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Abstract

Chitosan ionically cross-linked with tripolyphosphate at
regulated temperatures (25°C, 40°C, and 50°C) and varying
cross-linking times (30 min, 2 h and 4 h respectively) was
used to form microparticles employed in the encapsulation
of pyrimethamine, an antiprotozoal drug. The yields,
equilibrium moisture contents, percentage concentration,
swelling characteristics, entrapment efficiency, release
properties, infrared spectroscopy, and differential
scanning calorimetry of the formulated microparticles
were evaluated. The yield of microparticles produced
ranged from 0.3515 to 0.7749 g per 100 ml of cross
linking solution. The products possessed relatively little
amounts of moisture (0.22 — 3.04 % w/v). The entrapment
efficiencies ranged from 25.55 to 99 % with the product
formed at ambient temperature and cross linking time of 30
min possessing the highest efficiency. The swelling kinetics
on the microcapsules revealed that all the products swelled
in the various pH media following mainly anomalous
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sorption mechanism with a few diffusion controlled
mechanism. The greatest swellings however occurred at the
swelling medium of pH 1 while the least swelling occurred
at pH 7. Spectral and differential scanning calorimetric
properties of the chitosan used in the study were consistent
with those of standard chitosan. The infrared spectroscopy
and differential scanning calorimetry of the products
confirmed that encapsulation actually occurred with the
spectral characters of the products differing from those
of the parent constituents (chitosan, tripolyphosphate and
pyrimethamine). Based on these factors, tripolyphosphate
cross-linked chitosan microparticles present a suitable
matrix for the controlled release of pyrimethamine.

Keywords: Pyrimethamine, antiprotozoal, microparticles,
spectral, chitosan, controlled delivery, spectral properties.

Introduction
Pyrimethamine, {5-(4-chlorophenyl)-6-ethyl-2, 4- pyrimi-
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dinediamine}, is widely employed in the treatment of pro-
tozoal infections. It is specifically used in the treatment and
prevention of malaria and in the treatment of toxoplasma
infections in immunocompromised patients (1-3). It in-
terferes with folic acid synthesis through inhibition of the
enzyme dihydrofolate reductase (4). It has numerous side
effects particularly when used with a sulphonamide (5).
Search for a sustained release form of this important anti-
protozoal agent was necessitated by the need firstly to im-
prove compliance by patients on pyrimethamine, thereby
minimizing the development of microbial resistance and
secondly to reduce the frequency of administration thus
contributing to minimizing the extensive side effects asso-
ciated with the drug. Various techniques including microen-
capsulation have been employed in the design of controlled
release formulations (6-10). Chitosan / tripolyphosphate
complex beads (microparticles) have been tried for con-
trolled release of model drugs (11). Chitosan is deacylated
chitin and has excellent biodegradable and biocompatible
characteristics, with unique polymeric cationic character,
as well as gel and film forming properties. Consequently,
it has been examined extensively in the pharmaceutical in-
dustry for its potential in the development of drug delivery
systems (12-16). Chitosan has been widely researched for
biomedical applications such as wound healing, drug de-
livery systems, coatings and tissue engineering, as well as
applications in food, cosmetics and agricultural industries
(17-21). Chitosan has been gaining increasing importance
in the pharmaceutical field owing to its good biocompatibil-
ity, low toxicity, and biodegradability (22,23). The degra-
dation products of chitosan are nontoxic, nonimmunogenic,
and noncarcinogenic. Chitosan microparticles cross-linked
with glutaraldehyde were shown to be long-acting biode-
gradable carriers suitable for use in microparticles delivery
system (24-27). In order to surmount the toxicity problems
(15,28, 29) associated with chemical cross linking such as
with glutaraldehyde, ionic cross linking has been utilized
in the production of chitosan/tripolyphosphate micropar-
ticles. In this study, pyrimethamine-loaded microparticles
from chitosan/TPP were developed and evaluated for the
possible controlled release delivery of pyrimethamine.

Materials and Methods

Materials

Analytical grades of dimethyl sulphoxide (Riedel De Haen,
Hannover), ethanol (Tedia, USA), pyrimethamine (Sigma,
USA), 1 % acetic acid (Laboratory stock) and sodium
tripolyphosphate, Na,P.O ;= (Sigma Aldrich, USA) were
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used in the study. Chitosan was produced in the Hydrosoluble
Laboratory of the Institute of Macromolecules, Federal
University of Rio de Janeiro, Brazil, by a heterogeneous
deacetylation of chitin obtained from shrimp, Penaeus
schmitti.

