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The objectives of the study were to formulate hydroxypropyl methyl cellulose-based controlled release matrix tablets 
for theophylline with varying drug:polymer ratios (1:1 and 1:2) and differing tablet hardness (5, 6 and 7 kg/cm2), and 
to evaluate the tablet’s physico-chemical properties such as hardness, uniformity of weight, friability, drug content 
and in vitro drug release. Initially, granules were made by wet granulation technique and evaluated for angle of 
repose, bulk density, tapped density, bulkiness, compressibility index and hausner ratio. The results indicate good 
flow property of the granules and thus, the evaluated tablet physical properties were within the acceptable limits. 
The FT-IR study for the F-6 formulation showed that there was no interaction between the drug and the polymer. 
In vitro release studies were performed using Disso-2000 (paddle method) in 900 ml of  pH 7.4 at 50 rpm. The 
result indicated that at high drug:polymer ratio (1:2) and hardness value 7 kg/cm2, prolonged drug release was 
observed than the low drug: polymer ratio (1:1) and hardness values (5 and 6 kg/cm2). The release kinetics was 
found to follow korsmeyers-peppas model and the mechanism of drug release was by non-fickian or anomalous 
diffusion. The F-6 formulation was chosen for stability studies. F-6 formulation was stable when it was kept at 
different temperatures for a period of 6 months.
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Theophylline is a bronchodilator that relieves airflow 
obstruction in chronic asthma and decreases its 
symptoms. Theophylline is well absorbed by the 
gastrointestinal tract, and several sustained-release 
preparations are available. Previously the mainstay 
of asthma therapy, theophylline has been largely 
replaced with β2 agonists and corticosteroids due 
to a narrow therapeutic window, high side-effect 
profile, and potential for drug interactions. Overdose 
may cause seizures or potentially fatal arrhythmias. 
Theophylline is metabolized in the liver, is a 
CYP1A2 and 3A4 substrate, and interacts adversely 
with many drugs[1].

Controlled release products are designed to maintain 
constant therapeutic plasma concentration of the 
drug within the therapeutic range of the drug over 
prolonged period[2]. Matrix system is one of the 
methods used in the development of controlled release 
oral formulations. Matrix is defined as a well-mixed 
composite of one or more drugs with a gelling agent 
i.e. hydrophilic polymers[3]. In fact, matrix system 
has proven popular among the oral controlled drug 
delivery technologies because of their simplicity, 
ease in manufacturing, high level of reproducibility, 
stability of the raw materials and dosage form 
and ease of scale up and process validation[4-6]. In 
the current study, hydroxypropyl methyl cellulose 
(HPMC) is selected as a model hydrophilic polymer to 
prepare a controlled release oral tablet formulation for 
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theophylline. HPMC is widely used in oral, ophthalmic 
and topical controlled release dosage forms because of 
its non-toxic nature, its capacity to accommodate high 
level of drug loading and its non-pH dependence[7,8].

The objectives of the study were to formulate HPMC-
based controlled release matrix tablets for theophylline 
with varying drug:polymer ratios (1:1 and 1:2) and 
differing tablet hardness (5, 6 and 7 kg/cm2), and to 
evaluate the tablet’s physico-chemical properties such 
as hardness, uniformity of weight, friability, drug 
content and in vitro drug release. Initially, granules 
were made by wet granulation technique and evaluated 
for angle of repose, bulk density, tapped density, 
bulkiness, compressibility index and hausner ratio.

Theophylline was procured from Amratlal and Co. 
Chennai. Hydroxypropyl methylcellulose (HPMC 
K100M) a hydrophilic polymer and magnesium 
stearate a glidant and antiadherent was procured from 
Loba chemie. Pvt. Ltd, Mumbai. Lactose monohydrate 
a diluent was purchased from Paxmy Speciality 
Chemi, Chennai. Polyvinyl pyrolidone K30 (PVP 
K30) a binding agent and isopropyl alcohol (IPA) a 
wetting agent were obtained from S.D. Fine-Chem. 
Pvt; Ltd, Mumbai. All other chemicals used were of 
analytical grade.

