






































INITIAL WETTING
Tablet surface wets

and hypromellose
po Iymer starts to
partially hydrate,
forming a gel layer.
Initial burst of soluble

drug from the external
tablet layer is released.

EXPANSION
OF GEL
LAYER
Water permeates
into the tablet
increasing the
thickness of the
gel layer,
and soluble drug
diffuses
out of gel layer. ~
SOLUBLE DRUG

is released by diffusion
from the gel layer and
by exposure through
tablet erosion

Matrix Tablet

Ingestionof tablet

.
GEL LAYER

TABLET EROSION
Outer layer becomes fully hydrated and
is released into the gastric fluids.
'Water' continues to permeate toward
the tablet core.

INSOLUBLE DRUG
is released by exposure
through tablet erosion

Figure 1.2: Mechanism of action of a hydrophilic polymer in matrix tablets.
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1.6 Controlled-release formulations

The oral administration of single dose medicinals is considered the safest and simplest

since the damage at the site of administration is minimal. Thus, of all the possible routes

for administering controlled release medication to patients, single dose medicinals is

preferred. When oral controlled release formulations enter the body, they are subjected

to fluctuating pH levels as they are transported through the strongly acidic

gastrointestinal tract to a weakly alkaline medium in the lower part of the small intestine.

Not only is the fluctuating pH levels an important factor to consider when developing

these formulations, but also the variable absorbing surfaces over the length of the GI

tract. Variation in gastric emptying in different individuals can produce variable efficacy

of oral controlled delivery systems.

The polymeric controlled delivery systems are being used as part of a wide range of

reagents in various environments. The most popular application is the drug delivery, in

which the main objective is to achieve an effective therapeutic administration for an

extended period of time. The technique is also termed as sustained release. These

techniques have been used in the agricultural area for creating a continued environment

of soil nutrients, insecticides, herbicides and other agro-expedient agents using other

polymers.

Chitosan is non-toxic and easily bioabsorbable with gel forming ability at low pH.

Moreover, chitosan has antacid and anti-ulcer activities that prevent or weakens drug

irritation in stomach. Also, chitosan matrix formulations appear to float and gradually

swell in acid medium. All these interesting properties of chitosan made this natural

polymer an ideal material for controlled drug release formulations (Kumar, 2000).
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1.6.1 Chitosan

The history of chitosan dates back to the last century, when Rouget discussed the

deacetylated fonn of chitosan in 1859. During the past 20 years, a substantial amount of

work has been published on this polymer and its potential use in various applications.

Chitosan has recently been introduced to the phannaceutical industry in drug delivery

application due to its absorption-enhancing, controlled-release and bioadhesive

properties.

Chitosan is a tenn given to a family of high molecular weight cationic polysaccharides

derived from chitin that naturally occurs in crustacean shells. The repeating units in

chitosan are a 2-deoxy-2-(acetyl-amino)glucose and a 2-deoxy-2amino glucose linked

with glucosidic bonds into a linear polymer. Chitosans differ in their degree of

polymerization and their degree of deacetylation, which also plays an important role in

fonnulations. The chemical structure of chitosan is depicted in figure 1.3.

Chitosan

Figure 1.3: Chemical structure of chitosan.

Chitosan is a weak base and this characteristic gives it distinctive solubility properties.

At acidic pH values the amino groups become protonated, causing the chitosan to uncoil

and become more soluble. As pH values increase above its pKa of approximately 6.5

(Schipperet aI., 1996:1687) chitosan loses this charge, coils up and is likelyto precipitate
from solution.

Chitosan has considerable potential for many phannaceutical applications (Illum,

1998: 1326). Many studies have investigated the use of chitosan in the design of
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sustained release dosage fonns, such as matrix tablets, and have shown that, in general,

chitosan provides excellent sustained release properties in vitro especially at low pH

values where a gel matrix is fonned (Kawashima et aI., 1985:2472). Upadrashta et al.

(1992:1707) claimed that an increase in chitosan concentration would produce stronger

tablets with a higher degree of sustained release. However, in this respect, the degree of

polymerizationand deacetylation should be taken into account.

