical rheological
ing, a certain decrease of the storage modulus, the tem-behaviour of a gel structure is confirmed by the fre-
perature sweep tesFig. 6) shows an increase @’ guency sweep tesk{g. 7) performed on the 4% (w/v)
modulus (from 318 to 815 Pa) and a decreasqfsbm gel prepared at 70C. The test points out the absence of
3.53 to 2.33) during the heating cycle, until reaching a frequency dependenc€, > G’ and very small phase
temperature of 61C. A further temperature increase, angle ( 7) in the timescale of experiments.
above 6TC, leadsto adecrease ofthe storage modulus.  The viscometry testTable 4 reveals a soft shear
This is in agreement with the time sweep test results thinning behaviour independently on the preparation
and it confirms the slight decrease in elasticity observed method used.
at 70°C. Then, during the cooling cycle ti& grad-
ually returns to the value recorded at the beginning of 3.1.4. Carbopol 971 in KO
the heating test (1GC). The recovery of the sample In this case figures relative to these systems were
structure demonstrates that the increase of the elasticspontaneously omitted and the data simply described.
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In Carbopol 971-water based samples, it is possible change from 70 to 20. This variability of phase angle is
to observe from the stress sweep tdsthle 2, in par- typical of a non-real gel structure. This could rise from
ticular for G/, no sensible variation in the moduli value the less cross-linked polymer structure.
after the heating process. In fact, in the stress sweep of  Also in the case of the creep test, similar results are
the sample prepared by both preparation procedures,obtained for both gel preparation methods. The analysis
the difficulty to outline a LVR persists, and there is not confirms the viscoelastic properties characterised by

a positive variation of th&' modulus or thé value. both a small recovery and a viscosity value of about
Samples show ta$> 1 ands quite variable depend- 72 Pa s.From the viscosity teStaple 4 it is possible
ing on the stress applied. to observe a shear thinning behaviour.

This trend is confirmed by the time sweep test where
it is possible to observe that boBi andG” decreased  3.1.5. Carbopol 974 and 971 in glycerine
with time at 70°C, and from the temperature sweep Glycerine gels do not show a significant variation
where non sensible moduli variations is recorded. of the rheological parameters, independently of the gel
The same gel prepared at 0 showed during the  preparationtemperature, and the type of Carbopol used.
heating cycle of the temperature sweep test an increasen the stress sweep testable 3, for both polymers
in the moduli values, similar to that observed for Car- and both preparation methods, the storage modulus in-
bopol 974. creases as the polymer concentration increases. The
The frequency sweep shows no change in sample loss modulus is bigger than the storage modulus, ex-
properties by changing the temperature of the prepa- cept for the 4% (w/v) C974 gel prepared with and with-
ration step. This behaviour confirms the stress sweep out heating, and for the 2% (w/v) sample obtained at
results. In fact, C971 gels show small frequency de- 70°C. Concerning the Carbopol 974 gels, in the time
pendence and & value bigger thais”, but§ values sweep, theés' value slightly increases while the C971
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Table 3 shear thinning behaviour in both C974 and C971 sys-
Stress sweep results of Carbopol 974—Carbopol 971/glicerine tems.
% (wiv) G (Pa) G" (Pa) So, both the polymers in glycerine show similar
0.5 2.504 0.160 23.0+ 1.530 characteristics even after heating and do not possess
1 8.70+ 0.300 33.3+ 2.050 areal gel structure.
2 98.0+ 1.130 158+ 4.650
C 974 4 900+ 6.720 620+ 7.760 L
0570°C 60040230 2700350  3+2- Skiniritation
170°C 18.0+ 0.850 56.0+ 2.220 . .
270°C 4114 5.310 290+ 3.730 No sign of skin erythema or oedema was detected
470°C 982+ 8.480 600+ 4.240 either after 0.5 or 24 h and 0 scores were recorded for
(1)-5 féogi 8-2}18 i;-: 8-228 both glycerine and PEG 400 gels and, of course, for the
5 810+ 1520 110+ 3.020 negative control gelTable 4.
co71 4 230+ 5.070 255+ 2.120 .
0.570°C 8.50+ 0.092 25.7+ 0.700 3.3. Mucoadhesion
170°C 27.5+1.010 56.0+ 0.560
270°C 85.0+1.340  112:1.410 Mucoadhesion studies point out a certain better mu-
470°C 2024+ 1.410 208+ 1.710

coadhesiveness of Carbopol C974 in comparison with
the C971 Tables 5 and 6 The difference is particu-

gels show a loss of the elastic component if they are larly remarkable in PEG 400 and water based gels. This
heated. Anyway, both systems do not show gelation is probably due to the better rheological gels character-

properties at increasing temperatures. istics. In fact, these two gels are more mucoadhesive
Either Carbopol 974 or Carbopol 971 glycerine gels than glycerine gels. .
show a frequency dependence &id> G'. As already Usually systems with higher elastic component pos-

described, these characteristics are usually present insess a greater mucoadhesion. According to previous
a concentrated dispersion rather than in an entangledworks (Tamburic and Craig, 199%a smaller values
system. correspond to higher detachment forces.

