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ÖZ

Amaç: Farklı üç süper dağıtıcının, ki bunlar; kroskarmeloz sodyum, sodyum nişasta glikolat ve Indion 414, doğrudan basım ile hazırlanan salbutamol 
sülfat oral dağılan tabletlerinde (ODT) hızlı dağıtma etkisi için ayrı ayrı veya ikili kombinasyonlarında çalışıldı. 
Gereç ve Yöntemler: ODT’ler farklı üç süper dağıtıcı kombinasyonunda; A, B ve C, hazırlandı. Herbir kombinasyonda süperdağıtıcıların 10:90, 
25:75, 50:50, 75:25 ve 90:10 oranlarında beş formülasyon hazırlandı. Üç ODT formülasyonu tek süper dağıtıcı ile ve iki ODT serisi piyasadaki ODT 
eksipiyanları ile ki bunlar, Prosolv-ODT ve F-Melt, hazırlandı. Hazırlanan ODT formülasyonları ağırlık sapması, sertlik, friabilite, ıslanma zamanı, 
dağılma ve etken madde salımı için değerlendirildi ve karşılaştırıldı. 
Bulgular: Tüm ODT’ler 32s veya daha kısa sürede dağıldı. Croscarmellose sodyum, sodyum nişasta glikolat içeren F3 ODT formülasyonu 19.28±3.11 
s de çok hızlı dağıldı. F3’ün sonuçları piyasadaki koproses eksipiyanları içeren serilerle (F19 ve F20) karşılaştırıldı ve çeşitli değerlendirme 
parametreleri için iyi bir uyum olduğu bulundu. F20 formülasyonu higroskopik iken F3 formülasyonunda bu dezavantaj yoktu.
Sonuç: Böylece, kombinasyondaki süper dağıtıcıların farklı mekanizmalarına bağlı olarak olası ilave ve/veya sinerjik dağılmayı sağlayabileceği 
sonucuna varabiliriz. 
Anahtar kelimeler: Islanma, dağılma, çözünme, kroskarmeloz sodyum, sodyum nişasta glikolat, Indion 414

Objectives: Superdisintegrants play important role in disintegration of orally disintegrating tablets (ODTs). Action of three different superdisintegrants, 
viz. croscarmellose sodium, sodium starch glycolate and Indion 414, were studied individually or in their binary combinations for their fast 
disintegrant action in ODTs of salbutamol sulphate prepared by direct compression.
Materials and Methods: ODTs were prepared in three different superdisintegrant combinations A, B and C. In each combination, five formulations were 
prepared with superdisintegrants in ratios 10:90, 25:75, 50:50, 75:25, and 90:10. Three ODT formulations were prepared with single superdisintegrant 
and two ODT batches were prepared from marketed ODT excipient blends, viz. Prosolv-ODT and F-Melt. Prepared ODT formulations were evaluated 
and compared for weight variation, hardness, friability, wetting time, disintegration and drug release. 
Results: All ODTs disintegrated quickly in 32 s or less. ODT formulation F3, containing croscarmellose sodium and sodium starch glycolate,  
disintegrated very quickly in 19.28±3.11 s. Results of F3 were compared with the batches (F19 and F20) containing marketed coprocessed excipients 
and found in good agreement for various evaluation parameters. Formulation F20 was hygroscopic, while F3 did not suffer this disadvantage. 
Conclusion: Thus, we may conclude that superdisintegrants in combinations may offer additive and/or synergistic disintegration possible due to 
their different mechanism.
Key words: Wetting, disintegration, dissolution, croscarmellose sodium, sodium starch glycolate, Indion 414
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INTRODUCTION
Novel drug delivery system aims to enhance safety and efficacy 
of drug molecule by formulating a convenient dosage form for 
administration and to achieve better patient compliance. One 
such approach is oral disintegrating tablets (ODT) which are 
those solid dosage forms when put on tongue, disintegrate 
or dissolve instantaneously, releasing the drug, within a few 
seconds without the need of water. ODT is also known as 
fast melting, fast dispersing, rapid dissolve, rapid melt and/
or quick disintegrating tablet. ODT can be administered 
easily to dysphagic adults, pediatrics, geriatrics, mentally ill, 
uncooperative and nauseated patients.1 Disorder of dysphagia 
is associated with many medical conditions including stroke, 
Parkinson’s disease, AIDS, thyroidectomy, head and neck 
radiation therapy and other neurological disorders including 
cerebral palsy. One study showed that 26% out of 1576 patients 
experienced difficulty in swallowing tablets due to their large 
size, followed by their surface, shape and taste.2,3 The centre for 
drug evaluation and research, US Food and Drug Administration 
defined ODT as “A solid dosage form containing medicinal 
substances, which disintegrates rapidly, usually within a matter 
of seconds, when placed upon the tongue”.4 The disintegration 
time for ODTs varies from a few second to more than a min 
depending upon the formulation and size of the tablet. ODT 
also offer rapid disintegration followed by fast dissolution and 
absorption, which may produce rapid onset of action. Increase 
in bioavailability is expected for drugs which are absorbed from 
the mouth pharynx and oesophagus as the saliva passes down 
into the stomach. Convenience of administration, accurate 
dosing when compared to liquids, liquid medication in the form 
of solid form, no need of water to swallow and good mouthfeel 
are some other salient features of ODTs.5

