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ABSTRACT 
Tramadol HCl is a synthetic opioid analgesic,it has the elimination half-life of 4-6 hours. The purpose of 
this research was to formulate the floating drug delivery system  of tramadol HCl.The floating matrix 
tablets were prepared to prolong the  gastric residence time and to increase its bioavailability.The rapid 
gastro-intestinal transit could result in incomplete drug release from the  drug delivery system  above the 
absorption zone  leading to poor bioavailability of the drug.The floating tablets were formulated using 
various polymers:HPMC (K4M,K15M,K100M),sodium CMC, and ethyl cellulose.The tablets were 
prepared by direct compression.The formulated tablets were evaluated for weight 
variation,hardness,friability, floating lag time,total floating time and the dissolution rate in pH 1.2.The 
floating tablets extended the drug release up to 12 hours.The drug-polymer interaction was evaluated by 
fourier transform infrared spectroscopy(FTIR).The FTIR study indicated the lack of drug-polymer 
interaction.The drug release from the optimized formulation(batch F8) followed first order 
kinetics(correlation coefficient, r value 0.957) and non-fickian diffusion(n=0.483).  
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INTRODUCTION 
Oral route is considered most natural, 
uncomplicated, convenient and safe due to 
its ease of administration, patient 
acceptance and cost-effective 
manufacturing process1.Oral controlled 
release drug delivery is a drug delivery 
system that provides the continuous oral 
delivery of drugs at predictable and 
reproducible kinetics for a predetermined 
period throughout the course of GI transit 
and also the system that target the delivery 
of a drug to a specific region with in the GI 
tract for either local or systemic action2.It is 
evident from the recent scientific and patent 
literature that an increased interest in novel 
dosage forms that are retained in stomach 
for a prolonged and predictable period of 
time exists today in academic and industrial 
research groups. One of the most feasible 
approaches for achieving a prolonged and 
predictable drug delivery in the GI tract is to 
control the gastric residence time (GRT), i.e. 
gastro retentive dosage form (GRDFs or 
GRDS). Retention of drug delivery systems 
in the stomach prolongs the overall 
gastrointestinal transittime and improves the 
oral bioavailability of the drugs that  are 
having site specific absorption from the 

stomach or  upper part of the  small 
intestine3,4.Therefore, different approaches 
have been proposed to retain the dosage 
form in the stomach including bioadhesive 
systems,swelling and expanding 
systems,floating systems and delayed  
gastric emptying devices5,6.The principle of 
buoyant preparation offers a simple and 
practical approach  to achieve increased 
gastric residence time for the dosage form 
and sustained drug release7,8.From the 
discussion of the physiological factors in 
stomach, to achieve gastro retention, the 
dosage form must satisfy some 
requirements. One of the key issues is that 
the dosage form must be able to withstand 
the forces caused by peristaltic waves in the 
stomach and constant grinding and 
churning mechanisms. It must resist 
premature gastric emptying and once the 
purpose has been served, it should be 
removed from the stomach with ease.           
Tramadol Hydrochloride9,10  is a centrally 
acting synthetic opioid analgesic,it is  freely 
soluble in water. Tramadol has an absolute 
bioavailability of 75%.Tramadol has a 
volume of distribution of approximately 2.7 
L/kg and is 20% bound to plasma 
proteins.The drug is administered orally, 
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initially at a dose of 50mg, 3-4 tissues/day 
gradually increased to a maximum  dose of 
200mg/day in divided doses.It has an 
elimination half life of 4-6 hours and has an 
absorption zone from the upper intestinal 
tract.Efficacy of the administered  dose may 
get diminished due to incomplete drug 
release from the device above the 
absorption zone.Tramadol requires multiple 
daily drug dosage in order to maintain 
adequate plasma 
concentrations.Therefore,it is a suitable 
drug  for gastroretentive formulation.The 
gastroretentive drug delivery systems  can 
be retained  in the stomach and  assist in 
improving the oral  sustained  delivery  of 
drugs that have an absorption window in a 
particular  region of the gastrointestinal 
tract.These systems help in continuously 
releasing the drug before it reaches the 
absorption window ,thus ensuring optimum 
bioavailability. 
In the context of the above principles, a  
strong need was recognized for  the 
development of a  dosage form  to deliver 
tramadol in the stomach and  to increase 
the efficiency of the drug,providing 
controlled release11,12 action.Aim of the 
study is to formulate and evaluate Tramadol 
hydrochloride floating tablets13,14 using 
different polymers:HPMCK4M, HPMC15M, 
HPMC K100M,sodium CMC and ethyl 
cellulose in different ratios.The  sodium 
bicarbonate15-18 was used as  the gas-
generating agent. 

