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Abstract:

The study was carricd our to evaluate
thermal effects on the physical and
chemical stability of the conventonal

1 mult-unit (MUY dose tablers of

a
theophylline. The later (MUY consists
of a prompi ri'll_'il':'-(_' and sustained
release e MMPONCALS 10 a uni dose of

the tablers. Conventional ‘A and -
H_ ‘_‘f';lll.J'::"".'\-_l'L !_H"l.-

Matrix by wet

and melt (wax) granulation techrigue

respectively. To form the MU dose

tablers, granules of A and B were

mixed together in the r

and ¢ ympressed to ta

i

s L 5.8mge, diameter 12.5mm and

1ol

thickness 3.34 + 0.2mm. Conven

only were also

formed, The conventional and ML

tablets consistune of (A}

different

iblets were stored unc
remperatures 40°C 1o 7 C for 10 days.
] vals after the
thermal exposure, the mablets were

1
At selecte
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allowed to cool and evaluated tor drug
content, tenstle scrength, disintegration

nmes and dissolution profiles. Also, rhe

thermal degradation rates of the tablets
at the various remperatures were

determined. The degradanon generally

rate kinetics
(R2=0.95). By applying the Arrhenius

: the degradation rate «

followed first ordet

MAS AN At
ambient temperature, 30°C was
obtained and used to estimare the shelf
li.i-: L. the nme t.l.l-.t.’- fi rthe ._1E'Lllg
content o decrease to Y0 af the

). It was observed thai
with the MU 1ablets c11'|i_\, there was a
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slight increase in tabler hardness and
disintegrranon nmes afrer their

cuposure to high temperatires (grealer
than or ec

Enfigs : ?
wl to 50°C), attriburable te

partial melting of the wax in the Ml
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formulation and subscquent formation | etfect of thermal exposure on the

of welded bonds upon cooling. The
shelf life tor the MU and the

conventional tablets were about 3.6

years and years I'L"\l‘CC:'\'L'l".. Tt __
the new MU formulaton increased the
shelf lif

becomes slightly harder upon thermal
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Introducton

hat the

\ Previous \1','.1!‘.: -'-l‘-l'.'-.'._';'] I
crushing swrenpth of tablers decreased
when ey ill).‘-L‘Ll (N |11::II b a long Hine,
Such thermal effect on the mechaniea
strength of the tablers may in ten
affect the disintegration and passibl
the dissolution profiles of the mblets
The deerease in mechanieal strength
can -=f¥t_ ..r.'.r'.}*.n:re.d to 1irreversible
weakening ol the interparticulare
sion Of

bonding due to thermal expas

the tablers, The difference between the
previous and the present study 15 that

the tablets used in the previous study
had no low melting substance (wax) in
their formulation whereas in the
present study the multiumie (MU dose
tablets have in their formulation a wax
necded 1o [“rm':i:cc the matrix granulcs
tthe sustamed release fraction of the
MU tablers). It is expected that during
thermal exposure, the wax content may
melr and upon cooling form welded
yonds to increase tablet hardness
simlar 1o the phenomenaon of asperity

nelting. Hence, the first abjecnve of

the present study is to investigate the

mechanical strength and the
mmplication for the disintegration and
dissolution profiles of the tablets.

A second objective s to investigate the
role of the more hydrophobi
environment provided by the presence
of wax in the MU formulation on rhe
thermal de :-_"f".-ldi'-ﬁ\ sy rate of the acove
content (theophy lliney and hence, s
¢ffect on the shelf life of the new
[rrc suct, The role of the wax in thest
aspects will be determined by
comparing tl

MU tablers which has wax 1n their

tormulation with tablers made from

ffects in d

the thermal

granules of theophylline abtained by
the conventional granulanion with
starch mucilage’. The latter tablets ar
teferred to here as conventional tabless
n their

and do not contain wax

formulation,

Materials and methods
Materials: Carnuba wax (Halewood
() e

solid with melung point of 82 85°C,

cals Lid, Funel 1s a fine waxy

vellowish in colour and was used as the

granulating agent and as the matrix
former in preparing the matrix

J l; s, Maize "‘t'._)] ].
Chemical, Poole, UK) was used as

YrAT starch

hinder in the form of

T
)

(20%w /v 10 produce the conventional

I granules, Dried maize starch B.P

13 also used as disintegrant,

hem
Co, Japan) was uscd as lubricant at a

while magnesium stearare [Sakai (

concentranon of 0.5

w/w m the
tablet tormulations. The

wlline (Sipgma Chemical

rest dr g Was

Company, 5t Lous, MO and was



received as gift from Vitaboitics
Nigeria Litd.