Preparation of chitosan/tripolyphosphate microparticles
A modification of previously established procedure was
employed (6). Briefly, a 250 mg quantity of chitosan was
added in bits with constant stirring to 50 ml of 1 % acetic acid
until complete dissolution was obtained. A 5 mg quantity
of pyrimethamine powder was introduced into the chitosan
solution with constant stirring at ambient temperature,
until completely dissolved. The resulting solution was then
introduced in droplets using a peristaltic pumping device
(Industria Brasiliera, Brazil) into 50 ml of an 8% w/v
solution of sodium tripolyphosphate with constant stirring
at ambient temperature. The mixture was allowed to stir
undisturbed for further 30 min. Thereafter, the mixture was
centrifuged for 15 min at 18°C at a speed of 4000 rpm. The
supernatant was discarded and the microparticles washed
severally with water, are dried in an oven at 50°C for 24
h. A second batch of microparticles was prepared without
the drug, for the purpose of comparison. The capsules were
then pulverized in a mortar and stored in the desicator for
further use.

Effect of stirring time and stirring temperature on
microencapsulation

The microcapsules were prepared according to the earlier
outlined procedures above. However, instead of stirring for
30 minutes, the mixture was stirred for 2 hours. Another batch
was prepared and stirred for 4 hours. The same procedure
for preparing the microcapsules was also followed, but the
addition of the chitosan into tripolyphosphate was effected
at a temperature of 40°C in a thermostated water bath.
Another batch was produced at a temperature of 50°C.

Moisture content of prepared microcapsules and swelling
Studies on them

A 10 mg quantity of each of the prepared microcapsules
was placed in a pre-heated and pre-weighed crucible. The
crucible containing the microcapsules was placed in an
oven at 105°C for 3 h. This is then cooled and re-weighed.
The heating, cooling, and weighing process was continued
at hourly intervals until constant weights were obtained.
The difference in weight, expressed as a percentage
of the original weight of microcapsules represents the
moisture content of the microcapsule. Three replicated
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measurements were taken. The water sorption capacity of
the prepared microcapsules was determined by swelling
given quantities of dry microcapsules in de-ionized water
at ambient temperature (25°C) for at least 24 h. The wet
weight of the swollen microcapsules was determined
by first blotting the microcapsules with filter paper to
remove surface water and then weighing immediately. The
percentage swelling of the pyrimethamine microcapsules
was calculated from Equation 1 (Appendix). The swelling
behavior of the pyrimethamine microcapsules in media of

79

various pH (1,7,14) were determined. The swelling ratio
was obtained by weighing the initial and swollen samples
at various time intervals. The amount of water absorbed
was reported as a function of time.

Drug entrapment efficiency

The entrapment efficiency of the pyrimethamine microcap-
sules was determined by dissolving 1.5 mg of the micro-
capsules in 20 ml of ethanol. This was achieved by stirring
the solution using a magnetic stirring device for 3 hours.

Table 1: Entrapment efficiencies (%) and Equilibrium moisture content (%) of the Different Pyrimethamine
microcapsules.
Entrapment Efficiency (%) |
. . . . Equilibrium Moisture
Different Pyrimethamine Microcapsules Content (%)
Batch 1 Batch 2

Chitosan/TPP + Pynmethamme .at a.lmb1.ent 93 46 99,00 0.669
temperature and 30 mins cross linking time
Chitosan/TPP + Pyrlmethan?me? at gmblent 7620 94.76 1.460
temperature and 2 hr cross linking time
Chitosan/TPP + Pynmetharp1n§ at a.mb1ent 2555 99,00 0.603
temperature and 4 hr cross linking time

. . . "
Chltosan/TPP + Pyrllm.ethal.mne at 40°C 5933 99,00 1.484
and 30 mins cross linking time

. . . "
Chitosan/TPP + P){nmc?thamme at 40°C 42.96 8590 0858
and 2 hr cross linking time

. . . &
Chitosan/TPP + P){rlme.thamme at 40°C 72 66 98.60 1285
and 4 hr cross linking time

