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Abstract:

The study was carried out to compare
the moisture effects on the drug
content, mechanical strength,
disintegration times and dissolution
rates of conventional and multi-unit |
(MU) dose tablets of theophylline.
Conventional (A) and matrix (B)
granulcs of the drug were formed by
wet and melt (wax) granulation
techniques respectively. 'To form the
MU rablets, granules of A and B were
mixed together in the ratio 1:1 (A: B)

and compressed to tablets of weight
308  5.8mg, diameter 12.5mm and
thickness 3.34 + 0.2mm. The tablets
were stored under different relatve
humidities (i.e. 1%, 78% and 100%) for
7 days (time for maximal moisture
sorption). At daily intervals after the
exposure, the tablets were evaluated for
drug content, tensile strength,
disintegration times and dissolution
rates, Drug content and dissolution
rates were hardly affected by exposure |
to moisture even at the high humidity |
{RI1 100%). However, the rablets :
became progressively softer (as

teflected by the decrease in rensile
strength values) and disintegraled more
rapidly, particularly afier exposure o

the high humidiqr_ |:R_H ]l_]f]','f'n_-}. These
effects were more murked in the
conventional tablets which also showed
the higher capacity for molsture uptake. |
The ditference relates (o the presence

of the hydrophobic wax in the MU
tablets but which was absent in the
conventional eablets. |
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Introduction:

Theopylline is a methylxanthine
derivative (Fig 1), which 1s often
indicated for the rreatment of asthma’,

| to investigate the physico-chemical
stability of this modified new dosapc

The term conventonal tablets is used
here to refer to tablets made from
granules prepared by the conventional
wet granulation method (i.c. wet
massing the drug powder with starch
mucilage)”. On the other hand, the
term multiunit dose tablets is so called
because the tablets consist of two or
mote components with different
release profiles (e.p. an initial fast
release followed by a sustained release)
in 2 unit dose. A recent smdyz has
shown that muld-unit dose tablets of

theophylline can be designed to
provide therapeutc bload levels for
12h after an initial prompt rclease. The
two componcnt formulation consisted
of the conventional and matrix
pranules of theophylline in the ratio
1:1, which were compressed to tablets.
The conventional granules were

| obtained by wet granulation and the

matrix granules by melt {wax)
T )
granulation’.

]

CH,
Fig 1: Chemical structure of
theophylline anhydrous

Previous studies” have shown that
moisture sorption can weaken the
interparticulate bonding in tablets
resulting in the formaton of soft
tablets and hence faster disintegration
rates. Moisture sorption may also
promete hydrolytic degradation of the
active content. Hence, it was necessary

form of theophyline to the high
humidity as encountered in the tropics.
In the first part of the study, we
compared the moisture effects on the
active content, mechanical strength,
disintegration times and dissolution
ptofiles of the conventional and the
MU tablets, to see whether the
inclusion of the hydrophobic wax in
the MU formulation would ameliorate
the moisture effects without impairing
the release profile designed for the MU
tablets,

Matetials and methods

Materials: Carnuba wax (Halewond
Chemicals T.td, England) is a fine waxy
solid with melting point of 82-88°C,,
vellowish in colour and was used as the
granulating agent and as the martix
tormer in preparing the matrix
granules. Maize starch (BIYH,
Chemical, Poole, UK) was used as
binder in the form of mucilage
(20%w/v) to produce the conventional
eranules. Dried maize starch B.P

(5 %ow /w) was also used as disintegrant,
while magnesium stearate (Sakai Chem

| Co, Japan) was used as lubricant at a

concentration of 0.5%ew/w in the
tabler formulations. The test drug was
theophylline (Sigma Chemical
Company, St Louis, M) and wus
received as pift from Vitaboitics

| Nigeria Tid.