 
MATERIALS AND METHODS 
Tramadol HCl was obtained as the gift 
sample from S.K.Parenterals, Tanuku, 
AndhraPradesh. HPMC (K4M, K15M, and 
K100M), ethylcellulose, sodium CMC, and 
sodium bicarbonate were procured from S.D 
Fine Chem Ltd., Mumbai. 
 
Estimation of Tramadol HCl 
A spectrophotometric method based on the 
measurement of absorbance at 271 nm in 
0.1N HCl was used for the estimation of 
tramadol HCl.The 100 mg of the pure drug 
was dissolved in 100 ml of 0.1 N HCl (stock 
solution 1000μg/ml), from this 10ml of 
solution was taken and the volume was 
adjusted to 100 ml with 0.1 N HCl 
(100μg/ml).The above solution was 
subsequently diluted with 0.1N HCl to obtain 

the series of dilutions containing 
2,4,6,8,10,15,20,30, 40, 50, 60, 70, 80, 90 
μg/ml of tramadol HCl solution. The 
absorbance of the above dilutions was 
measured at 271 nm by using the UV-
spectrophotometer(Lab.India) using 0.1N 
HCl as the blank. Then a graph was plotted 
by taking concentration on x-axis and 
absorbance on y-axis which gives a straight 
line.   
 
Preparation of Floating Tablets 
All the formulations were prepared by using 
the different polymers(HPMC,sodium 
CMC,ethyl cellulose) in various ratios 
(designated as F1 to F20 inTable-1).The 
tramadol  HCl and all other ingredients were 
individually passed through sieve  60.All 
the ingredients were mixed thoroughly by 
triturating up to 15 min.The powder mixture 
was lubricated with talc.The tablets were 
prepared by using the direct compression 
method19. 
 
Evaluation of Floating Tablets 
The formulated tablets were evaluated for 
the following physicochemical 
characteristics20. 
 
Hardness 
Hardness of the tablet was determined by 
using the Monsanto hardness tester. The 
lower plunger was placed in contact with the 
tablet and a zero reading was taken. The 
plunger was then forced against a spring by 
turning a threaded bolt until the tablet 
fractured. As the spring was compressed a 
pointer rides along a gauge in the barrel to 
indicate the force required for the tablet to 
break. 
 
Weight Variation 
The 20 tablets were selected and weighed 
collectively and individually. From the 
collective weight, average weight was 
calculated. Each tablet weight was then 
compared with average weight to ascertain 
whether it was within the permissible limits 
or not. Not more than two of the individual 
weights deviated from the average weight 
by more than 7.5% for 300 mg tablets and 
none by more than double that percentage.  
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Friability test 
The 20 previously weighed tablets were 
placed in the friability apparatus, which was 

given 100 revolutions and the tablets were 
reweighed. The percentage friability was 
calculated by using the following formula,  

 
Percentage friability = initial weight-final weight /initial weight × 100 

 
Drug content 
The 20 tablets of each formulation were 
weighed and powdered. The quantity of 
powder equivalent to 100 mg of tramadol 
HCl was transferred in to a 100 ml 
volumetric flask and the volume was 
adjusted to 100 ml with 0.1N HCl. The 
sample was filtered to remove the insoluble 
excipients.Further, 1ml of the above 
solution(filtrate) was diluted to 100 ml with 
0.1N HCl and the absorbance of the 
resulting solution was observed at 271 nm.  
 
