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ABSTRACT

Drug-loaded cylindrical polymer matrices, composed of poly(N-vinyl-2-pyrroli-

done) and poly(acrylamide-co-maleic acid) have been synthesized and the

release of vitamin B 2 from these gels has been studied at the physiological

temperature 37 ' C . The devices show strong pH-dependent release behave-
lour, thus offering a maximum release at pH 7 .4. The initial amount of drug
loaded into the device and the diameter of the cylindrical samples also affect
the release kinetics. With the increase in the maleic acid content inside the
device having maximum 43 .0 mM, the release rate has been found to
increase, whereas further increase in the acid content slows down the release
rate . Finally, the release of riboflavin from the devices has been explained on
the basis of the swelling-dependent mechanism.
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INTRODUCTION

Oral administration of drugs by conventional
pharmaceutical formulations is the most convenient
and effective approach and is preferred over parent-
eral medication . However, protein and peptide drugs
can not be administered orally, because of their
sensitivity to gastric acid and their vulnerability to
gastrointestinal (GI) enzymes [1] . In fact, it has been
a major challenge to researchers to develop such drug
delivery vehicles that can deliver the protein and
peptide drugs at the desired site through oral admin-
istration.

One of the interesting areas to target drug
orally for systemic drug delivery is the colon, the

proximal part of the large intestine . The treatment of
disorders of the large intestine, such as irritable
bowel syndrome, colitis, Crohn's disease, colon
cancer and local infectious diseases where a high
concentration of active agent is needed, can be
markedly improved using colon-specific delivery
systems [2].

With the discovery of biotechnology-based
peptide drugs and the need for a drug delivery
system, much attention is currently being focused on
the colon as a potential site for absorption of peptide,
proteins and vaccines following oral administration.
Mainly, there are three approaches to achieve site-
specific oral delivery : utilizing pH changes in the GI
tract [3-5], timed-release capsules [6] and polymeric
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Figure 1 . Spectra of aqueous solution of riboflavin in the
buffer of pH 4.0 in the range 200-500 nm.

carriers degraded by the microflora located in the
colon [7].

Of the three approaches mentioned above, we
have been following the first one and have synth-
esized a number of pH-sensitive hydrogels [8-10],
which could possibly be used for the oral delivery of
protein and peptide drugs . Most recently, we have
synthesized hydrogels composed of poly (N-vinyl-2-
pyrrolidone) and poly(acrylamide-co-maleic acid)
and reported their swelling behaviour[11] . The
hydrogels were found to show an excellent pH-
dependent swelling behaviour while maintaining
mechanical strength and exhibited a number of
swelling-deswelling cycles, thus suggesting that these
could be exploited for using as site-specific drug-
delivery vehicles.

In this connection, the present work describes
the in vitro release behaviour of vitamin B 2 from
these hydrogels . The model drug riboflavin, a
dimethyl isoalloxazine attached to d-ribitol, acts as an
enzyme that takes part in cell respirations [12].
Figure 1 describes the spectra of aqueous solution of
riboflavin, prepared in the buffer of pH 4.0, in the
range 200-500 nm as recorded by Unicam UV2-100
UV/visible spectro-photometer . Here the broad peaks
at 377 and 438 nm are apparantly due to electronic
transitions in the conjugated chromophoric system
while those at 248, 270, 287 and 301 nm are typical
transitions in benzene system .

EXPERIMENTAL
Material
The initiator potassium persulphate (KPS), purity
99.6%, poly(N-vinyl-2-pyrrolidone) (PVP) with
molecular mass 55410' and purity 99.2%, the cross-
linker N- N'-methylene bisacrylamide (MB) with
purity 99 .5% and the model drug riboflavin (RB), a
yellow crystalline powder with purity 99.7% and
molecular mass 376 .36 were all purchased from
Sigma St . Louis, MO . Monomers acrylamide (AAm)
with purity 98 .6% and maleic acid (MA) with purity
99.1% were purchased from Merck, Mumbai, India.
The monomer acrylamide was recrystallized in
methanol before use . The double distilled water was
used throughout the investigations.

