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Introduction 

Atenolol is a beta1-selective (cardioselective), beta-

adrenergic receptor blocking agent without 

membrane- stabilizing or intrinsic sympathomimetic 
(partial agonist) activities.

1
 Although the absorption 

of atenolol is variable and incomplete (40 to 60%), 

the virtual lack of hepatic metabolism results in 

relative consistent systemic bioavailability 
compared to other β-blockers. Pharmacokinetics 

and clinical effects of this drug have been 

extensively studied.
2-5

 The very poor aqueous 
solubility and wettability of Atenolol gives rise to 

difficulties in the pharmaceutical formulation of oral 

or injectable solutions and leads to a variable 

bioavailability. So in other terms, its poor aqueous 
solubility makes absorption and dissolution rate-

limited, thus delaying onset of action.
6,7

 

Consequently, an orodispersible formulation of 
Atenolol was developed that would enhance the 

bioavailability and extent of absorption of the drug. 

The main criteria for fast disintegrating tablet are 
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the capacity to disintegrate or dissolve rapidly in 

oral cavity with assessment of saliva within a 

minute without need of water. It shall avoid missing 

out of dose even during traveling or other situations 
where there is no access to water. Thereafter this 

could enhance the bioavailability of drug through 

pregastric absorption from the mouth, pharynx and 
esophagus.

8
 Disintegrants can help to facilitate drug 

dissolution and subsequently improve 

bioavailability.  
 

A number of disintegrants, known as 

superdisintegrants, such as cross linked carboxy 

methyl cellulose (Ac-Di-Sol), sodium starch 
glycolate (Explotab), crosspovidone (Polyplasdone 

XL), have been reported to markedly improve tablet 

disintegrantion by swelling and or capillary action, 
cause tablet to break into fragments. The efficacy of 

these superdisintegrants in any fast dissolving 

dosage forms depends on its selection, 
concentration, method of incorporation and finally 

steps used for preparation.
9,10

 The various 

technologies used to prepare ODTs includes freeze 

drying, tablet moulding, direct compression, spray 
drying, and sublimation. Direct compression 

represents a simple and cost effective tablet 

manufacturing technique. Use of conventional 
equipment, commonly available excipients and 

limited number of processing steps are the 

advantages of this technique. Mannitol was selected 

as filler due to its pleasant mouth feel property, 
good water dispersibility and binding property. It is 

also an effective tablet disintegrant and provides 

good hardness on compaction.
10-12

 A common 
problem in pharmaceutics occurs when the 

components of formulations are varied in an attempt 

to optimize its performance with respect to 
variables. So to optimize the formulations, nine 

batches were prepared in a specified manner. 

 

Materials and methods 

Materials 

Diclofenac sodium was obtained as gift sample 

from Alchem Laboratories, Baddi India. 
Polyvinylpyrollidone, talc and mannitol were 

procured from RANKEM Limited, New Delhi, 

India. 

 

Compatibility study  

All the ingredients were studied for compatibility 
between them. For that purpose infrared spectra of 

individual ingredients were compared with infrared 

spectra of blended powder. 

Preparation of powder blend and pre-compression 

evaluation 

The powder blend was prepared according to the 

composition given in Table 1. Fast disintegrating 
tablets of atenolol were prepared by using different 

superdisintegrant: filler ratios, namely, 1:1, 1:2, 1:3, 

1:4, 1:5, 5:1, 4:1, 3:1 and 2:1 for various batches F1, 
F2, F3, F4, F5 F6, F7, F8 and F9, respectively. 

Mannitol was used to maintain the tablet weight.  

All ingredients were weighed accurately and 
blended.  The powder blends were studied for 

precompression parameters such as bulk density, 

tapped density, bulkiness, Carr’s index, 

dispersibility and angle of repose, according to 
standard procedures.

13
 

 

For the determination of percent dispersibility, fixed 
weight of the powder was allowed to fall to form a 

heap randomly on a previously weighed watch glass. 

Amount of powder collected on the watch glass is 
weighed. Dispersibility of the powder is calculated 

using the formula: 

 

Dispersibility (%) = (wt. of watch glass with 
powder-wt. of watch glass) * 100 / wt. of watch 

glass with powder 

 

Preparation of matrix tablets 

After precompression study, blend was compressed 

by a direct compression technique, using hydraulic 

press at 0.5 ton pressure, with the help of 8 mm flat 
faced punches. 

 

Evaluation of matrix tablets 
The average weight and weight variation of twenty 

tablets of each batch were determined and standard 

deviation was calculated.
14,15

 Friability of tablets 
from all the batches was determined using Roche 

friabilator and the readings were recorded in 

triplicate.
14,15

 Hardness of all batches was 

determined using Digital Force Gauge (Model: 
EL=500N, Electrolab).

