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ABSTRACT
Aim of the work: The present study was aimed to investigate matrix-forming property of gum olibanum for 
sustained-release tablets of tramadol, a freely water-soluble drug. The possible synergistic effect of gum olibanum 
with hydroxypropyl methylcellulose (HPMC) and xanthan gum, and widely used pharmaceutical excipients on 
tablet properties was investigated. Methods: Matrix tablets were prepared containing polymers, either alone or in 
combinations, by wet granulation. Tablets were evaluated for their physico-mechanical properties, drug release 
and hydration properties. Results: Tablets swelling increased till ~3-4 h this was followed by a decline phase. Drug 
release from the matrix tablets was dependent on the concentration of gum olibanum. Formulation with drug: gum 
olibanum in 1:2 released 94.37±2.37% drug in 6 h. The drug release data was analyzed by model dependent and 
model independent equations. Combination of gum olibanum with HPMC or xanthan gum matrices significantly 
(p<0.05) modulated drug release, which was reflected by the mean dissolution times (MDTs). Incorporation of 
lactose induced faster drug release compared to dicalcium phosphate and microcrystalline cellulose. Drug release 
largely followed first-order kinetics and non-Fickian type of diffusion.  
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INTRODUCTION

Tramadol HCl is a water-soluble opioid 
analgesic drug used to relieve pain. It is used 
when other category drugs such as non-ste-
roidal anti-inflammatory drugs or COX-2 
inhibitors fail to relieve pain in patients.1 It 
is administered at a dose of  50-100 mg and 
has a biological half-life of  ~5.5 h.2 On oral 
administration, tramadol is rapidly absorbed 
with high bioavailability and excreted by 
urine.3,4 
Hydrophilic polymers are widely used in 
sustained-release matrix formulations and 
the interest in the application of  these 
polymers for prolonging drug release has 
increased.5,6 The popularity of  these poly-
mers is attributable to their swelling capa-
bilities as well as their ability for direct 
compression.7 Natural gums, such as karaya 

gum, xanthan gum, and guar gum, are the 
most widely used hydrophilic polymers for 
the design of  matrix tablets because of  their 
cost-effectiveness and regulatory accep-
tance. Other than the above polymers, there 
are several natural polymers investigated for 
their application in sustained drug delivery.6 
They form viscous gels in the presence of  
water, regardless of  whether they are used 
alone or in combination with other gums or 
polymers, and are considered good matrix-
forming materials for sustained-release 
tablets.8–11 Drug release from hydrophilic 
matrices occurs through dissolution, dif-
fusion, erosion, or a combination of  these 
mechanisms.12 Combination of  different 
gums or polymers to increase matrix viscos-
ity and optimize release often leads to syn-
ergistic interactions.6,12 Ideally, oral matrix 
formulations should contain polymers that 
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yield steady zero-order release kinetics over an extended 
time period.13–15 
Gum olibanum, a natural resin is obtained from a variety 
of  species of  Boswellia. It consists primarily of  acid gum 
resin (56–60%), carbohydrates (30–36%) and volatile oil 
(3–8%). The resin is composed of  a resin acid (boswellic 
acid) and resene (olibamoresena) in equal proportions.16 
Chowdary et al16 reported matrix forming ability of  resin 
of  gum olibanum using diclofenac as model drug. But 
study was limited and the formulation variables were not 
investigated. In another study, Chowdary et al17 evaluated 
use of  gum olibanum in micro-encapsulation of  nifedip-
ine. Resin coated microcapsules exhibited a high encap-
sulation efficiency and drug release was by non-Fickian 
mechanism. Silver nanoparticles synthesized with aque-
ous extract of  gum olibanum was reported to be stable 
as a water soluble component of  olibanum serves as both 
reducing and stabilizing agent.18 
The major objectives of  this study were: (i) to evalu-
ate the use of  gum olibanum in sustained-release matrix 
tablets of  tramadol, (ii) to comparatively evaluate gum 
olibanum with commonly used polymers HPMC and 
xanthan gum, and (iii) to study the influence of  com-
monly used pharmaceutical excipients on gum oliba-
num tableting properties. 