Salbutamol (albuterol) is a β2 adrenergic agonist, it cause 
bronchodilation through β2 receptor stimulation via increased 
cyclic adenosine monophosphatedan formation in bronchial 
muscle cell which cause relaxation. Its action start within 15-
20 min and lasts for 3-4 hour.6 It is therefore used to abort and 
terminate attacks of asthma. Muscle tremors is the dose related 
side effect of this drug. Asthma is common problem to large 
number of people and asthmatic attack to a patient needs a quick 
onset of action for instant relief, ODT of salbutamol sulphate 
will help to achieve a quick action by faster disintegration and/
or dissolution than conventional tablet. ODTs of salubutamol 
sulphate have been reported in several research reports.7-12 
In one study Plantago ovata husk and powder was used as 
disintegrant in preparing Salbutamol sulphate ODTs.7 Plantago 
ovata husk and powder was superior to croscarmellose sodium 
(CCS) and sodium starch glycoate in disintegration action. CCS, 
alginic acid, sodium starch glycolate (SSG), modified guar gum 
and modified agar were used as disintegrants in preparing ODTs 
of Salbutamol sulphate.8 Quantities of PVP K30, sodium starch 
glycoate and microcrystalline cellulose (MCC) were optimized 
to achieve faster disintegration and adequate mechanical 
strengths.9 Both, intragranular and extragranular incoroporation 
of crocarmellose XL-10 in formulations were found effective and 
superior disintegrant action when compared with CCS, starch 

glycolate and low substituted hydroxyl propyl cellulose (L-HPC) 
in preparing salbutamol sulphate ODTs by direct compression 
and wet granulation.11 In another attempt salbutamol sulphate 
ODTs were prepared with combination of superdisintegrant 
(crospovidone) and subliming agents (camphor, menthol, thymol 
and ammonium bicarbonate) to achieve quick disintegration 
with optimum mechanical strength.12 Primojel, L-HPC, Kollidon 
CL and Primojel were used individually in achieving fast 
disintegration of ODTs of salbutamol sulphate.10

The use of superdisintegrants in ODTs has become popular for 
various reasons. For tablet containing sparingly water soluble 
drugs, the start of dissolution is often delayed by poor wettability 
of tablet or slow liquid penetration into tablet matrix this causes 
increase in disintegration time and retards the drug release. 
This can be overcome by addition of superdisintegrants.13 
The mechanism of action of superdisintegrants may be by 
wicking, swelling, which is found to effect primarily for tablet 
disintegrants, while other mechanisms, such as deformation 
recovery, particles repulsion theory, heat of wetting and 
evolution of a gas etc., may play a role in particulate cases of 
tablet disintegration.

SSG is the sodium salt of a carboxymethyl ether of starch or 
of a cross linked carboxymethyl ether of starch. It is effective 
at a concentration of 2-8%. SSG swells 7-12 folds in less than 
30 seconds and it swells in three dimensions and high level 
serve as sustain release matrix. It can take up more than 
20 times its weight in water and the resulting high swelling 
capacity combined with rapid uptake of water accounts for its 
high disintegration rate and efficiency. 

CCS is the sodium salt of a cross linked, 
partly O (carboxymethylated) cellulose. CCS swells 4-8 folds in 
less than 10 seconds and the mechanism of disintegrant action is 
swelling and wicking both. Its swelling is in two dimensions and 
it is used as a starch free disintegrant for direct compression 
and granulation. CCS and SSG, both are sodium salts, anionic 
and their polymer backbones are composed mostly of glucose 
units. ODT tablets containing CCS and SSG disintegrate almost 
instantaneously when they will come in contact with even slight 
amount of saliva or water.14