In vitro Buoyancy studies  
The in vitro buoyancy was determined by 
floating lag time and total floating time as 
per the method described by Rosa et 
al21.The tablets were placed in a 100ml 
beaker containing 0.1N HCl. The time 
required for the tablet to rise to the surface 
and float was determined as floating lag 
time (FLT) and the duration of the time the 
tablet constantly floats on the dissolution 
medium was noted as the total floating time 
respectively (TFT). 

 
 Dissolution Study 
The 900ml of 0.1 HCl(pH 1.2)was placed in 
the vessel and the USP apparatus –II 
(paddle method) was assembled. The 
medium was allowed to equilibrate to the 
temperature of 37 + 0.5°C. The tablet was 
placed in the vessel and the vessel was 
covered, the apparatus was operated for 12 
hours at 50 rpm. At definite time intervals, 5 
ml of the fluid was withdrawn; filtered and 
again 5ml of the fresh dissolution fluid was 
replaced.  Suitable dilutions were done with 
the dissolution fluid and the samples were 
analyzed spectrophotometrically(Lab.India) 
at 271 nm. 
 
Release Kinetics  
The analysis of drug release mechanism 
from a pharmaceutical dosage form is an 
important but complicated process and is 
practically evident in the case of matrix 
systems. As a model-dependent approach, 
the dissolution data was fitted to four 

popular release models such as zero-order, 
first-order, diffusion and Peppa’s- 
Korsemeyer equations. The order of drug 
release from the matrix systems was 
described by using zero order kinetics or 
first orders kinetics. The mechanism of drug 
release from the matrix systems was 
studied by using Higuchi equation and 
Peppa’s- Korsemeyer equation.  
 
Zero Order Release Kinetics 
It defines a linear relationship between the 
fraction of drug released versus time.                                                                      
Q = kot.Where, Q is the fraction of drug 
released at time t and kois the zero order 
release rate constant.A plot of the fraction of 
drug released against time will be linear if 
the release obeys zero order release 
kinetics. 
 
First Order Release Kinetics 
Wagner assuming that the exposed surface 
area of a tablet decreased exponentially 
with time during dissolution process 
suggested that drug release from most of 
the slow release tablets could be described 
adequately by apparent first-order kinetics. 
The equation that describes first order 
kinetics is  In (1-Q) = - K1t.Where, Q is the 
fraction of drug released at time t and k1 is 
the first order release rate constant.Thus, a 
plot of the logarithm of the fraction of drug 
undissolved against time will be linear if the 
release obeys first order release kinetics. 
 
Higuchi equation 
It defines a linear dependence of the active 
fraction released per unit of surface (Q) on 
the square root of time.  Q=K2t½   .Where, K2 
is the release rate constant.A plot of the 
fraction of drug released against square root 
of time will be linear if the release obeys 
Higuchi equation22. 
 
Power Law 
In order to define a model, which would 
represent a better fit for the formulation, 
dissolution data was further analyzed by 
Peppa’s and Korsemeyer equation (Power 
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Law).Mt/M = K.tn.Where, Mt is the amount 
of drug released at time t and M is the 
amount released at time , thus the Mt/Mis 
the fraction of drug released at time t, k is 
the kinetic constant and n is the diffusion 
exponent. A plot between log of Mt/M 
against log of time will be linear if the 
release obeys Peppa’s and Korsemeyer 
equation and the slope of this plot 
represents “n” value23. 
 
FTIR studies 
The FTIR studies were carried out to 
evaluate the drug-polymer interaction.The 
FTIR spectra of the drug (alone) and the 
drug-polymer (physical mixture) were 
recorded by the potassium bromide pellet 
method (Bruker model FTIR was used). 
 