. . . "
Chitosan/TPP + P){nmc?thamme at 50°C 2595 95 30 0220
and 2 hr cross linking time
Chitosan/TPP without Pyrimethamine at
ambient temperature and 30 mins cross - - 0.705
linking time
Chitosan/TPP without Pyrimethamine at
ambient temperature and 2 hr cross linking - - 2.030
time
Chitosan/TPP without Pyrimethamine at
ambient temperature and 4 hr cross linking - - 3.030
time
Chitosan/TPP without Pyrimethamine at ) ) 2900
40°C and 2 hr cross linking time ’
Chitosan/TPP without Pyrimethamine at i ) 3040
50°C and 2 hr cross linking time ‘
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Table 2: Model equation 2 swelling constants K, and n for pure chitosan and the various microcapsules
in different swelling media
pH/Swelling
Sample Medium K N R
1 0.0697 0.39 0.9656
WPM 30 Amb 7 0.8426 -0.03 0.2102
14 0.8447 -0.02 0.0007
1 0.0614 0.42 0.8708
PM 30 Amb 7 0.7499 -0.04 0.2669
14 0.7640 -0.03 0.1797
1 0.1188 0.38 0.8952
WPM 2H Amb 7 0.7386 -0.06 0.6322
14 0.8478 -0.02 0.1016
1 0.2107 0.31 0.4454
PM 2H Amb 7 0.8285 0.05 0.2409
14 0.8177 0.05 0.2256
1 0.2452 0.37 0.9302
WPM 4H Amb 7 09171 0.04 0.2086
14 0.6904 0.08 0.3672
1 0.7741 0.08 0.3328
PM 4H Amb 7 0.7401 0.05 0.4353
14 0.9489 0.05 0.2472
1 0.0338 0.62 0.9834
PM 30 40 7 0.9842 0.02 0.0719
14 0.7338 0.09 0.4945
1 0.1138 0.37 0.8484
WPM 2H 40 7 0.7586 0.08 0.4120
14 0.7360 0.04 0.6680
1 0.1025 0.33 0.9765
PM 2H 40 7 0.9365 0.01 0.0188
14 0.8337 0.07 0.3757
1 0.2904 0.20 0.7915
PM 4H 40 7 0.6587 -0.11 0.4619
14 0.5265 0.10 0.9083
1 0.0728 0.50 0.9913
PM 30 50 7 0.8794 0.03 0.0939
14 0.5204 0.16 0.5669
1 0.0346 0.58 0.9044
WPM 2H 50 7 0.7870 0.05 0.1716
14 0.5703 0.13 0.5582
1 0.1161 042 0.6807
PM 2H 50 7 0.8188 0.04 0.1824
14 0.4424 021 0.4237
1 0.0902 0.46 0.8970
PM 4H 50 7 0.5585 -0.12 0.8948
14 0.9234 -0.01 0.0987
The amount of drug loaded was determined by measuring standard Beer’s curve using equation 2 (Appendix).

the absorbance of the solutions using the UV-Vis spectro-
photometer at 200.99 nm wavelength and reference to the In vitro release study
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Figure 1. In vitro release profile in simulated gastric juice microcapsule prepared at ambient temperature and 30 min cross-linking

time.

To predict the possible in vivo release pattern of the drug, a
5 mg quantity of the microcapsules was introduced into 100
ml of 0.1 M hydrochloric acid solution, stirred continuously
at a speed of 50 rpm and maintained at a temperature of 37
OC. At regular time intervals, 1 ml aliquots of the solution
were withdrawn and diluted with fresh 0.1 M HCI. The
amount of pyrimethamine released was determined by
measuring the absorbance in a UV-Vis spectrophotometer
(200.99 nm) using 0.1 M HCI as blank and reference to the
standard Beer’s plot. After each withdrawal, an equivalent
volume of fresh 0.1 M HCI was re-introduced into the
medium to maintain the volume constant.

Infrared spectroscopy

The various samples were characterized by the Fourier
transform infrared spectrometry, recorded on KBr pellets.
All spectra were obtained using a Perkin-Elmer model
1700 spectrophotometer (Massachusetts, USA), from 4000
to 400 cm™! at data acquisition rate of 2 cm™ per point. At
least 20 scans were done. Duplicate samples of CS, and
possible microparticles were analyzed and spectra for the
duplicate runs averaged.

Differential scanning calorimetry

Thermograms were obtained for the chitosan,
Pyrimethamine and cross linked microparticles using TA
instruments calorimeter (model Q-1000, New Castle, USA).

Ibnosina Journal of Medicine and Biomedical Sciences (2011)

Samples (3 mg) were crimped in a standard aluminium pan
and heated from 25 to 350°C at a heating constant rate of
10°C min"' under constant purging of nitrogen.

