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DELIVERY BEHAVIOR OF CAFFEINE CONTROLLED
RELEASE DOSAGE FORM ON HYDROPHILIC MATRICES

Avaliação do comportamento da distribuição de doses
controladas de cafeína em matrizes hidrofílicas
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Th e a im  of th is ex perim ent w a s to eva lua te th e relea se b eh a vior of c a ffeine a s once da ily  drug  on h y droph ilic
m a tric es. C a ffeine w a s selec ted a s a  m odel drug  b ec a use of its sh ort h a lf live a nd ra pid a b sorption. To
dec rea se th e ra te of drug  relea se to th e a b sorption site, th e ph y sic a l b a rrier w a s prepa red b y  c om pressing
a  m ix ture of a  h y droph ilic  poly m er a nd drug . Th e h y droph ilic  poly m ers used in th is ex perim ent w ere
h y drox y propy lc ellulose (H P C ) a nd corn sta rc h . It w a s found th a t th e inc rea se of H P C  level on th e form ula tion
contrib uted sig nific a nt c h a ng es on th e drug  relea se. Th e study  a lso investig a ted th e influenc es of diluents
(c orn sta rc h :la c tose) on th e H P C  m a trix . Th e results sh ow ed th a t th e presenc e of sta rc h  on th e m a trix  ta b let
c ould m odify  th e relea se ra te. Th e m ec h a nism  of relea se w a s found to b e a nom a lous.  Th is is m a inly  due
to th e fa c t th a t a ll of n va lues from  th e relea se k inetic s va ried from  0.7 317  to 0.857 5 w ith  sq ua red c orrela tion
coeffic ient in th e ra ng e of 0.9904 –  0.9967 .\V]_^�`Ea-b�c-d

: H y drox y propy lc ellulose; C ontrolled relea se; C orn sta rc h ; L a c tose; H y droph ilic .
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O  propó sito deste tra b a lh o foi a va lia r o c om porta m ento na  lib era ç ã o da  c a feína  c om o um a  drog a  diá ria  em
m a triz es h idrofílic a s. A  c a feína  foi esc olh ida  c om o m odelo de drog a  por c a usa  de seu c urto período de
m eia -vida  e rá pida  a b sorç ã o. P a ra  dim inuir a  veloc ida de de lib era ç ã o da  drog a  no sítio de a b sorç ã o, a
b a rreira  físic a  foi prepa ra da  por m eio da  c om pressã o de um  polím ero h idrofílic o e a  drog a . O s polím eros
h idrofílic os usa dos neste ex perim ento fora m  h idrox ipropilc elulose (H P C ) e a m ido de m ilh o. F oi ob serva do
q ue o a um ento dos níveis de H P C  na  form ula ç ã o c ontrib uiu sig nific a ntem ente na  m uda nç a  da  lib era ç ã o da
drog a . O  estudo ta m b é m  investig ou a s influê nc ia s de diluentes (a m ido de m ilh o: la c tose) sob re a  m a triz  de
H P C . O s resulta dos m ostra ra m  q ue a  presenç a  de a m ido sob re a  m a triz  do c om prim ido poderia  m odific a r
a  veloc ida de de lib era ç ã o. O  m ec a nism o de lib era ç ã o foi c onsidera do a nô m a lo, devido a o fa to de q ue
todos os va lores n da  c iné tic a  de lib era ç ã o va ria ra m  de 0,7 317  a  0,857 5 c om  o q ua dra do do c oefic iente de
correla ç ã o na  fa ix a  de 0,9904-0,9967 .k�l_m)l_n b l d�o�p8q l_n ]