MATERIALS AND METHODS

Materials
Tramadol was a generous gift of  Lupin laboratories 
ltd, Pune, India. Gum olibanum was procured com-
mercially, dried at 60 °C and powdered in a ball mill. 

Microcrystalline cellulose (Avicel® PH 101), lactose 
(Fast Flo®) and dibasic calcium phosphate, dehydrate 
(Emcompress®), were purchased from Sd-Fine chem, 
Mumbai, India. All other chemicals were of  analyti-
cal grade and used as received. Commercial sustained 
release tablet of  tramadol, Tramzac-TC (Zydus Cadila, 
India), was purchased commercially for comparative 
dissolution analysis. 

Preparation of matrix tablets
Tablets were prepared by wet granulation method. Drug, 
polymer and excipients were passed through sieve #80 
before use. A physical mixture of  drug and polymer(s) 
(Table 1) was suitably wetted with PVP K30 in isopro-
pyl alcohol (10% w/v). Wet mass was sieved to obtain 
granules, dried at 40 °C for 2 h. The dried granules were 
mixed with talc, magnesium stearate and compressed on 
a single station tableting machine (Cadmach machinery 
co. Pvt, Ltd Ahmadabad, India) using flat faced 12.60 
mm punches. 

Micromeritics of granules
The granules were evaluated for micromeritic properties 
like bulk density, tapped density, compressibility index, 
Hausner ratio, angle of  repose by using standard pro-
cedures. All studies were carried out in triplicate (n=3).

Weight variation and hardness test
For weight variation study, twenty tablets were selected 
randomly and average weight was recorded. Individual 
weight of  the tablets was compared with the average 
weight to record difference between the weights. Hard-
ness of  tablets was determined using Monsanto hard-

Table 1: Formulation composition of matrix tablets

Ingredient  
(mg/tablet)

Formulations
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14

Tramadol 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Olibanum Gum 200 300 400 - 200 280 120 - 200 280 120 300 300 300

HPMC K15M - - - 400 200 120 280 - - - - - - -

Xanthan Gum - - - - - - - 400 200 120 280 - - -

Fast Flo® - - - - - - - - - - - 100 - -

Emcompress® - - - - - - - - - - - - 100 -

Avicel PH 101 - - - - - - - - - - - - - 100

Batch size 40 tablets. Each tablet contained 1% w/w of  talc and magnesium stearate. 
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ness tester by using 10 tablets from each formulation 
batch. 

Friability
Ten tablets from each batch was weighed (Wo) and 
placed in Roche friabilator. The tablets were tumbled 
for 100 revolutions at 25 rpm. Tablets were de-dusted 
and the weight (Wt) of  tablets was recorded. The fri-
ability (%) of  the formulations was calculated using the 
following equation:

Drug content
Drug content in the formulations was estimated by 
extracting the drug from the powdered tablet using dis-
tilled water. Briefly, 10 tablets were powdered in a glass 
mortar and a powder quantity equal to the weight of  a 
tablet was transferred to volumetric flask. Drug was 
extracted in 50 mL of  distilled water with continuous 
shaking on a rotary shaker (Remi instruments, Mumbai, 
India) at 100 rpm for 24 h. The drug content in extracted 
fluid was analyzed using a UV-Spectrophotometer (UV- 
1601, Shimadzu, Japan) at 271 nm against suitable blank.

Swelling and erosion studies
Pre-weighed tablets with wire mesh basket were placed 
in dissolution medium (distilled water). At different 
time intervals weight of  the swollen tablet was recorded 
after wiping off  excess of  water. The swelling index (%) 
was calculated by using the following equation.