Indion 414 is a weak acid cation exchange resin based on 
crosslinked polyacrylic acid (Indion 414 brochure).15 It is supplied 
as potassium salt for use in pharmaceutical formulations as 
disintegrant and taste masking agent. A concentration of 0.5-2% 
is sufficient as disintegrant in conventional tablets. However, in 
ODTs, amounts higher than this may be added to achieve faster 
disintegration. Additionally it does not have an adhesive tendency 
and is insoluble in water and common solvents. Indion 414 
provides good mechanical strength to the tablet which facilitate 
easy transportation, and packing. It swells to about 700% when 
it comes in contact with water or gastrointestinal fluid causing 
rapid disintegration without formation of lumps. In one research 
report, swelling index of 800 was estimated for Indion 414 and 
750 for SSG and 700 for CCS in simulated saliva.15 

The aim of present study is to formulate salbutamol sulphate 
ODTs using three different superdisintegrants, viz. SSG, CCS and 
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Indion 414, and their binary combinations to find out the effect 
on various evaluation parameters of prepared ODTs. Marketed 
ODT blends Prosolv-ODT and F-melt were also used to prepare 
salbutamol sulphate ODTs and results were compared to ODTs 
containing various combinations of superdisintegatnts.

MATERIALS AND METHODS

Materials
Salbutamol sulphate was purchased from Yarrow Chem. 
Products, Mumbai. CCS was received as gift from JRS Pharma, 
Germany. SSG and MCC were purchased from Signet Chem. 
Corporation, Mumbai. Indion 414 was received as a gift from 
Ion Exchange (India) Ltd, Gujarat. Mannitol was ex gratis sample 
from Service Techniques Et Laboratories, Lestrem, France. 
Magnesium sterate, talc, saccharin sodium was purchased 
from Loba Chemie Pvt Ltd. Mumbai. F-melt type C and Prosolv 
ODT were received as ex gratis samples from Fuji Chemical 
Industry Co. Ltd., Tokyo and JRS Pharma, Germany. All other 
chemicals and reagents used were of analytical grade.

Methods

ODT formulations
ODTs of salbutamol sulphate were prepared by direct 
compression. CCS, SSG and Indion 414 were used as 
superdisintegrants. Formulations were prepared in three 
different combinations A, B and C. In each combination, two 
superdisintegrants were used and five different formulations 
were prepared. Total amount of superdisintegrants in the 
formulation was fixed as 25 mg in the tablet of total weighing 
200 mg (12.5% w/w superdisintegrant of total weight of 
tablet). Proportion of both superdisintegrants were varied 
in a sequential pattern, 10:90, 25:75, 50:50, 75:25 and 90:10, 
to achieve five different formulations of one combination. 
Compositions of various tablet formulations are provided in the 
Table 1. Batches F16, F17, F18 were prepared with individual 
superdisintegrant SSG/CCS/Indion 414 respectively at 12.5% 
w/w. Batch F19 and F20 were prepared with marketed ODT 
blends, Prosolv-ODT and F-Melt, respectively.

MCC was used as a filler in same amount i.e. 50 mg (25% w/w 
of total tablet weight) in all the tablets. Mannitol was used as 
filler and diluent of the tablet in same amount i.e. 105 mg (52.5% 
of total tablet weight-200 mg) in all tablet formulations. Talc, 4 
mg, was used as glidant and magnesium stearate, 4 mg, was 
used as lubricant. Saccharin sodium, 8 mg, was used as a 
sweetening agent. Drug and excipient except talc were mixed 
geometrically in a mortar pestle and with the help of pestle and 
spatula for around half an hour then finally talc was added to the 
powder blend and mixed in a polybag. 

Evaluation of powder blends
Powder blends have been evaluated for bulk density, tapped 
density and angle of respose Compressibility Index and 
Hauser’s ratio were calculated from bulk and tapped density of 
the powder blends. 

Bulk density
Apparent bulk density (g/mL) was determined by pouring bulk 
powder into a graduated cylinder and measuring the volume 
and weight. Bulk density (ρb) was calculated by the following 
formula. 

ρb=M/Vb, where, M=mass of the powder and Vb=bulk volume of 
the powder

Tapped density
Apparent bulk density (g/mL) was determined by pouring bulk 
powder into a graduated cylinder and measuring the initial 
volume and weight. Then the cylinder was allowed to fall under 
its own weight onto a hard surface from a constant height, the 
tapping was continued until no further change in volume was 
noted. Tapped density (ρt) can be calculated by the following 
formula.

ρt=M/Vt, where, M=mass of the powder and Vt=final volume of 
the tapped powder

Carr’s index
It was calculated according to the following equation.

Carr’s index (%)=[(ρt - ρb) / ρt] x 100

Hausner’s ratio
It was calculated by the following formula.