The creep-recovery test for the 4% gels give the typ-
ical curves of a viscoelastic material and the recovered 3.4. Dissolution tests
viscosities were 6286 Pa s for C974 and 127 Pa s for the
C971. No significant changes are detected in the sam- Mean values were used to construct the dissolu-
ples prepared by heating. The viscometry tests show ation curves but standard deviation bars were omitted

Table 4
Viscometry results of Carbopol 974—Carbopol 971 0.5% (w/v) in the three different media
Power law Viscosity (Pa s)
Behaviour Correl. coeff. n
Peg400-C974 Newtonian 1 0.980.014 0.14+ 0.004
Peg400-C974 70C Newtonian 1 0.98- 0.003 0.13+ 0.005
Peg400-C971 Newtonian 1 0.980.030 0.12+ 0.014
Peg400-C971 70C Newtonian 1 0.9 0.010 0.16+ 0.007
H,0-C974 Shear thinning 1 0.9% 0.006 0.007 0.0004
H,0O-C974 70°C Shear thinning 1 0.8% 0.003 0.013t 0.0003
H,0-C971 Shear thinning 1 0.5¥ 0.064 0.17+ 0.021
H,0O-C971 70°C Shear thinning 1 0.5% 0.070 0.7 0.071
Glyc.-C974 Shear thinning .99 0.80+ 0.070 4.76+ 0.080
Glyc.-C974 70C Shear thinning @9 0.72+ 0.070 6.00+ 0.540
Glyc.-C971 Shear thinning 1 0.850.014 7.70£ 0.210
Glyc.-C97170C Shear thinning 1 0.8% 0.099 7.30+ 0.110
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Table 5
Carbopol 974 mucoadhesion results

Carbopol 974 Load (N) Work (mJ)
Peg 400 4% 70C 5.72+ 1.46 212+ 1.78
H20 4% 70°C 6.21+ 2.75 222+ 1.44
Glycerine 4% 70C 2.77+ 2.20 0.48+ 0.46
Table 6

Carbopol 971 mucoadhesion results

Carbopol 971 Load (N) Work (mJ)
Peg 400 4% 70C 1.36+0.79 0.35+0.28
H20 4% 70°C 4.60+ 1.71 0.62+ 0.34
Glycerine 4% 70C 2.87+2.40 0.47+ 0.60

to avoid overlapping. The curves show that C974 gels
in PEG 400 do not possess a good capability of control-
ling the drug release in the three tested meHig.(8).

The full 100% of the drug is always released within
240 min.

Glycerine based C974 gekif. 9) show a very poor
release control, which is also influenced by the disso-
lution medium. Drug release slows down according to
the following order: HCI 0.1N > distilled water > phos-
phate buffer pH 6.8. In this last medium 100% of the
release is reached after 200 min.

127

When Carbopol C971 is dispersed in PEG 400, the
gel has a good ability to control drug release. After
480 min, about 57% of the drug is released when the
dissolution medium is water and 70% in phosphate
buffer. The full 100% of drug release is reached af-
ter 390 min in HCI 0.1N. Eig. 8). These results may
appear in disagreement with the polymers structure and
with rheological characterisation described above. Car-
bopol 974 is heavily cross-linked, whilst Carbopol 971
is lightly cross-linked, and this difference in the poly-
mer structure is reflected in their rheological behaviour.
In fact, C974 gives gels with a greater elastic character,
particularly in PEG 400 and water. Usually, the release
rate of a drug from a semi-solid matrix is inversely
proportional to its solid character but previous stud-
ies (Lochhead et al., 19§%ave already demonstrated
that higher viscosity gels made by Carbopol 974 and
Carbopol 934 showed a non-homogeneous viscosity
with regions characterised by a very high macrovis-
cosity and regions of water-thin micro viscosities. Due
to these differences drugs behave differently in formu-
lations containing different Carbopol grades. For ex-
ample, Carbopol 974 in water shows the most rigid
gel micro particles when fully hydrated and channels
are present in the gel structure, while Carbopol 971
presents flexible micro particle at the same condition.