Where, Wo – initial weight of  tablet and Wt – weight of  
the tablet at time ‘t’.
Erosion studies were performed by using dissolution 
test apparatus 1, rotated at 50 rpm with 900 mL of  dis-
tilled water at 37 ± 0.5 °C. The tablets were placed in 
wire mesh baskets and the weight was noted. At pre-
defined time a basket containing the matrix tablet was 
removed and dried at 75 °C for 24 h. The baskets were 
reweighed and the process was repeated until a constant 
weight was noted. The percentage of  erosion was calcu-
lated using the equation:

In vitro drug release
Drug release studies were performed using six sta-
tion USP-23 dissolution test apparatus (Tab machines, 

Mumbai, India) with paddle speed of  50 rpm. The 
sink condition was maintained using 900 mL of  freshly 
distilled water maintained at 37 ± 0.5 °C. At identi-
fied time intervals, an aliquot of  5 mL was withdrawn 
and replenished with fresh medium. The samples were 
filtered through Whatmann filter paper No 1 and the 
amount of  drug in each aliquot was assayed on a UV-
Spectrophotometer (UV 1601, Shimadzu, Japan) at 271 
nm using a suitable blank. All trials were conducted in 
triplicate and the average (± S.D) reading was noted. 

Spectrometric analysis
The UV-Spectrophotometric method for tramadol was 
validated at 271 nm. The calibration curve in triplicate 
was constructed in water in the working range of  2-20 
µg/mL. The prepared calibration curve was linear with 
a slope of  0.006 and regression coefficient of  0.9990. 
None of  the additives used in the formulation had any 
effect on the estimation of  tramadol in the working 
concentration range.

Release data analysis
In vitro drug release data were fit to various models to 
analyze drug release kinetics and mechanism of  drug 
release from the matrix tablets. For elucidating the 
kinetics of  drug release, drug release data were fit to: 
zero order kinetics model, Q=Q0+kt; first order kinet-
ics model,19 Q=Q0 e

-kt and Higuchi’s square root model20 
Q=K√t. Where, Q is the amount of  drug released in 
time “t”. Q0 is the initial amount of  drug in dissolution 
medium, K is the release constant of  respective equa-
tions, and t is the release time.
In order to understand the drug release mechanism 
from the matrix tablets, data were fit to Korsmeyer-
Peppas empirical power law equation.21

Where, Mt/M∞ is the fraction of  drug released at time 
‘t’, K is the structural and geometrical constant and ‘n’ is 
the release exponent. For matrix tablets, when n < 0.45 
drug release is considered to be by diffusion while 0.45 
< n < 0.89, is consider to release drug by a combination 
of  drug diffusion as well as polymeric chain relaxation. 
When ‘n’ is 0.89, the drug release is considered to show 
linearity towards zero order release kinetics and n > 0.89 
is indicative of  super case II transport.

Model dependent and independent analysis 
Weibull model:
Dissolution data were also fit to Weibull model to fur-
ther elucidate mechanism of  release. Weibull equation 
expresses the accumulated fraction of  the drug, m, in 
solution at time, ‘t’, by
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In this equation, the scale parameter, ‘a’, defines the 
time scale of  the process. The location parameter, Ti, 
represents the lag time before the onset of  the dissolu-
tion or release process and in most cases will be zero 
and ‘b’ is the shape parameter.22,23

Mean dissolution time
Mean dissolution time (MDT) is used to characterize 
the drug release rate from a dosage form and indicates 
the drug release retarding efficiency of  the polymer. 
MDT was calculated by using the following equation:

Where ‘i’ is the dissolution sample number, ‘n’ is the 
number of  dissolution sample time, ‘tmid’ is the time 
at the midpoint between ‘i’ and ‘i-1’, and ‘ΔM’ is the 
amount of  drug dissolved between ‘i’ and ‘i-1’.

Similarity factor
The similarities between dissolution profiles of  marketed 
product and test formulations were determined by model 
independent procedure such as similarity factor (f2).

Where ‘n’ is the number of  pull points, ‘Rt’ is the refer-
ence profile at time point ‘t’, and ‘Tt’ is the test profile at 
the same time point. 

