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ABSTRACT 

Abstract: 

The aim of the present work was to prepare floating tablets of Tramadol HCl (TH) using xanthan 

gum as carrier. TH is a centrally acting oral analgesic that blocks pain through opoid receptor 

binding and inhibition of nor epinephrine & serotonin reuptake. It has elimination half-life of 

about 6 hrs. It has an oral bioavailability of about 70% which is suitable for developing gastro 

retentive floating drug delivery system. The formulations were prepared by varying the 

concentrations of xanthan gum and sodium bicarbonate. The tablets were prepared by direct 

compression technique. Xanthan gum and Hydroxy propyl methyl cellulose (HPMC) were used 

as alone and in combination as matrix forming agent and sodium bicarbonate for development of 

CO2. The prepared floating tablets were evaluated for tablet properties such as hardness, 

thickness, weight variation, floating property. In vitro dissolution was carried out for 8 hrs in 

0.1N HCl at 37±0.5
0
C using USP paddle type dissolution apparatus. It was noted that, all the 

prepared formulations had desired floating lag time and constantly floated on dissolution 

medium by maintaining the matrix integrity. The drug release from prepared tablets was found to 

vary with varying concentration of the polymer, xanthan gum and HPMC K4M. From the study it 

was concluded that floating drug delivery system can be prepared by using xanthan gum as a 

carrier.  

Key words: Floating Tablet, HPMC K4M, in- vitro dissolution, Tramadol HCl, Xanthan gum. 
____________________________________________________________________________________                                                                  

 

 

Introduction: 

 

The real issue in the development of oral 

controlled release dosage forms is not just to 

prolong the delivery of drugs for more than 

12 hours, but to prolong the presence of the 

dosage forms in the stomach or upper 

gastrointestinal (GI) tract until all the drug is 

released for the desire period of time
 [1]

. 

Rapid GI transit could result in incomplete 

drug release from the drug delivery device in 

the absorption zone leading to diminished 

efficacy of the administered dose
 [2]

. Several 

approaches are currently used to retain the 

dosage form in the stomach. These include 
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bio adhesive systems
 [3]

. swelling and 

expanding systems,
[4‐5]

 floating drug delivery 

systems (FDDS),
[6‐7] 

and other delayed 

gastric emptying devices.
[8]

 FDDS, also 

called hydrodynamically balanced system, is 

an effective technology to prolong the gastric 

residence time in order to improve the 

bioavailability of the drug.
[9]

 This technology 

is suitable for drugs with an absorption 

window in the stomach or in the upper part of 

the small intestine,
[10]

 drugs acting locally in 

the stomach,
[11]

 and for drugs that are poorly 

soluble or unstable in the intestinal fluid.
[12]

 

FDDS have a bulk density lower than the 

gastric fluid and thus remain buoyant in the 

stomach, without affecting the gastric 

emptying rate for a prolonged period of time. 

While the system is floating on the gastric 

contents, the drug is released slowly. Based 

on the mechanism of buoyancy, two 

distinctly different technologies, i.e. 

noneffervescent and effervescent systems, 

have been utilized in the development of 

FDDS. The effervescent system utilizes 

matrices prepared with swellable polymers 

and effervescent components, e.g. sodium 

bicarbonate and citric acid or stearic acid. 

The matrices are fabricated such that in the 

stomach carbon dioxide is liberated by the 

acidity of the gastric contents and is 

entrapped in the gellified hydrocolloid. This 

produces an upward motion of the dosage 

form and maintains its buoyancy. In 

noneffervescent FDDS, the drug is mixed 

with a gel‐forming hydrocolloid, which 

swells on contact with the gastric fluid after 

oral administration and maintains relative 

integrity of shape and a bulk density of less 

than unity within an outer gelatinous barrier. 

The air trapped by the swollen polymer 

confers buoyancy to these dosage forms.
 

[13‐14]
 

TH is a centrally acting oral analgesic that 

blocks pain through opoid receptor binding 

and inhibition of nor epinephrine& serotonin 

reuptake. TH is having short plasma half life 

6 hrs which is suitable for developing gastro 

retentive floating drug delivery system. 

 

Materials and Methods: 

 

Materials: 

Tramadol hydrochloride was provided as a 

gift sample from JCPL, Jalgaon and hydroxy 

propyl methyl cellulose K4M and xanthan 

gum obtained as a gift sample from Vapi 

Care Pharma Pvt Ltd. Vapi. Other excipients 

and chemicals were of analytical grade and 

purchased from Pure Chem. Laboratories, 

Pune. 

 

Method: 

Floating tablets containing TH were prepared 

by direct compression technique using 

variable concentrations of Xanthan gum and 

HPMC K4M with sodium bicarbonate. 