RESULTS AND DISCUSSION 
Buoyant drug delivery systems have a bulk 
density lower than gastric fluids24 and thus 
remain buoyant in the stomach for a 
prolonged period of time, without affecting 
the gastric emptying rate25. While the 
system is floating on the gastric contents, 
the drug is released slowly at a desired rate 
from the system. After the release of the 
drug, the residual system is emptied from 
the stomach26. This results in an increase in 
the gastric retention time and a better 
control of fluctuations in the plasma drug 
concentrations27. 
Tramadol HCl is a synthetic opioid 
analgesic.The absorption window of 
tramadol is confined to the upper part of the 
GI tract. It has the elimination half-life of 4-6 
hours and its absolute bioavailability is 
reported to be about 75% of the 
administered oral dose.The tablets were 
formulated using various concentrations of 
polymers such as HPMC K4M, HPMC 
K15M, HPMC K100M, Ethyl cellulose, 
Sodium CMC  either alone or in 
combination. The effervescing agent, 
sodium bicarbonate was used.  
 
Evaluation of tablets 
The objective of the present study was to 
prepare floating tablets of tramadol HCl. 
These tablets were developed to prolong 
the gastric residence time and to increase 
the  bioavailability of the drug.Tramadol HCl 
was chosen as the drug because it is better 

absorbed in the stomach than in the lower 
gastro intestinal tract. The tablets were 
prepared by direct compression technique, 
using polymers such as HPMC K 15M, 
HPMC K15M,HPMC K 100M,sodium 
CMC,ethyl cellulose either alone or in 
combination.Tablets were evaluated for 
physical characteristics such as weight 
variation,hardness,friability,drug content, 
floating lag time and total floating time. The 
in vitro release characteristics were 
evaluated for 12hrs. 
All the formulations fulfilled the compendial 
specifications of the various quality control 
parameters (Table 2): weight variation, 
hardness, friability, drug content, floating lag 
time, total floating time and the matrix 
integrity. The values of  hardness of the 
different formulations ranged from 7.5-
8.2kg/cm2.The friability values of the 
different batches ranged from 0.512%-
0.711%.All the tablet formulations  exhibited 
uniformity of drug content(Table 2).The 
values of floating(buoyancy)lag time of all 
the formulations(Table 2)ranged  from 3-10 
minutes.The total  floating time of all the 
formulations ranged from 05-12 hours.All 
the formulations exhibited  good matrix 
integrity up to 12 h,except the 
formulations:F13,F14 which exhibited the 
matrix integrity only up to 5h.The sodium 
bicarbonate was used as a gas generating 
agent in order to float the tablet.The sodium 
bicarbonate induces CO2 generation in the 
presence of dissolution medium (0.1N 
HCl).The gas generated is trapped and 
protected within the gel formed by hydration 
of the polymer,thus decreasing the density 
of the tablet below 1gm/mL,and the tablet 
becomes buoyant. 
 
Dissolution study  
The dissolution studies were carried out in 
0.1N HCl(pH1.2)for 12 hours.The amount of 
drug released from all the formulations 
depends upon the concentration of the 
polymer used. As the concentration of the 
polymer was increased in the different 
formulations,the rate of drug release was 
decreased.The dissolution parameters of 
the formulated floating  tablets are enlisted 
in Table 3.Based on T50%(hr) values,(time 
taken for 50% of drug release),the order of 
drug release from the formulations can be 
indicated, as: 
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F14>F13>F15=F1>F11>F12>F3>F2>F4>F
16>F5>F7>F8=F6=F17>F10>F18>F9>F19
>F20.Similarly,based on T75%(hr)values(time 
taken for 75% of drug release),the order of 
drug release from the different formulations 
can be arranged as: 
F13>F14>F11>F12>F1>F15>F2>F3=F4=F
16>F5>F17>F6=F7>F9>F18>F8>F10>F19
>F20.Based on the T90%(hr)values(time 
taken for 90% of drug release),the order of 
the drug release can be arranged as 
F13>F14>F11>F12>F1>F15>F2>F3>F4>F
5=F16>F17>F6>F7>F10>F8.Thebatches:F
9,F18,F19,F20 did not attain the values of 
T90% after the 12 hr of the dissolution 
study.Among all the batches, the  F8 
(Drug:HPMC K100M, 1:1.5) batch is 
considered to be the optimized formulation 
(T50% = 4.5h,T75% = 9.3h, T90% = 12h). 
Thedissolution profiles of the different 
formulations are depicted in Fig.1-8. 
The hydration rate of HPMC increases with 
an increase in the hydroxypropyl content. 
The solubility of HPMC is pH independent.