Statistical analysis
The obtained dissolution data was statistically analysed 
by one-way ANOVA followed by Tukey method. A 
probability value of  p<0.05 was considered as statisti-
cally significant.

RESULTS 

Micromeritics and physical properties 
The bulk and tapped densities of  prepared granules was 
in the range of  0.245 ± 0.02 g/cc to 0.404 ± 0.03 g/cc 
and 0.269 ± 0.01 g/cc to 0.455 ± 0.03 g/cc, respectively. 
Carr’s compressibility index and Hausner ratio was less 
than 15 ± 0.87% and 1.18 ± 0.01, respectively. Angle of  
repose (θ) for granules was in the range of  28.99 ± 1.31 
to 36.79 ± 1.76. 

Weight variation and hardness
Weight variation studies showed that the percentage 
deviation of  the individual weight of  tablets with aver-
age weight was <5% which was within the acceptable 
limit. Hardness of  the tablets ranged between 6.83 ± 
0.28 to 12 kg/cm2. Tablets prepared with gum oliba-
num matrix exhibited a hardness of  7 ± 0.29 to 8.4 ± 
0.58 kg/cm2. There was no significant (p>0.05) change 
in the hardness of  formulations F2 and F3. Tablets 
with HPMC matrix, either alone or in combination 
with gum olibanum (F4 to F7), showed highest hard-
ness and was in the range of  10 ± 0.5 to 12 ± 0.01 kg/
cm2. Xanthan gum matrix tablets alone or in combina-
tion with gum olibanum (F8-F11) showed hardness of  
8.50 ± 0.5 to 9.50 ± 0.5 kg/cm2. The results indicate 
that prepared tablets were having sufficient strength to 
withstand the mechanical stress. The observed results 
indicate of  dependency of  the hardness on the type of  
the polymer(s) present in the matrix with HPMC matrix 
tablets exhibiting highest hardness in comparison to 
other formulations. The hardness of  olibanum matrix 
tablets (8.4 ± 0.58 kg/cm2) was influenced by the addi-
tion of  excipients. It decreased significantly to 6.83 ± 
0.28 and 7.03 ± 0.15 kg/cm2 with addition of  lactose 
and microcrystalline cellulose respectively while hard-
ness increased to 9.10 ± 0.17 kg/cm2 on addition of  
dicalcium phosphate. 

Friability and drug content 
The friability and drug content of  matrix tablet formu-
lations was in the range of  0.09 ± 0.01 to 0.51 ± 0.03% 
and 95.02 ± 1.53 to 103.9 ± 3.88%, respectively. 

Swelling and erosion studies
Swelling index of  the prepared formulations was stud-
ied in water for 6 h. Swelling index was directly propor-
tional to the concentration of  the olibanum gum and as 
its concentration in the matrix was increased, swelling 
index increased proportionally (Figure 1). 
All the formulations, except tablets with HPMC, exhib-
ited a biphasic swelling phenomenon wherein the swell-
ing increased till a period (~3 to 4 h) after which the 
swelling decreased (Figure 2, 3). But tablets with HPMC 
matrix (F4) were exception to this phenomenon wherein 
swelling increased with time and decline phase was not 
observed during the study period. In tablets with com-
binations of  polymers, the tablets with low concentra-
tion of  HPMC (high gum olibanum matrix) exhibited 
low swelling index. 
The erosion was higher in gum olibanum matrix in com-
parison to xanthan gum HPMC matrices. At the end of  
24 h erosion study, 74.35 ± 1.25% of  gum olibanum 
matrix eroded while during the same period 39.20 ± 
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Figure 1: Graph showing swelling index with time of matrix tablets prepared with gum olibanum

Figure 2: Graph showing swelling index with time of matrix tablets prepared with combination of HPMC and gum  
olibanum
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2.94% and 55.28 ± 2.01% of  HPMC and xanthan gum 
matrix eroded respectively. In case of  matrix tablets in 
combinations of  gum olibanum with HPMC or xanthan 
gum, the erosion increased with increase in concentra-
tion of  gum olibanum in matrix (data not shown). 