Hausner Ratio=ρb/ρt

Angle of repose
The powder was allowed to flow through the funnel fixed on 
a tripod stand at definite height. The angle of repose is then 
calculated by measuring the height (h) and radius (r) of the 
heap of powder, formed. Angle of repose was calculated by the 
formula θ=tan-1 (h/r).

Preparation and evaluation of tablets
Bioconvex ODTs were prepared in direct compression of the 
powder blends in a rotary tablet machine CMD3-16 (Cadmach, 
Ahmedabad) operated manually with one set of punch only. The 
compositions of the prepared ODTs are given in Table 1.

Weight variation
Tablets (n=20) were selected at random and average weight 
was calculated. Percentage deviation from the average was 
calculated.

Hardness
Hardness of the tablets was determined as force required to 
fracture the tablet when placed diametrically in a monsanto 
hardness tester. The tester consists of a barrel containing a 
compressible spring held between two plungers. The lower 
plunger is placed in contact with the tablet and a zero reading 
was observed. The upper plunger was forced against a spring 
by turning a thread bolt until the tablet fractures. As the spring 
was compressed, a pointer rides along a gauge in the barrel to 
indicate the force, which was a measure of hardness.
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Wetting time
The method reported by Bi et al.16, was followed to measure 
tablet wetting time. A piece of tissue paper (12 cm x 10.75 
cm) folded twice was placed in a small petridish (Internal 
diameter=6.5 cm) containing 6 mL of Sorenson’s buffer pH 6.8 
having small volume of dye orange red. A tablet was put on the 
paper, and the time for complete wetting was measured. Test 
was conducted on three tablets and an average and standard 
deviation was calculated.

Percent friability
It is measured of mechanical strength of tablets. Roche 
friabilator (FB II, Electrolab, Mumbai) was used to determine 
the friability by following procedure. A preweighed tablet was 
placed in the fribaiator. Fribaiator consists of a plastic-chamber 
that revolves at 25 rpm, dropping those tablets at a distance of 

6 inches with each revolution. The tablets were rotated in the 
friabalator for at least 4 min. At the end of test tablets were 
dusted and reweighed, the loss in the weight of tablet is the 
measure of friability and is expressed in percentage as:

Friability (%)=(Loss in weight / Initial weight) x 100

In vitro disintegration time
The test was carried out on 6 tablets using the apparatus (DIA 
32, Ketan Dial, Mumbai) specified in I.P. 1996, distilled water at 
37°C±2°C was used as a disintegration media and the time taken 
for complete disintegration of the tablet with no palpable mass 
remaining in the apparatus was measured. One-way analysis 
of variance (ANOVA) followed by Tukey multi-comparison test 
was used at a confidence to investigate differences among the 
studied groups of samples.17,18

Table 1. Composition of various salbutamol sulphate ODTs

Ingredient Amount (mg)

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10

Salbutamol sulphate 4 4 4 4 4 4 4 4 4 4

SSG 2.50 6.25 12.50 18.75 22.5 2.50 6.25 12.5 18.75 22.50

CCS 22.5 18.75 12.50 6.25 2.50 - - - - -

Indion 414 - - - - - 22.5 18.75 12.5 6.25 2.50

MCC 50 50 50 50 50 50 50 50 50 50

Mannitol 105 105 105 105 105 105 105 105 105 105

Talc 4 4 4 4 4 4 4 4 4 4

Magnesium stearate 4 4 4 4 4 4 4 4 4 4

Saccharin sodium 8 8 8 8 8 8 8 8 8 8

Prosolv ODT - - - - - - - - - -

F-Melt - - - - - - - - - -

Ingredient Amount (mg)

F11 F12 F13 F14 F15 F16 F17 F18 F19 F20

Salbutamol sulphate 4 4 4 4 4 4 4 4 4 4

SSG - - - - - 25 - - - -

CCS 2.50 6.25 12.5 18.75 22.5 - 25 - - -

Indion 414 22.5 18.75 12.5 6.25 2.50 - - 25

MCC 50 50 50 50 50 50 50 50 - -

Mannitol 105 105 105 105 105 105 105 105 - -

Talc 4 4 4 4 4 4 4 4 - -

Magnesium stearate 4 4 4 4 4 4 4 4 - - 

Saccharin sodium 8 8 8 8 8 8 8 8 - -

Prosolv ODT - - - - - - - - 196 -

F-Melt - - - - - - - - - 196

ODTs: Oral disintegrating tablets, SSG: Sodium starch glycolate, CCS: Croscarmellose sodium, MCC: Microcrystalline cellulose
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In vitro drug release studies
In vitro drug release studies were carried out by using USP 
XXIII Dissolution Apparatus II (Disso 2000, LabIndia, Mumbai) 
(Paddle type) at 50 rpm. The drug release profile was studied in 
500 mL of pH 6.8 phosphate buffer by maintaining at 37±0.5°C. 
Aliquots (5 mL) of dissolution medium were withdrawn at 
specific time intervals, filtered and the amount of drug released 
was determined spectrophotometrically (2101, Systronics, 
Ahmedabad). Three trials for each batch were performed and 
average percentage drug release with standard deviation was 
calculated and recorded.