Different tablets formulations were prepared 

by direct compression technique. All the 

powders were passed through 60 mesh sieve. 

Required quantity of drug, and low-density 

polymer were mixed thoroughly. Magnesium 

stearate was finally added as lubricant. The 

blend was directly compressed (9mm 

diameter punches) using tablet compression 

machine. Each tablet contained 100mg of TH 

and other pharmaceutical ingredients as listed 

in table-1. 

 

Table 1: Composition of Floating Tablet of 

TH 

 

 Evaluation of powder blend: 

The powder blend used for preparation of 

tablets was evaluated for angle of repose, and 

compressibility index. 

Angle of repose: 

The angle of repose is a relatively simple 

technique for estimation of the flow property 
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of a powder. Powders with low angle of 

repose are free flowing and those with a high 

angle of repose are poorly flowing powders 
[7]

. 10 gm of powder was passed through 

funnel and the pile was formed. The height 

and weight of the pile was measured and the 

angle of repose was calculated by using the 

formula:- 

Angle of repose (θ) = tan-1 (height /radius)  

The angle of repose less than 30
0
 usually 

indicate a free- flowing material and more 

than 40
0
 suggest a poorly flowing material 

[8]
. 

Carr`s compressibility index: 

The Carr‟s compressibility index was 

calculated by calculating the tapped and bulk 

density using the 100 ml measuring cylinder. 

Compressibility is calculated by the formula. 

Carr`s compressibility index = (TBD-LBD)/ 

TBD X100  

Where, TBD is tapped bulk density and LBD 

is loose bulk density. A carr`s index greater 

than 25 is considered to be an indication of 

poor flowability, and below 15, of excellent 

flowability. 
[9] 

 

Table 2: Characterization of precompresion 

parameters of table 

 

Evaluation of Tablets: 
All the formulations were evaluated for 

various parameters such as hardness, 

friability, weight variation, % drug content, 

buoyancy lag time, swelling index, in-vitro 

drug release, release experiments, IR 

spectroscopy and optimized formulation were 

evaluated for in-vivo study. 

Hardness: 

Hardness of tablets was determined using 

monsanto hardness tester.  

Friability: 

For each formulation, the friability of 20 

tablets was determined using the Roche 

friabilator. In this test tablets were subject to 

the combined effect of shock abrasion by 

utilizing a plastic chamber which revolves at 

a speed of 25 rpm, dropping the tablets to a 

distance of 6 inches in each revolution. A 

sample of pre weighted 20 tablets was placed 

in Roche friabilator which was then operated 

for 100 revolutions i.e. 4 mins. The tablets 

were then dusted and reweighed. Percent 

friability (%F) was calculated as follows, 

% F= (loss in weight / initial weight) x 100 

Conventional compressed tablets that lose 

less than 0.5 to 1.0% of their weight are 

generally considered acceptable. 

Thickness: 

Thickness of all tablets was measured using a 

vernier calliper. 

Weight variation: 

The weight of 20 tablets was taken on 

electronic balance and the weight variation 

was calculated. The weight variation 

tolerance allowed for tablet weighing 324 mg 

and more is 5%. 

Drug content: 

To calculate the drug content, the tablets 

were triturated in the mortar. 30mg of the 

tablet powder (10mg Tramadol HCL) was 

added to 10 ml of distilled water and drug 

solution was filtered through Whatman paper 

no.1. The sample was analyzed for drug 

content by UV spectrophotometer (Varian 

Cary 100) at 270 nm after suitable dilutions. 

Drug stability in the 0.1 N HCl and distilled 

water was checked using UV 

spectrophotometer for a period of 10 hours. 

Buoyancy Studies: 

In vitro buoyancy was determined by 

buoyancy lag time. The tablets were placed 

in a 100 ml beaker containing 0.1N HCl. The 

time required for the tablet to rise to the 

surface and float was determined as floating 

lag time. 

Swelling index: 
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The swelling index of the tablets was 

calculated in order to find out the swelling 

ability of the tablets. For calculating the 

swelling index, the previously weighed 

tablets were placed in the 100 mL beaker 

containing 0.1 N HCl. The tablets were 

removed at the time interval of 1 hr for 8 

hours and weighed. The swelling index of the 

tablets can be measured by studying its 

dimensional changes, weight gain or water 

uptake. Hence swelling index was calculated 

by the formula; 

 

Swelling index= (Wt-Wo) X 100/Wo  

Where, Wt= Final weight of tablets at 

time„t‟ 

 Wo= Initial Weight of tablets.  

