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Abstract

A simple, rapid and sensitive spectrophotmetic method for trace determination
of salbutamol sulphate (SBS) in aqueous solution and in pharmaceutical
preparations is described .The method is based on the coupling reaction of the
intended compound with diazotized o-nitroaniline (DONA) in alkaline medium to
form an intense yellow-orange, water soluble dye that is stable and shows maximum
absorption at 448 nm .A working curve of absorbance versus concentration
indicates that Beer’s low is obeyed over the concentration range of 50-1000 pg of
SBS in a final volume of 25-ml ( i.e. 2-40 ppm), with a molar absorpativity of
1.58x10* L.mol".cm™ ,a sandell’s sensitivity of 0.0365 pug.cm™ ,a relative error of
(-1.156) — 2.874 % and a relative standard deviation of 0.735-1.992 % depending on
the concentration of SBS. The optimum conditions and stability of the colored
product have been investigated and the method was applied successfully to the
determination of SBS in dosage forms.
Keywords: Salbutamol sulphate, diazotization, spectophotometry.
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performance liquid chromatography

Salbutamol sulphate (SBS) is one of a series
of selective stimulants of the [, receptors which
are presents in the bronchioles of lungs of
human body, so it acts as a bronchodilator, and
its cardiovascular effects are less than its
bronchodilator actions [1]. Various methods
have been reported for the determination of
SBS, these include spectrophotometric [2], high
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liquid chromatography-tandem mass
spectrometry [6], gas chromatography mass
spectrometry [7], flow injection analysis[8],and
polarographic[9]. Various methods based on
diazotization and coupling reactions have been
developed for the determination of drugs such as
diazotized aminoantipyrine [10],sulphonamide
[11],acetaminophen and dopamine [12].
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The purpose of the present investigation is to
develop a simple and sensitive method for the
determination of SBS in pharmaceutical
preparations using diazotization coupling
reaction. The proposed method is based on a
coupling reaction between SBS and DONA in
alkaline medium to form an intense yellow-
orange color product which shows an absorption
maximum at 448 nm.

Reaction mechanism of the method

Salbutamol sulphate forms a yellow-orange
colored product (Apn.x 448nm) with DONA in
alkaline medium .Due to the phenolic nature of
the drug, it can readily be coupled with DONA
according to scheme 1[13].

N
NH, N=N:
NO, NO,
NaNO,/HCL
_—

Diazotised o-nitroaniline(DONA)
()

OH”
+ ;HS04

Salbutamol sulphate(SBS)

(1) Yellow-orange azo dye

Scheme (1): The proposed mechanism of the
reaction between SBS and DONA

Experimental:
Apparatus

All spectra and absorbance measurements
were carried out on a Shimadzu UV-visible 260
digital double beam recording
spectrophotometer using 1-cm silica cells.
Reagents:
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All chemicals used were of analytical reagent
grade and pure salbutamol sulphate drug sample
was kindly provided from state company for
Drug Industries and Medical
Appliance,SDI,Samara.Iraq .Dosage forms were
obtained from commercial sources.

Salbutamol sulphate stock solution (1000
ug mi™)

A 0.1000 gm amount of pure SBS was
dissolved in distilled water and the solution was
made up to volume of 100 ml in volumetric
flask with the same solvent .To obtain SBS
working solution (500 pg ml™ ) a 50 ml volume
of the stock solution was transferred into a 100
ml volumetric flask and made up to the mark
with distilled water.

Diazotized o-nitroaniline
(3x107°M)

Prepared daily by dissolving 0.0414 gm of
o-nitroaniline (ONA) in 5 ml ethanol, 20 ml
distilled water and 3 ml of 0.8M hydrochloric
acid in a 100-ml volumetric flask.  Cool the
mixture to 0-5°C for 5 min using an ice-bath,
add 0.0207 gm amount of sodium nitrite and stir
the mixture. After Smin the volume is made up
to the mark with addition of cooled distilled
water. More dilute solutions were prepared by
suitable dilution with distilled water.
Hydrochloric acid solution (0.8M)

Prepared by dilution of concentration
hydrochloric acid and standardized against
sodium carbonate.

solution

Sodium hydroxide solution (0.1M)

A 0.4000gm of sodium hydroxide was
dissolved in distilled water and made up to the
100 ml volumetric flask with the same solvent.
Procedure of pure drug

An aliquot of sample containing 50-1000 ug
of SBS was transferred into a series of 25 ml
standard flasks to cover the range of 2-40 pg.
ml".A volume of 3ml of 3x10°M DONA
solution and 1ml of 0.1M sodium hydroxide
solution were added . The contents of flasks
were diluted to the mark with distilled water
,mixed well and left for 20 min. The absorbance
was measured at 448 nm (at room temperature
20°C). The color of the formed dye is stable for
more than 3hr.