Methods
Wet granulation to form the
conventional granules: A sample of

| the theophylline powder (100g) was

wet-massed with 35ml of starch
mucilage (20%w/v) to reach the
granulation point, Hence, the content
of starch binder in the resulting
granules was 16.7%w /w. The wer mass
was pressed through a sieve of aperture
size 1.7min, spread thinly on trays and
then dried at 30'C for 1hin a hot airp
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oven (Kottermann, Germany), The
half dried mass was pressed through a
sieve of aperture size 710um and dried
finally at 50°C for 2h to moisture
content of 2.1 + 0.3%w/w These
granules are designated here as A,

Melt granulation to form the matrix
granules: The wax material (20g) was
melted in a stainless steel container in a
water bath at a temperature higher than
the melting point of the wax (i.e. 90°C).
A sample of the theophylline powder
(100g) was then added to the melted
wax and mixed well with a glass rod,
then allowed to cool to room
temperatare (30°C). The mass was
pressed through a sieve of mesh 10
(aperture size; 710pm) to produce
matrix granules that will not
disintegrate in aqueous fluids to their
primary (powder) particles. These
granules are designated here as B.

Preparation of the multi-unit dose
tablets: The conventional (A) as well
as the matrix granules (B) were mixed
together in the ratio 1:1 (A: B), In the
mixture, the total drug content in a
tablet was 300mg; representing the
contribution from A and B granules.
This was the proportion of A to B,
which gave the desired release profile
modeled to release a prompt dose
(200mg) in the first 1h followed by a
sustained release at an average rate of
36mgh:’ over the next 11h, when two
tablets were used in the dissolution test.

To form the tablets, the conventional
granules, (A) and its admixtures with B
in the ratio 1:1 (A: B) were compressed
using a single punch rableting machine
(Manesty Type F3, Poole, England) at a
constant load (30 arbitrary units on the
load scale) to form flat faced rablets of
diameter 12.5mm, thickness 3.34mm
and mean weight 308+5.8mg. The drug
content in mc'h tablet was "s[]lll:n;_,,
Magnesium stearate ((.5%w/w) and
dried maize starch powders (5%w/w)
were added to the granules prior to
compression. The tablets were allowed
to equilibrate in a dessicator, 24h
before their evaluation.

Preparation of storage conditions
for the tablets: Glass chambers of
different relative humidities (RH) 1%
78% and 100% were made. To obrain

RH 1%, a dessicator was charged with
dried silica pel. To obtain RH 78%, a
beaker containing a supersaturated
solution of sodium chloride (500ml)
was placed in a glass chamber while ta

obtain RH 100%, a beaker of distilled
water (500ml) was placed in the glass
chamber, Samples of the tablets (20
each) were placed in each of rthese
chambers for a period of 7 days. It was
considered that longer exposure times
might lead to microbial degradation of |
the tablets. The experiment was
conducted at ambient temperature (28 - |

| 30°C). At different time intervals, the

tablets were evaluated for drug content,
tensile strength, disintegration times

| and dissolution rates. The tests wete

| of triplicate determinations was

carried out in trplicate. The RH 1%
served as control (moisture free-
environment) while RH 78 % lies
within the range of relative humidities
often encountered in the tropics’. The
RH 100% represents an exaggerated
relative humidity for accelerated
stability testing,

Determination of moisture uptake:
The weights of ten (10) mblets were
individually determined and the mean
weight (Mo) obtained. The tablets (10) |
each was stored under different relative
humidities, RH 1%, 78% and 100% at |
room temperature for 7 days. At
sclected time intervals the samples were
removed from the chambers to
determine their mean weight, Mt.
percentage (%o) moisture uptake
(degree of h)dmtmn of the tablet) was

calculated from the expression:
Mt - Mo x 100% (1)

Mo

The

This experiment was carried out in
triplicate by using different batches of
the tablets.