RESULTS
Precompression characteristics of different batches of powder 
blends
For each designed formulation, blend of drug and excipients was 
prepared and evaluated for micromeritic properties as shown 
in Table 2. Angle of repose was 8.8±0.637 to 16.7±0.921, bulk 
density ranged 0.55±0.031 to 0.82±0.072, tapped density was in 
range 0.62±0.072 to 0.98±0.12. Carr’s Compressibility Index for 
different formulations ranged between 5.88±0.39 to 21.33±0.92, 
Hausner’s ratio ranged from 1.066±0.009 to 1.27±0.08. 

Evaluation of oral disintegrating tablets
Hardness of the tablets was in the range 3.8±0.22 to 4.7±0.11 
kg, weight variation and friability test results were found within 
acceptable limits (Table 3). 

Disintegration time
All the batches showed good disintegration time less than a min 
which qualifies them as ODTs. ODTs of batch F3 showed the 
lowest disintegration time of 19.28±3.11 s. Equal amounts of both 
disintegrants (SSG and CCS) in this batch gave best results and 
tablets disintegrated in shortest time. One-way ANOVA followed 
by Tukey multi-comparison test (p<0.05) showed significant 
difference in disintegration time of F3 formulation when 
compared to F1, F2, F4, F5, F16 and F17 formulations. When we 
used SSG or CCS as a single superdisntegrant in formulation F16 
and F17 tablets disintegrated relatively slower, disintegration 
time was 28.37±2.26 s and 33.57±2.29 s respectively. In ODTs 
prepared with SSG+CCS, combination of disintegrants is proved 
as beneficial in reducing the disintegration time.

When SSG and Indion 414 were used as disintegrants in 
combination (Batch F6-F10), disintegration time increased 
when one of the disintegrant is at lowest concentration and 
the other at highest concentration (Table 3). One-way ANOVA 
followed by Tukey multi-comparison test (p<0.05) showed 
significant difference in disintegration time of F6 formulation 
when compared to F7, F8, F9, F10, F17 and F19 formulations.
When disintegration time of batches F6-10 was compared 
to Batch F17 and F19, it was observed that combination was 
beneficial in reducing the disintegration time of tablets.

In combination of CCS and Indion 414 (Batch F11-F15), 
disintegration time reduces with increasing the amount of CCS 

and corresponding decrease in the amount of Indion 414, which 
indicate a more prominent role of Indion 414 as disintegrant. 
One-way ANOVA followed by Tukey multi-comparison test 
(p<0.05) showed significant difference in disintegration time 
of F11 formulation when compared to F12, F13, F14, F15, F17 
and F18 formulations. All the tablets from batches from F10-F15 
disintegrated in more than 30s time. When disintegration 
time of batches F11-15 were compared to Batch F17 and 
F18, it was observed that this combination was found not 
beneficial in reducing the disintegration time of tablets because 
disintegration time were longer than the disintegration time for 
batches F17 and F18. So, this combination of superdisintegrant 
failed to get any significant increase in disintegration time.

On the basis of disintegration time for batches F1-15, 
combination SSG+CCS in formulation F3 was best among other 
combinations studied on the basis on disintegration test. 

Friability
Friability for batches F1-F19 was found within the acceptable 
limits. Batch F20 prepared with F-melt was greater than 1% 

Table 2. Precompression characteristics of different powder 
blends

Batch Bulk 
density  
(g/cm3)

Tapped 
density  
(g/cm3)

Angle of 
repose (°)