: H idrox iproprilc elulose; L ib era ç ã o c ontrola da ; A m ido de m ilh o; L a c tose; H idrofílic o.
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The principle goal of controlled release
dosage form (CR D F) is to improve therapy (1,
2) that maintain therapeutic blood or tissue
levels of the drug for an extended period, thus,
the drug must  enter  the c i rcula t ion a t
approximately the same rate at which it is
eliminated. D rug with short half lives are
excellent candidate for CR D F, since this can
reduce dosing frequency (3, 4). The majority of
prolonged action dosage forms use physical
barrier to decrease the rate of drug release to
the absorption site. One type of prolonged
action tablet can be prepared by compressing a
mixture of a hydrophilic polymer and drug (5).
Among hydrophilic polymers, polysaccharides
are the choice material due to their non toxicity
and acceptance by regulating authorities (6,7).
One of polysaccharides like cellulose ether is
hydroxypropylcellulose (HPC). It acts as a
disintegrant (8) and as a binder in granulation
(9). Since the use of polymers and other
materials to prolong the drug release has
become more popular, the use of polymers
combinations is an approach that may allow
formulators to develop sustained release drug
dosage forms that may show performance
improvements over the individual polymer
components. Natural polysaccharide, starch is
one of the most abundant biopolymers in nature
(10). Starch granules are composed of two
polysaccharides polymers: largely l inear
amylose and highly branched amylopectin (11).
Native starches are particularly useful excipients
as a result of their good binding and disintegrant
properties (12). This study examined the release
behavior of caffeine as once daily drug on
hydrophilic matrices. Caffeine was selected as
a model drug due to its short half live, 3-5 hours
(13) and 2.5-4.5 (14). M oreover, caffeine’s
absorption from the gastrointestinal tract is rapid
and reaches almost 99%  in humans in about 45
minutes after ingestion (15). The combination
of corn starch, lactose and microcrystalline
cel lu lose appl ied as d i luents  on
hydroxypropylcellulose (HPC) matrix tablets.
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All materials were complied with current
U SP/NF compendial specifications and all were
obtained from Toronto Institute Pharmaceutical
Technology (TIPT), ON, Canada. Anhydrous
Caffeine, water-soluble drug (lot #  03A0808) was
used as active ingredient. Hydroxypropylcellulose
(HPC, lot #  S-1101), corn starch (lot #  T97B307),
carboxymethylcellulose (CM C, lot #  04B0910),
polyvinylpyrrolidone (PV P K 90, lot #  T99B0311)
and lactose monohydrate (lot #  04B0204) were used
as excipients.
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D ifferent tablets formulations (Table 1)
were mixed and blended. Powder characteristics
were previously determined.  The flow ability of
all powders was measured by Carr’s index and
angle of repose. Particle size and its distribution
were analyzed using a shaker machine, R OTAP
model R X  29 serial# 11488TIPT97001. The
procedures for the sieve analysis followed the U SP
Physical Tests < 786>  on solid particles. The
moisture content of the excipients was determined
gravimetrically on Sartorius M oisture Balance TIPT
#  LOD  002. From particle size measurement, it was
found that caffeine has large particle size
distributionÏ which relates to segregation issue. In
addition, from flowability test, the results were
obtained show that caffeine, lactose and PV P have
poor flow. To avoid the problems associated with
compressibility and segregation during the
manufacturing processes (16), the method of wet
granulation was selected. Then, the granules were
lubricated with 1%  of magnesium stearate and
compressed on tablet compression machine (Penwalt
Stokes). The range of the pressure (1kN to 25kN)
was used to compress the tablets. For each compact
was weighed on analytical balance ID  #  EB003.  The
yield of the granules was assumed 100%  since the
compression was done manually and the tool size
was 21x12mm.
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The swelling study was performed in 900
ml distilled water and phosphate buffer at pH 6.8
on dissolution test apparatus. W ater temperature
was maintained at 21 – 260C. The swollen hydrogel
was momentarily removed from the media at certain
interval time (1, 2, 3, 5, 7, 9, 12, 15, 18, 21, 24
hours) and filtered to remove any surface moisture
before weighing using a density determination kit,
Mettler Toledo.
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The release rate from each batch was
carried out in vitro using dissolution test apparatus
Vankel ID#DSL008. The samples were immersed
in 900 ml distilled water and phosphate buffer at
pH 6.8. The temperature was maintained at 37o

±0.5o C at paddle rotation speed 75 rpm (USP
Apparatus 2). A sample of dissolution was
withdrawn from each of 6 vessels and analyzed
for caffeine by UV absorbance at 274 nm using
UV-Visible detector. The samples were measured

at the point of 1, 2, 3, 5, 7, 9, 12, 15, 18, 21, 24
hours and accelerated at the end for 1 hour at 200
rpm.  The average values of drug release were
calculated for data analysis.

â Ô&Õ
Ô-ã¾Ù<Ô.ä¾Ö
×�Ô-Û�Ö
å<Ù

Analysis of drug release from swellable
matrices was performed with a flexible exponential
model (17) that can identify the different
contribution to overall kinetics.  The model is
written as:

Mt / M   =   ktn

where
Mt / M =  a fractional drug release at

time t, k =  a constant incorporating the
properties of the macromolecular polymeric
systems and the drugs, n= a kinetic constant
which depends on and is used to characterize
the transport mechanism.  The value of n for a
tablet, n =  0.45 for Fickian (Case I), 0.45<n>0.89
for anomalous release, and n =  0.89 for case II
(relaxation) transport.

