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ABSTRACT
Advancement in drug delivery could come from innovate improvement to existing drug delivery system. Because of
reduce frequency of administration sustain release dosage from enjoy convenience and ambulatory patient compliance.
Developed formula is a multiple unit based pulsatile delivery of Salbutamol Sulphate which can offer a solution for
exhibiting chronopharmacological behavior of asthma, extensive first-pass metabolism and necessity of night-time
dosing. So we can conclude that it can underlie the chronokinetic of nocturnal asthma. Among five Batches Specific
amount 4% CAP and 2% EC batch gives late release than predetermined time. They release their higher dose after 6
hours. So that batch SF2 is accurate batch for Nocturnal Asthma according to pulsatile drug delivery system.
Keywords: pulsatile drug delivery system, Salbutamol Sulphate, Nocturnal Asthma, chronopharmacology.
1. INTRODUCTION
Asthma is a chronic condition involving the respiratory
system in which the airway occasionally constricts,
becomes inflamed, and is lined with excessive amounts of
mucus, often in response to one or more triggers. These
episodes may be triggered by such things as exposure to
an environmental stimulant (or allergen) such as cold air,
warm air, moist air, exercise or exertion, or emotional
stress.1 Some asthmatics that have severe shortness of
breath and tightening of the lungs never wheeze or have
strider and their symptoms may be confused with a
COPD-type disease.2
Signs of an asthmatic episode include wheezing
(tachypnea), prolonged expiration, a rapid heart rate
(tachycardia), rhonchous lung sounds (audible through a
stethoscope), the presence of a paradoxical pulse (a pulse
that is weaker during inhalation and stronger during
exhalation), and over-inflation of the chest. During a
serious asthma attack, the accessory muscles of
respiration may be used, shown as in-drawing of tissues
between the ribs and above the sternum and clavicles,
and the presence of a paradoxical pulse.3
In many cases, a physician can diagnose asthma on the
basis of typical findings in a patient's clinical history and
examination. Asthma is strongly suspected if a patient
suffers from eczema or other allergic conditions—
suggesting a general atopic constitution—or has a family
history of asthma. While measurement of airway function
is possible for adults, most new cases are diagnosed in
children who are unable to perform such tests.4 Diagnosis
in children is based on a careful compilation and analysis
of the patient's medical history and subsequent
improvement with an inhaled bronchodilator medication.
In adults, diagnosis can be made with a peak flow meter

(which tests airway restriction), looking at both the
diurnal variation and any reversibility following inhaled
bronchodilator medication. In the Emergency Department
doctors may use a capnography which measures the
amount of exhaled carbon dioxide, along with pulse
oximetry which shows the amount of oxygen dissolved in
the blood, to determine the severity of an asthma attack
as well as the response to treatment.5
Symptomatic control of episodes of wheezing and
shortness of breath is generally achieved with fast-acting
bronchodilators. These are typically provided in pocketsized, metered-dose inhalers (MDIs). In young sufferers,
who may have difficulty with the coordination necessary
to use inhalers, or those with a poor ability to hold their
breath for 10 seconds after inhaler use, an asthma spacer
6
is used. A nebulizer which provides a larger, continuous
dose can also be used. Nebulizers work by vaporizing a
dose of medication in a saline solution into a steady
stream of foggy vapour, which the patient inhales
continuously until the full dosage is administered. There is
no clear evidence, however, that they are more effective
than inhalers used with a spacer.7
Pulsatile drug delivery system have a number of
advantages like to maintain constant plasma drug level,
Time of administration (during morning hours), would be
ideal in this case. Same is true for preventing heart
attacks in the middle of the night and the morning
stiffness typical of people suffering from arthritis. Drugs
that produce biological tolerance demand for a system
that will prevent their continuous presence at the
biophase as this tends to reduce their therapeutic effect.8
The present study was aimed for chronopharmaceutics.
The symptoms of chronic asthma are frequently worse
around 4 am when, cortisol level is lowest whereas
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histamine concentration is at peaked in body. Therefore
the objective of the present work was to formulate a
pulsatile drug delivery of Salbutamol Sulphate which is
capable of releasing drug after predetermine time delay
and can characterized by proportioning drug
concentration throughout night in synchrony with
biological rhythm.9
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2.5 Loss on drying
Percentage loss on drying was determined by using
crucible 1 gm of salbutamol sulphate was placed in
weighed crucible and heated at 105°C for 3 hours. After 3
hrs crucibles were weighed again to determined loss on
drying.13
2.6 Formulation Development:

2. MATERIALS AND METHODS
2.1 Determination of solubility of the drug
The study was carried out in glass vials of 20 ml capacity.
Each vial charged with 10 ml of distilled water and
different dissolution media and excess quantity of
salbutamol sulphate. The vials were closed with rubber
closures and kept for equilibrium at 25°C ±2°C for a
period of 24 hrs with continuous shaking; the solutions
were then filtered and analyzed for the drug content by
spectrophotometrically at respective wavelength. The
studies were repeated in triplicate (n=3) and mean was
calculated.10
2.2
Determination of λmax in mixture of Distilled
Water:Isopropyl Alcohol
Stock solution of salbutamol sulphate containing
2mcg,4mcg,6mcg,8mcg and 10 mcg/ml in mixture of
Distilled Water:Isopropyl Alcohol(50:50)was prepared and
the standard solution of salbutamol sulphate containing
2mcg, 4mcg, 6mcg, 8mcg and 10 mcg/ml in mixture of
Distilled Water:Isopropyl Alcohol(50:50) was prepare. The
above solutions were scanned between 200 nm to 400
nm in a double beam UV/ Visible spectrophotometer to
get UV spectra. UV spectra showed λmax at different
wavelength. Averege λmax is considered as λmax of
salbutamol.

A pulsatile drug delivery of salbutamol sulphate was
prepared by coating Nonpareil seeds (NPS) approximately
14/16#.It was prepared in three stages.
2.6.1. Drug loading:
Drug loading was carried out by solution layering
techniques, using conventional coating pan. The weighted
non-pareil seeds (NPS) of approximately 14/16# were
charged into pan and Salbutamol Sulphate solution
(1%w/v) in Water: IPA (1:1) containing PVP-K-30(2%), as a
binder, was sprayed over the cascading NPS till mass put
on 1%. Hot air (60-70ºC) was blown to evaporate the
solvent.14
2.6.2. Coating of Drug loaded pellets:
Dried pellets were sprayed with solution of Cellulose
acetate phthalate (2%w/v,4%w/v,6%w/v,8%w/v,10%w/v)
and Ethyl Cellulose (2% constant) in Acetone till 4-6%
weight gain. These layers restrict release of drug from
pellets up to 4 hours until it reaches to intestine.
Coating of cellulose acetate phthalate is done by 2%w/v,
4%w/v, 6%w/v, 8%w/v and 10%w/v in acetone and Ethyl
Cellulose took at 2% constant in each batch. Different five
batches were made.15
Table 1: Formula of Coating solution*

2.3 Preparation of Calibration Curve:
Stock solution of salbutamol sulphate containing
2mcg,4mcg,6mcg,8mcg and 10 mcg/ml in mixture of
Distilled Water:Isopropyl Alcohol(50:50)was prepared and
the standard solution of salbutamol sulphate containing
2mcg,4mcg,6mcg,8mcg and 10 mcg/ml in mixture of
Distilled Water:Isopropyl Alcohol(50:50) was prepared
11
and analyzed spectrophotometrically at 276 nm.
2.4 Identification of drug by Thin Layer Chromatography
Method
Salbutamol Sulphate, was analysed by TLC as per Indian
Pharmacopoeia. Silica gel 60 chromatographic plate was
used for this method. The mobile phase used for the
system was Phenol: H2O with the ratio of 4:1.The sample
solution was Preparation by dissolving 100mg of
salbutamol sulphate in 10 ml of methanol, and the
solution was spotted on the plate and subjected to
ascending chromatography. The drug was detected by
visualizing agent potassium permanganate (KMnO4),
12
Dragendroff’s reagent.

* 2% Ethyl Cellulose was added in each batches.
2.6.3. Final drug loading:
At last initial dose was encrusted, fourth layer, as similar
as first layer, for immediate action. For that Salbutamol
Sulphate solution (1%w/v) in Water: IPA (1:1) containing
PVP-K-30(2%), as a binder, was sprayed over the
cascading NPS till mass put on 1%. Hot air (60-70ºC) was
blown to evaporate the solvent.
The solutions were applied at pressure 20 psi. The speed
of revolution of coating pan was 58-60 rpm. Hot air was
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supplied by hair dryer which, was placed at a distance of
15 cm away from pan.16
2.7 Evaluation:
2.7.1. Drug Content:
An UV spectrophotometer method based on
measurement of absorbance at 276 nm in 100 ml of
phosphate buffer pH 6.8 was used for the estimation of
Salbutamol Sulphate in pellets. Initially coated pellets
(900mg) dissolved in phosphate buffer by keeping the
flask on shaker for 2 hours whereas time duration for final
coated pellets (1gm) was 5-6 hours. Both are evaluated
separately against blank.17
Table 2: Drug content in each formulation
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2.7.4. Angle of repose:
Angle of repose is the tan inverse of angle between
height of pile of powder and the radius of the base of
conical pile.