1.6.2 Chitosan and its gelling tendency

Kumar (2000) did various studies on the gelling behaviour of chitosan. Hydrogels are

highly swollen, hydrophilic polymer networksthat can absorb largeamounts of water and

drastically increase in volume. It is well known that the physicochemical properties of

the hydrogeldepend not only on the molecular structure, the gel structure, and the degree

of crosslinking but also on the content and state of water in the hydrogel. Hydrogelshave

been widely used in controlled release systems. Recently, hydrogels, which swell and

contract in response to external pH, are being explored. The pH sensitive hydrogels have

a potential use in site-specific delivery of drugs to specific regions of GI tract and have

been prepared for low molecular weight and protein drug delivery. It is known that the

release of drugs ITom the hydrogels depends on their structure or their chemical

properties in response to environmental pH. These polymers, in certain cases, are

expeCted to reside in the body for a longer period and respond local environmental

stimuli to modulate drug release. On the other hand, it is some times expected that the

polymersare biodegradable to obtain a desirable device to control drug release. Thus, to

be able to design hydrogels for a particular application, it is important to know the nature

of systems in their environmental conditions to design them in proper situation. Some

recent advances in controlled release fonnulations using gels of chitin and chitosan are

presented here (Kumar, 2000). Peppas et al. (2000:9) shows a diagram of all tissue

locations for hydrogel-based drug deliverysystems (figure 1.4).
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Figure 1.4: Tissue locations applicable for hydrogel-based drug delivery (peppas et al.

2000:9).

It is well known that physiochemical properties of the hydrogel depend not only on the

molecular structure, the gel structure and the degree of crosslinking but also on the

content and state of water in the hydrogel. Since the inclusion of water significantly

affects the performance of hydrogels, a study on the physical state of water in the

hydrogels is of great importance because it offers useful suggestion on their

microstructure and enables to understand the nature of interactions between absorbed

water and polymers. The effect of ionic strength on the rate of hydrolysis of a gel has

been studied and it was observed that there was rapid hydrolysis of the gel with a

decrease in ionic strength, i.e., a higher degree of swelling was observed in a lower ionic

strength solution (Kumar:2000).
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Figure 1.5: SEMmicrograph ofKollidon@ SR.

1.8 Conclusion

Various dosage forms have been developed over the past few decades and yet oral solid

dosage forms still remain the most popular and widely used dosage forms in the

pharmaceutical industry. One of the many reasons why consumers prefer this dosage

form is because of its ease of use and excellent organoleptic properties.

There are two primary methods of tablet manufacture and they are tableting by direct

compression and tableting by wet granulation. Direct compression was introduced to the

pharmaceutical industry more than four decades ago and there is still extensive research

being done to optimize this method of manufacture. This method is easy, not time-

consuming and relatively inexpensive. For this reason, pharmaceutical companies aim to

optimize and develop commerciallyavailable directly compressible excipients.
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Figure 2.1: SEMmicrograph of propranolol hydrochloride.

The above micrograph illustrates an irregularcrystal like structure with variable particle

size.

2.3 Materials

The materials were chosen based on the physicalproperties and use as controlled-release

and directly compressible excipients. Materials used in this study are presented in Table
2.1.
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Table 3.2: Tablet properties containing various ratios of chitosan: Emcompress@.

%RSD is indicated in parentheses.

Ratio Tablet Property 5

160.91(0.362)

320.0 (0.244)

o

NONE

123.52(0.379)

273.0(0.074)

15

NONE

73.82 (1.290)

235.4 (0.218)

0.215

NONE

48.04 (0.300)

215.3 (0.093)

0.1

NONE

31.94 (1.09)

193.9 (0.101)

0.77

NONE

*The ratio can be read as chitosan: Emcompress~'

3.3.1 Interpretation of data

The data correlates to a large extent with the properties of the powders. The variation in

hardness for the different formulations can be awarded to the large molecular weight of
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Mixin2 times
10 20

160.13(0.406) 165.91(0.441)

313.9 (0.145) 317.8 (0.230)

0.067 0.065

NONE NONE

119.4(0.802) 121.45(0.808)

270.6 (0.195) 270.7 (0.101)

0 0.074

NONE NONE

75.91 (1.207) 90.4 (1.198)

234.6 (0.211) 242.8 (0.094)

0.084 0

NONE NONE

49.89 (0.323) 48.64 (0.834)

213.4 (0.094) 217.1 (0.128)

0.09 0.18

NONE NONE

48.73 (0.6) 29.6 (0.960)

197.5 (0.149) 193.0 (0.055)

0.662 0.78

8.443 (5.935) 6.294 (7.032)



chitosan compared to Emcompress@.As shown in figure 3.1, an increasingproportion of

chitosan resulted in a decrease in crushing strength (hardness) due to chitosan's poor

ability to be direct compressed and the resulting decrease in fluidity of the mixture. The

hardness for the 80:20 and 90:10 formulations were noticeably lower, which illustrates

the low compactibilityof an increasing quantity of chitosan. Although the hardness for

the abovementioned formulations was lower, tablets were still produced and this

indicated that only a small percentage of filler was needed to enhance the tabletting

propertiesof chitosan. The friability proved favourable for all formulations,but the 90:10

ratio was almost 10 times higher than that of the 80:20 formulations,which supported the

necessity of a binder if this ratio is used. The weight variation showed negligible

variation as revealed by the low %RSD that confirmed the improved fluidity of the

powder mixture due to the addition ofa filler. Figure 3.1 shows the marked decrease in

crushingstrengthwithan increaseof chitosanabove700.10.