Tablet formulations were prepared by wet granulation 
method according to the ingredients shown in 
Table 1. Theophylline and HPMC K100M were 
mixed uniformly. Lactose was added to the drug 
and polymer mixture and blended thoroughly for 
5 min. 2% of (PVP K30) was dissolved in sufficient 
quantity of IPA. PVP K30 in IPA was added to the 
drug, polymer and lactose mixture. Further sufficient 
quantities of IPA were added to the above mixture 
and mix it thoroughly to form a coherent mass. The 
formed coherent mass was sieved manually through 
sieve no. 16 to form granules. Then the granules 
were collected and dried at 40±2° for 2 h. The 
dried granules were sieved in sieve no. 22 and then 
evaluated for angle of repose, bulk density, tapped 
density, bulkiness, compressibility index and hausner 
ratio. Then, the granules were mixed with 2% of 
magnesium stearate uniformly and were compressed 
into tablets weighing 500 mg using 12 mm round 
flat faced punches in a rotary tablet press (Rimek 
mini press-1, Model RSB-4, Karnavathi Engineering, 
Ahmedabad) to a hardness of 5, 6 and 7 kg/cm2. The 
compressed tablets were dedusted and evaluated for 
various physico-chemical properties.

The angle of repose of the granules was determined by 
fixed funnel method to assess the flow property of the 
granules. The granules were allowed to flow through 
the funnel freely onto the surface[9]. The diameter of the 
granular cone was measured and angle of repose was 
calculated using the following equation: θ = tan−1 (h/r) 
Where, h and r are the height and radius of the cone.

Bulk density of the granules is determined by 
measuring the bulk volume of a known mass of 
granules, that has been passed through a screen, 
into a graduate cylinder[9]. It is expressed by g/cm3. 
Bulk density=Known mass of granules/Bulk volume. 
Reciprocal of bulk density is known as bulkiness[10]. 
It is expressed by cm3/g. Bulkiness=1/Bulk density. 
Tapped density of the granules is achieved by 
mechanically tapping a measuring cylinder containing 
a sample. After observing the initial volume, the 
measuring cylinder was mechanically tapped and 
volume readings are taken until further volume change 
was observed[9]. It is expressed by g/cm3. Tapped 
density=Weight of granules/Tapped volume. The 
compressibility index and hausner ratio of the granules 
were calculated using measured values for bulk density 
and tapped density[11]. Compressibility Index=[tapped 
density–Bulk density/Tapped density×100. Hausner 
ratio=Tapped density/Bulk density.

The thickness[12] and diameter of the tablets was 
measured using vernier calliper (Besto). About ten 
tablets from each formulation were randomly selected 
and evaluated. The hardness of all tablet formulations 
were tested using Monsanto hardness tester[13] (Shital 
Scientific Industries, Ahmedabad, India). The tablet 
was placed upon a fixed anvil and the force is 
transmitted to it by means of a moving plunger 
manually. In all the cases mean of five determinations 
were taken. To study weight variation, 20 tablets of 
each formulation was weighed using an electronic 
balance (Scaltec SPB31) and the average weight of 

TABLE 1: THEOPHYLLINE TABLET FORMULATION WITH 
VARYING POLYMER RATIO
Ingredients (for one 
tablet) (mg)

Theophylline: HPMC 
K100M (1:1)

Theophylline: 
HPMC K100M (1:2)

Theophylline 100 100
Hydroxypropyl methyl 
cellulose K100M

100 200

Lactose monohydrate 280 180
Polyvinyl pyrolidone 
K 30 (PVP K30)

10 10

Magnesium stearate 10 10
Iso propyl alcohol (IPA) q.s q.s
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the weighed tablets were calculated[14]. Preweighed 
twenty tablets were placed in a Roche friabilator 
and allowed to rotate for 100 revolutions. After 100 
revolutions the tablets were dusted and reweighed[14].

Ten tablets from each formulation were powdered. 
The powder equivalent to 100 mg of theophylline was 
weighed and dissolved in phosphate buffer pH 7.4 in 
100 ml standard flasks. From this suitable dilution 
was prepared and the solution was analyzed at 277 
nm using UV double beam spectrophotometer (Elico 
SL164) using pH 7.4 as blank[14].