Results

Entrapment efficiency and equilibrium moisture contents:
The microcapsules generally had quite good entrapment
efficiencies with all the products showing average
entrapment efficiency greater than 50% (Table 1). The
highest average efficiency of over 96% was recorded by
microcapsules formulated at ambient temperature and a
cross linking time of 30 minutes. The lowest entrapment
efficiency was recorded by formulation at ambient
temperature and 4 h cross linking time. The equilibrium
moisture contents of the Pyrimethamine microcapsules were
minimal (Table 1). The greatest moisture content (3.040%)
was observed in the sample without the drug, produced at
50°C and 2 h cross linking time whilst the sample produced
at ambient temperature and 4 h cross linking time, had the
least moisture content (0.603.%.)

Swelling characteristics and release studies

The swelling kinetics of the pyrimethamine microcapsules
are presented in Table 2. These show that all the
microcapsules swell upon contact with the various swelling
media, and the degree of swelling was shown to be pH-
dependent. The result of the preliminary release study is
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Figure 2. Fourier-transform infra red spectrals of pure chitosan, TPP and plain microparticles prepared without pyrimethamine (Panel A, top.), of
pyrimethamine, plain microparticles prepared at ambient temperature and 30min cross-linking time (PM 30 Amb) (Panel B), of pyrimethamine mic-
roparticles prepared at ambient temperature and 30min cross-linking time (PM 30 min), 2 hours cross-linking time (PM 2 H Amb) and 4 hours cross-
linking time (PM 4 H Amb) and finally of pyrimethamine microparticles prepared at different temperatures — ambient (PM 30 Amb), 400C (PM 2 H
40), 500C 0 (PM 2 H 50) and at 2 h cross-linking time (Panel D, lowest). X-axis shows wave number and Y-axis shows percentage transmittance.
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Figure 3. Differential scanning calorimetry curve of plain Chitosan (Panel A, Upper) and plain Pyrimethamine (Panel B; Lower).
The X-axis represents the temperature whereas the Y axis represents heat flow.
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Figure 4. Differential scanning calorimetry curves of A.Pyrimethamine-loaded microparticles prepared at ambient temperature and 4
hours cross-linking time, B. Pyrimethamine-loaded microparticles prepared at 500C and 2 hours cross-linking time, C. No pyrimeth-
amine-loaded microparticles and D. Pyrimethamine-loaded microparticles prepared at ambient temperature and 30 minutes cross-

linking time.

presented in Figure 1. The formulation seemed to exhibit
prolonged release properties as the microcapsules released
less than 50 percent of their drug content within 24 hours
of the study.

Infrared spectroscopy

The Fourier-transform infrared spectroscopy (FTIR)
of chitosan, TPP, pyrimethamine plain chitosan / TPP
complexes and pyrimethamine-loaded microparticles
are presented in Figure 2. It shows that the microparticle
exhibited a combination of the typical absorption bands
of panel B TPP and chitosan. The microparticles resulted
from the interaction between the positively charged amino
group of chitosan and the negatively charged counter
ion of TPP. The absorption band at 3510 cm™ attributed
to —NH group in chitosan was broadened by the physical
interactions with TPP, while a shoulder appeared at 1655
cm’ due to chitosan amide at same position after cross

www.ijjmbs.org ISSN: 1947-489X

linking with TPP, and indicates interactions of chitosan
amide with added polyions. The observed absorption bands
at 1278 and 1103 cm™ have been assigned to —P=0 groups
of polyphosphate anion. In the cross linked microparticles,
the —-NH, bending vibration was observed at 1630 cm’'
in place of 1590 cm™ due to the interactions of TPP ions
with —-NH,* ions of chitosan. The spectrum of the drug-
loaded microparticles is dominated by the chitosan / TPP
complex bands. The microparticles prepared at different
cross linking times exhibited similar absorption bands
but with slight differences at band regions 960, 1100 and
1600 cm™ (Figure 2) Thus, confirming the occurrence
of encapsulation with slightly varying degrees of cross-
linking. Also, it could be reflected from the Figure given the
clear deepening of absorption intensities at 3510 cm™ that
higher cross-linking times above 30 min generally resulted
in higher degrees of cross-linking between the chitosan and
TPP, and this trend can possibly limit the drug entrapment
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efficiency. Increasing the temperature of cross-linking led
to a slight change in the absorption characteristics of the
microparticles at regions 880 and 2800 cm™' (Figure 2) with
generalized changes in the absorption intensity at 1650 cm'!
which decreased correspondingly, thus suggesting that the
temperature-modulated degree of cross-linking was highest
for microparticles prepared at 25°C (ambient), followed by
40°C and then 50°C.