Carr’s index Hausner 
ratio

F1 0.55±0.03 0.62±0.07 11.32±0.12 11.29±0.51 1.13±0.05

F2 0.66±0.08 0.71±0.02 9.68±0.32 7.04±0.44 1.08±0.01

F3 0.67±0.04 0.72±0.03 10.20±0.11 6.94±0.39 1.07±0.00

F4 0.65±0.05 0.73±0.02 12.80±0.43 10.95±0.76 1.12±0.01

F5 0.64±0.04 0.72±0.04 8.80±0.64 11.11±0.37 1.16±0.06

F6 0.59±0.03 0.75±0.04 13.20±0.76 21.33±0.92 1.27±0.08

F7 0.62±0.07 0.74±0.02 14.60±0.57 16.21±0.83 1.19±0.01

F8 0.69±0.07 0.72±0.09 11.10±0.32 4.16±0.17 1.04±0.05

F9 0.66±0.04 0.73±0.07 12.20±0.43 9.68±0.21 1.11±0.06

F10 0.68±0.05 0.74±0.06 16.70±0.92 8.10±0.47 1.08±0.02

F11 0.66±0.06 0.73±0.07 15.80±0.76 9.58±0.66 1.10±0.01

F12 0.63±0.01 0.74±0.06 14.10±0.44 14.86±0.36 1.17±0.01

F13 0.69±0.03 0.75±0.05 9.92±0.66 8.01±0.27 1.08±0.03

F14 0.64±0.03 0.69±0.02 13.24±0.19 7.24±0.31 1.08±0.01

F15 0.67±0.08 0.72±0.07 11.90±0.22 6.94±0.83 1.09±0.01

F16 0.63±0.02 0.67±0.04 12.70±0.12 5.97±0.36 1.07±0.01

F17 0.59±0.01 0.66±0.03 11.30±0.42 10.61±0.59 1.12±0.03

F18 0.64±0.03 0.68±0.05 11.90±0.24 5.88±0.39 1.07±0.02

F19 0.61±0.04 0.69±0.04 12.30±0.29 11.59±0.18 1.13±0.05

F20 0.82±0.07 0.98±0.1 14.40±0.17 16.32±0.17 1.20±0.10

All values are mean ± standard deviation of three determinations
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which might be due to lower compressibility of the co-processed 
excipient. Friability of 0.92% was observed in batch F3, which 
gave maximum disintegration time. A minimum friability of 
0.39% was achieved in batch F9. 

Drug release studies
Drug release profiles of different ODTs are provided as Figure 
1, 2, 3, 4, 5. Fastest drug release of 102.2±2.11% in 20 min was 
achieved for salbutamol sulphate ODTs of Batch F3, among 
batches F1-15. Batch F3 utilized disintegrants SSG and CCS, 
which might have showed additive/synergistic action. ODTs of 
Batch F20, prepared with marketed ODT excipient blend F-melt, 
release 98.50±2.4% drug in 15 min. Batch F3 was the best 
formulation among prepared ODT blends which gave drug release 
which may be related to its best shortest disintegration time. 
Minimum drug release of 91.47±2.59% in 30 min was achieved 
for ODTs of Batch F18, which contained a single disintegrant 
Indion 414. While, batch F16 and F17, which contained individual 
superdisintegrant SSG and CCS respectively, showed relatively 
faster drug release of 94.57±1.39% in 25 min and 93.19±2.12% 
in 30 min.

DISCUSSION
Angle of repose was less than 25° for all powder blends which 
indicated excellent flow properties. On the other hand, powder 
blends for F1-F5, F7-F19 formulations scored either good or 
excellent on scale of flowability based on Hauser’s ratio and 
compressibility index as per USP.19 Powder blends for F7 and 
F20 formulations were fair to flow. However, powder blend for 

Figure 1. Drug release profile of salbutamol sulphate oral disintegrating tablets 
for batches F1-F5 (n=3, mean ± standard deviation is reported)

Table 3. Characterization of prepared salbutamol sulphate ODTs

Batch Weight 
variation (%) 
(n=20)

Diameter (mm) 
(n=3)

Thickness (mm) (n=3) Hardness (kg/cm2) 
(n=3)

Wetting time (s) 
(n=3)

Friability (%) 
(n=20)

Disintegration 
(s) (n=6)