Methods

Granulation and tableting

Details of these procedures have been
described previously in part 1 of the
study’. The conventional (A) and the
matrix (B) granules of the drug were
made by wet and melt granulation
technique respectively. Conventional
tablets were made by compressing A
only, whereas the MU tablets were
formed by mixing the granules A and B
i a ratio 111, followed by compression,
Resulting tablers were of weight 308 £
5.8mg, diameter 12.5mm and thickness
334 + 0.2mm. The tablets were stored
in airtight containers in a dessicator at
least 24k before their evaluaton,

Thermal exposure of the tablets:
Samplcs of the tablets (conventional
and multiunit) were stored at room
rernperature 28-30°C and at elevated
remperatures 40, 50, 60, 70°C for a
maximum of 10 days. Samples were
removed at daily intervals and
evaluated for drug content and
hardness. Disintegration mes and
dissolution tests were also carried out
on the fresh and stored samples.
Details of these procedures have been
presented in part 1 of this study’

Determination of shelf life
The method of accelerated stability

testing of pharmaceutical products
based on the principles of chemical
kinetics has been demonstrated by
Jones and Gtimshaw’. According to
this technique, the degradation rate
constants (k values) for the
decomposition of a drug in solution at
various elevated temperatures are
obtained by plotting some function of
concentration against ime. The
logarithms of the specific rates of
decomposition (i.e. log-k) are then
plotted against the reciprocals of the
absolute temperatures and the resulting
line is extrapolated to room
remperature (in out situation, 30°C) to
obrain the degradation rate at room
temperature. Such graphs are referred
to as Arthenius plots, which are based
on equation | below. The ky'C is used
to» obrain 4 measure of the stability of
the drug under ordinary shelf
conditions. Thus,

J2.303RT (1

logk = log A |

| where k is the specific reaction rate, A
is a constant known as the Arrhenius
factor or the frequency factor, | is the
energy of activation, R is the gas
constant, 1.987calorics /deg mole and T
is the absolure temperature in degree
kelvin. A number of factors other than
temperature may affect the reaction
velocity. Among these are humidiry,
solvents, caralysrs and lights,

In the determination, the tablets were
assayed for drug content following the
method of Jones and Grimshaw” at
dailv intervals following thermal

exposure. The plot of log of residual
amount versus time was linear (R*0.95

indicating a first order rate degradation
kinetic. The first order equanion is thus:
(2)

log m= log m, kt/2.303 )

where mo is the inital amount and mt
is the residual amount in time, t. The
Arrhenius plot of log k, versus
| reciprocals of the absolute
temperatures (in the range 313 to 343k)
was constructed to obtain linearicy
correlaton coefficient = 0.96) which
apon extrapolation to the y - axis gave
the values of k, at room temp (30°C) to
be 5.52 x 10" day’ (conventional
tablets) and 5.15 x 10° dap; (MU

tablets).

Now, it s assumed that a product has

expired when the active content falls to
90% of the ininal Lirug content . By
ubstitudng the values of m, = %%,
mao =100% and the k, values as above
in equ 2, the shelf life (t) for the tawo
products were obrained. The test was
carried out on three batches of the
tablets and the mean values of k, were
used to caleulate the shelf life. An
example of the caleulation of shelf life
1s shown thus:

Making t (shelf life) in equation 2, rhe
subject of the formula, gives:

t = 2.303/k log my/m, where m,

100% and m, = 90%
t=27303/5.15x%1 i c]ﬁy-lll;g Il'][),-")][_ag
()

Thus the shelf life (f) for MU tables =
2044 days (about 5.0years).