Infrared spectrum was taken for the matrix tablet 
of formulation F-6. FT-IR studies were obtained by 
KBR disk method using computer-mediated Fourier 
transformed infrared spectroscopy (FT-IR) (Shimadzu). 
The spectra of F-6 formulation were compared with 
those of pure theophylline and HPMC K100M[15].

In vitro drug release study was carried out using 
Disso-2000 dissolution apparatus (paddle type). 
Dissolution medium 900 ml of  pH 7.4 was placed 
into the dissolution flask maintaining the temperature 
at 37±0.5° and rpm of 50 for 10 h. Samples 
measuring 10 ml were withdrawn every 30 min 
intervals, same quantity of fresh dissolution medium 
was replaced. The sampling was continued up to 10 
h dissolution time period. Collected samples were 
suitably diluted with  pH 7.4 and analyzed at 277 
nm using  pH 7.4 as blank in UV-double beam 
spectrophotometer (Elico SL164).

To know the release kinetics, the value obtained from 
in vitro drug release studies were plotted in various 
kinetic models like zero order, first order, higuchi 
model hixson-crowell and korsmeyer–peppas[16]. Zero 
order is Cumulative amount of drug release vs time. 
Equation is C=K0t, where K0 is the zero order rate 
constant expressed in units of concentration/time and 
t is the time in hours. First order is Log cumulative 
percentage drug remaining vs time. Equation is 
Log C=Log C0–Kt/2.303, where C0 is the initial 
concentration of drug, K is the first order constant and 
t is the time. Higuchi model is the Cumulative percent 
drug release vs square root of time. Equation is 
Q=Kt1/2, where K is the constant reflecting the design 
variables of the system and t is the time in hours. 
Hixson-Crowell model is the cube root percent drug 
remaining vs time. Equation is 3√Q0–3√Qt=KHCX  t, 
where, Q0 is the initial amount of drug in the tablet, 

Qt is the amount of drug release in time t, KHC is the 
ration constant for the Hixson-Crowell rate equation 
and t is the time. Log cumulative percentage of drug 
release vs log time. The exponent n was calculated 
through the slope of straight line. Mt/M∞=ktn Where, 
Mt/M∞ is the fractional solute release, K is the kinetic 
constant characteristic of the drug polymer system, t is 
the release time and n is the exponent.

To indicate stability of theophylline in tablet 
formulations, the tablets prepared from F-6 formulation 
was stored at three different temperatures (4±2°, 
28±2° and 45±2°) for a period of 6 months[3]. At 
every 2 month intervals the tablets were evaluated for 
physical appearance, the percentage of theophylline 
content and in vitro drug release. 

Following wet granulation method, the granules 
were prepared based on the ingredients shown in 
Table 1. Table 2 shows the properties of the granules. 
It appears that the values of angle of repose, bulk 
density, bulkiness, tapped density, compressibility 
index and hausner ratio determined for the granules 
were within the range of acceptable limits. Therefore, 
the tablets were prepared using the granules. The 
various physico-chemical properties of the tablets 
are shown in Table 3. Whereas the hardness was 
found to be in range of 4.9±0.14–7.1±0.21 kg/cm2, 
the uniformity of weight was between 498±4.2–
501.4±6.8 mg. Similarly, the friability test indicated 
that the weight deviation was between 0.08±0.06–
0.32±0.07%. While the drug content was in the range 
of 96.6±0.51–98.0±0.43%, the thickness was in the 
range of 4.2±0.02–4.3±0.06 mm and the diameter was 
found to be 12.5±0.01–12.6±0.03 mm.