 

In the present study, HPMC was used as a 
hydrophilic matrix polymer because it forms 
a strong viscous gel on contact with the 
aqueous media, which may be useful in 
controlled delivery of highly water-soluble 
drugs. In an attempt to prolong the release 
of drug, the concentration of HPMC was 
increased. Faster release of the drug from 
the hydrophilic matrix was probably due to 
faster dissolution of the highly water-soluble 
drug from the core and its diffusion out of 
the matrix forming the pores for the entry of 
solvent molecules. Further, ethyl cellulose 
was incorporated in the hydrophilic 
matrix.Incorporation of ethyl cellulose was 
found to control the drug release to some 
extent, which could be attributed to the 
decreased penetration of the solvent 
molecules in the presence of hydrophobic 
polymer leading to decreased diffusion of 
the drug from the matrix. Ethyl cellulose has 
been used as a release retardant polymer in 
controlled release matrix dosage forms.

 

Presence of hydrophobic polymer(ethyl 
cellulose) along with the HPMC was found 
to reduce the drug release further, possibly 
due to the reduction in the penetration of the 
solvent molecules into the system because 
of the hydrophobic nature of ethyl cellulose 
present in the tablet. 

In vitro drug release studies revealed that 
the release of Tramadol hydrochloride from 
different formulations varies with 
characteristics and composition of matrix 
forming polymers as shown in Fig.1-8.The 
release rate of Tramadol hydrochloride 
decreased with increasing concentration of 
HPMC K4M, HPMC K15 M, HPMC K100M, 
Ethyl cellulose, Sodium CMC and the 
combination of polymers respectively. 
These findings are in compliance with the 
ability of HPMC to form complex matrix 
network which leads to delay in the release 
of the drug from the device. In the present 
investigation, the results indicated that as 
the polymer concentration and the viscosity 
of the polymer was increased, there was a 
reduction in the rate of drug release. 
Formulations containing higher methocel 
viscosity grades. i.e., F7 to F9 showed 
slower drug release rates when compared 
to formulations with lower methocel 
viscosity grades i.e.F1, F3 and combination 
of polymers (HPMC and ethyl cellulose) 
Also,formulations containing higher viscosity 
grades, i.e., F19 and F20 showed slower 
rate of drug release when compared to 
formulations containing lower viscosity 
grades i.e., F15, F16, F17, and F18. 
Also,F13, F14 containing Sodium CMC 
exhibited faster rate of drug release 
compared to other formulations. Because 
the Sodium CMC was more hydrophilic than 
the other polymers, it rapidly absorbs the 
water and increases the swelling leading to 
more drug release from the formulation. The 
matrix integrity of the formulation was less, 
and the total floating time was also 
decreased.The amount of drug released 
from all the formulations depends on the 
concentration of polymer used. Finally, the 
amount of drug released from all the 
formulations was found to be in the order:                                                                                    
Sodium CMC > Ethyl Cellulose > HPMC 
K4M > HPMC K15M > HPMC   K100M. 
Formulation F13, F14 which contains high 
amounts of sodium CMC,gets eroded during 
dissolution study before the stipulated study 
period. Thus, higher concentration of 
Sodium CMC cannot be incorporated into 
such formulations for sustaining the release. 
 