Synthesis of Drug-loaded Gels
The cylindrical gels were prepared by following the
method given by M. Sen et al. [13] with some
modifications . The gels were synthesized by free
redical polymerization using MB as cross-linking
agent and KPS as initiator . In order to synthesize
drug-loaded cylindrical gels, 0 .20 g of PVP was
dissolved in distilled water. To this, 0 .20 g of maleic
acid, 0 .07 g of cross-linker MB was added and the
mixture was stirred thoroughly to give a clear
solution having total volume 5 mL. In this solution
precalculated quantity of drug riboflavin was dis-
persed, followed by the addition of 0 .02 g the
initiator KPS, and the resulting homogeneous mixture
was poured into PVC straws each of diameter
5 .30 mm and kept in an electric oven (Tempstar,
India) at 60 'C for a period of 3 h. Since riboflavin
decomp- oses at 278-282 " C [14], the chances of its
decomposition at 60 'C when heated for 3 h are
almost nil . This was further confirmed by heating the
three aqueous solutions of riboflavin of known
concentrations 10, 15 and 20 mgL -l at'60 'C for a

period of 3 h . It was found that the solutions
remained stable afterwards. The resulting yellowish
semi-transparent hydrogels were cut into small
pieces, each 2 .54 ± 0 .02 cm in length and washed
with distilled water to remove unreacted salt and then
dried in a dust-free chamber at 30 ' C for a period of
24 h, and were now ready to be used . Although in
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preliminary studies the compositions of monomer
AAm and MA, cross-linker MB were so selected that
they resulted in almost 100% gelation . However, it is
probable that a little impurities contained in
monomers might remain in hydrogel system. Here it
should be noted that the correct method to remove
unreacted salts and impurities from the gel is to
equilibrate the gel in deionized water.

However, as the gels were synthesized they
also contained drug, it was not possible to equilibrate
them otherwise the drug would also come out along
with unreacted salts. Because of this limitation, drug-
loaded samples were rinsed only briefly to remove
unreacted salts and surface-bound drug while
maintaining the drug imbedded in the carriers and
then dried to constant weight. Such type of washing
of drug-loaded samples is common [15].

Here, one more point to be mentioned is that
as the drug riboflavin is sensitive towards oxidation,
there are chances of its oxidation due to presence of
initiator KPS in the reaction mixture . But as the
monomer acrylamide and maleic acid (both contain-
ing double bonds) are also present, it is most likely
that free radicals generated from KPS will attack
these monomers rather than the stabilized
isoalloxazine ring of riboflavin molecule.

However to avoid any such possible
interaction, it is better to load the gels with drug by
equilibrating the blank samples in the drug solution
as we have done in our recent work [16] . This
method is rather safer. The length, diameter and mass
of dry samples were found to be 16 .0 ± 0.4 mm, 3 .0 ±
0 .02 mm and 0 .1220 ± 0 .Olg respectively. However,
the variation in the mass of the samples did not affect
the accuracy of the results as the calculations were
made for one gram of the device . The drug-loaded
samples will be denoted by HG (1 .2)x where xis the
amount of riboflavin in mg present in one gram of the
polymer and number in parenthesis denotes the
percent mole fraction of monomer MA in the
hydrogel.

In Vitro Drug Release Study
Information regarding the possible mode of action of
the proposed drug delivery vehicle inside the human

body can be best obtained by carrying out the studies
in the environment almost similar to that of the
receptor site where device has to be used [17].

Therefore, for the purpose of studying drug
release behaviour in in vitro manner, three preweigh-
ed samples of the drug-loaded hydrogels were placed
in 25 mL of phosphate buffer solution of pH 7 .4 at
the physiological temperature 37 'C . After each
observation, gels were placed in fresh buffer solution_
The amount of drug released at different time
intervals was determined speetrophotometrically
(Systronise, India) at the wavelength 437 nm. The
amount of drug released was computed by comparing
the absorbance with the standard curve prepared for
the pure drug in the buffer in the appropriate
concentration region.

Here one significant point to be mentioned is
that prior to the drug release study, the stability test
of drug was carried out in the solution of pH 2.0, 4.0
and 7 .4 and it was found that by preventing the drug-
loaded device and the release medium from exposure
to visible light, the solution of drug was found to be
quite stable for a sufficiently long period.