Differential Scanning Calorimetry (DSC)

Differential scanning calorimetry curves of Pyrimethamine-
loaded microparticles prepared at ambient temperature
and 4 hours cross-linking time, Pyrimethamine-loaded
microparticles prepared at 50°C and 2 hours cross-linking
time, no pyrimethamine-loaded microparticles and
Pyrimethamine-loaded microparticles prepared at ambient
temperature and 30 minutes cross-linking time are shown
in Figure 4. The thermal behaviours of the drug loaded
microparticles was compared to those of the original
species (pyrimethamine, chitosan, TPP and the plain
unloaded microparticles), differential scanning calorimetry
measurements presented in Figure 3 and 4. The DSC curve
of pyrimethamine (Figure 3) shows a sharp endothermic
peak at 242 °C typical of the drug (37).

The DSC curve for the plain chitosan / TPP microparticles
(Figure 4) exhibits two broad endothermic events in the
ranges 75 — 140 °C and 190 — 240 °C, the first assigned to
loss of water and the second one to thermal decomposition
(38), as the compound starts to lose mass in this range.
The DSC curve of the microparticle shows an apparent
combination of events of chitosan, TPP and pyrimethamine.

Discussion

This study attempted to develop and evaluate ionically cross-
linked with tripolyphosphate at regulated temperatures
(25°C, 40°C, and 50°C) and varying cross-linking times (30
min,2hand4 hrespectively) was used to form microparticles
employed in the encapsulation of pyrimethamine, a
commonly used antiprotozoal drug. The yields, equilibrium
moisture contents, percentage concentration, swelling
characteristics, entrapment efficiency, release properties,
infrared spectroscopy and differential scanning calorimetry
of the formulated microparticles were evaluated.

The low loading efficiency recorded may be indicative of
reduced loss of the drug during encapsulation, washing or
cross linking process, or reduced dissolution of the drug
into solution during cross linking. = Moisture contents
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of the samples produced at higher temperatures were
expectedly, generally lower than those produced at ambient
temperature. The moisture contents may also be correlated
with swelling behaviour of the produced microcapsules
when in contact with moisture and may be indicative of
the level of drying of the samples or their moisture sorption
capacities. This is consistent with an earlier study by
some workers (30). The gels reached equilibrium swelling
weights at shorter times in swelling media of higher pH than
those of lower pH, whereas some of the gels never reached
their equilibrium swelling weights throughout the period
of the study. The generalized semi-empirical equation used
to describe the swelling kinetics according to Harogoppad
and Aminabhavi (31), Rathma and Gunasekaram (32) and
Valencia and Pierih (33) is shown as equation 3 (Appendix).
This equation is valid when (SW/ SW ) <0.6. Based on
the value of the exponent n, this equation has been used to
distinguish three types of sorption behaviors — Case 1, Case
2 and Case 3 (anomalous) (34). Case 1 sorption is typified
by n ~~0.5 and represents a perfect Fickian process, during
which the rate of solvent penetration is slower, and hence
being the rate determining step than the chain relaxation
rate. For case 2 sorption, n = 1.0 i.e. the mobility of the
penetrant is substantially faster than the chain relaxation
rate and the solvent uptake is directly proportional to time.
Case 3 or anomalous sorption occurs when 0.5 < n < 1.0.
In this case, the rate of penetrant mobility and segmental
relaxation are comparable.

Therefore, the relative importance of solvent diffusion
and polymer matrix relaxation effects can be analyzed by
examining the exponent n of the power law. In the current
study as shown in Table 3, the equation fits well in few
of the cases where linear curves with high correlation
coefficients were obtained. In the majority of the products
where n is greater than 0.5 but less than 1.0, the process may
be considered as anomalous sorption. The process involved
in the swelling of the microcapsules prepared at 50°C and
30 minutes cross linking time, is however clearly diffusion
sorption as indicated by the value of 0.50 obtained for the
constant n.

Swelling of pharmaceutical formulations is a great
determinant of the release kinetics of the formulated drugs.
Most formulations have to swell first, before bursting or
disintegrating to discharge the drugs, a major pre-requisite
for therapeutic efficacy of administered drugs, especially
those passing through the gastrointestinal tract. The high
swelling rate in the medium of acidic pH indicates that the
formulations would swell extensively in the gastric region
of the gastrointestinal tract which is composed mainly of
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the gastric juice with a pH of about 1.2. In all the acidic
and neutral swelling media, increasing the stirring (cross-
linking) time correlated with reduction in the swelling
capacities of the produced microcapsules. An earlier study
has shown that about 30 min is optimal for the effective
cross linking of chitosan and TPP (16).