F1 1.38 8.20±0.00 3.33±0.05 4.40±0.06 64.28±3.06 0.80 31.92±1.67

F2 2.24 8.19±0.15 3.33±0.07 4.10±0.12 58.33±6.11 0.64 25.65±2.28

F3 3.36 8.20±0.00 3.30±0.00 3.90±0.67 52.32±4.12 0.92 19.28±3.11

F4 4.82 8.20±0.00 3.40±0.11 3.90±0.33 65.40±6.20 0.76 24.37±2.98

F5 4.22 8.19±0.15 3.30±0.00 4.10±0.42 58.82±5.60 0.48 26.92±3.62

F6 2.91 8.20±0.00 3.30±0.00 4.10±0.42 58.13±3.26 0.77 27.67±1.89

F7 3.29 8.20±0.00 3.31±0.06 3.90±0.55 63.66±4.89 0.81 28.82±2.88

F8 5.12 8.20±0.00 3.10±0.17 4.00±0.37 66.24±5.12 0.96 32.39±3.28

F9 6.90 8.20±0.00 3.20±0.10 3.80±0.22 59.29±6.38 0.39 29.61±2.93

F10 3.37 8.19±0.21 3.30±0.05 4.20±0.79 43.28±3.19 0.56 22.60±1.62

F11 4.17 8.20±0.00 3.36±0.04 4.70±0.11 57.33±5.26 0.67 32.38±1.77

F12 1.12 8.20±0.00 3.30±0.00 3.90±0.82 63.28±6.29 0.84 33.44±2.29

F13 3.72 8.20±0.00 3.20±0.00 4.20±0.29 67.58±3.72 0.58 34.71±1.49

F14 4.49 8.20±0.00 3.46±0.20 4.10±0.31 65.72±4.11 0.69 34.82±2.81

F15 3.12 8.20±0.00 3.34±0.07 4.20±0.67 61.49±3.81 0.88 35.10±3.71

F16 2.29 8.23±0.04 3.40±0.07 4.10±0.17 62.42±2.98 0.52 28.37±2.26

F17 3.46 8.19±0.15 3.34±0.06 3.90±0.21 64.57±2.19 0.87 33.57±2.29

F18 3.49 8.19±0.06 3.30±0.00 4.20±0.31 66.67±4.01 0.79 31.56±3.12

F19 4.47 8.23±0.06 3.33±0.06 3.90± 0.10 55.66±3.21 0.71 32.13±2.11

F20 6.68 8.26±0.06 3.23±0.12 3.90±0.06 44.33±2.51 1.01 15.50±2.42

ODTs: Oral disintegrating tablets, All values are mean ± standard deviations, Number of tablets used for testing has been reproted in each coloum heading
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formulation F6 was passable All powder blends were flowable 
and posed no difficulty in tabletting by direct compression. 
Hardness and friability of all the batches were found within the 
acceptable range. Tablets from all the batches disintegrated 
quickly in less than 40s and thus qualifies the criterion for 
ODTs.

In the combination A of superdisintegrants (batch F1-F5), SSG 
and CCS were used as disintegrants. As we increased the 
amount of SSG in combination and moved towards the batches 
F2, F3, F4, and F5, at the point where both superdisintegrants 
were in equal amount in formulation i.e. batch F3, it took 
lowest time (19.28±3.11 s) to disintegrate and showed fastest 

drug release (102.2±2.11% in 20 min) among these five batches 
(F1-F5). Total concentration of 12.5% disintegrant was used 
in preparing ODTs. F4 contained 9.375% and 11.25% of SSG, 
which is very much higher than its optimum concentration for 
disintegrant effect. At 8% or higher concentration it swells to a 
gel which increases disintegration time of ODTs.20 Hence, it is 
anticipated that the gelling effect due to high concentration of 
SSG acts adversely to reduces the disintegration time of ODTs 
of batches F4 and F5. In one similar study, disintegrant blend of 
CCS and SSG in 1:1 ratio was used to prepare ODTs of certirizine 
hydrochloride (HCl)21 and Ondansetron HCl.22 Quick water 
uptake and good swelling ability of CCS and SSG is ascribed to 
the carboxylic moieties in their structure which upon hydration 
results in gelation.23 Particle size and amorphous content in the 
disintegrant may also affect easy water accessibility. 

In the combination B (batch F6-F10), SSG and Indion 414 
were used as disintegants. Among these batches (F6-F10), 
the best formulation F10 with 90% of SSG and 10% of Indion 
414, disintegrated in 22.6±1.62 s and 96.73±4.12% drug release 
was achieved in 25 min. As the concentration of Indion 414 
increased with simultaneous decrease in SSG, the formulations 
took more time to disintegrate probably due to insoluble nature 
of Indion 414 particles.24 

In the combination C (batch F11-F15), CCS and Indion 414 were 
used, formulation F12 was the best formulation in combination 
C which showed a complete disintegration in 33.44±2.29 s and 
100.7±1.77% in 25 min. An optimum swelling action contributed 
by Indion 414 and wicking action of CCS was anticipated when 
these are combined in 3:1 ratio. 

ODT batches F16, F17, and F18 were prepared with single 
disintegrant SSG, CCS, and Indion 414, respectively. As a single 
superdisintegrant SSG gave best results of disintegration 
time 28.37±2.26 s and 94.57±1.39% drug release in 25 min. 
Furthermore, drug release at initial time points, especially 
at 2 min, was significantly higher in case of F16 formulation 
containing SSG as disintegrant. However, no significant 
difference in disintegration time was observed for CCS and 
Indion 414. 