æ�ç­è�é�êìëîí ï¥ð�ñ8òjó+ô<õ[ö<÷<ð�øúùCð[ûTü8õ[û<û<ý�÷	øúýþð�ø ÿ ��� ñ�ð��[ÿT÷<ô<÷<ü òjõVö	ñ�÷��	�[æ¾ÿTýþü8õVû�û<ý ÷	øCýþô<ð[õ � ÷	ø�
 ð[û	��
��Úò�

� õ[ù��Tý��TöTü8ð�øCù-ö<õ�øCöT÷	ø ö	ÿ­ýAö<õ��[ô<ý�ö<ùCðVû.ö	ÿ­ý�ù8ý��[õVö<ü!ÿTý�ù��Væ�ÿTýþõ ��� ÷<ö<÷�ð¾øCõVô.ë��îðVû¥òjõ�
�øúý�ù8÷<ó�ò ù8ö<ý�õ¾ñ�õ[ö<ý
õ[ùCô<ó���ñ�÷<ü8õ�øúö.û<ð¾ñEè ë�� è�� õ�ø ��� ���	� ð[û[òjõ 
 øCý�ù8÷<ó>ò ù8ö<ý�õ�ñ�õVö<ýþû<ð�ñEè���� è�


Estud. Biol., v. 28, n. 64, p. 49-54, jul./set. 2006

!#" $ %�&'" (*),+-" . /0& %�1*(21*3 4'/53 3�" % 67"74'186,9 (:18$ $*"<;=(>" $*"5/<?@"=;A18?@/<BC"�3518(�DE186�.0)C;<(>18F>.0% $ %�4GDH/A9 (*%54'" ?



I=J

KML=N�O�PRQRNMS TVU�U�WRN�X�O�N�N�WRY T

Hydrophilic matrices containing sweallable
polymers are also referred to as hydrogel matrices.
Hydrogels are three-dimensional, hydrophilic,
polymeric network that is able to absorb large amounts
of water (18). These hydrogels exhibit a thermodynamic
compatibility with water which allows them to swell
in aqueous media (19,20).  On swelling, drug molecules
dissolve in water and are released by diffusion. Since
the diffusional release of a soluble drug may primarily
be controlled by the gel thickness, increasing polymer
level tends to decrease the drug release (Fig. 1). The
highest release rate at 24 hours was obtained by B-4 at
66.61% which contained the lowest polymers blending,
then, followed by B-3 (56.59%), B-2 (48.14%) and B-1
at 44.58%. Given the complexity of these swellable
matrix systems, other factors such as differences in
water penetration rate, water absorption capacity and
swelling, polymer erosion and attrition which result
from changes in the polymer content may attribute to
this effect. Over the years, the use of polymers and
other materials to prolong the drug release has become
more popular. The use of polymers combinations is
an approach that may allow formulators to develop
sustained release drug dosage forms that may show
performance improvements over the individual
polymer components. 10 and 30% w/w of HPC was

used to study the effect of starch and lactose as diluents
on drug release, since higher HPC levels may mask
the differences impacted by the diluents on drug
release.  The equal concentrations of starch and lactose
are used as released modifiers. Since low concentration
of HPC did not show any considerable effect in the
extended release rate (data not shown), therefore, the
changes of release rate were mainly influenced by the
changes of diluents. At the presence of diluents
increased, the release rate also increased. Fig. 2
confirmed that while caffeine release of B-7 (10%
diluents) was only 68%, when the diluents were
increased in B-5 (22% diluents) the percent release of
caffeine increased to 76%. Similarly, B-8 provided higher
release (97%) compared to B-6 at 90%. In this
experiment, MCC was used in low amounts (2.2 and 5
%) regarding to the compression issue. Thus, mixing
lactose and starch in a ratio of 1:1 appeared to control
the drug release of hydrophilic matrices. In general,
native starch is insoluble in water. However, starch
swells in contact with water; therefore it has some
disintegrating properties (21). The presence of starch
in the HPC matrix tablet could modify the release rate
which is based on its fast water uptake followed by
the HPC swelling. Lactose is water soluble and the use
of lactose in the mixture of diluents affected the release
kinetics, by reducing the tortuosity (twisting) of the
diffusion pattern of the drug.
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Drug release kinetic is often to describe the
drug release behavior from polymeric system. The quantity
of drug released from controlled release tablets is often
analyzed as a function of the square root of time; this is
typical for matrix systems where drug release is governed
by pure diffusion. However, the use of this relationship
in swellable systems is not completely justified, such as
systems can be erodible and the distribution of the
relaxation of polymeric chains to drug transport has to
be taken into account. Therefore, exponential model was

used. The observation on the swelling process showed
that significance expansion was formed at time 0 to 5
hours. Then, the swelling increased gradually at 7 to 18
hours. In the last 6 hours, the erosion process is higher
than the swelling process. As observed from Table 2, the
mechanism of release was found to be anomalous.  This
is mainly due to the fact that all the n values varied from
0.7317 to 0.8575 with squared correlation coefficient (R2)
in the range of 0.9904 – 0.9967, for at least 50-60% of
drug released.
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Caffeine controlled release matrices were
prepared successfully utilizing HPC-HXF and the presence
of starch and lactose as diluents. The rate of release can
be controlled using the suitable diluents and the right
composition. The presence of starch in HPC matrices

may bring different effects resulting from interactions
between HPC and starch that can affect the properties of
the of the gel layer around the tablet, and the presence of
lactose as release modifier  may result in faster release
due to its capability in reduction the tortuosity (twisting)
or gel strength of the polymer. The study also showed
that the release of drug refers to anomalous mechanism.
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