Determination of drug content in
the tablets: Twenty (20) tablets were
ground to a fine powder. An aliquor of
the powder equivalent to 300mg of the
drug was weighed and transferred to a
100ml conical flask conmaining 50ml of
ONHCI and mixed to dissolve the
drug, The mixture was filtered into a
volumetric flask and the filtrare made
up to 100ml with O, INHCL A 5ml
aliquot was withdrawn, appropriately
diluted and irs absorbance read at
272nm in a UV /VIS Spectrometer
(Model Spectronic 211D, Bau sch and
Lomb, USA). The average absorbance

recorded, The theophylline content was
calculated from a standard calibration
curve. Tablets which had been exposed |
to different RH for various time
intervals were used in the test.

Determination of tablet tensile
strength (T) and disintegration
times (DT): T, is the stress needed to
fracture a tablet by diametral
compression. It is given by the
cxprcssion::

()

T=2P/Dt

where P is the fracture load that causes
tensile failure of a tablet of diameter,
1D and thickness, t. The fracture loads
(Kg) of ten tablets were determined
individually with the Monsanto
hardness tester, following Brook and
Marshal’. The mean values of the
fracture loads were used to calculate
the T walues for the vanous tablets. To
measure DT values, the method
described in the British

Ph armacopoeia" was followed using
water maintained at 37120C as the
disintegration fluid. Six tablets were
used in each determination, which was
carried out in triplicate and the mean
results reported.

Dissolution test: The method of
Okor et al" was followed. Two tablets
were placed in a cylindrical basket
(aperture size 425um, diameter 20mm;
height 30mm), which was immersed in
800ml of leaching fluid ((L1N
hydrochloric acid maintained at 374
2'C). The fluid was stirred at 100rpm
with a single blade GallenKamp stirrer
(Model APP No 4B 5784A). Samples
of the leaching fluid (5ml) were
withdrawn at selected time intervals
with a pipette fitted with a cotton wool
plug and replaced with an equal volume
of drug-free dissolution fluid. The
samples were suitably diluted with
hlank dissolution fluid and were
analysed for content of theophylline
spectrophotometrically at max, 272nm
(Model Spectronic 21D, Bausch and
Lomb, USA). The samples were filtered
before assay. The dissolution test was
carried out in quadruplicate and the
mean results reported. Indiv idual
results were reproducible to

| 10% of the mean. Genetally, tablets

that had been subjected to different
storage conditions of relative humidity
were used in the disintegration,
dissolution and hardness tests, in order
to measure the moisture effects on the
physical stability of the tablets.

RESULTS AND DISCUSSION
Moisture uptake potential of the
tablet: The results of moisture
potental of the tablets are shown in
Fig 2. Tt was observed that the
moisture uptake of the conventional »



tablets were gcncmﬂy {about 300%)
higher than that of the MU tablets. .
This observation could be as a result of |
the presence of the hydrophobic
carnuba wax in the formuladon of the
MU tablets.

Effect of relative humidity on the
physical stability of the tablets.
Tensile strength (T): The MU tablets
were harder than the conventional
tablets even before their exposure to
the vatious humidity conditions,
attributable to the plastic nature of
carnuba wax which was present in the
MU but absent in the conventional
tablets. As can be seen in Fig 3 the
tablets generally became softer upon
exposure to the high humidities (RH
78% and 100%) while there was no
obvious change in the T values of
tablets exposed to RH 1% (control).
For instance, with the MU wablets T
values dropped from 1.65MNm™*
(control) to .94 MNm” after exposure
(7 days) to the high humidity, RH 100%
(i.e. a 76% dectease in 1" value). In the
case of the conventional tablets, T
values decreased from 0,78 MNm™
(control) to 0.32 MNm? (i.e. a 144%
decrease in T}, The conyendonal
tablets were therefore more affected.
The decrease in T is attributable to the
tablets absorbing moisture at the high
humidity, which weakened the
interparticulate bonding in the tablets
resulting in the formation of soft
tablets as previously reported™". The
conventional tablet which showed the
higher capacity for moisture uptake
(Fig 2), were consequently more
affected.