 

In Vitro Dissolution Studies: 

The release rate of Tramadol HCl from 

floating tablets was determined using United 

States Pharmacopeia (USP) 24 dissolution 

testing apparatus 2 (paddle method). The 

dissolution test was performed using 900 mL 

of 0.1N HCl, at 37 ± 0.5°C and 60 rpm. A 

sample (5 mL) of the solution was withdrawn 

from the dissolution apparatus hourly for 10 

hours, and the samples were replaced with 

fresh dissolution medium. The samples were 

filtered through a 0.45-μ membrane filter and 

diluted to a suitable concentration with 0.1N 

HCl. Absorbance of these solutions was 

measured at 270 nm using double beam UV 

spectroscopy. Cumulative percentage drug 

release was calculated using PCP disso 

software. 

 

 

Results: 

Evaluation of tablets: 

Hardness: 

Hardness of the formulations F1-F13 was 

observed within the range of 7.4-9.3 as 

shown in   table 3.  

Friability: 

Friability of the tablets was observed below 

0.30% for all batches which was in the 

acceptable limit. 

Thickness: 

The thickness of all the tablets was found 

within the range of 3 ± 0.5 mm.  

Weight variation: 
 The weight of all the tablets was found 

within the range of 300 mg ± 5mg. Hence the 

weight of     all formulations was found 

within the limit. 

Drug content: 

The range of % drug content of the 

formulations F1-F13 was found between 

96.01 and 102.87. The tablets showed 

hardness, friability, thickness, weight 

variation and % drug content within the limit. 

The in-vitro buoyancy study shows that all 

the formulations shows good floating 

property. 

In Vitro Buoyancy Studies: 
The in-vitro buoyancy study showed the 

good floating ability of the tablets as shown 

in the table 3. Buoyancy lag time indicates 

the time required for the formulation to float 

in the medium. From table 2, it was observed 

that formulations F10 and F12 shows 

comparatively more floating lag time as 

compared to other formulations. It was 

further observed that formulation F2 shows 

lowest floating lag time among the all 

formulations. 

Swelling index: 

From the swelling index study of all the 

batches, it was observed that the increase in 

the concentration of polymers increases the 

swelling property of the tablets as shown in 

table 3. Further the formulation containing 

optimized swelling index was obtained. From 

the formulation batches, it was observed that 
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the formulations F10 and F13 showed 

maximum swelling index. 

In Vitro Dissolution Studies: 

The drug release patterns from all the 

formulations are shown in table 3. The 

percent drug release after 8 hours is as shown 

in figure 1, 2 and 3. It was observed that the 

drug release was retarded from the 

formulations containing more concentration 

of Xanthan gum and HPMC K4M. The drug 

release profile of formulations F1-F13 

indicates that as the concentration of polymer 

increases, the drug release was retarded. 

From the comparison of release profile of all 

the batches, it was observed that the 

formulations containing combination of 

polymers shows more retardation in drug 

release in less concentration as compared to 

Xanthan gum and HPMC K4M alone. This 

indicates that combination of polymers is 

more efficient in formulating the sustained 

release dosage form.  

 

Table 3:  Evaluation results of formulations 

F1-F13  

Fig.1:  Effect of Various conc. of Xanthan 

gum on drug release  

Fig. 2: Effect of Various conc. of HPMC on 

drug release 

Fig. 3: Effect of Xanthan gum & HPMC in 

Various combinations on drug release 

  

Discussion: 
The flow properties of the powder blends 

were studied and formulation F5 was found 

to have comparatively good compressibility 

index and hausner ratio than other 

formulations. From the results of floating 

properties it was shown that all tablets had 

good floating properties. From the results of 

swelling study it was concluded that swelling 

index increases as time passes because the 

polymer gradually absorbed water due to 

hydrophilic in nature and swell. The swelling 

index increases with time up to 2 hours in 

some batches which might due to low 

viscosity of polymer and after 2 hours, the 

polymer chain relaxation was dominating 

phenomenon as swelling reaches thresholds 

resulting in lowering of swelling index. Thus 

the viscosity of polymer had a major role on 

swelling process, matrix integrity as well as 

floating capability. From the swelling study 

of the formulations, formulation F10 was 

found to have good swelling properties. The 

in vitro dissolution was carried out for all 

batches. From the dissolution studies of the 

formulations, formulation F10 was found to 

have better drug release profile than other 

formulations. Formulation F10 was also 

found to have better swelling capacity and 

floating time than other formulations. The 

drug release was extended for more than 8 

hours from the floating drug delivery 

formulations.  

Conclusion: 

Regulated drug release attained in the current 

study indicates that the matrix tablets of 

Tramadol hydrochloride, prepared using 

various polymers, can successfully be 

employed as a once-a-day oral controlled 

release drug delivery system. High floating 

ability of the formulation is likely to increase 

its GI residence time, and eventually, 

improve the extent of bioavailability. 