RESULTS AND DISCUSSION

As we have already given a detailed account of the
swelling behaviour of the proposed hydrogel system
previously [I I], here only the drug release behaviour
of these devices will be discussed . First of all, in a
preliminary study for the present work, a number of
hydrogels containing varying amounts of PVP,
monomers acrylamide and maleic acid, and the cross-
linker MB were synthesized and their mass
equilibrium swelling at pH 2 .0 and 7 .4 was
determined . The purpose of carrying out this
preliminary study was to obtain a hydrogel system of
suitable composition, which would give a maximum
difference between the mass equilibrium swelling at
pH 2.0 and pH 7 .4 . After obtaining the required
hydrogels with suitable compositions (as given in the
experimental section), we loaded them with the
model drug riboflavin and studied their pH-
dependent drug release behaviour .
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Figure 2. Release of riboflavin as a function of time in a
phosphate buffer for the hydrogels samples loaded with
different initial amounts of drug.

One more significant point to be mentioned
is that the present work describes the drug release
dynamics of the dried drug-loaded samples only
because starting off with the drug dispersed in a
initially dry sample offers several advantages over
the hydrated system . When dried down, the drug
substance is essentially immobile, trapped in the
matrix, and contact with the penetrating water is
necessary to unlock the immobilized solute and
trigger the release process [18].

Stability Test for Riboflavin
Although the stability is usually determined by
reverse phase high-pressure liquid chromatography
which is supposed to be very accurate and sensitive
method [19], however, due to unavailability of the
instrument at our research lab the stability test for
riboflavin was carried out by measuring the
absorbency of solutions of riboflavin prepared in
buffer solution of pH 2 .0, 4 .0 and 7 .4 at 30 'C, at the
time interval of 24 h for a period of seven days . The
results thus obtained suggest that riboflavin is more
stable in acidic pH as compared to the alkaline one .

The percentage of drug decomposed in the pH 2 .0,
4 .0 and 7 .4 was found to 0 .48, 0.49 and 1 .20,

respectively. Now, since the total transit time for a
formulation to pass through the whole gastro-
intestinal tract 2 is nearly 48 h, the stability of
riboflavin is not much affected in this duration and
hence, it is quite safe to load the drug into the gels.

Effect of Drug Loading
The amount of riboflavin incorporated into the poly-
mer matrix has been found to affect the release
kinetics in a rather usual way. The results have been
depicted in Figure 2, which clearly shows that as the
amount of drug loaded into the device increases, the
quantity of drug coming out of the gel at different
time intervals also increases . These results are in
good agreement with those obtained by other workers
[20] . Thus the amount of riboflavin released was in
the following order.

HO (1 .2) 3 .6 > HG (1 .2) 333 HG (1 .2) 2 .6

Where, subscript denotes the initial amount of drug
into one gram of polymer matrix. Here one more
point to be noted is that as the amount of riboflavin
dispersed into the device is very low, the drug present
in the polymer matrix did not break the sample into
pieces during the release process as was observed in
our previous study in which a higher concentration of
drug riboflavin was loaded into the poly(acrylamide-
co-maleic acid) hydrogels [16] by allowing the blank
sample to equilibrate in the slightly alkaline solution
containing higher concentration of drug.

In the present study, the hydrogels retained
their mechanical strength and shape throughout the

release process. The initial rates of riboflavin from
the samples HG (1 .2) 26, HG (1 .2) 3A and HG (1 .2) 3 .6

were found to be 4 .6 x 10"3, 8 .0 x 10"3, and 16.6 x 10' 3

mg.g' l .min-1, respectively . The diffusion exponent
`n' as determined for the 60% release data using
logarithmic of equation Mt/M = k t" were found to be
0 .50, 0.57 and 0 .66 for the above sample,
respectively.

This clearly suggests that the amount of
hydrophilic drug loaded into the device also affects
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Temperature= 37 'C . Error bars: mearrtsd, for 3 samples.

Figure 3. Release profile of riboflavin for the sample
HG(1 .2)3.6 in the swelling media of different pH.

the release behaviour of the device and it may even
cause the transition from Fickian to non-Fickian
release behaviour.