In vitro drug release studies

Effect of polymers on drug release

In vitro drug release profiles of  formulations and mar-
ket product are shown in figures 4 to 8. Formulations 
containing gum olibanum, HPMC and xanthan gum 
released 85.15 ± 1.52%, 62.42 ± 7.57% and 73.47 ± 
1.35% of  drug respectively, during 8 h of  study indi-
cating that the polymer concentration in each formula-
tion sustains drug release. In formulations containing 
HPMC or xanthan gum, either alone or in combination 
with gum olibanum, the ratio of  drug to polymer was 
kept constant at 1:4. Formulation F1 (drug:olibanum - 
1:2) showed higher drug release with 94.37 ± 2.37% in 6 
h. However, significantly (p < 0.05) slower drug release 
was observed for formulations F2 (drug:olibanum – 1:3) 
and F3 (drug:olibanum – 1:4) during the same period of  
dissolution study (figure 4). The drug release from these 
formulations was easily modulated with inclusion of  
gum olibanum in the polymeric matrix. The drug release 
from the matrix decreased with the increased concentra-
tion of  gum olibanum. Drug release from the polymeric 

matrices consisting of  mixture of  polymers (HPMC or 
xanthan gum with gum olibanum) was dependent on 
the proportion of  gum olibanum. 

Effect of excipients on drug release
Formulations with commonly used excipients of  differ-
ent nature were studied to investigate the influence of  
the excipients on drug release (figure 8). Formulation 
with drug: olibanum (1:4) was incorporated with Fast 
Flo® (lactose, F12), Emcompress® (Dicalcium phos-
phate, F13) and Avicel PH 101® (Microcrystalline cellu-
lose, F14). Formulations prepared with these excipients 
showed a burst release of  ~37-40% in 1h irrespective of  
the nature of  the excipient. In case of  formulation with 
Fast Flo®, drug release was significantly (p<0.05) faster in 
comparison to formulations containing other two excipi-
ents. In comparison to matrix tablets with Emcompress®, 
tablets prepared with Avicel PH 101® exhibited faster 
drug release. Except formulation comprising Fast Flo® 
other two formulation showed a prolong release of  drug 
up to 8 h while the former prolonged release up to 6 h. 

Model dependent and independent analysis
The prepared matrix tablets followed first order kinet-
ics with a regression co-efficient of  0.8697- 0.9954, 
except formulations F12 and F13 which followed zero 
order kinetics (r2 = 0.9544 and 0.8925, respectively). 

Figure 3: Graph showing swelling index with time of matrix tablets prepared with combination of xanthan gum and gum 
olibanum
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Figure 4: Effect of various concentration of gum olibanum on tramadol release from tablets

Figure 5: Effect of combination of HPMC and gum olibanum on tramadol release from tablets
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Figure 6: Effect of combination of xanthan gum and gum olibanum on tramadol release from tablets

Figure 7: Drug release profile of commercial product (Tramzac-TC)
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The data from dissolution studies was further fit to 
Higuchi’s equation to analyze drug release mechanism. 
The regression co-efficient values of  Higuchi’s model 
indicated that formulation exhibit linearity towards 
diffusion mechanism with a regression values in the 
range of  0.9599–0.9991. Further data treatment using 
Korsmeyer-Peppas equation indicated that drug release 
mechanism from the prepared matrices followed anom-
alous diffusion mechanism or non-Fickian (Table 2). 
DISCUSSION
The micromeritic parameter compressibility index rep-
resents packing arrangement of  powder. It indicates the 
possibility of  consolidation of  the granules and pow-
ders during tableting, shipping, transportation and han-
dling.24 Its values can best be used for assessing the flow 
properties of  the granules and powders. Compressibil-
ity index values determined for the granules indicated 
good flow property which was further supported by the 
Hausner ratio and angle of  repose of  granules.
The results of  friability studies further supported the 
ability of  the prepared matrix tablets to withstand 
possible mechanical impact during various steps from 
manufacturing until final usage. The swelling index or 
hydration of  xanthan gum matrix tablets increased till 
4 h after which hydration decreased with time. At this 