The in vitro theophylline release from the HPMC-
based tablets was depicted in fig. 1. The cumulative 
percentage drug release of all the 6 formulations 
at 10 h was found to be F-1 90.0±1.58%, F-2 
86.4±1.64%, F-3 85.5±1.95%, F-4 82.8±1.82%, 
F-5 83.7±1.52% and F-6 77.4±1.64%. From the 
in vitro release, it seems that tablets prepared 
from F-6 formulation provided a controlled release 
characteristics in comparison to tablets prepared 
from F-1-5 formulations. Furthermore, to prove 
that any drug-polymer interaction would occur 
during tablet preparation and that might be the 
reason for the observed controlled drug release 
characteristics of the F-6 tablet formulation, FT-IR 
study was undertaken for tablets prepared from F-6 
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formulation. IR spectrum of pure theophylline, HPMC 
K100M and F-6 formulations were portrayed in 
fig. 2. The IR spectrum of the theophylline showed 
the characteristics peak at 3431.48 secondary amine 
stretching, 3120.93 N-H stretching, 1716.70 C=O 
stretching of ketone, 1666.65 C=C stretching, 1564.32 
C=N stretching. The IR spectrum of the HPMC 
K100M indicated the characteristics peak of 3452.70 
OH stretching, 2926.11 C-H stretching alkanes, 
1118.75 aliphatic C-O stretching. The IR spectrum of 
the F-6 formulations depicts the characteristics peak 
of 3383.26 secondary amine stretching, 3124.79 N-H 
stretching, 2920.32 C-H stretching alkanes, 1716.70 
C=O stretching of ketone, 1664.62 C=C stretching, 
1570.11 C=N stretching, 1116.82 aliphatic C-O 

stretching. It shows that there was no interaction 
between the drug and the polymer.

Based on various mathematical models, the magnitude 
of the release exponent “n” indicates the release 
mechanism (ie, fickian diffusion, case II transport 
or anomalous transport). The limits considered 
were n=0.45 (indicates a classical fickian diffusion-
controlled drug release) and n=0.89 (indicates a case 
II relaxational release transport; non-fickian, zero-
order release). Values of n between 0.45 and 0.89 can 
be regarded as an indicator of both phenomena (drug 
diffusion in the hydrated matrix and the polymer 
relaxation) commonly called anomalous transport[17]. 
The n values of all the formulations ranged between 
0.6739-0.6935. Thus, it was proposed that these 
formulations delivered their active compound by 
coupled diffusion and erosion. Alderman[18] reported 
that when the hydrophilic matrix tablet enters an 
in vitro dissolution medium, drug particles initially 
pass into solution from the surface (immediate 
release). The solid matrix also begins to swell 
(polymer relaxation) as soon as hydration with 
solvent molecules, diffusion of the dissolved drug, 
and erosion of gelatinous viscous polymer layer into 
aggregates or granules, and these in turn deaggregate 
into fine particles that also release their drug content 
by dissolution. The release of theophylline from 
the controlled release tablets apparently follows 
Korsmeyer-Peppas model (R2 0.9883-0.9981).

TABLE 2: EVALUATION OF THEOPHYLLINE GRANULES
Parameters Theophylline: HPMC K100M

5 kg/cm2 6 kg/cm2 7 kg/cm2

1:1 (F-1) 1:2 (F-2) 1:1 (F-3) 1:2 (F-4) 1:1 (F-5) 1:2 (F-6)
Angle of repose (θ) 34°70’ 34°32’ 31°74’ 32°98’ 32°14’ 33°83’
Bulk density (gm/cc) 0.3125 0.2632 0.3125 0.2632 0.2679 0.2632
Tapped density (gm/cc) 0.3571 0.3000 0.3658 0.3061 0.3125 0.3061
Bulkiness (cc/gm) 3.20 3.80 3.2 3.80 3.73 3.80
Compressibility index (%) 12.50 12.28 14.58 14.03 14.29 14.03
Hausner ratio 1.14 1.14 1.17 1.16 1.17 1.16

TABLE 3: EVALUATION OF THEOPHYLLINE CONTROLLED RELEASE MATRIX TABLETS USING HPMC K100M
Parameters Theophylline: HPMC K100M

5 kg/cm2 6 kg/cm2 7 kg/cm2

1:1 (F-1) 1:2 (F-2) 1:1 (F-3) 1:2 (F-4) 1:1 (F-5) 1:2 (F-6)
Hardness (kg/cm2)a 4.96±0.14 4.98±0.32 6.02±0.13 5.96±0.22 7.02±0.21 7.02±0.17
Uniformity of weight (mg)b 498.5±4.2 500.6±5.1 500.1±3.3 500.3±5.0 499.1±4.7 501.4±6.8
Friability (%)c 0.21±0.05 0.17±0.03 0.31±0.07 0.08±0.06 0.19±0.06 0.26±0.05
Drug content (%)d 96.8±0.24 97.6±0.43 97.2±0.31 97.4±0.45 96.6±0.51 97.4±0.36
Thickness (mm)d 4.2±0.05 4.3±0.06 4.2±0.06 4.2±0.04 4.2±0.02 4.3±0.03
Diameter (mm)d 12.5±0.01 12.6±0.03 12.5±0.03 12.6±0.03 12.6±0.02 12.5±0.05
a=5; b=20; c=20 and d=10. All the readings are expressed as mean±standard deviation (n=5)