Among all ODT batches (F1-F18), F3 was the best formulation 
with fastest disintegration time of 19.28±3.11 s and acceptable 
friability. Combination of disintegrants in ODT batch F3 was 

Figure 2. Drug release profile of salbutamol sulphate oral disintegrating 
tablets for batches F6-F10 (n=3, mean ± standard deviation is reported)

Figure 3. Drug release profile of salbutamol sulphate oral disintegrating 
tablets for batches F10-F15 (n=3, mean ± standard deviation is reported)

Figure 4. Drug release profile of salbutamol sulphate oral disintegrating 
tablets for batches F16-F18 (n=3, mean ± standard deviation is reported)

Figure 5. Drug release profile of salbutamol sulphate oral disintegrating 
tablets for batches F19-F20 (n=3, mean ± standard deviation is reported)
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more effective than formulation F19 prepared with marketed 
blend, Prosolv ODT, which disintegrated in 32.13±2.11 s. Highest 
cumulative drug release (%) and faster disintegration of 
salbutamol sulphate ODTs in batch F3 was probably due to the 
additive/synergistic mechanisms of disintegrant action, i.e. high 
swelling index of SSG (7-12 folds) in three dimensions, along 
with swelling and wicking action of CCS. Increasing the amount 
of any one of the superdisintegrant and reducing the other, we 
observed an increase in disintegration time of tablet. 

ODTs of batch F19, prepared by with marketed blend Prosolv-
ODT, disintegrated completely in 32.13±2.11 s and 96.55±2.33% 
drug release was achieved in 30 min. Friability was 0.71% and 
wetting time was 55.66±3.21 s. Weight variation of 4.71% and 
hardness of 3.9±0.1 kg was achieved. Prosolv ODT is the unique 
combination of soluble and insoluble ingredients manufactured 
using JRS Pharma’s (http://www.jrspharma.com/) co-
processing technology. Prosolv contains MCC, colloidal silicon 
dioxide, mannitol, fructose, and crospovidone.25,26 Prosolv® 
ODT is an ODT excipient matrix which allows a rapid formulation 
development and quality tablet manufacture.

ODT batch F20 prepared with F-melt marketed blend gave fastest 
disintegration of 15.5±2.42 s, and dissolution of 98.50±2.49% 
after 15 min and a fastest wetting time 44.33±2.52 s. However, 
the friability was greater than 1%. Furthermore, weigh variation 
was maximum (6.68%) and hardness was towards lower side 
3.9±0.058 kg. Low hardness and friabile ODTs prepared with 
F-melt swelled and disintegrated quickly resulting in faster 
dissolution of the drug. F-melt was difficult to handle due to 
its hygroscopic nature. F-melt (http://www.f-melt.com/) is a 
spray-dried excipient used in ODTs that contain five different 
pharmaceutical ingredients consisting of carbohydrates 
(mannitol, xylitol and microcrystalline cellulose), disintegrant 
(crospovidone), and inorganic excipients (magnesium 
aluminosilicate, dibasic calcium phosphate anhydrous).25 ODTs 
can be easily manufactured through direct compression only 
by adding F-melt to the active ingredient and lubricant. F-melt 
type C is recommended for faster disintegration needs in 
both pharmaceutical and nutraceutical formulations.27 F-melt 
contains mannitol, xylitol, MCC, crospovidone, dibasic calcium 
phosphate anhydrous and magnesium aluminosilicate.25 F-melt 
was hygroscopic at humidity conditions higher than 75% 
relative humidity. We also observed that F-melt is not suitable 
esthetically at higher humidity conditions. At accelerated 
stability conditions for 6 months, benzocaine ODTs diameter 
was increased by 2 mm due to swelling of tablet by moisture 
uptake.25 F-melt contains crospovidone which can swells upon 
contact with water or moisture. Carr’s Compressiblity Index for 
F20 was 16.32±0.172 and 1.195±0.098 which was probably due 
to hygroscopic nature of F-melt. 

CONCLUSION
Salutamol sulphate ODTs of batch F3 were best ODTs 
prepared with combination of superdisintegrants. The present 
work revealed that binary combination of disintegrants is 
more effective than individual use disintegrants. Among all 

combinations of disintegrants, SSG and CCS (1:1 ratio) gave 
best results for both disintegration and drug release. ODTs of 
batch F3 disintegrate a little slower than ODT prepared with 
F-Melt (batch F20) but faster than ODTs containing Prosolv 
ODT (batch 19). F-Melt is a hygroscopic blend and need special 
handling, storage, and processing care. However, composition 
of F3 does not pose any problem of hygroscopicity. This aspect 
of F3 makes it a suitable alternative to a marketed blend like 
F-Melt or Prosolv ODT. 
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