For optimization of conditions and in all
subsequent experiments, a solution of 500 pg
was used and the final volume was 25 ml (i.e.20

pug mi™).
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Analysis of commercial dosage forms:

Fifty to 100 tablets were accurately weighed
and powdered .An amount to tablets equivalent
to 100 mg of the pure drug, was dissolved in
distilled water and transferred into a 100 ml
calibrated flask and completed to the mark with
the same solvent. The flask with its contents was
shaked well and filtered. Samples of 20 and 30
ppm of SBS were taken and the measurements
were carried out as described earlier under
general procedure.

Stoichiometry of the reaction

The stoichiometry of the reaction between
each SBS and DONA was investigated under the
recommended optimum conditions and applying
Job’s method [14].Volumes of 0.5-4.5ml of
4.34x10" M portions of DONA were coupled
with corresponding 4.34x10™* M SBS solution to
give a total volume of 5ml .The results obtained
(Fig.1) showed that a 1:1 (SBS: DONA)product
was formed between SBS and DONA.
The apparent stability constant was calculated
by comparing the absorbance of solution
containing stoichiometric amounts of SBS and
DONA with that of a solution containing a five-
fold excess of DONA reagent. The stability
constant of the product in water under the
described  experimental  conditions  was
2.4299x10* L.mol™.

Results and discussion
Absorption spectra

When a very diluted aqueous solution of
SBS was mixed with DONA reagent in
alkaline medium , an intense yellow-orange azo
dye formed immediately , which became stable
after 20 min .The yellow-orange product has a
maximum absorption at 448 nm .Fig.2 shows
the spectra of the product formed and of the
reagent blank, the maximum absorption at 448
nm was used in all subsequent experiments.
Study of the optimum reaction conditions

The effects of various parameters on the
absorption intensity of the formed product were
studied and the reaction conditions were
optimized.

Effect of diazotized reagent concentration

When various concentrations of DONA
solution were added to a fixed concentration of
SBS ,3ml of 3x10° M DONA solution was
sufficient to develop the color to its full intensity
and give minimum blank value ;above 3ml the
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absorbance of blank value increased ,causing a
decrease in the absorbance of sample .Therefore
,3ml of 3x10° M DONA solution was found
optimum and was used in all subsequent

experiments .
Effect of alkaline solution
Preliminary results indicated that the

presence of an alkaline in the reaction mixture is
essential for developing a more intense yellow-
orange color .In this respect, sodium hydroxide,
potassium  hydroxide, sodium  acetate,
ammonium hydroxide and sodium carbonate
were examined. It was found that the best results
were obtained with sodium hydroxide, therefore,
sodium hydroxide was chosen and 1ml of 0.1M
solution was added as optimum after the
diazotized reagent as it gives a high sensitivity
and minimum blank value.

Effect of order of addition

Different orders of addition of reagents were
experimented and it was found that the order of
addition of reagents cited under general
procedure was optimum and was used in all
subsequent experiments.

Effect of reaction time

In spite of the rapid color development
(formed immediately) the color intensity
reached a maximum after SBS solution had been
reacted with DONA and sodium hydroxide for
20 min, therefore 20 min development time was
selected as optimum in the general procedure
.The color obtained was stable for 3hr.

Accuracy and precision

To determine the accuracy and precision of the
method, SBS was determined at three different
concentration .The overall relative standard
deviations and recoveries were summarized in
Table (1).Small relative standard deviation (less
than 1.992) and a good recovery (98.844-
102.874) indicated high precision and accuracy
of the proposed method.