Release kinetics 
The data was fitted to Korsemeyer equation; 
and the value of diffusion exponent ‘n’ 
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(0.483) indicated that the drug release from 
the batch F8(optimized formulation) shows 
non-fickian diffusion(Table 3). The values of  
n(diffusion exponent),K(release rate 
constant)and the dissolution 
parameters:T25(time taken to release 25% 
of the drug),T50(time taken to release 50% 
of the drug) and T75 (time taken to release 
75% of the drug)computed for all the 
controlled release floating tablets are 
represented in Table 3.  Release of 
Tramadol hydrochloride from the prepared 
formulations was found to follow first order 
kinetics (correlation coefficient, r = 0.95 to 
0.97),except the batches:F13,F14 which 
exhibited zero order kinetics(r >0.9) . Also, 
Higuchi plot of the different  formulations 
showed an “r” value of 0.99, suggesting that 
diffusion and erosion is the predominant 
mechanism in controlling the drug release. 
Drug release data was fitted to Korsemeyer-
Peppa’s equation; and the value of 
diffusional exponent ‘n’ (0.48 to 0.61) of the 
different batches indicated that the drug 
release from the different formulations 
followed the non-fickian diffusion 
mechanism. The Table 4 enlists the 
coefficient of correlation (r) values of the 
different formulations.  Release of tramadol 
from the optimized formulation (F8) was 
found to follow first order kinetics 

(correlation coefficient, r value, 
0.957).Higuchi plot showed an r valve of 
0.994 for formulation F8, suggesting that the 
diffusion and erosion  plays an important 
role in the controlled release. 
 
FTIR Studies 
The FTIR studies of the pure 
drug,drug:HPMC K100M(1:1.5) physical 
mixture was carried out to study the 
interaction between the drug and the 
polymer.The FTIR spectrum of the pure 
drug shows the characteristic FTIR peaks at 
3345.87cm-1 (O-H stretching), 3017.49cm-

1(C-H aromatic stretching),1404.72cm-

1(C=C aromatic stretching),1161.78cm-1 (C-
N stretching), 2860.92cm-1 (C-H 
stretching),1437.05cm-1 (CH2 bending).The 
FTIR spectrum of the pure  drug (alone )and 
the drug:HPMC K100M physical mixture are 
depicted in the Fig. 9a and the Fig.9b 
respectively. All the FTIR peaks of the drug 
were observed in the drug: HPMC physical 
mixture. From the infrared spectra it is 
clearly evident that there were no 
interactions of the drug and the polymer. 
This confirms the undisturbed structure of 
the drug in the formulation. The FTIR 
studies demonstrated the absence of drug- 
polymer interaction in the solid state.

  
  

Table 1: Composition of different formulations of floating tablets 

 

Formu 
Lation 
No. 

Tramadol 
HCl 
(mg) 

HPMC  
K4M 
(mg) 

HPMC  
K15M 
(mg) 

HPMC  
K100M 
(mg) 

Ethyl  
Cellulose 
(mg) 

Sodium  
CMC 
(mg) 

NaHCO3  
 
(mg) 

Mag. 
Stearate 
(mg) 

Talc 
(mg) 

F1 100 100 ----- ----- ----- ----- 30 12 08 
F2 100 150 ----- ----- ----- ----- 40 15 10 
F3 100 200 ----- ----- ----- ----- 50 18 12 
F4 100 ----- 100 ----- ----- ----- 30 12 08 
F5 100 ----- 150 ----- ----- ----- 40 15 10 
F6 100 ----- 200 ----- ----- ----- 50 18 12 
F7 100 ----- ----- 100 ----- ----- 30 12 08 
F8 100 ----- ----- 150 ----- ----- 40 15 10 
F9 100 ----- ----- 200 ----- ----- 50 18 12 
F10 100 ----- ----- ----- 100 ----- 30 12 08 
F11 100 ----- ----- ----- 150 ----- 40 15 10 
F12 100 ----- ----- ----- 200 ----- 50 18 12 
F13 100 ----- ----- ----- ----- 100 30 12 08 
F14 100 ----- ----- ----- ----- 150 50 18 12 
F15 100 100 ----- ----- 100 ----- 50 18 12 
F16 100 100 ----- ----- 200 ----- 70 20 12 
F17 100 ----- 100 ----- 100 ----- 50 18 12 
F18 100 ----- 100 ----- 200 ----- 70 20 12 
F19 100 ----- ----- 100 100 ----- 50 18 12 
F20 100 ----- ----- 100 200 ----- 70 20 12 
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Table 2: Quality control parameters of tramadol HCl floating tablets 