It has previously been shown that the degree of cross-
linking can be governed by the length and duration of
cross-linking, and consequently the entrapment efficiency
as well as overall microparticles characteristics (35). An
earlier study has equally shown that about 30 minutes
is optimal for the effective cross linking of chitosan and
TPP (16) particularly if consideration is made for the drug
loading efficiency. Previous studies (35,36) on cross-linked
chitosan microparticles have conducted cross-linking at
ambient temperature. It is therefore desirable to attempt to
elucidate the resultant effect of increase in temperature on
the degree of cross-linking of the prepared microparticles
which would consequently influence the drug loading
capacity. Hence, this study has also identified temperature
of cross-linking as another important influencing factor
for the outcome of cross-linking profile. This agrees with
our earlier findings that higher degree of cross-linking was
observed for the microparticles cross-linked at ambient
temperature, followed by 40°C, and then 50°C. Increasing
the temperature of cross-linking did not increase the drug
loading efficiency shown in figure 2. The drug loading
efficiency is seen to follow a decreasing trend in relation
to the increasing temperature of cross-linking given the
pyrimethamine intensified absorption depths at the band
region 650 and 1500 earlier marked. Therefore the drug
loading efficiency is highest at ambient temperature of
cross-linking, followed by 40°C and 50°C respectively.
Increasing the temperature of production yielded
microcapsules that had relatively low moisture content
(Table 1), probably resulting to more active surfaces that
more readily imbibed incoming penetrant (moisture) from
the swelling medium, thereby increasing the swelling
capacities. It is also probable that the microcapsules
produced at the higher temperatures due to loss of inherent
moisture content would swell more when introduced into
the swelling medium.

From the results obtained in Figure 2 it could be shown that
the microparticles resulted from the interaction between
the positively charged amino group of chitosan and the
negatively charged counter ion of TPP. Also, recorded
absorption pattern would show that the spectrum of the
drug-loaded microparticles is dominated by the chitosan /
TPP complex bands. This could be as a result of the fact that
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the complex itself gives rise to intense absorption bands and
both the host and guest molecules coincidentally absorb at
most of the spectral regions. Also, there is the possibility
of the influence of excess of free chitosan / TPP complex
in the system. However the presence of pyrimethamine is
obviously confirmed by the bands at 650 and 1500 cm™! as
displayed in Figure 2 (A).

The DSC curves (Figures 3 & 4) of the microparticle show
an apparent combination of events of both chitosan, TPP
and pyrimethamine. The absence of pyrimethamine melting
peak in the drug loaded microparticles suggests absence
of pyrimethamine isolated crystals which is consistent
with efficient encapsulation processes. Also an increase in
the thermal stability of pyrimethamine can be suggested
since the drug loaded microparticles start to decompose
at temperatures higher than in the isolated non loaded
form. This behaviour has been previously described as an
evidence of encapsulation (38,39).

Conclusion: Ionically cross-linked chitosan/tripolyphos-
phate microparticles containing pyrimethamine, an anti-
protozoal were formulated. The spectral analyses confirm
the occurrence of microencapsulation with the outcome of
stable microparticles. These microparticles should be in-
vestigated further for clinical application as a controlled
release matrix for the drug pyrimethamine.
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e Technologico (CNPq-MCT), Brazil to Dr. Ibezim are
gratefully acknowledged.

Appendix:
The percentage swelling of the pyrimethamine
microcapsules was calculated from Equation 1:

S(%)=W =W
Eqgn 1

X 100

w

o

Where W denote the weight of the gel microcapsules at
equilibrium swelling and W_ is the initial weight of the
microcapsules.

The amount of drug loaded was determined by measuring
the absorbance of the solutions using the UV-Vis
spectrophotometer at 200.99 nm wavelength and reference
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to the standard Beer’s curve.

Entrapment efficiency (%) = [W,/W ] X 100
Eqn 2

Where W _is the actual pyrimethamine content and W is the
theoretical pyrimethamine content.

The generalized semi-empirical equation used to describe
the swelling kinetics is given below:

SW. = Kt
Eqn 3

SW_

Where K is a characteristic constant of the system, which
is a function of the geometry of the bead and the diffusion
constant.
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