Effect of pH
The object of the present study to explore the
possibilities of using proposed hydrogel system as
colon-specific oral drug delivery system is based on
the results obtained in our previous work [11] where
these gels showed a maximum degree of swelling in
the medium of pH 7 .4 (i .e., that of the colon),
whereas minimum swelling was observed in the
solution of pH 2 .0 (i .e ., that of the stomach) . The
effect of pH of the release media on the amount of
drug coming out of the sample at different time
intervals has been well depicted in the Figure 3.
These results clearly show that the sample HG (1 .2)16
produces the greatest release rate of drug in the
medium of pH 7 .4 while in pH 2 .0, a minimum
release is observed . This can be explained on the
basis of the fact that in the medium of pH 7 .4, the
carboxylic groups of maleic acid present along the
macromolecular chains in the drug-oaded device are
almost completely ionized, thus causing the

polymeric chains to undergo extensive relaxation due
to electrostatic repulsion among the charged
carboxylate groups. This finally results into the
higher degree of swelling followed by an appreciable
amount of drug coming out of the device . However,
when the pH of the release media is 2 .0, the almost
unionized carboxylic groups do not induce the chain
relaxation process, thus resulting in a very low degree
of swelling as well as drug release . Thus we see that
the presence of a small amount of maleic acid in the
polymer matrix makes the device to exhibit pH-
sensitive release behaviour.

The values for t (i .e., the time required for
t , release of the drug) for the sample HG (1 .2)3.6 at
pH 7 .4 was found to be 210 min while the total
release at pH 2 .0 and 4 .0 was less than 50% . Finally,
the values of diffusional exponent ` n', as calculated
from the double logarithmic plot were found to be
0 .50, 0 .53 and 0.66 in the release media of pH 2 .0,
4 .0 and 7 .4, respectively. These values clearly
suggest that the drug-loaded device exhibits Fickian
or diffusion controlled release behaviour in the media
of pH 2 .0 and it undergoes transition from purely
Fichian to non-Fickian release process as the pH of
the medium shifts from 2 .0 to 7.4.

As mentioned earlier, this transition could be
attributed to the chain-relaxation processes taking
place inside the polymer matrix due to electrostatic
repulsion among . The ionized -COO- group along
the macromolecular chains at higher pH . Thus the
observed experimental findings clearly indicate that
the proposed hydrogel system has significant poten-
tial to be used as colon-specific oral delivery device
along the GI tract, where a continuous variation in
pH occurs . Finally, the percentage of total drug
released from the device HG (1 .2) 36 in a period of
24 hat pH 2 .0, 4.0 and 7 .4 was found to be 34 .0, 42 .7
and 76.6%, respectively . The small an;punt of drugs
released at pH 2 .0 and 4 .0 may be attributed to the
fact that at these pH values, the gel does not swell
much, thus resulting in a lower released amount of
drug. However, the incomplete, release at pH 7 .4
(76.6%) is the most commonly observed pheno-
menon for a matrix delivery system. This may be
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pH 7 .4 and temperature= 37 'C. Error ban : meanisd. for 3 samples.

Figure 4. Amount of riboflavin released versus time plots
for the hydrogel sample containing different amount of
maleic acid .

attributed to the lower drug concentration gradient
within the matrix, which also lowers the driving force
and finally results in slow or static release . Finally, it
is concluded from the above effect that the sensitivity
of the device towards pH of the release media makes
the device an effective tool to release the maximum
amount of drug in the vicinity of pH 7 .0 (i .e ., pH of
the colon) by undergoing maximum swelling.
Moreover, the device exhibits minimum swelling
(and hence drug release) in the pH range 1-2 which is
pH of the surrounding fluid in the stomach . In this
way, it is the pH-sensitivity of the drug-loaded device
which regulates its drug-releasing capacity along the
gastrointestinal tract where a sharp pH variation
occurs.

Effect of Monomer Acid Content
In our previous studies on the swelling behaviour of
the same hydrogel system [I I] we observed that even
a small amount of acid present in the hydrogel
exerted a great influence on the swelling behaviour.