stage tablets lost the shape and further contact with 
water made the tablet to break due to erosion. The initial 
increase and subsequent decrease in swelling index was 
probably due to the erosion of  surface layer of  matrix 
tablet. In formulations with combination of  gum oliba-
num and xanthan gum, swelling was dependent on the 
concentration of  xanthan gum. Higher concentration 
of  xanthan gum in the matrix exhibited higher swelling 
index. 
Matrix tablets prepared with gum olibanum exhibited 
sustained release of  tramadol. When used in low con-
centration (drug:polymer – 1:1) complete drug release 
was achieved in 6 h of  dissolution study. Increasing the 
concentration of  gum olibanum resulted in more sus-
tained effect and drug release was extended up to 8 h. 
At a low concentration, gum olibanum matrix tablets 
exhibited a burst release of  42.56 ± 0.23% in 1 h. This 
observed burst release was decreased by ~10% with 
increasing polymer concentration. Among the three 
polymers, cumulative drug release from HPMC poly-
meric matrix was slower in comparison to xanthan gum 
and gum olibanum. Surprisingly, MDT value of  xanthan 
gum matrix tablets (214.4 min) was higher in compar-
ison to HPMC matrix tablets (164.9 min). The result 
was unexpected since higher amount of  drug release is 
supported by smaller MDT.25 The observed deviation 

Figure 8: Effect of commonly used excipients on drug release from gum olibanum tablets



Sustained-release hydrophilic matrix tablets of water-soluble drug

Indian Journal of Pharmaceutical Education and Research | Vol 48 | Issue 3 | July–Sep, 2014 57

in MDT values could possibly related to hydration and 
erosion of  polymeric matrix. The drug release in xan-
than gum matrix tablets was slower in comparison to 
HPMC matrix up to 4 h of  dissolution studies. How-
ever, during the remaining 4 h dissolution studies, the 
xanthan gum matrix exhibited higher drug release com-
pared to HPMC matrix tablets. As can be observed 
from figures 2 and 3, the hydration rate was higher in 
xanthan gum as compared with HPMC matrix. In xan-
than gum matrix equilibrium swelling was attained in 4 
h and subsequently swelling decreased causing disrup-
tion of  the matrix. This possibly caused higher drug 
release from xanthan gum matrix in comparison to 
HPMC matrix tablets. Drug release from gum olibanum 
matrix was dependent on its concentration in the tab-
let wherein drug release reduced with increase in gum 
olibanum concentration. The difference in drug release 
between formulations is further supported by MDT val-
ues wherein F1 exhibited a lower MDT (112.5 min) than 
F2 and F3 (Table 2). Similar release profile for diclof-
enac sodium using resin extracted from gum olibanum 
was reported by Chowdary et al.16 

With increase in the concentration of  gum olibanum 
in the matrix prepared with combinations of  polymers, 
drug release increased. This observed phenomenon is 
best explained on the basis of  the hydrophilic proper-
ties of  the polymers. HPMC and xanthan gum repre-
sents hydrogels, a class of  hydrophilic polymers. Both 
the polymers have been widely reported for their matrix 
forming properties and controlling the drug release rate. 
Gum olibanum is a resinous polymeric matrix material 
with more than 50% resin content. The ability of  gum 
olibanum to swell on contact with moisture is less com-
pared to HPMC and xanthan gum. As the concentra-
tion of  gum olibanum in the matrix was increased the 
swelling index decreased indicating its inability to form 
hydrogel matrix. Similarly, drug release from the matrix 
was also affected by the concentration of  gum olibanum 
in the matrix. Varshosaz et al25 observed that inclusion 
of  xanthan gum and guar gum has significantly modi-
fied tramadol release from HPMC matrix tablets. When 
two or more polymers are used in a matrix, if  they form 
a semi- or complete interpenetrating network, it form a 
rigid matrix resulting in slower drug release. But in the 