Figure 3.1: Tablet hardness o/various chitosan: Emcompress@ ratios at different mixing

times.
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3.3.2 Disintegration

The standard required time for tablets to break up into smaller particles or disintegrate in

order to fascilitate drug dissolution is 15 minutes. In these formulations, the only

formulation that disintegrated within the required time was the 90:10 formulations from

the 10and 20-minute batches. This was once again awarded to the low compactibilityof

these formulations. However, in this case, the inability of the other formulations to

disintegrate was viewed as a positive result, because it confirmed chitosan's gelling

tendency and it was also assumed that an accurate prediction of chitosan's matrix-

formingability could be made.

3.3.3 Effect of mixing time

Mixing time had no significant effect on the physical properties of the various

formulation and all formulations showed the same tendency (as could be seen in figure

3.1 for the change in tablet hardness with mixing time).

Two formulations were chosen for the SEM studies to evaluate the effect, if any, of

mixing times on the physical properties of the tablets. The formulations chosen were

those of70:30 and 90:10 as shown in figure 3.2.
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Emcompress~

particles

Chitosan particles

Figure 3.2: SEM micrographs of chitosan: Emcompress@ in a ratio of 70:30 with mixing

time of (a) 5 minutes; (b) 10 minutes and (c) 20 minutes.

A distinctive difference in particle shape could be seen. The mixing capacity could also

be seen for the different mixing times. According to the blending theory, enough time

should be allowed so that the probability of a specific particle being found at any given

place within the mixture will be the same for all particles in the mixture and at any given

area of the mixture. In fig. 3.2(a), the mixture does not seem as uniform after 5 minutes

as it did after 10 minutes (b) where the Emcompress@particles could be seen throughout

the mixture. In (c), ftagmentation of the particles occurred and it could thus be deduced

that, on this scale, 20 minutes was too long a mixing time.
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Figure 3.3: SEM micrographs of chitosan: Emcompres/~) in a ratio of90: 10 with mixing

time offig. 3.2 (a) 10 minutes; and (b) 20 minutes.

Chitosan has a very low bulk density and tapped density (table 3.1) and this appearance

explains the less dense, more porous particle packing at this high ratio. In figure 3.3 (a)

and (b) the unusual particle structure of chitosan could be seen. This highly porous tablet

structure was seen in the low tablet weight and crushing strength when compared to the

other fonnulations.

3.4 Conclusion

Chitosan has an irregular structure and thus produced a porous particle compact structure

with unacceptable properties, yet the inclusion of an additional filler in a very minute

quantity, in this case, Emcompress@,fascilitated direct compression. At a constant die

filling volume and compression setting, these two filler blends showed very low weight

variation and low variation in crushing strength. The crushing strength did, however,

decrease with an increase in chitosan concentration. These results confinned the weak

flow properties of chitosan and its inability to be directly compressed without the aid of

an additional excipient. Friability was extremely low for all fonnulation with values as

low as 0%. It could thus be concluded that the addition of a small percentage of filler to a

chitosan powder mixture enhances the binding capability and thus compressibility of

these two powder blends. Disintegration occurred only in the 90:10 fonnulations
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Table 3.3: Physical properties of HPMC formulations. Disintegration is measured

according to the degree of swelling. %RSD is shown in parentheses.

Tablet Methocel@

Binders Property
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isintegration (min:s)

3.5.1.1 Crushing strength

The poor compressibility of chitosan and the improvement in crushing strength due to the

addition ofa dry binder is clearly demonstrated in figure 3.3. The percentage increase in

crushing strength ranged from 100-600 % for the various binders and concentrations

used. An increase in binder concentration resulted in a steady incline in crushing strength

for all three binders with Methocel@K15M producing the strongest tablets at each
concentration.

60

Concentrations(%w/w)

20
25 30

87.9 (4.395) 96.19 (4.222) 119.92 (5.344)

208.2 (1.652) 212.1 (1.710) 216.6 (1.904)

0.164 0.066 0.323

Extensive Relative Negligible

87.98 (10.059) 104.23 (13.501) 153.76 (5.465)

212.0 (3.667) 218.9 (2.053) 226.7 (5.513)

0.16 0.036 0

Slight Negligible Negligible

101.04(14.87) 116.65 (5.7475) 137.83 (8.777)

214.3 (2.321) 218.1 (2.554) 224.5 (1.725)

0 0 0

Negligible Negligible Negligible
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Figure 3.3: Comparison between the tablet strength of chitosan placebo tablets and that

of formulations containing a dry binder.