Working curve

Under the recommended conditions
described above and mentioned in the general
assay procedure, a linear  calibration graph
(Fig.3) for SBS was obtained, which shows

that Beer’s law obeyed over the
concentration  range  of 2-40 ppm with a
correlation  coefficient of 0.9992. The
conditional molar absorpativity of the
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product formed with SBS was found to be
1.5802 x10* L.mol™.cm™ with reference to the
SBS and sandell’s sensitivity was 0.0365 pg.cm’
% [Table2] .

Analytical Applications

The suggested method was applied to the
quantitative  determination of SBS in
pharmaceutical formulations. Two types of
tablets containing SBS have been analyzed and
they gave a good accuracy and precision as
shown in Table (3).
The proposed method was compared
successfully with the British pharmacopeia's
standard method, since F-test and T-test showed
that there was no significant differences between
the proposed and official methods [15] as shown
in Table(4).

Conclusion

A simple, rapid and sensitive
spectrophotometric method has been developed
for the determination of trace amount of SBS in
aqueous solution based on diazotization
coupling reaction with DONA reagent in the
presence of sodium hydroxide .

The proposed method does not require
temperature control or solvent extraction step
[Table 5], the method was applied successfully
to pharmaceutical tablets containing SBS.

0.2 0.4 0.6 0.8
Mole SBS/Mole SBS+Mole DONA

Figure (1): Job’s method for the complex
produced
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0
Wave length(nm)

400

Figure (2): Absorption spectra of A
(20 ug mI™) of SBS treated as described
under procedure and measured against blank
, B the reagent blank and C (20 ug ml™*) of
SBS measured against distilled water.

y =0.0274x + 0.0535
R? = 0.9992

Absorbance

30
Conc. of SBS (ppm)

Figure (3): Calibration curve of Salbutamol
sulphate
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Table (1): Accuracy and precision of the
proposed method.

Amount of 8BS
1
(ug ml’) Recovery RSD

* Average of four determinations.

Table (2): Analytical data obtained from
proposed method.

PARAMETER

2-40
1.5802=104

Beer's Low limits(pg.ml')
Molar ahsorhativity
(litmole” cm!)

Sandell’s sensitivity(pg cm™)
Slope(h)

Intercepiia)

Correlation coe fiicient (R*)
Ao (M)

RSD (%)

Limit of detec tion

003649
00274
00535
09992
448
=1.9915
03656

r, ml!

Table (3): Application of the proposed
method for the determination of SBS in
pharmaceutical preparations.

SBS (pz.mlt)
SBS R5.D | Rec. Average
Sample bh* Wi Y% Rec.
- ﬁ
| i—————
Butadin | 20.000 }20.323 | 0.772 | 101613
:as]]])lﬁk 30.000 | 30.312 J 0.43% | 101.03% e
Butadin ][ 20.000 }{20.387 | 1.235 | 101.93
tahleis 100.554
(Dijla) 30.000 | 29.75% Jf 1143 | 99.192

* Average of five determinations.
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Table (4): Comparison of the proposed
method with standard method to
determination of SBS in pharmaceutical
injections.

Proposed || Standard
method method**

Pure salbutamol
sulphate
Butadin tahlets
(SD)
Butadin tahlets
(Dijla)
* Avrerage of five determinations.
* * British Pharmacopoeia standard method[15].

Table (5):Comparison of the proposed
method with some of the visible
spectrophotometric methods for the
determination of SBS

ave Limits Remarks
length pg.ml’
nm)

Reagent(s)used

Chloramine-T
N,N-Dimethyl-p-
phenylenediamine

Extraction with
butan-2-ol

CeriumlV/3-
Methylbenzothaia
zolin2-

onehydrazone

Extraction
,expensive
reagent

Ferricyanide
4-aminophenazone

Heating
,waiting for 30
min
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Diazotized
o-nitroaniline

The
present
work

Reaction
carried out at
room

temperature(25
OC)

References

1. Goth, M.D.A, 1981, "Medical
pharmacology", C. V. Mosby, London.

2. Basavaiah, K., Prameela, H.C., 2003,
"spectrophotometric determination of
salbutamol sulphate (SBS) and pyrantel
pamoat (PRP) in Bulk drugs and
pharmaceuticals" Chem.Anal. ,48, 327.