Table 2: Model dependent and independent analysis parameters

Formulation Release
exponent (n) Weibull factor (b) f2 MDT (min)

F1 0.46 0.67 62.45 112.5

F2 0.49 0.65 75.12 152.9

F3 0.49 0.63 68.58 149.1

F4 0.56 0.74 41.26 164.9

F5 0.49 0.55 47.39 159.1

F6 0.48 0.57 53.84 150.1

F7 0.51 0.76 42.02 162.7

F8 0.65 0.81 38.36 214.4

F9 0.62 0.75 51.71 166.2

F10 0.57 0.73 60.72 173.3

F11 0.56 0.75 43.77 179.1

F12 0.54 0.77 71.31 110.2

F13 0.47 0.66 66.12 123.9

F14 0.47 0.69 69.19 115.5

Tramzac TC 0.53 0.71 - 140.9
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present study, the matrix probably did not form inter-
penetrating network since HPMC and xanthan gum 
were highly swellable in comparison to gum olibanum. 
This possibly resulted in a matrix with increased poros-
ity resulting in higher drug release from the matrix con-
taining combination of  HPMC or xanthan gum with 
gum olibanum. Increasing concentration of  polymers 
seems to increase the path length for drug diffusion as a 
consequence of  which drug release decreases. 
The effect of  commonly used pharmaceutical bulking 
agents lactose, MCC and DCP on physico-mechanical 
properties were studied. Drug release in formulations 
with lactose was faster in comparison to formulations 
prepared with DCP and MCC as bulking agents. The 
observed result was in the expected line. Lactose (Fast 
Flo®) is water soluble and in contact with dissolution 
medium induces channeling effect within polymeric 
matrix, while Avicel PH 101® being water dispersible 
exhibited a marginal increase in drug release in com-
parison to formulation with an insoluble excipient 
Emcompress®. In a previous report by Yadav et al26 
di-calcium phosphate in comparison to MCC showed 
faster venlafaxine release and complete drug release was 
observed within 3 h when used in HPMC matrix tablets. 
However, in case of  cetyl alcohol the drug release from 
formulations containing DCP was prolonged than for-
mulations containing MCC. 
Tramadol release from the prepared matrix tablets fol-
lowed either concentration dependent or independent 
kinetics, and non-Fickian mechanism. The observed 
non-Fickian mechanism of  drug release was in con-
trast to the findings of  Chowdary et al16 who reported 
a Fickian mechanism of  drug release. This deviation 
could possibly related to the nature of  polymer matrix. 
While Chowdary et al16 used extracted resin from gum 
olibanum as matrix in the present study untreated gum 
olibanum was evaluated. Change in solubility profile of  
drugs and nature of  the resin alter the mechanism of  
drug release from the matrix tablets. The shape param-
eter (b) of  Weibull equation characterizes drug release 
curve as exponential (b=1), parabolic (b>1) or initial 
slope followed with an exponential curve (b<1). The 
determined shape parameter values was < 1 indicating 
a drug release profile following higher initial slope fol-
lowed with a consistent exponential curve. 
Similarity factor (f2) was used to compare the release 
profiles of  the prepared formulations with marketed 
product Tramzac-TC. As shown in table 2, only a few 
formulations showed similarity with marketed product 
with f2 values above 50. According to USFDA, two dis-
solution profiles are declared to be similar if  calculated 
f2 value is in the range of  50–100.22

CONCLUSION

Tramadol release from matrix tablets was influenced by 
the concentration of  gum olibanum in the matrix. The 
drug release can be easily modulated by either adjusting 
the concentration of  gum olibanum or by incorpora-
tion of  other natural polymers. A judicious selection of  
pharmaceutical excipients is important since the drug 
release is significantly influenced by the properties of  
the used excipient. 
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