Fig. 1: In vitro release study of formulations F-1 to F-6
( ) F-1, ( ) F-2, ( ) F-3, (×) F-4, (+) F-5 and ( ) F-6
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F-6 formulation was taken for the stability studies. F-6 
formulation was evaluated for appearances, physical 
parameters and in vitro drug release studies. No visible 
changes in the appearance of the matrix tablets as 
well as no significant change in the physico-chemical 
properties of the tablets were noticed even after 
6-month storage period. This indicates the suitability 
of the F-6 tablet formulation for further study. It was 
found that higher the propotion of drug:polymer ratio 
(1:2) and higher the hardness value (7 kg/cm2), the 
prolonged is the drug release when compared to the 
drug release observed with lower the proportion of 
drug:polymer ratio (1:1) and hardness values (5 and 
6 kg/cm2). Thus, the drug:polymer ratio and hardness 
play a major role in regulating the drug release from 
the HPMC-based F-6 tablet formulation.
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Venlafaxine representing a new class of antidepressants is a potent serotonin/ norepinephrine reuptake inhibitor. 
Transdermal delivery of venlafaxine hydrochloride (VHCl) may result in proper patient compliance by reducing 
the incidence of the undesirable GI problems generally associated with its plural oral dosing. The present study is 
an attempt to investigate the improvement of the transdermal flux of the hydrophilic VHCl by certain permeation 
enhancers viz. glycerin, urea, propylene glycol and mixture of propylene glycol and ethanol across pig ear skin. The 
cumulative drug release was the highest from the formulation F5 consisting of the mixture of propylene glycol and 
ethanol in sodium alginate gel with a load of 25% w/w VHCl with 96% permeation enhancement. The steady 
state flux observed with F5 was 0.203 mg cm−2 hr and an area of 15.27 cm2 would suffice to arrive at a required 
therapeutic concentration of VHCl in the blood.

Key words: Venlafaxine HCl, glycerine, urea, propylene glycol, permeation enhancer

Venlafaxine hydrochloride (VHCl) is a novel, 
non-tricyclic antidepressant. It is used in major 
depressive disorders, generalized anxiety disorders 
(GAD), and social anxiety (social phobia) of panic 
disorders[1]. Venlafaxine has also been used to 
treat pain syndromes including, but not limited 
to, pain associated with major depression or an 
anxiety disorder, peripheral neuropathic pain, 
chronic pain, cancer related pain and fibromyalgia[2]. 
VHCl is available as tablets of strengths 25 mg, 
37.5 mg, 50 mg, 75 mg, 100 mg and 150 mg[3]. 
In therapeutic dosing with VHCl tablets, rapid 
dissolution results in rapid increase in plasma levels 
of active compounds shortly after administration 
followed by a decrease in blood plasma levels 
over several hours as the active compound is 
eliminated or metabolized, until sub-therapeutic 
levels are approached after about 12 h following 

administration, thus require additional dosing with 
the drug. With plural daily dosing regimen, the 
most common side effect is nausea, experienced 
by 45% of patients under treatment with VHCl. 
Vomiting also occurs in about 17% of the patients[4] 
and at higher doses VHCl is associated with a rise 
in blood pressure[5]. These adverse effects which 
may hinder the proper compliance of VHCl will 
be reduced if therapeutic levels are maintained in 
blood without significant fluctuations. Patents on 
extended release oral formulations of VHCl claim 
better control of blood plasma levels and a lower 
incidence of nausea and vomiting compared to 
conventional tablets[6,7]. But it has been shown that 
once daily extended release oral formulation of 
VHCl offers no distinct advantage in terms of GI 
adverse effects[8]. Transdermal delivery of VHCl 
may allow administration of therapeutically effective 
amounts besides avoiding or reducing the incidence, 
severity or duration of the undesirable side effects 
generally associated with its oral administration.
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