The same ineffective drug release control was also The presence of these channels gives rise to a faster

found in water-based gelBig. 10, that is unless phos-
phate buffer (pH 6.8) is used as dissolution medium.

drug release rate for the Carbopol 974, while the more
homogeneous structure of Carbopol 971 shows the

In this case, 100% of the release is attained after slower release rate. This different gel microstructure

480 min. does not change at different pH values.
120
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—.—
8 80 / Phosphate buffer (C974)
[3:] b °
% HCI (C974)
o 60 e
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- ——y—
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Fig. 8. Drug release from Carbopol 974 and Carbopol 971 in PEG 400 gels.
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. 9. Drug release from Carbopol 974 and Carbopol 971 in glycerine gels.

ous gel structure between So, a difference can be remarked between water and
the better ability of this last PEG gels. As expected, in water gels the rate of drug

Carbopol grade to control drug release. release is influenced by the pH value of the dissolution
The glycerine based C971 gel possesses a very sim-medium, since it determines the percentage of ionised

ilar behaviour to the C974

glycerine gel, with a very Carbopol acidic groups at the interface medium gel,

poor release control in all of the three mediaig( 9). and may be also in the external layers of the gel matrix.
Finally, the release control of the C971 water gel, In phosphate buffer these groups are completely disso-

also in this case, strongly depends on the dissolu- ciated and the gel becomes stiffer. As a consequence

tion medium Fig. 10. Drug release is immediate in  the drug release rate is lower. In HCI 0.1N the acidic

HCI 0.1N, more gradual in
280 min) and strongly con
(only 85% released after 4

distilled water (100% after groups are not dissociated and the gel is less viscous.
trolled in phosphate buffer In water they are partially dissociated and the release
80 min). rate is in an intermediate position.
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Fig. 10. Drug release from Carbopol 974 and Carbopol 971 in water gels.



G. Bonacucina et al. / International Journal of Pharmaceutics 282 (2004) 115-130 129

InPEG 400 gels the drug release rate is slower in wa- References
ter than in phosphate buffer, and the above-explained
difference in the release rate of drug between C971 BF Goodrich brochure.
and C974 gels is more remarkable. The slower re- Blanco-Fuente, H., Anguiamo-lgea, S., Otero-Espinar, F.J., Blanco-

; . Méndez, J., 1996. In vitro bioadhesion of carbopol hydrogels.
lease rate in water rather than in buffer can be ex- | "5 142, 169-174.

plaineq Witfh Carbopol desolvatit_)lj a'_']d precipitation  gyrchard, W., Ross-Murphy, S.B., 1990. Physical Networks: Poly-
occurring in PEG 400 after salification of the car- mers and Gels. Elsevier Applied Science, London.

boxylic groups, with a consequent reduction of the gel Carlfors, J., Edsman, K., Petersson, Rrn¥ing, K., 1998. Rheolog-
consistency ical evaluation of Gelrit® in situ gels for ophthalmic use. Eur.

J. Pharm. Sci. 6, 113-119.
Chu, J.S., Yu, D.M., Amidon, G.L., Weiner, N.D., Goldberg, A.H.,
. 1992. Viscoelastic properties of polyacrilic acid gels in mixed
4. Conclusion solvents. Pharm. Res. 9, 1659-1663.
Draize, J.H., Woodard, G., Calvery, H.O., 1944. Methods for the
Carbopol C971 and C974 systems in the three dif- study of irritation and toxicity of substances applied topically to
. . the skin and mucous membranes. J. Pharmacol. Exp. Ther. 821,
ferent solvents show different rheological, mucoad- 377-390
heSIVE‘ and release CharaCterlSthS, WhICh ShOU|d be Duc[‘éneY D_' Pc)nche|Y G_' Wouessidjewe7 D_' |_ejc)yeu)(Y F_‘ PeppaS,
taken into consideration when formulating a dosage  N.A., 1988. Methodes cBvaluation de la bioadision et facteurs
form. Carbopol-PEG 400 and Carbopol-water gelsare _ influants. S.T.P. Pharma. Sci. 4, 688-697. .
more similar to each other than Carbopol—glycerine F|sr;irt,_0/:.SA.t,o19;8&'*:“{\;?:'&'9 C?)Td Cd;ﬁg;d S.l'rerﬁg;f-tioﬂtafe,ée'
. i . iti X —
gel. PEG 400 gels, independently of the Carbopol ;g polyethy gy
_Used, anq C974—-water gels increase their thicken- |keda, s., Nishinari, K., 2001. “Weak-Gel™-type rheological prop-
ing behaviour after a thermal treatment, and respond erties of aqueous dispersions of nonaggregitedrrageenan
better to the rheological definition of gel, in particu- helices. J. Agric. Food Chem. 49, 4436-4441.
lar when the systems are heated during the prepara-Kobayashi, S., Tsujihata, S., Hibi, N., Tsukamoto, ., 2002.
tion step. So. heating mav be used as an alternative Preparation and rheological characterization of carboxy-
p. ! g _y . methyl konjac glucomannan. Food Hydrocolloids 16, 289—
procedure to neutralisation of Carbopol water dis- 294,
persion, and as a real procedure for the prepara-Lejoyeux, M.F., 08-02-1991. Evaluation de la bio&dion de
tion of PEG 400-Carbopol gels, particularly when sysemes matriciels d'acid polyacrilique: influence de paztes
C974 is used. In fact, generally, Carbopol c974 gives physicochimiques et pharmacotechniques. PhD thesis, Univer-