Therefore, it may be expected that the drug
release behaviour of such hydrogels should also be

governed by the monomer acid content in the drug-
loaded device . To confirm this prediction, five drug-
loaded samples containing 0, 21 .5, 43 .0, 64.5, and
84.0 mmol of maleic acid were synthesized and their
drug release kinetics were followed in the media of
pH 7 .4 at the physiological temperature 37 'C. The
results are depicted in Figure 4, which suggests that
the amount of monomer acid plays an effective role
in governing the release behaviour of these devices . It
is clear from Figure 4, that the amount of riboflavin
released at different time intervals increases with the
increase in maleic acid content up to 43 .0 mmol,
whereas with the further increase in the amount of
maleic acid, the amount of drug coming out of the
device at various time intervals starts decreasing. The
observed increase in the amount of drug released
with the monomer acid content may be attributed to
the fact that with the increase in the amount of maleic
acid, the number of carboxylic groups ionized inside
the gel matrix also increases which ultimately causes
an enhanced chain relaxation process due to
increased electrostatic repulsion, thus letting more
and more drug to come out of the device along with
simultaneous swelling of the device . However, when
the amount of maleic acid exceeds 43 .0 mmol, the
involvement of MA in cross-linking [13] and the
hydrophobicity provided by unionized maleic acid
almost predominate the ion-osmotic swelling
pressure and chain-relaxation process . This finally
leads to a decrease in the swelling capacity and hence
the amount of riboflavin coming out of the device.

One significant point to be mentioned here is
that for various gels synthesized to study this effect,
the extent of gelation was 100% which was based on
total weight of maleic acid and acrylamide in the
initial feed mixture . In order to determine the amount
of unreacted maleic acid (if any), the gels (not con-
taining the drug but of same composition as mention-
ed above) were subjected to soxhlet extraction with
water as solvent. The amount of maleic acid was
determined by titration of extract against 0.06 M
NaOH to phenolphthalein end point . However, it was
found that no titrate was consumed for above gels
thus indicating that all maleic acid, i .e from 0 .0 to
84 .0 mM was copolymerized with acrylamide to give
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pH= 7 4 and temperature = 37 'C. Error bars : mean±s.d. for 3 samples.

Figure 5. Release profile of riboflavin for the hydrogel
sample HG(1 .2)3 t; of different diameter.

100% gelation. This may simply be due to the fact
that for all the gels, the cross-linker MB was present
in such a higher amount that it resulted in almost
100% gelation in each hydrogel system, as also
observed in our previous study [l1] . Likewise, P .K.
Shrivastava and M .K . Mukul [21] copolymerized
maleic acid and urea and reported that at lower
concentration of maleic acid (i .e., upto 200 mM), all
carboxylic groups completely vanished thus indicat-
ing that all maleic acid present in the reaction mixture
was consumed in polymerization.

Here one significant point to be mentioned is
that in our previous study [11] on the swelling
behaviour of the same hydrogels system the degree of
swelling was found to increase upto 123 mmol of
maleic acid content and then it started decreasing,
whereas in the present case the amount of drug
released at various time intervals increases upto only
43 .0 mM of monomer acid and then a decrease in the
amount release is observed . This anomaly may be
explained by the fact that in the present study, cross-
linking ratio (i .e ., ratio of cross-linker to monomer) is
sufficiently high and this highly cross-linked network
also shifts the pKa value towards the higher side.

pH - 7.4 and temperamra= 37 *C . Error bars: meanls .d. For 3 samples.

Figure 6 . The effect of diameter of the cylindrical samples
on the half life (ha) for the sample HG (1 .2)3s

This finally reduces the degree of ionization of
maleic acid inside the polymer matrix and hence the
hydrophobic character imparted to the gel by
unionized carboxylic group starts dominating just
after 43 .0 mmol of acid content . On the other hand, in
previous study [11], the cross-linking ratio was
comparatively much lower and hence the
hydrophilicity provided by ionization of carboxylic
group inside the polymer matrix in terms of increased
ion-osmotic swelling pressure and chain-relaxation
process was predominant up until 123 mmol of
maleic acid in the hydrogels . In this way the effect of
monomer acid content inside the polymer matrix on
the drug release behaviour is also influenced by the
degree of cross-linking of the polymer matrix.