Tan θ = h/r
Values for angle of repose less than or equal to 30
degrees suggest a free flowing material and angles
greater than or equal to 40 degrees suggest a poorly
flowing material.20
2.7.5 Loss on drying:
Percentage loss on drying was determined by using
crucible.1 gm of salbutamol sulphate was placed in
weighed crucible and heated at 105°C for 3 hours. After 3
hrs crucibles were weighed again to determined loss on
drying.21
3. RESULTS AND DISCUSSION

Release characteristics study was carried out as in
USP I basket type apparatus (type I) dissolution
apparatus. The volume of dissolution media was 900
ml in 1000 ml beaker. The cylinder was adjusted to
100 rpm and temperature 37± 0.1ºC was maintained
throughout the experiment. 0.1 N HCl (pH 1.2) was
used as dissolution media for first two hours in
which the initial dose, fourth layer, releases. At the
end of second hour dissolution fluid replaced by
phosphate buffer of pH 6.8 (KH2PO4/NaOH) and the
apparatus was further operated for four hours. 10 ml
aliquots were withdrawn after every 30 minutes
interval and replaced with equal amount of fresh
dissolution. Samples were filtered and estimated by
UV spectrophotometer at 276 nm.18
2.7.3. Flow properties:
The flow properties from a material result from
many forces. There are many types of forces that can
act between solid particles: frictional forces, surface
tension forces, mechanical forces caused by
interlocking of particles of irregular shapes,
electrostatic forces and cohesive or vander vaals
forces. These forces can affect granule properties
such as particle size, particle size distribution,
particle shape, surface texture or roughness, residual
surface energy and surface area. The two methods
for determining the flow properties are angle of
19
repose and hopper flow rate measurements.

To find out the drug release, the calibration curve was
plotted in 0.1N HCl and phosphate Buffer solution (pH
6.8). Figure 1 showed the calibration curve of salbutamol
sulphatein 0.1N HCl solution. The Calibration curve were
linear and regration co-efficient was found to be 0.9998
in case of 0.1 N HCl, while 0.9975 in case of phosphate
buffer solution (pH 6.8) as shown in Figure 2.
To study the better release of the drug, five batches were
prepared on the basis of the Cellulose Acetate Pthalate
(CAP) and ethyl cellulose (EC). Batch SF1 contain 2% CAP
and 2%EC, SF2 contain 4% CAP and 2%EC, SF3 contain 6%
CAP and 2%EC and Final batch SF5 contain 10% CAP and
2%EC. Table 3 showed amount of drug released through
different formulation.

salbutamol calibration curve in 0.1 N HCl
0.8

y = 0.0592x - 0.0007
2
R = 0.9998

0.6
abs

2.7.2. In-vitro releases characteristics study:

Initial drug release was observed in first 2 hours which
can offer immediate relief, on the other hand if symptoms
of asthma are worse at morning than delayed release,
after 4 hours, will cure it. Developed formula is a multiple
unit based pulsatile delivery of Salbutamol Sulphate
which can offer a solution for exhibiting
chronopharmacological behavior of asthma, extensive
first-pass metabolism and necessity of night-time
dosing.22

0.4
0.2
0
0

5

10

15

conc

Figure 1: Calibration curve in 0.1 N HCl
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Figure 2: Calibration curve in Phosphate buffer pH 6.8
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Table 4 showed the cumulative amount of drug released
through different batches. If we observe in the table 4,
Batch SF1 showed 96.36 % cumulative release within 6
hours, when batch SF2 showed 98.28 % cumulative
release. Batch SF3 showed 88 %, batch SF4 showed 77.94
% and batch SF5 showed 69.66% release up to 6 hours.
It seems that batch SF2 contain 4% CAP which gives
better release according to chronopharmacological dose
up to 6 hours. Batch SF2 which contain 2 % CAP which
also gives near to predetermined dose, while Batch SF3,
SF4, SF5 showed less release as compare to Batch SF1 and
SF2.
4. CONCLUSION

Table 3: Total amount of drug release in vitro study

From the above results, it can be concluded that the
batch SF2 containing 4%CAP and 2%EC showed the
maximum release of the drug and was the accurate batch
for Nocturnal Asthma according to pulsatile drug delivery
system.
5.

REFERENCES

1.

Feeley JC,York P, Sumby BS, Dicks H, Determination
of surface properties and flow characteristics of
salbutamol sulphate, before and after micronisation,
International Journal of Pharmaceutics, 172,1998,
89–96.

2.

Zeng XM, Martin GP, Tee SK, Mar C, The role of fine
particle lactose on the dispersion and deaggregation
of salbutamol sulphate in an air stream in vitro,
International Journal of Pharmaceutics , 176, 1998,
99–110.

3.

Solinı s MA, Lugara S, Calvo B, Herna´ndez RM,
Gasco´n AR, Pedraz JL, Release of salbutamol sulfate
enantiomers from hydroxypropylmethylcellulose
matrices, International Journal of Pharmaceutics,
161, 1998, 37–43.