It could therefore be concluded that if chitosan is to be used as the primary filler and

sustained-release excipient in a directly compressed formulation, then an additional

hydrophilicbinder is necessaryto facilitate this.

3.5.1.2 Weight variation

An improvement in weight variation was seen with the incorporationof the binder. This

confirmed that the addition of the binder also improved the fluidity of the powder

mixture. The % RSD was low for K15M and this grade was deemed more favourable

than the other grades with regards to fluidity and compressibility. The average weight for

the various batches increased with the presence of a binder in comparison with the

average weight of the chitosan:Emcompress@formulation. Figure 3.4. showed the

difference in average weight for the various formulations and how this differed from the

intended tablet weight of300 mg.
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[] K4M

[] Chitosan:Emcompress

Figure 3.4: Comparison between the average weight of binder formulations and

chitosan placebo tablets.

From the graph it was seen that not only was the average weight of the binder

formulations higher than that of the chitosanplacebo tablets, but it was also observedthat

the average weight of the binder formulations increasedwith increasingconcentrationsof

each binder.

3.5.1.3 Friability

Friability was low for all formulations confirming the high resistance of the tablet to

mechanical stress. The results found for the chitosan placebo tablets were between 10

and 80% when compared to the binder formulations. Therefore, the binding capability

was improved and the binder formulations delivered mability values as low as 0% (see

table 3.3).

3.5.1.4 Disintegration

Disintegration was measured according to the degree of swelling. The disintegration

varied between extensive, relative, slight and negligible. The met that swelling took
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Table 4.2: The AUC and DR; of propranolol hydrochloride tablets with different
hydrophilic binders in addition to chitosan in constant proportion. %RSD shown in
parentheses.

4.4.2 Dissolution profiles

The first dissolution studies were done on the previouslyevaluated tablets using an acidic

medium consisting of 0.1 M HCI at 50 rpm with a pH of 1.2. The dissolutionprofiles for

thefourformulationsare illustratedinfigure4.1.

120 240 360 480 600 720 840 960 1080 1200 1320 1440

Time (minutes)

Figure 4.1: Comparitiveprofiles of propranolol hydrochlorideformulations containing
various binders.
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Binder type Dissolution properties

D (p.g.cm-3.min-1) AUe (Jlg.min.cm-3)

lKollidon@SR 0.543 (4.44) 75610.60 (0.93)

etbocel@ KlOOM 0.335 (1.07) 59831.07 (0.89)

Metbocel@ K4M 0.275 (3.44) 23640.49 (4.01)

etbocel@ Kl5M 0.325 (9.48) 59507.44 (4.41)
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As mentioned in section 1.5.1.2, in a chitosan fonnulation, slow-release is easily

achieved with poorly soluble or slightly soluble drugs, whereas additional slow-release

excipients are required with readily soluble drugs.

As seen in table 4.2., greater initial dissolution for Kollidon@ SR than for the

hypromellosebinders with a consequent greater AUC or extent of dissolution.However,

from the dissolution profile in figure 4.1 it was seen that the ability to retard or sustain

drug release was a lot weaker for Kollidon«>SR than for the hypromellosebinders. After

5 hours the tablets containing Kollidon@SR had almost completely disintegrated. A

stringed transparent network and a clearly visible white residue or precipitate could be

seen. The integrity of the matrix was compromised by the combination of chitosan,

because the binding forces between these two binders were very weak and synergistic

effect was not obtained and as discussed earlier,Kollidon@SR is insoluble in water and is

independentof the pH of the medium. However, the parameters of Kollidon«>SR require

an amount of at least 40-55% of the binder in a fonnulation where a freely soluble active

ingredient is used (see table 1.1). In this fonnulation only 15% w/w of the binder was

used and up to 7 hours of sustained release was still achieved. This proved that chitosan

was responsible for the sustained release and the properties of Kollidon@ SR

compromised the integrity of the matrix. Figure 4.2 (a) and (b) shows digital

photographstaken at 4 and 7 hours of the dissolutiontest, respectively.

r-

.
(a) (b)
Figure 4.2: (a) Tablet after 4 hours and (b) after 7 hours in the acidic medium.
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In figure 4.2 (a) an off-yellow center remains which confirmed the weak binding force of

chitosan and Kollidon@SR, because the Kollidon@SR seemed to have disintegrated and

the gel matrix formed in the centre of the tablet was the chitosan. Therefore also

confirming that the drug was encapsulated in this gel matrix and that chitosan enabled

sustained release. This appearance also confirms that chitosan does not have to be

blended with a hydrophilic polymer to aid sustained release. Figure 4.2 (b) shows white

fibrinous network, which is the remainder of a compromised matrix tablet. For this

formulation, the average drug released was 78.49 %. Thus, a large extent of drug release

was achieved, but over a shorter period of time. Drug release continued steadily for up to

7 to 8 hours until it stabilized.