The Effect of Sample Diameter .on Release
Kinetics
Cylindrical drug-loaded sample of hydrogel HG
(1 .2)3 .6 of varying thickness, but containing the same
concentration of the solute, were synthesized . The
drug release kinetics of various such samples have
been shown in Figure 5 . It is very clear from Figure 5
that as the diameter of the device increases, the

Iranian Polymer Journal / Volume I l Number 3 (2002) 193
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amount of drug released at various time intervals
(i .e ., release rates at different times) decreases . This
may simply be attributed to the fact that with the
increase in diameter of the sample, the surface area
per gram of polymer decreases, and as the flux is
directly proportional to the surface area for the fixed
values of other dependent variables, the rate of drug -
release also decreases . The tl0 values (time required
for 50% release of the drug) in minutes were also
found to be proportional to the square of the diameter
in millimeters (Figure 6) . Similar observations have
also been reported by other workers [22] . It is
therefore evident that the release profiles of the drug
delivery device is also dependent on the thickness of
the sample used, and the desired initial release rate
can also be achieved by using the device of suitable
thickness.

Here, it should be made clear that in order to
use the device for the oral drug delivery at the colon,
the hydrogels with large diameter is more suitable
because its initial drug release rate will be
sufficiently low during its journey from stomach to
large intestine so that minimal amount of drug will be
released prior to entry into the colon.

Comparison of Kinetics of Swelling and Drug
Release
The swelling rate of a drug-loaded device is usually
affected by the presence of the active additive [23].
In order to confirm this, the swelling profile of the
drug-loaded sample HG (1 .2)36 was compared with
that of the blank sample in the swelling media of pH
7.4 (Figure 6). It is clear from Figure 6 that the
presence of riboflavin in the polymer matrix does not
produce any appreciable degree of swelling as the
swelling profiles for the two samples almost coincide
with each small amount of drug (i .e ., 3 .6 mg .g l ),

which has been incorporated into hydrogel, the
contribution of hydrophilicity of the added solute
toward the swelling profile is almost nil.

Figure 7 also describes the release profile of
the sample HG (1 .2) 3 .6 so that a simultaneous comp-
arison between the swelling and release profiles of
the drug loaded sample can be made. A close look at
the two profiles reveals that the two profiles exhibit

pH- 7.4 and temperature- 37 'C . Einar bars : memts.d. for 3 samples.

Figure 7 . Release and swelling profiles for the drug-loaded
sample HG (1 .2)3 6 and blank sample HG (1 .2)6.

almost similar morphology, thus suggesting that the
drug-loaded device follows the swelling-dependent
mechanism for the release of the drug.

Such type of comparison of swelling and
release profiles is not uncommon. M .E .McNeill and
his co-worker [18] also compared the swelling and
release profiles for the release of drug proxyphylline
from poly(ethylene oxide) hydrogel slabs. In fact,
such comparison gives valuable information about
the possible mode of action of a drug-loaded device.

Mechanism of Drug Release
The release of encapsulated drug from a device is
usually controlled by the three primary mechanisms:
diffusion, degradation, and swelling fdllowed by the
diffusion . Any or all of these mechanisms may occur
in a given release system. In diffusion controlled
release devices, the diffusion of drug may occur on a
macroscopic level as through the pores of polymer
matrix or on a molecular level by passing between
the polymer chains . For the diffusion-controlled
stable in the biological system, the drug delivery
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(o)

Figure 8 . (A) A drug-loaded cylindrical device placed in the
swelling medium, (B) the outermost surface of the sample
swells with the subsequent release of the drug, thus
showing a dear demarcation between the swollen core and
the dry drug-loaded region in the bulk, (C) when the solvent
fronts from the opposite sides meet in the middle, the dry

core disappears, (D) electrostatic repulsion among the
negatively charged carboxylate groups produced due to

ionization of carboxylic groups causes further relaxation
and swelling thus letting more drug to leave of the device.