. . site Paris-Sud, Facd@tde Pharmacie de Chatenay-Malabry, pp.
more elastic gels than C971. This may depend on 7,5 ;.7 y y.pp

the presence of a greater number of _c_ross-links iN Lochhead, R.Y., Davidson, J.A., Thomas, G.M., 1989. Polymers in
C974 than in C971. The greater elasticity of C974 Aqueous Media.

PEG 400 and water gels can also explain their good Madsen, F., Eberth, K., Smart, J.D., 1999. A rheological exam-
adhesive properties which make them very inter- ination of mucoadhesive/mucus interaction: the effect of mu-

. . . . coadhesive type and concentration. J. Control. Release 50, 167—
esting systems as semi-solid mucoadhesive formula- ;¢

ti_0n57 prolonging drug residence time at application ponchel, G., Touchard, F., Duhe, D., Peppas, N.A., 1987. Bioad-
site. hesive analysis of controlled release systems. |. Fracture and

Besides, the extremely effective drug release control  interprenetration analysis an poly(acrylic acid)-containing sys-
of C971 gel in PEG 400 could for instance make pos- Reg‘im;' RJ' (\:/(|Jl|r\]/tz:1(l)a|1m Re\'/egseci'lﬁnzf‘lc‘% 1998, Development in
sible the formUIatl(_)n of C971—REG 409 gels’ not onIy release testing of topical dosage forms: use of the Enhancer
as topical formulations but also in gelatine capsules for  ce™ with automated sampling. J. Pharm. Biomed. Anal. 17,
oral controlled release systems. 1225-1233.

In the final analysis, liquid PEGs can be success- Riley, R.G., Smart F,, Tsibouklis, D.J., Dettmar, J., Hampson, P.W.,
fully used as a medium to dissolve water insoluble ~ Alf Davis, F., Kelly, J., Wilber, G.W.R., 2001. An investiga-
druas. since thev are easilv transformed in svstems hav- tion of mucus/polymer rheological synergism using synthesised
. gs, y N y o . Y ” and characterised poly(acrylic acid). Int. J. Pharm. 217, 87—
ing great elasticity and “gel-like” behaviour, by using 100.

heat during the preparation step and Carbopol resins astamburic, S., Craig, D.Q.M., 1995a. Rheological evaluation of poly-
thickening agent. acrylic acid hydrogels. Pharm. Sci. 1, 107-109.



130 G. Bonacucina et al. / International Journal of Pharmaceutics 282 (2004) 115-130

Tamburic, S., Craig, D.Q.M., 1995b. An investigation into the rhe- Waite, J., 1990. Marine adhesive proteins: natural composite ther-

ological, dielectric and mucoadhesive properties of poly(acrylic mosets. Int. J. Biol. Macromol. 12 (2), 139-144.
acid). J. Control. Release 37, 59-68. Zisu, D., 1995. Experimental study of cutaneous tolerance to glycol
Wade, A., Weller, P., 1994. Hanbook of Pharmaceutical Excipi- ethers. Contact Dermatitis 32, 74-77.

ents. American Pharmaceutical Association The Pharmaceutical
Press, London, pp. 71-73.



	Rheological, mucoadhesive and release properties of Carbopol gels in hydrophilic cosolvents
	Introduction
	Materials and methods
	Gel preparation
	Rheological characterization
	Cutaneous irritation
	Mucoadhesive tests
	Drug release studies

	Results and discussion
	Rheological characteristics
	Carbopol 974 in PEG 400
	Carbopol 971 in PEG 400
	Carbopol 974 in H2O
	Carbopol 971 in H2O
	Carbopol 974 and 971 in glycerine

	Skin irritation
	Mucoadhesion
	Dissolution tests

	Conclusion
	References