14,15
 The thickness of tablets 

was measured using vernier calipers in triplicate and 

average value was noted.
14,15

 The in vitro 
disintegration time was measured using a paddle 

method originally proposed by Sunada et al. The 

assembly utilizes USP XXIII dissolution apparatus 
with paddle (Electrolab, TDT-06T, Mumbai, India). 

The vessel was filled with 500 ml of water 

maintained at 37.5 ± 0.5 °C. The paddle was rotated 

at 100 rpm. The disintegration time was defined as 
the time necessary for the orally dispersible tablet to 

completely disintegrate until no solid residue 

remains or only a trace amount of soft residue 
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remains on the screen. A digital stopwatch was used 

to measure the disintegration time to the nearest 

second. Only one tablet was analyzed at a time in 

order to ensure maximum accuracy. All results are 
presented as mean value of triplicate readings

14,15
 

 

The wetting time of the tablets was measured using 
a simple procedure. Five circular tissue papers of 10 

cm diameter were placed in a petridish of a 10 cm 

diameter. A tablet was carefully placed on the 
surface of tissue paper. The time required for water 

to reach the upper surface of the tablets was noted 

as the wetting time. Wetting time was calculated in 

triplicate and mean was noted for consideration with 
standard deviation.

16,17
 

 

For the determination of wetting volume, one tablet 
was placed in the center of the petridish and with 

the help of 5 ml pipette, distilled water was added 

drop wise on the tablet. The volume required to 

completely disintegrate the tablet was noted as the 

wetting volume.
16,17

 

 
Drug content  

The tablets were powdered, and powder equivalent 

to 50 mg of diclofenac sodium in tablet powder was 
accurately weighted and transferred into a 100 ml 

volumetric flask. Initially, 10 ml of phosphate buffer 

(pH6.6) was added and shaken for 10 min. then, the 
volume was made up to 100 ml with buffer. 

Subsequently, the solution in volumetric flask was 

filtered, and 1 ml of the filtrate was diluted and 

analyzed at 224 nm using UV-visible 
spectrophotometer (Shimadzu UV-2450, Japan). 

The drug content of the each sample was estimated 

from the standard curve.
18,19

 
 

 

 
Table 1. Composition of different batches of powder blends 

 

Ingredients 

Batch Codes
a
 

FI 

(1:1) 

F2 

(1:2) 

F3 

(1:3) 

F4 

(1:4) 

F5 

(1:5) 

F6 

(5:1) 

F7 

(4:1) 

F8 

(3:1) 

F9 

(2:1) 

Drug (mg) 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

PVP (mg) 44.8 29.87 22.4 17.92 14.92 74.67 71.78 67.20 59.54 

Amaranth (%) 1 1 1 1 1 1 1 1 1 
Menthol (%) 1 1 1 1 1 1 1 1 1 

Cross carmellose 

(mg) 
44.8 59.54 67.20 71.78 74.67 14.92 17.92 22.40 29.87 

Talc (%) 1 1 1 1 1 1 1 1 1 

Mannitol (mg) qs 200 200 200 200 200 200 200 200 200 
a
 Batches show ratio of superdisintegrant and filler 

 
Table 2. Study of precompression parameters of blended powder 

 

Parameters F1 F2 F3 F4 F5 F6 F7 F8 F9 

Bulk density (mg/ml) 0.55 

(0.01) 

0.67 

(0.03) 

0.56 

(0.02) 

0.53 

(0.01) 

0.58 

(0.02) 

0.55 

(0.01) 

0.53 

(0.02) 

0.59 

(0.02) 

0.57 

(0.02) 

Tapped density 
(mg/ml) 

0.67 
(0.01) 

0.94 
(0.01) 

0.73 
(0.01) 

0.68 
(0.02) 

0.70 
(0.01) 

0.61 
(0.02) 

0.73 
(0.01) 

0.67 
(0.01) 

0.70 
(0.02) 

Carr’s index (%) 17.91 

(0.02) 

28.72 

(0.01) 

23.29 

(0.02) 

22.06 

(0.01) 

17.14 

(0.01) 

9.84 

(0.01) 

27.40 

(0.01) 

11.94 

(0.02) 

18.57 

(0.02) 
Bulkiness 

(ml/mg) 
1.82 

(0.01) 

1.49 

(0.03) 

1.79 

(0.02) 

1.89 

(0.01) 

1.72 

(0.02) 

1.82 

(0.01) 