device is fundamentally environment and does not
change its size throughout the release process . As the
present device undergoes an appreciable change in its
size throughout the swelling process and its swelling
profile possesses almost similar morphology as
possessed by its release profile (as mentioned above),
it is believed that the release of riboflavin must
occur through the swelling controlled
mechanism. The proposed swelling dependent
mechanism has been well depicted in Figure 7
and maybe described as the following : When the
initially dried drug loaded sample is placed in the
release medium (Figure 8A ) the solvent diffuses
into the outermost surface of the hydrogel with
which it is in immediate contact, thus causing the
polymeric chains to get relaxed with subsequent
release of the drug into the external medium.
Hence a clear demarcation between the exterior
swollen core and interior dry-core can be seen
(Figure 8B) and this demarcation boundary
slowly approaches towards the bulk of the
sample as the solvent fronts from the opposite
directions approach each other . Thus the
thickness of the unswollen core decreases

gradually and finally it disappears when the two
solvent fronts meet in the middle (Figure 8c).
After this, the poly-meric chains are further
relaxed due to electrostatic repulsion among
ionized carboxylate group, thus causing the gel
to swell more and more with simul-taneous
release of the drug (Figure 8 D).

Finally, the release rate becomes extremely
slow as the swelling of the device approaches the
limiting value . In fact, swelling controlled release
mechanism is always characterized by a sharp
penetrating swelling front separating the glassy core
from the rubbery gel-like region upon contact with
swelling solvent [24] . Almost similar mechanism has
been proposed by N.A. Peppas and C .S . Brazal [25]
in swelling and drug-release analysis of some model
drug like theophylline, vitamin B12, lysozyme etc,
from the swellable cross-linked polymer systems
poly(vinyl alcohol) and poly(2-hydroxyethyl meth-
acrylate-co-methyl methacrylate).

CONCLUSION

The hydrogels studied show a strong pH-dependent
drug release behaviour at the physiological temper-
ature 37 "C, thus offering minimum release of the
drug at pH 2 .0 and maximum in the media of pH 7 .4.
The amount of drug loaded into the polymer matrix
affects the release kinetics . The amount of maleic
acid present in the device plays a significant role in
governing the release behaviour. Moreover, the
release of riboflavin also shows a strong dependency
on the thickness of the sample used and the initial
release rate varies with the square of the diameter.

Finally, the device has been found to follow
swelling-dependent release mechanism, which is
further supported by the similar morphology of the
swelling and the release profiles.

The proposed hydrogel has thus a significant
potential to be used as oral colon-specific drug
delivery device, for the treatment of colonic diseases
such as inflammatory bowel disorders, colon cancers
etc . One more significant point in favour of the
proposed device is that its method of synthesis does

(B)(A)
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not involve any organic solvent or higher reaction
temperature so that the chances in loss of drug-
activity during its encapsulation is almost nil.

REFERENCES

1. Brondsted H . and Kopeck J ., "Hydrogels for site-

specific oral drug delivery: Synthesis and characterization",

Biomaterials, 12, 584-592 (1991).

2. Reddy S .M., Sinha V .R ., and Reddy D.S ., "Oral colon-

specific drug delivery systems for pharmacotherapy of peptide

and nonpeptide drugs", Drugs of Today, 35, 7, 37-580

(1999).

3. Redey T. Thimma, and Shekharam Tammishetti, "Barium

chloride crosslinked carboxymethyl guar gum beads for

gastrointestinal drug delivery" , J. Appl. Polym. Sci., 82,

3084-3090 (2001).

4. Yin Y ., Yang Y., and Xu H. "Swelling behaviour of

hydrogels for colon-site drug delivery ", J. Appl. Polym. Sci.,

83, 2835-2842 (2002).

5. Soppimath K .S., Kulkarni A.R., and Aminabhavi T.M.,

"Chemically modified p-g-guar based crosslinked anionic

microgels as pH-sensitive drug delivery system : Preparation

and characterization", J. Cont. Rel., 75, 3, 331- 345 (2001).

6. lshibashi T ., Halano H ., Kobayashi M., Mizobe M., and

Yoshino H., "In vivo drug release behaviour in dogs from a

new colon-targeted delivery system" , J. Cont. Rel., 57, 45-53

(1999).