4.4.2.1 Formulations containing various grades of hypromellose

As seen in table 4.2, the formulations containing the hypromellose binders showed very

similar initial drug release profiles but variable extent of drug release was seen. The

profiles in figure 4.2 showed how drug release was affected when these binders were

chosen to enhance the sustained release ability of chitosan. The initial swelling of the

tablet was negligible, but as time passed the swelling became extensive and a gel layer

could clearlybe seen.

It was assumed, that drug release was sustained by diffusion through this gel layer.When

the polymer is highly hydrophilic, the rate of absorption of fluid is very large and the

dosage form swells, and this swelling is responsible not only for an increase in the

dimensions of the dosage form, but also for a very large increase in the diffusivitywhich

enhances the rate of drug release especiallyat the end of the process. When the swelling

is negligible, the diffusion of the drug out of the dosage form can be constant over the

whole process of release (Alnaoui& Vergnaud, 2000:384). Ford et af. (1987:224) found

that the major factor controlling drug release was the drug:HPMC ratio and for soluble

drugs a straight line relationship existed between the release rate and the reciprocal of the

weight of HPMC in the matrices. Increasing the polymer content decreased the

dissolution rate of the drug. Ford et af. (1985:339) said that a straight line relationship
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was established between the logarithm of the tablet HPMC content and the logarithmof

the release rates (mg.minY.)and it has been suggested that this relationship has been

accounted for by considering that the weight of HPMC directly influences the surface

area of the matrix which in turn controls the release rate. Changes in drug particle size

insignificantly affected drug release. The actual mechanism of release from HPMC

matrices and therefore also hydrophilic matrices, is modified by drug solubility. For

water-soluble drugs, release is affected by both diffusion of the drug through the HPMC

and by slow dissolution of the matrix itself following hydration, a process known as

attrition. Release rate is not modified by the presence of magnesium stearate (as

lubricant).

4.4.2.1.1 Methocel KI00M

This grade, having a viscosity of 100 cps, had the lowest viscosity of the grades chosen.

Thus, a lower sustained release was expected. However, the integrity of the matrix was

vastly improved by the presence of chitosan. Chitosan was the primary filler and matrix

carrier system, being present in a quantity of38.36% w/w.

Steady drug release was achieved for up to 16 hours before stabilizing as seen in the

above profile. The profile had a %RSD of 0.892 for the extent of drug release (AVC),

which can be seen in the low variation among the different test samples. At 8 hours the

tablet was still present in the baskets thereafter slow disintegration and dissolution of the

tablet occurred. An amount of 62.143% drug was released during this study, but great

variation among samples occurred. Beaker 1 only released 23.663% drug where as the

other three beakers had an average release of75% with very little variation.

4.4.2.1.2 Methocel K4M

This grade possesses a viscosity of 4.000 cps. Sustained release was successfully

achieved in this formulation as shown in figure 4.4. The extent of drug release (AVC)

was 23640.49, which were much lowerthan for the other hypromellose grade and showed
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a %RSD of 4.007. The total drug released during this dissolution study was a mere

9.262%, which is not only low, but also inexplicable.The profile stabilized after 10 hours

and the study was discontinued at 14 hours. This formulationhas shown the lowest total

drug release for all formulations studied. It was assumed that an experimental error had

occurred.

As seen above, the initial drug release is as steady as for the other profiles and stabilizes

at 10 fours. Digital photographs were taken at 4 and 7 hours as shown in figure 4.3 (a)

and (b), respectively.

I

Gel-layer
could be
seen

I

L ---- (b)

Figure 4.3: (a) Tablet at 4 hours and (b) at 7 hours. At 7 hours a slight gel layer could

still be seen.

4.4.2.1.3Methocel K15M

This grade has a viscosity of IS,OOOcps and has showed the most favourable results for

the duration of this study. The high viscosity of this grade had an excellent synergistic

effect with chitosan and 24-hour dissolution was obtained. At 9 hours an extensively

swollen sponge-like structure was still visible and at 12 hours this structure was slightly

diminished.At the 16-hourreading a small portion of the tablet was still visible.