1.89 

(0.02) 

1.69 

(0.02) 

1.75 

(0.02) 

Dispersibility (%) 32.35 

(0.08) 

40.34 

(0.07) 

58.00 

(0.08) 

50.67 

(0.09) 

22.67 

(0.06) 

68.67 

(0.04) 

49.00 

(0.08) 

11.34 

(0.06) 

3.34 

(0.09) 

Angle of repose (º) 27.31 
(0.06) 

23.15 
(0.07) 

29.32 
(0.08) 

28.64 
(0.08) 

23.77 
(0.06) 

24.16 
(0.05) 

20.33 
(0.07) 

28.12 
(0.06) 

25.76 
(0.05) 

Values in parentheses show standard deviation of triplicate readings 
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Table 3. Tablet evaluation parameters 

 

Parameters F1 F2 F3 F4 F5 F6 F7 F8 F9 

Average weight 
(mg) 

301.05 

(0.13) 

299.65 

(0.36) 

298.90 

(0.52) 

297.90 

(0.88) 

299.20 

(0.33) 

300.50 

(0.67) 

298.80 

(0.98) 

300.80 

(0.26) 

299.33 

(0.73) 

Friability (%) 

 

3.57 

(0.03) 

6.45 

(0.68) 

6.45 

(0.51) 

6.67 

(0.14) 

7.41 

(0.60) 

3.57 

(0.09) 

3.39 

(0.38) 

3.43 

(0.80) 

6.45 

(0.10) 

Thickness (mm) 
 

4.26 
(0.03) 

4.23 
(0.06) 

3.99 
(0.02) 

4.23 
(0.03) 

4.22 
(0.04) 

4.06 
(0.08) 

4.03 
(0.02) 

4.12 
(0.04) 

3.84 
(0.02) 

Hardness (N) 

 

11.2 

(0.30) 

20.0 

(0.80) 

20.0 

(0.19) 

20.4 

(0.43) 

19.6 

(0.52) 

20.6 

(0.09) 

20.3 

(0.25) 

20.2 

(0.62) 

21.1 

(0.41) 

Disintegration time 
(min) 

1.26  
(0.27) 

1.32 
(0.22) 

2.05 
(0.31) 

2.12 
(0.19) 

2.16 
(0.36) 

5.18 
(0.19) 

4.09 
(0.09) 

3.52 
(0.14) 

3.29 
(0.16) 

Drug content (mg) 9.43 9.22 9.63 8.68 8.99 9.31 8.10 9.42 9.55 

Wetting time (sec) 
 

30 
(0.02) 

30 
(0.04) 

39 
(0.06) 

50 
(0.04) 

53 
(0.09) 

69 
(0.05) 

38 
(0.04) 

52 
(0.03) 

49 
(0.05) 

Wetting volume 

(ml) 
17.4 17.4 22.62 29 30.74 40.02 23.64 30.16 28.42 

Drug release (%) 72.718 75.968 74.205 96.776 92.894 89.964 94.193 87.613 85.615 

Values in parentheses show standard deviation of triplicate readings 

In vitro release study  
In vitro drug release was studied using LabIndia 

Dissolution Apparatus, with 900 ml of dissolution 

medium (phosphate buffer pH 6.6) maintained at 

37 ± 1°C for 90 min, at 100 rpm. 5 ml of sample 
was withdrawn at particular time intervals, and 

was replaced by an equal volume of fresh 

dissolution medium of same pH (phosphate buffer 
pH 6.6). Collected samples were analyzed 

spectrophotometrically at measured wavelength of 

224 nm, and cumulative percent drug release was 
calculated. 

 

The data obtained in the in vitro dissolution study 

was analyzed in terms of percentage drug release 
with respect to time (min). 

Results and discussion 

Infrared spectra of drug and other excipients were 
used to study the compatibility between them. No 

change in peak shows that there was no 

interaction between drug and excipients. 

 

The two most important attributes for the direct 

compression formula are good flow and good 
compressibility. The values obtained for bulk 

density and tapped density do not affect the 

compression of tablets.  

 
The angle of repose gives important information 

about the flow characteristics of the powder 

mixture. Values for angle of repose were found in 

the range of 20.33° to 29.32° showing that the 
different blends of powder were free flowing and 

so can be directly compresed. Carr’s index was 

studied with the aim to evaluate compressibility 

characteristics of the blend. The value for Carr’s 
index was found in between 9.84 to 28.72%, 

indicating that all the batches of powder blends 

were having good compressibility. According to 
Table 2, precompression study showed that the 

blended powder of all batches have good flow 

property and compressibility and thus can be used 
for large scale industrial production in terms of 

flow behavior  and compressibility of blended 

powder. 