7. Stubbe B., Maxis B., Mooter Guy van Den, "The in vitro

evaluation of azo containing polysaccharide gels for colon

delivery ", J. Cont. Rel., 75, 1-2, 103-114 (2001).

8. Bajpai S-K., "Casein-crosslinked polyacrylamide hydrogels:

Study of swelling and drug release behaviour", Iran. Polym. J.,

8, 4, 231-239 (1999).

9. Bajpai S.K, "Swelling-deswelling behaviour of poly-

(acrylamide-co-maleic acid) hydrogels", J Appl. Polym. Sci.,

80, 4, 2782-2789 (2001).

10. Bajpai S .K. and Sonkusley J., "Hydrogels for the oral drug

delivery of peptides : Synthesis and characterization", J.

Appl Polym . Sci., 83, 1717-1729 (2002).

11. Bajpai S .K. and Sonkusley J ., "Hydroglels for colon-specific
oral drug delivery : Synthesis and characterization" , J.M.S.-

Pure and Appl. Chem ., 38, 4, 365 -381 (2001).

12. Antia F .P., Abraham P, Clinical Dieleties and Nutrition, 4th

ed . Oxford University, New Delhi, India, 48-49, (1998).

13. Sen M., Yakar A ., and Guven O., "Determination of average

molecular weight between crosslinks from swelling

behaviour of diprotic acid containing hydrogels", Polymer,

40, 2969- 2974 (1999).

14. Windholz M . Budavari S., Blumetti R.F, and Ottorbe E .S.,

The Merck Index, 10 0 ed., Merck and Co . Rahway, NJ 1183-

1184 (1983).

15. Brazel C.S ., and Peppas N., "A mechanism of solute and drug

transport in relaxing, swelling hydrophylic glassy polymers",

Polymer, 40, 3383-3398 (1999).

16. Bajpai S.K., Kalla K.G . and Bajpai M ., "Colon-specific oral

delivery of vitamin B2 from poly(acrylamide-co-maleic acid)

hydrogels : An in vitro study" , J Appl. Polym. Sci., 84, 1133-

1145 (2002).

17. Dutta P .K ., Vishwanathan P ., Mimrot L., and Ravi Kumar V.,

"Use of chitosan-amine oxide gel as drug carriers", J . Polym.

Mater .,14, 351-355 (1997).

18. McNeill M.E. and Graham N .B . , "Properties controlling the

diffusion and release of water-soluble solute from

poly(ethylene oxide) hydrogels 2 . Dispersion in an initially dry

slab" , J. Biomat. Sci. Polym. Edn ., 5, 112, 111-130 (1993).

19. Torres-Lugo M . and Peppas N .A., "Molecular design and in

vitro studies of novel pH-sensitive hydrogels for the oral deli-

very of calcitonin", Macromolecules, 32, 6646-6651 (1999).

20. Lee D .H., Kim I.W., and Suh K.D ., "Amphiphilic urethane

acrylate hydrogels : pH Sensitive and drug-releasing

behaviours" , J. Appl Polym. Sci., 72, 1305-1311 (1999).

21. Shrivastav P .K., and Mukul M .k, Oriental J Chem ., 14, 3,

381-386 (1998).

22. McNeil M.E . and Graham N.B., "Vaginal pessaries from

crystallinelrubbery hydrogels for the delivery of

prostaglandin", J. Cont. Rel., 99, 1 17 (1984).

23. Lee P.I ., "Kinetics of drug-release from hydrogel matrices",

J. Cont. Rel., 16, 1-2, 277-288 (1985).

24. Korsmeyer R.W. and Peppas N.A., " Macromolecular and

modelling aspects of swelling-controlled 'systems", in:

Controlled Release Delivery Systems, T .J . Roseman & S .Z.

Mansdorf , Eds ., Marcel Dekker, New York, 77-90 (1983).

25. Brazel C .S. and Peppas N .A., " Dimensionless analysis of

swelling of hydrophilic glassy polymers with subsequent

drug release from relaxing structures", Biomaterials, 20,

721-732 (1999).

196

	

Iranian Polymer Journal / Volume 11 Number 3 (2002)


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10