The total drug release for this formulation was 61.497%. However, the same variation in
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beaker 1 occurred leaving the remaining three beakers with an average of 74%. It was

thus concluded that an experimental error had occurred in beaker 1. This conclusion was

supported by the fact that for all formulations beaker 1 had a total drug release between

20 and 25% compared to above 70% for the other beakers.

From the above profiles it was clear that chitosan used with Methocel KI00M and

KI5M, produced the highest degree of sustained release and is therefore the preferred

excipients when a freelysoluble drug is used in a sustained released chitosan formulation.

The ranking order for excipients used in combination with chitosan is thus

KI5M>Kl 00M>K4M>Kollidon@SR.

4.5 Conclusion

Khanvilkar et al. (2002:604) used a freely soluble drug and both diffusion and attrition

contributed to its release from HPMC matrices. Their findings were in agreement with

Ford et al. (1985:339) who reported that using various viscosity grades ofHPMC for a

given fixed drug:HPMC ratio did not alter the Higuchi-type release rate significantly.

They have therefore concluded that the viscosities of the hydrated higher-molecular-

weight HPMC matrices may be identical despite the apparent differences in their

viscosity grades. Drug release from these tablets depended on the viscosity of the gel

layer formed from the hydrated matrix. It was concluded that drug release from HPMC

matrices prepared by direct compression was independent of crushing strength, diffusion

controlled and depends mostly on the viscosity of the gel layer.

The findings of the study supported Khanvilkar's conclusions. However, the primary

polymer used was chitosan. The amount of drug released was above 60% bearing in

mind that discrepancies were found in beaker 1 of all test samples. It can be concluded

that drug release took place through diffusion through a gel layer of a matrix system,

because the tablet was still partially intact after many hours. The grade of chitosan had a

91.43% degree of acetylation. Sabnis et al. (1997:253) suggested that drug release

decreased as degree of deacetylation increased.
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Chitosan is said to have a more pronounced decrease in drug release in acidic medium

and it was previously suggested that chitosan would precipitate out of solution if it were

placed in a medium with higher pH. The following study will investigate the effect of

pH, if any, on the dissolution rate of chitosan formulations.

4.6 Effect of pH on drug release

For the second phase of the dissolution study, an analysis was done based on the possible

effect of pH on drug release from chitosan formulations. At acidic pH values the amino

groups become protonated, causing the chitosan to uncoil and become more soluble. As

pH values increase above its pKaof approximately 6.5, chitosan loses this charge, coils

up and is likely to precipitate from solution. This was the finding of Schipper et all

(1996:1687). However, as the previous studies have shown, with the aid of an additional

slow release excipient, it is possible to retain the matrixfor up to 6 hours at acidic pH. In

this study, the same formulas were used and placed in an acidic medium of pH 1.2for the

first 2 hours. It was then removed from the medium and promptly placed in a second

medium, a phosphate buffer of pH 6.8. According to literature, as it has just been

mentioned, chitosan is expected to precipitate out of solution. However, the results

contradicted these findings.

Kawashima et a/. (1985:2473) found that chitosan decreased dissolution rates at acidic

and slightly acidic pH levels while Akbiiga (1993:259) found that at pH levels of 7.4,

chitosan displayed no slow-releaseproperties. The conclusion was made that the effects

of chitosan depended on the pH levels. The cationic nature of chitosan has been assumed

to be the reason for its effects in different pH media. Mi et a1. (1997:2502) did an

extensive study on the mechanism of action of chitosan. His results showed that

hydration of and gel-forming effect of chitosan took place more readily at pH values of

1.2 than at a pH of 7.2. Therefore, it could be concluded that the retardant effect of

chitosan is more pronounced in an acidic environment. With regards to these findings,

once again, the results of this study proved contradictory. Hypromellose itself is not
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thought to be affected by changes in pH, however, the release rates from hypromellose

matrices has been said to be dependent on the pH of the dissolution medium. Table 4.3

shows the initial release rate and the extent of drug release.

Table 4.3: The AUC and DR; of prop ran 0101hydrochloride tablets in the first 2 hours of
dissolution in acidic medium. %RSD is displayed in parentheses.

Kollidon ~SR
~e~oceIKI00~

~ethocel K4~

~ethocel K15~

Dissolution properties

:.!::::.I!I.li::!I.!:II~::.lli;!lIt!IIf,II~~I:;!I.:..i.iiii;i!::iii!::.i::i.:i!:ii:ii:ii:.:.i:iiii.::iilll.ill~11~11.:.:::::::::iii::::i:il!.I.;i::!;ii.:!::::'

0.58200.78) 201.813 0.12)

0.262 (4.81) 124.570 (8.00)

0.324 (5.56) 179.442 (8.79)

0.308 (6.94) 163.744 (24.66)

Once again, Kollidon@SR shows an initial drug release that is much higher than the

hypromellose binders. The extent of release at 2 hours is very low for all formulations.