4.

Prabakaran D, Singh P, Kanaujia P, Jaganathan KS,
Rawat A, Vyas SP, Modified push–pull osmotic system
for simultaneous delivery of theophylline and
salbutamol:
development
and
in
vitro
characterization,
International
Journal
of
Pharmaceutics, 284, 2004, 95–108.

5.

Siepmann F, Muschert S, Leclercq B, Carlin B,
Siepmann J, How to improve the storage stability of
aqueous polymeric film coatings, Journal of
Controlled Release, 126, 2008, 26-33.

6.

Marcello N, Taranto OP, Film coating of theophylline
pellets in a pulsed fluid bed coater, Chemical
Engineering and Processing, 47, 2007, 1412-1419.

7.

Guo HX, Heina¨ma¨ki J, Yliruusi J, Amylopectin as a
subcoating material improves the acidic resistance of
enteric-coated pellets containing a freely soluble
drug, International Journal of Pharmaceutics , 235,
2002, 79–86.

Table: 4. Cumulative percentage release drug (%)

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

Page 62

Volume 4, Issue 3, September – October 2010; Article 011
8.

9.

Marucci M, Ragnarsson G, Axelsson A, Evaluation of
osmotic effects on coated pellets using a mechanistic
model, International Journal of Pharmaceutics, 336,
2007, 67–74.
Debunne A, Vervaet C, Mangelings D, Remon JP,
Compaction of enteric-coated pellets: influence of
formulation and process parameters on tablet
properties and in vivo evaluation, European Journal
of Pharmaceutical Sciences, 22, 2004, 305–314.

10. Tunon A, Borjesson A, Frenning G, Alderborn G,Drug
release from reservoir pellets compacted with some
excipients of different physical properties, European
Journal of Pharmaceutical Sciences , 20, 2003, 469–
479.
11. Zheng W, Sauer D, James WM, Research
paper:Influence of hydroxyethylcellulose on the drug
release properties of theophylline pellets coated with
Eudragitw RS 30 D, European Journal of
Pharmaceutics and Biopharmaceutics, 59, 2005, 147–
154.
12. Abbaspour MR, Sadeghi F, Garekani HA, Design and
study of ibuprofen disintegrating sustained-release
tablets comprising coated pellets, European Journal
of Pharmaceutics and Biopharmaceutics, 68, 2007,
747-759.
13. Turk KS, Vrecer F, Statistical optimisation of
diclofenac sustained release pellets coated with
polymethacrylic films, International Journal of
Pharmaceutics, 256, 2003, 43–52.
14. Hu LD, Liub Y, Tang X, Zhang Q, Preparation and in
vitro/in vivo evaluation of sustained-release
metformin hydrochloride pellets, European Journal of
Pharmaceutics and Biopharmaceutics, 64, 2006, 185–
192.

ISSN 0976 – 044X
International Journal of Pharmaceutics, 254, 2003,
123–135.
16. Kablitz CD, Urbanetz NA, Characterization of the film
formation of the dry coating process, European
Journal of Pharmaceutics and Biopharmaceutics, 67,
2007, 449–457.
17. Hernfindez RM, Gasc6n AR, Calvo MB, Caramella C,
Correlation of 'in vitro' release and in-vivo absorption
characteristics of four salbutamol sulphate
formulations, International Journal of Pharmaceutics,
139, 1996, 45-52.
18. Montplaisir J, Walsh J, Malo L. Noacturnal asthma:
Features of attack, slpeep and breathing of attack,
sleep and breathing patterns, Journal of
Pharmacology, 12, 1982, 18-22.
19. Ueda Y, Hata T, Yamaguchi H, Ueda S, Kotani M, Time
Controlled Explosion System
and Process for
Preparation for the Same, US Patent No. 4, 871, 549,
1989.
20. Ueda Y, Hata T, Yamaguchi H, Kotani M, Ueda S,
Development of a novel drug release system, timecontrolled explosion system (TES). Part 1: concept
and design, Journal of Drug Targeting, 2, 1994, 35-44.
21. Ueda S, Yamaguchi H, Kotani M, Kimura S, Tokunaga
Y, Kagayama A, Hata T, Development of a novel drug
release system, time-controlled explosion system
(TES). Part II: design of multiparticulate TES and in
vitro drug release properties, Chem Pharm Bull, 42,
1994, 359-363.
22. Siepmann F, Wahle C, Leclercq B, Carlin B, Siepmann
J, pH-sensitive film coatings: Towards a better
understanding and facilitated optimization, European
Journal of Pharmaceutics and Biopharmaceutics, 68,
2008, 2–10.

15. Sadegh F, Ford JL, Ali RS, The influence of drug type
on the release profiles from Surelease-coated pellets,

**********

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

Page 63