Formulation 
     No. 

Avg. Weight,mg 
(Mean±S.D) 

(n=20) 

Hardness 
 (kg/cm2) 

(n=3) 

% 
Friability 

(Mean±S.D) 
   (n=20) 

% Drug 
content 

   (mg) 

Buoyancy  
Lag time 
   (min) 

Total floating  
Time(hrs) 

Matrix  
Integrity 

F1 252±3.1 8.0±1.5 0.612 99±0.7 7.0 12 + 
F2 313±2.8 8.0±2.1 0.612 100±0.5 7.2 12 + 
F3 378±3.5 8.0±1.8 0.644 100±0.6 7.5 12 + 
F4 251±3.1 8.0±1.5 0.611 99±0.6 6.1 12 + 
F5 313±2.8 8.0±2.1 0.625 99±0.6 5.0 12 + 
F6 378±3.5 8.0±2.1 0.655 99±0.5 7.4 12 + 
F7 252±2.1 8.0±1.8 0.711 100±0.3 8.5 12 + 
F8 313±2.8 8.0±3.0 0.702 100±0.4 8.6 12 + 
F9 378±3.5 8.0±2.1 0.699 100±0.3 7.7 12 + 
F10 252±3.1 8.0±3.0 0.622 99±0.6 8.5 12 + 
F11 313±2.8 8.0±2.2 0.589 99±0.8 8.9 12 + 
F12 378±3.5 8.0±1.8 0.640 100±0.4 7.0 12 + 
F13 252±3.0 7.5±2.0 0.532 100±0.5 6.5 05 - 
F14 378±3.5 8.0±2.5 0.512 100±0.6 6.3 05 - 
F15 378±3.5 8.2±1.8 0.611 99±0.4 9.0 12 + 
F16 498±2.1 8.1±2.2 0.511 99±0.5 8.5 12 + 
F17 378±3.5 8.1±1.9 0.533 99±0.6 10.0 12 + 
F18 498±2.1 8.2±2.0 0.589 99±0.5 11.1 12 + 
F19 378±3.5 8.2±1.2 0.599 100±0.3 11.5 12 + 
F20 498±2.1 8.1±2.2 0.600 99±0.7 11.0 12 + 

 

 
Fig. 1: Dissolution profile of TRAMADOL HCl  

floating tablets (F1, F2, F3 formulations) 
 
 
 

 
Fig. 2: Dissolution profile of TRAMADOL HCl  

floating tablets (F4, F5, F6 formulations) 
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Fig. 3: Dissolution profile of TRAMADOL HCl  

floating tablets (F7, F8, F9 formulations) 
 
 

 

 
   Fig. 4: Dissolution profile of TRAMADOL HCl  

floating tablets (F10, F11, F12 formulations) 
 
 
 
 

 
Fig. 5: Dissolution profile of TRAMADOL HCl  

floating tablets (F13, F14 formulations) 
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Fig. 6:  Dissolution profile of TRAMADOL HCl  

floating tablets (F15, F16 formulations) 

 

 
Fig. 7: Dissolution profile of TRAMADOL HCl  

floating tablets (F17, F18 formulations) 
 
 
 
 

 
Fig. 8: Dissolution profile of TRAMADOL HCl  

floating tablets (F19, F20 formulations) 
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Table 3: Dissolution parameters of tramadol HCl tablets 
 