However, appropriate balancing between 

various levels of the 2 polymers is imperative 

to acquire proper controlled release and 

flotation of the formulation. Formulation F10 

shows good in vitro gastro retentive floating 

drug delivery of Tramadol HCl. 
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Table Caption: 

1. Table 1: Composition of Floating Tablet of TH 

2. Table 2: Characterization of precompresion parameters of table 

3. Table 3:  Evaluation results of formulations F1-F13  

Figure Caption: 

1. Fig.1:  Effect of Various conc. of Xanthan gum on drug release 

1. Fig. 2: Effect of Various conc. of HPMC on drug release 

2. Fig. 3: Effect of  Xanthan gum & HPMC in Various combinations on drug release 

 

Table 1: Composition of Floating Tablet of TH 

 

 

 *All quantities are in mg 

 

 

 
 

 

 
 

S

r.

n

o. 

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

1 
Tramadol. 

HCL 
100 100 100 100 100 100 100 100 100 100 100 100 100 

2 
Sod. 

Bicarbonate 

60 
(20%) 

60 
(20%) 

60 
(20%) 

60 
(20%) 

60 
(20%) 

60 
(20%) 

60 
(20%) 

60 
(20%) 

60 
(20%) 

60 
(20%) 

60 
(20%) 

60 
(20%) 

60 
(20%) 

3 Citric acid 
30 

(10%) 
30 

(10%) 
30 

(10%) 
30 

(10%) 
30 

(10%) 
30 

(10%) 
30 

(10%) 
30 

(10%) 
30 

(10%) 
30 

(10%) 
30 

(10%) 
30 

(10%) 
30 

(10%) 

4 
Xanthan 

gum 
75 90 - - 45 105 - 70 35 120 - 40 60 

5 
HPMC    K4 

M 
- - 75 90 45 - 105 35 70 - 120 60 40 

6 Mg. Stearate 5 5 5 5 5 5 5 5 5 5 5 5 5 

7 Mannitol 30 15 30 15 15 - - - - - - 5 5 

Total Weight 300 300 300 300 300 300 300 300 300 315 315 300 300 
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Table 2: Characterization of precompresion parameters of tablet: 

 
Batch Bulk density(g/cm

3
) Tapped density(g/cm

3
) Compressibility index Hausner ratio 

F1 0.361 0.537 14.08 1.48 

F2 0.300 0.348 20.37 1.26 

F3 0.300 0.480 39.63 1.59 

F4 0.333 0.526 36.67 1.58 

F5 0.482 0.561 14.08 1.06 

F6 0.436 0.558 21.86 1.27 

F7 0.303 0.397 31.02 1.31 

F8 0.462 0.549 15.84 1.18 

F9 0.300 0.432 30.55 1.44 

F10 0.335 0.546 38.64 1.45 

F11 0.394 0.463 14.90 1.17 

F12 0.416 0.563 26.11 1.35 

F13 0.428 0.519 17.53 1.21 

 

Table 3:  Evaluation results of formulations F1-F13 
Formulation 

No. 

% drug release 

within 8 Hrs. 

%Drug 

Content 

Swelling 

Index 

Buoyancy Lag 

Time (Sec.) 

Hardness 

(Kg/cm2) 

Thickness 

(mm) 

F1 99.71 99.04 183.39 41 8.6 2.54±0.07 

F2 90.56 97.56 210.85 25 7.4 2.64±0.04 

F3 93.21 96.01 182.53 39 8.3 2.58±0.03 

F4 85.69 101.90 204.02 38 7.9 2.50±0.05 

F5 73.69 97.98 203.46 44 8.8 2.43±0.08 

F6 84.04 101.44 210.89 31 7.6 2.36±0.02 

F7 81.48 98.70 213.52 40 8.5 2.68±0.10 

F8 79.56 102.87 190.93 31 7.4 2.59±0.04 

F9 84.91 101.67 161.38 46 8.3 2.52±0.02 

F10 87.75 98.46 237.97 48 9.1 2.58±0.04 

F11 93.04 99.02 210.04 45 8.7 2.50±0.03 

F12 82.37 97.35 218.51 54 9.3 2.43±0.07 

F13 78.39 100.30 219.36 35 7.8 2.36±0.03 
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Fig.1:  Effect of Various conc. of Xanthan gum on drug release 

 

 

Fig. 2: Effect of Various conc. of HPMC on drug release 

 
 

Fig. 3: Effect of Xanthan gum & HPMC in Various combinations on drug release 

                 