F'ar the convennional tablers, the
substtution gave

t = 2.303/ 5.52 x10° day'llng 100/log
a0

where t = 1907 days (about 5.2years).

| RESULTS AND DISCUSSION
| Thermal effects on the physical

stability of the tablets,

Tenstle strengeh and disintegration
times: The results of the.effect of
different temperatures on the tablet
tensile strength (1) are presented in Fig
1. With the MU tablets there was a
slight increase in tabler hardness after

exposure of the tablet to higher

[ B
temperatures (50°C) for more than 7

days, This increase in 1" values wias
associated with a corresponding
increase in the disintegration tme of
the tablets (Iig 2). It is well known that
harder tablets disintegrate less readily.
The increase in hardness of the MU
tablets could be as a result of melting
of the wax in the MU tablets during
thermal exposure, which upon cooling
led to formaton of welded bonds in
the tablers. Compression at high
temperatures has been found to lead to
the formation of such welded bonds
due to hea

t generated during

R T r— =
compression” . With the conventional
tablets there was no noticeable increase
in 1" values, attributable to their

tormulation. There was howeve

L 4 DWW
told increase in their disintegration
umes after 5 days ot thermal exposure
(g 2), perhaps duc 1o drying of the
blets. Drving will delay capillary
sorption of water into the tablets, and

hence a delay in disintegration times.

Dissolution profiles of the tablets:
The effect of thermal exposure on the
dissolution profiles of the tablets is
shown in Fig 3. From the result, there
was a gradual reduction 1n dissolution
rates with increase in temperature for
hoth the conventional and the MU
tablets but the effect was not severe.
For instance, for the MU tablets stored
at room temp, 30°C, the dissolution rate
was 52.7mph ' which fell to 4?_Hmi_};h':
after thermal exposure (70°C, 10 days).
This decrease in dissolution rate was
also observed for the conventonal
rablets, which dropped from 193.3mgh’
"at 30°C to 148.3mgh™ after thermal
exposure at 70°C for 10 days. Most
probably the exposure of the tablets to
the high temperature may have caused
further drving of the tablets; hence a
delay in their wertability during the
dissolution tests.

Shelf life: The importance of this
aspect of the study is to cnable us
predict the shelf life of the formulation

when stored at room temperature, [t >



was first established that the kinetics o

degradation followed a first order rate
{(R2=0.95). Previous workers’ also
established a similar kinetics for the
thermal degradadon of Rauwolfia
vomitoria tablets. The first order rate
plots for the MU and conventional
tablets are shown in Uig 4. The values
of the first order degradation rate
constants (k,) are presented in table 1,
The Atrhenius plots (log k, versus
1/T), where T is the absolute
temperature (’k) are presented in Fig 5
From the y intercept, it was cstimated
that the values of degradation rate
constants at rOOM teMmperarure were
5.15 x 10 day" (MU tablets) and 5.52
10* day” (conventional tablets). The
shelf lifes were 5.2years (conventional
mablet) and 5.6years (MU tablet).

The data agreed with the pul:lished
shelf life of conventional theophylline

f | disi

of the MU tablet and to a less extent in

the
the
did
pro

ntegration and dissolution profiles

conventional tablets, Furthermore,
new (MU) formulation of the drug
not alter the shelf life of the

duct significantly.
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Table 1: Estimated k, and log k, values at different absolute temperatures,

Absolute temperature K x10-3 Log k,
(0k) x 10-3
MU tablets
330 | 0.051520.0002 - 4,29
| 319 0.092:+0.0004 -403 |
[ 309 23034003 | -2.64 |
3.00 34551002 | -2.46
292 4.376+0.05 -2.36
Conventional uthiets ~
3.30 0.0552+0.0004 425 |
| 319 | 0.09240.0008 -4.03
I 309 2534002 - 2.60
3.00 3.69+0.04 243
[~ 2= 4154003 | 238
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Fig 1: Effect of temperature on the tensile strenpth of MU and conventional tablets;
storage temperature 40°C (@), 50°C (m), 60°C (a) and 70°C (A).
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Fig 2: Effect of temperature on the disintegration times of MU and conventional tablets;
storage temperatures: 40°C (@), 50°C (m), 60°C (a) and 70°C {2). >
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Fig 3: Effect of temperature on the drug dissolution profiles of the MU and conventional tablets;
storage temperatures 30°C (@), 40°C (m), 50°C (a) 60°C (0} and 70°C (), duration of storage of the samples, 7days.
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Fig 4: Plots of first order ratc for the degradation of theophylline in the MU and conventional tablets;
storage temperatures 40°C (4, 50°C (4) 60°C (m) and 70°C (@).

=4

@ P NIGERIAN TOURNAL OF PHARMACY | Vortae 41, No 2, 2008



. ORGINALIUEISEL

MU tablets

Conventonal tablets
Q

0.0031 00032 0.0033

iy

15
y =-5690x + 14.491 -

Logk
Logk
>

ry
n
*

-3.5

/T

Fig 5: Arrhenius plot for predicting shelf life of the conventional and MU tablets
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