Formulation 
Dissolution Parameters 

n K0(mg/hr) K1(hr
-1

) T50(hr) T75(hr) T90(hr) 
F1 0.507 9.375 0.301 2.5 5.8 8.0 
F2 0.514 7.775 0.248 3.6 6.8 10.0 
F3 0.507 7.604 0.223 3.5 7.5 10.1 
F4 0.505 7.424 0.204 3.8 7.5 10.2 
F5 0.507 7.268 0.186 4.0 8.1 10.5 
F6 0.479 6.593 0.175 4.5 8.5 11.1 
F7 0.479 5.861 0.151 4.0 8.5 11.2 
F8 0.483 6.563 0.175 4.5 9.3 12.0 
F9 0.610 6.762 0.179 5.1 9.1 >12 
F10 0.459 10.6 0.354 5 9.5 11.9 
F11 0.500 10.43 0.299 2.6 4.8 7.2 
F12 0.486 10.32 0.299 2.8 5.5 7.8 
F13 0.530 16.94 0.502 2.1 3.5 4.8 
F14 0.495 18.92 0.453 2.0 3.8 4.9 
F15 0.535 9.431 0.267 2.5 6.0 8.5 
F16 0.503 7.895 0.199 3.8 7.5 10.5 
F17 0.510 6.817 0.181 4.5 8.2 11.0 
F18 0.487 6.421 0.149 5.0 9.1 >12 
F19 0.604 6.188 0.142 6.1 10.2 >12 
F20 0.617 5.867 0.122 6.3 11.2 >12 

                                

 

 

Table 4: Release kinetics: coefficient of correlation (r) values  
of different batches of Tramadol HCl floating tablets 

Formulation Zero order First order Higuchi’s Peppa’s 
F1 0.920 0.946 0.997 0.996 
F2 0.931 0.936 0.997 0.996 
F3 0.948 0.957 0.996 0.994 
F4 0.949 0.958 0.995 0.991 
F5 0.957 0.964 0.996 0.993 
F6 0.950 0.958 0.994 0.990 
F7 0.937 0.968 0.993 0.992 
F8 0.947 0.957 0.994 0.992 
F9 0.963 0.972 0.991 0.992 
F10 0.932 0.941 0.992 0.981 
F11 0.944 0.953 0.990 0.988 
F12 0.942 0.955 0.992 0.984 
F13 0.957 0.913 0.983 0.978 
F14 0.923 0.917 0.981 0.974 
F15 0.940 0.971 0.995 0.990 
F16 0.944 0.976 0.996 0.994 
F17 0.952 0.979 0.990 0.987 
F18 0.950 0.960 0.988 0.983 
F19 0.961 0.974 0.997 0.997 
F20 0.961 0.975 0.983 0.985 
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Fig. 9a: FTIR spectrum of Tramadol HCl 

 
 
 
 
 

 
Fig. 9b: FTIR spectrum of drug-HPMC K100M (1:1.5) physical mixture 
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CONCLUSIONS 
From the foregoing investigation it may be 
concluded that the release rate of the drug 
from the floating tablets can be governed by 
the type of polymer and the concentration of 
the polymer employed in the preparation of 
tablets. The effervescent based floating 
drug delivery is a promising approach to 
achieve in vitro buoyancy by using gel–
forming polymer HPMC K100M and gas 
generating agent sodium bicarbonate. 
Floating matrix tablets containing the 
polymer, HPMC K100M(batch F8) could 
control the Tramadol release effectively for 
12 hours.The tablets exhibited good floating 
time for 12 hours.The FTIR study revealed 
the absence of the drug-polymer  
interaction.The best formulation F8 can 
successfully be employed as a controlled 
release floating drug delivery system. The 
floating tablets can control the fluctuations 
in the plasma drug concentration, increase 
the gastric residence time and eventually 
improve the bioavailability of tramadol. 
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