3. Cahill, J.D., Furlong, E.T., Burkhardt, M.R.,
Kolpin, D., Anderson. L.G. 2004,
""Detrmination of pharmaceutical
compounds in surface and ground-water
samples by solid phase extraction and
HPLC-EIMS" J. Chromatography, 1041(1-
2),171-180.



Hadi

4. Rao, R.N., Nagaraja, V., 2003, "An Overview
of the recent in development of HPLC
methods for determination of impurities in
drugs"J.of pharmaceutical and Biomedical
Analysis ,33(3),335-377.

5. Calamari, D., Zuccato, E., Castiglioni, S.,
Bagnati, R., Fanelli, R., 2003, "Strategic
survey of therapeutic drugs in the rivers PO

and Lambro in northern Italy"
Environmental science and Technology,
37(7), 1241-1248.

6. Munoz, P., Blanca, J., Ramos, M.,

Bartolome, M., Garcia, E., Mendez, N.,
Gomez, J., Gomes, J, Martindepozuelo, M.,
2005, "A versatile liquid chromatography-
tandem mass spectrometry system for the
analysis of different groups of veterinary
drugs", Analytical Chimica Acta ,529(1-2),
,137-144.

7. Takeda, A., Tanaka, H., Shinohara, T.,
Ohtake, 1., 2001,"Systematic analysis of acid
,neutral and basic drugs in horse plasma by
combination of solid-phase extraction ,non
aqueous partitioning and gas
chromatography-mass  spectrophotometry”
J.of  Chromatography and Biomedical
Application,758(2), 235-248.

8. Isabel, D., Moises, K., 2004," flow injection
spectrophotometric determination of
salbutamol with 4-aminoantipyrine" Talanta,
64(5), 1233-1236.

9. Ozkan, S.A., Uslu, B., Aboul-Enein, H.Y.,
2003, "Analysis of pharmaceuticals and
biological fluids using modern
electroanalyticl techniques” Critical Reviews
in Analytical Chemistry, 33(3), 155-181.

10.Al-Abachi, M.Q., Al-Najafi, S., AL-Delami ,
AMS., 1988, "Diazotized 4-
aminoantipyrine as a chromogenic reagent
for the spectrophotometric determination of
trace amounts of N-(1-Naphthyl)
ethylenediamine agueous  solution"
,Analyst,113 ,1661.

11.Al-Abachi, M.Q., Salih,E.S.,Salem,M.S,
1990, "Application of promothaiazine
hydrochloride as a chromogenic reagent for
spectrophotometric determination of certain
sulphonamide drugs", Anal.Chem., 337, 408-
411.

12.Rodriguez, L. A., Romero, J. E. , Tena LE.,
Coque, M.C.G.A., 1999, "Flow-injection
spectrophotometric determination of
phenolic drugs and carbamate pesticides by
coupling with diazotized 2, 4, 6-
triethylaniline", J. of AOAC, 82 ,937.

in

17

Iragi Journal of Science, Vol.49, No.1, 2008, PP. 12-17

13.Belal, F., Al —Shaboury, S., Al-Tamra, A.S.,
2003, "Spectrophotometric determination of
labetolol in pharmaceutical preparations and
spiked human urine"IL Farmaco,58, 293-
299.

14.Braun R. D., 1987, "Introduction to
Instrumental Analysis", McGraw-Hill, New
York, p.291.

15.British  pharmacopoeia,
Stationary office, London

16.Sankar, D.G., Sastry, C.S.P., Singh, N.R.P.,
1987, "Spectrophotometric determination of
salbutamol sulphate with N,N-Dimethyl-p-
phenylenediamine " Indian Drugs, 24(8),
410-412.

17.Habib, I.H.I., Hossouna,M.E.M., Zaki, G.A.,
2005, "Simultaneous  spectrophotmetric
determination of salbutamd and bromhexine
in tablets", IL Farmaco, 60, 249-254.

18.Talwar, N., Singhai, A.K., Shakya, A.K.,,

1993, H. M.

Saraf, S., Jain, N.K., 1991,
"spectrophotometric determination of
salbutamol sulphate in tablets", Indian

Drugs, 28, 244-245.