The following 22 hours in a medium composed of a phosphate buffer is shown in table

4.4.

Table 4.4: The AUC and DR;of propranolol hydrochloride tablets in thefollowing 22
hours of dissolution in medium composed of a phosphate buffer. %RSD is displayed in
parentheses.

Kollidon@SR

~e~oceIKI00~

~ethoceIK4~

~e~ocel K15~

Dissolution properties

.iiii.!.:.:ii.:.i.:i;i;;..;.lliilllliJtll~~.!i:..::::..::.:.:.::!!:.:i.i.ili::ii:;ii.:.ii:.:.III:.III~11I'I~I.I!lil.I.I:!llililil.I;!.I::i!j

0.215 (5.587) 49974.134 (2.837)

0.055 (4.808) 22587.079 (7.810)

0.064 (6.155) 24099.675 (5.601)

0.056 (1.937) 24955.328 (6.318)

Table 4.4 shows that even in alkaline medium hypromellose is the better choice when

used with chitosan. The first reading for this study was taken after 5 minutes. For

Kollidon@SR the initial drug release was much higher than the hypromellose
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fonnulatioDS.However, the extent of release for Kollidon@SR was much higher, but as

the profiles will soon show, the degree of sustained release was much lower when

compared to the release rate of hypromellose.The following profiles are the release rates

of the various fonnulatioDS.Figure 4.4. (a) the release rate of the first two hours at a pH

of 1.2and (b) the following22 hours at a pH of6.8.
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Figure 4.4: (a) The dissolution profiles of the variousformulations after 2 hours in pH

1.2.
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Figure 4.4(b): The dissolution profiles for the different formulations for the proceeding

22 hours in a medium of pH 6.8.

In both profiles Kollidon@SR has a very high initial drug release compared to the

hypromellose binders which were similar in initial release rate, For Kollidon@SR drug

release was stabilized after only 8 hours of the study, This is a slight improvementfrom

the acidic medium study, but still proves that Kollidon@SR is not the first choice when a

choice for additional slow release excipient for a chitosan formulationis to be made.

For KI00M, a 24-hour release was achieved, with the tablet still intact after 24 hours.

The binding strength between chitosan and hypromeUose together with the gelling

tendency of both polymersstrengthenedthe integrityof the matrix. In a medium of pH of

6.8, the results were inconsistentwith the previous studies. It could be assumed that the

sum of the viscosity of the two polymers is higher than for a single polymer. Also,

hypromellosehas to be included in a quantity of 25-45% to be used as a matrix carrier. In

this study a mere 15% w/w of hypromellose was added to 38.36% w/w of chitosan,

which was the primary matrix carrier. The profiles of K15M and K4M could be

comparedas they showed similar results.
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A 24-hour drug release was again achieved. The tablet was still intact after 24 hours as

shown in figure 4.5.

I

The glistening gel layer

could still be seen clearly
after24 hours

.~ .,-"

L --~
Figure 4.5: The chitosan formulation containing Methocel K15M after 24 hours of

dissolution testing in twomedia with differentpH levels.

The profiles for the various fonnulations showed very low variation compared to the

previous dissolution profiles when only one medium was used. The drug release proved

favourable for hypromelloserather than Kollidon~ SR

4.7 Summary

The chitosanfonnulations were concluded to be independentof pH, having accomplished

sustained release in both media. Chitosan is an excellent matrix carrier and has great

potential to be used in once-daily fonnulations. In study perfonned by Ford et al.

(1996:333), it was concluded that the total amount of polymer included in a fonnulation

was the main factor that controls the dissolution rate of propranolol. Propranolol

hydrochloride is capable of salting hypromellose into solution and even the presence of

phosphate ion may reduce the solubility of hypromellose.Thus, this may also be true for
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Table 5.1: The physical properties of the propranolol hydrochlorideformulations usedfor stability testing.

0 I 421.1(0.929) 124.39 0.106 Slight 4Ll.l (U.L) 124.39 0.106 Slight
1 1416.9(0.526) 108.01 0.067 Relative 422.4(0.634) 112.75 0.116 Relative

2 1417.1(0.504) 106.55 0.048 Extensive 422.7(0.859) 104.56 0.064 Relative

3 I419.3(0.775) 100.53 0.01 Extensive I 421.6(0.771) 1108.41 10.01 I Extensive

0 I 428.9(0.823) 131.38 0.131 Slight 4L.{U.Lj ) 131.38 0.131 Slight
1 I 433.2(0.568) 108.70 0.164 Slight 432.7(0.458) 113.23 0.152 Slight
2 I 433.5(0.705) 106.35 0.323 Extensive 435.5(0.521) 104.86 0.290 Extensive