 
As per the Table 3, the formulated matrix tablets 

met the Pharmacopoeial requirement of 

uniformity of weight. They confirmed, to the 
requirement of assay, as per USP. Hardness, 

percentage friability and thickness were all within 

acceptable limits.
14,15

 
 

The present study showed that percent weight 

variation was found within the acceptable limit for 

uncoated tablets as per United States 
Pharmacopoeia. One of the important primary 

requirements of immediate release preparation is 

quicker disintegration. It is also well known that 
the tablets having higher crushing strength show 

longer disintegration time. Since mechanical 

strength is of paramount importance in successful 

formulation of immediate formulations, hence the 
hardness of tablets was determined and was found 
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to be in the range of 11.2 to 21.1N. The valve of 

hardness for all batches showed that tablets have 

sufficient hardness and further friability was 

studied for all batches. Friability was obtained 
between 0.339 to 0.741 %, which was below 1% 

indicating sufficient mechanical integrity and 

strength of the prepared tablets. The two studies 
viz. hardness and friability indicates good 

mechanical strength of tablets.  These are the 

important physical properties which demonstrate 
that the tablet formulated can be handled easily 

without any physical damage. These two data 

show the importance of formulation over 

commercial fast disintegrating tablets which have 
problem during handling in terms of 

transportation and storage. Thickness of tablets 

was also measured to evaluate efficacy of process 
of formulation development. Thickness of tablet 

was found in between 3.94 to 4.24 mm. Almost 

uniform thickness of tablets showed that this 
process is efficient to produce tablet of such types. 

In vitro disintegration time for different batches of 

tablets ranged betwen 1.20 to 5.12 seconds. Since 

mannitol has good aqueous solubility, negative 
heat of solution and good wetting properties, these 

attributes improve the binding of the tablets and 

water uptake, thereby decreasing disintegration 
time. Study showed that as the concentration of 

superdisintegrants increases, in vitro 

disintegration time also increases and also 

decreases with increase in concentration of 
superdisintegrants, which effects in vitro 

disintegration time. Data for in vitro disintegration 

time showed that when crosscarmilose and 
mannitol ratio was 4:1 (Batch F7), relatively less 

time was required for the disintegration of tablet. 

This is indicative property that crosscarmilose and 
mannitol can be used in this proportion to obtain 

minimum in vitro disintegration time (may be 

within particular concentration range). Drug 

content was also measured to evaluate the efficacy 
of process of formulation. Uniform drug content 

values for all batches are able to show that this 

particular process was highly efficient and can be 
used at industrial level to formulate fast 

disintegrating tablet for a particular disease 

condition. 
 

Wetting time is an important parameter for fast 

disintegrating tablet formulation and it was 

determined to get idea of wetting lag time before 
disintegration. The wetting time for batches 

ranged from 30 to 69 seconds (Fig. 1 and 2). The 

wetting volume is another parameter to check 
minimum volume of water required for wetting of 

tablet. Wetting volume should be less for an 

efficient formulation. The wetting volume for 

different batches was found maximum upto 34.22 

ml, which shows that very small amount of water, 
is required for wetting of tablet. Thus these results 

indicate that these tablets would disintegrate 

almost instantaneously when they will come in 
contact with even slight quantity of saliva in the 

mouth. 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

Fig. 1. Different stages of wetting time study (F7) 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

Fig. 2. Different stages of wetting volume study 

(F7) 
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The drug release was plotted as % drug release vs 

time (min). All batches released drug within a 

small duration of time. As shown in Fig. 3, all 

batches release about 80% drug within 15 min. 
The release decreases after some time (about 20 

min). Batch F7 showed best release characteristics 

as it released 88% drug within 5 min and 99% 
drug within 15 min. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. In vitro drug release from different batches 

of fast disintegrating tablets  

Conclusion 

The present work has led to a major conclusion 

that to increase the solubility of poorly soluble 

drugs, formulation of fast disintegrating dosage 
forms are efficient means of drug delivery. 

Moreover, when we deal with drugs like Atenolol, 

which need sudden onset of action at times of 
arrhythmic attack, such type of dosage forms 

prove to be effiecient means of drug 

administration. The pre-compression studies 
indicate that powder flow characteristics 

considerably affect the final characteristics of 

dosage form design and development. Good flow 

characteristics of powder mixture allow easy 
compression and release of drug when the dosage 

form comes in contact with saliva. The post 

compression studies show a good release profile, 
which might indicate improved bioavailability of 

the drug, if studied in vivo.  
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