Disintegration times (DT): The
results of the effect of relative

| Dissolution profiles of the tablets:

humidity on DT values of the tablets
are presented in Fig 4. Tablerts stored
under RH100% for 7 days disintegrated
faster compared with those stored
under RH 1% or 78% for the same
period. For instance, at RH 100% DT
dropped from 9mins to 4mins (MU
tablets) and from 6mins to 2mins
(conventional tablets). The drop in DT
was 67% in the conventonal tablets
but only 55% in the MU tablets. The
decrease in DT was therefore mote
marked in the conventional tablets. By
contrast tablets exposed to RH1%
hardly displayed any change in DT
which shows that the decrease in DT
of the tablets after their exposure to
the high humidity is again attributable
to moisture sorption. The conventional
tablets were again more affected
because of their higher capacity for

moisture uptake.

both tablets should be protected from

moisture as much as possible.

Moisture effect on drug content: As
can be seen in table | there was no
obvious change in the drug content of | 1
the tablets after their storage for 7days |
even at the high humidity, (RH, 100%),
indicating that the drug was not
susceptible to hydrolytic degradaton.
This is because the amide and ester I
linkages usually susceptible to '
hydrolysis are not in the chemical
structure of theophylline (Fig 1).

po

The dissolution profiles of the tablets
are shown in Fig 5 and the dissolution
parameters obtained from these curves
ate presented in table 2. The only 3
noticeable change due to moisture
exposure was in the prompt release of
the drug, mp (Le. the release in the first
1h). For the MU tablets, the mp value
increased from 180mg (control,
samples stored under RH 1%) to
238mg (samples stored under high 4
humidity, RH 100%). In the case of the |
conventional tablets, mp increased

from 488my to 516mg correspondingly. ‘
This slight increase in the prompt

release can be attributed to swelling of ‘ 5

the tablets due to moisture sorption
which in turn increased tablet porosity
for a morte rapid aqueous leaching of
the drug during the dissolution test.
The rapid disintegration of the tablets
following moisture sorption may have
also contributed to the increase in the
prompt release. Now, the measuring
parameters modeled for the dissolution
profile of the MU tablets were mp =
200mg m8 = 600mg, t8 = 12h, and T
k1= 0.24h-1 (first order dissolution rate
constant)’ where m8 is the maximum
release in time 8. From the data in g ]
table 2 and Fig 5, exposure of the MU
tablets to a high humidity did not
appreciably alter the desired dissolution
ptofile for the MU tablets. In fact, the
slight increase in the prompt release is | 9.
an advantage as it means that ‘
therapeutic levels of the drug can be
achieved rapidly. ‘

Conclusion: The study has shown that
high humidity as encountered in the ‘
tropics can alter the hardness,
disintegration and to a less extent the
dissolution profiles of the MU and
conventional tablets to different
deprees. The conventional tablets were
more sensitive to these moistute effects
meaning that the MU formulation
ameliorated the moisture effects but ‘

without serious alteration of the
designed release profile. Nevertheless,

11
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Table 1: Drug content of the conventional and MU mblets
after their storage for 7 days at different relative

humidities at room temperature 30 C

Deng content of

T

Relatve
st

Dosage

: Aged
Faininniadivy &

L"'; G)

LT REE S s.m.u_-l-.'l.r-;

(Tdlays)

Coaveniioaal

Note: Drug content was expressed as Yow /w
of initial amount = 300mg

Table 2: Effect of relaove humidity on drug release
parameters (m,, m, t, and k) of the MU and conventional
tablets, durauon of exposure 7 days.
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Fig 3: Effect of different relative humidities RH 1%a(m), RH78% (m) and BH100% (a) on the
tensile strengths of the conventional and MU tablets of rado 1:1 (A: B)
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Fig 5: Drug release profiles of the MU and conventional mblets after their sturage for Tdays at
different relative humidities, RI1% (@), RH T8% (m), RET100% (a), at toom temperure J00¢,
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