3 I 436.4(0.599) 99.83 0.000 Extensive 435.9(0.754) 105.11 0.000 Extensive

0 I 422.0(0.652) 123.77 0.159 Slight 4LL.U{U.6L) 123.77 0.159 Slight
1 I 420.4(0.623) 109.79 0.120 Slight 426.5(0.503) 109.93 0.123 Slight
2 I 422.5(0.510) 103.74 0.237 Extensive 425.7(0.487) 110.89 0.130 Slight

3 I 421.8(0.799) 99.03 0.030 Extensive 426.8(0.696) 109.09 0.010 Extensive

0 I 458.2(1.120) 188.25 0.103 Slight 45!:S.2(1.12U) 188.25 0.103 Slight
1 I 463.6(1.205) 171.43 0.050 Slight 451.7(0.963) 192.41 0.031 Slight
2 I 465.4(0.734) 181.79 0.097 Extensive 453.6(0.715) 203.08 0.006 Very extensive

3 1464.7(1.155) 179.85 0.000 Biconcave lost 452.5(0.743) 215.51 0.020 Very extensive
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5.2.1 Effect on tablet weight

The effect of the storage conditions on the tablet weight of the fonnulations is

presented in figures 5.1 and 5.2. for all the fonnulations containing Methocel~, a

steady increase in tablet weight was obselVed over time at both storage conditions.

This could be attributed to the uptake of moisture by the tablet components, especially

chitosan and the binders.

420

.0 months

. 1month
02 months
03 months

410

400
K1SM Kl00M K4M KSR

Figure 5.1: Effect of temperature on weight variation of chitosan tablets in

combination with Methoce~ K15M, KIOOM,K4M and Kollidon@SR at a temperature

of 40°C.
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Figure 5.2: Effect of temperature on weight variation of chitosan tablets in

combination with Methocef9 KJ5M, KJ OOM,K4M and Kollidon@SR at a temperature

of 25° C.

For the formulation containing Kollidon~ SR, however, tablet weight decreased over

time at 40 °C/75% RH, whilst at 25 °C/60% RH, the tablets followed the same trend

as the Methocel@,formulations. For all the formulations the first month of storage

exhibited the largest change in tablet weight, followed by a smaller increase (or

stabilization) in tablet weight. These results could be explained in terms of the

equilibrium moisture content of the tablet components being reached within the first

month, after which no more moisture was absorbed and tablet weight stabilized.

5.2.2 Effect on crushing strength

For all the formulations containing Methocel@ as binder, both sets of storage

conditions resulted in a decrease in crushing strength with time and all three

formulations exhibited the same tendency and magnitude in terms of the decrease in

crushing strength. No significant differences occurred between the two conditions for

any of the formulations. The decrease in crushing strength during the first month was

markedly faster (between 11-17%) than during the following two months (between 6-
87
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9%) as seen in figure 5.3, which indicated stabilization with time. These results are in

correlation with the effect of the storage conditions on the tablet weight as explained

in section 5.2.1. It could be concluded that the observed changes in crush strength

could be directly related to the absorption of moisture during storage.

140

Z 120
;; 100
rJ
t 80
.! 60
J! 40
~ 20~ o

o I 2 3

'Dme (months) (c)

Figure 5.3: Effect of storage conditions on crushing strengths of chitosan tablets

containing (a) Methoce~K15M; (b) Methoce~K100M; and (c)Methocel~K4M
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The fiiability of all the test samples was between 0 and 0,3 %. Thus, the ability of the

tablets to resist mechanical stress was unaffected by varying ambient conditions.

Therefore, there were no changes in fiiability with decreasing crushing strength as
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Figure 5.4: Crushing strength of chitosan tablets in combination with Kollidon@SR

as afunction of time.

Once again the tablets containing Kollidon@SR exhibited a different reaction to the

storage condition as seen in figure 5.4. At 25 °C/60% RH the crushing strength

initially decreased during the first month of storage, after which it slightly increased

to reach an average crushing strength after 3 months comparable to the initial

crushing strength (at month 0). At 40 °C/75% RH, however, the crushing strength

steadily increased and was still increasing at month 3.

Concluding from the results discussed in section 5.2.1 and 5.2.2, it could be

concluded that the first month of storage had resulted in the biggest change in tablet

properties, after which it stabilized.

5.2.3 Friability

The friability of all the test samples was between 0 and 0,3 %. Thus, the ability of the

tablets to resist mechanical stress was unaffected by varying ambient conditions.

Therefore, there were no changes in friability with decreasing crushing strength as
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