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Abstract

Two sensitive spectrophotometric methods are proposed for the
determination of salbutamol in pure form and pharmaceutical
preparations. The methods are based on the oxidation of salbutamol drug
with Fe(Ill) in acidic medium. The liberated Fe(Il) reacts with 1,10-
phenanthroline in method A and the ferroin complex is colorimetrically
measured at 510 nm against reagent blank. Method B is based on the
reaction of the liberated Fe(Il) with 2,2'-bipyridyl to form a stable
coloured complex with maximum absorption at 520 nm against reagent
blank. Beer's law was obeyed in the concentration range of 0.15-6.00
pg/ml and 0.25-8.00pg/ml with molar absorptivity of 7.858x10* and
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4.555x10" Lmol'.cm™ for method A and B respectively. The mean
percent recoveries are 100.39% and 99.11% for both methods
respectively. The suggested procedures could be wused for the
determination of salbutamol in pure and dosage forms without
interference from common excipients. The proposed methods are
successfully compared with the official and other spectrophotometric
methods.

Introduction
Salbutamol {(RS)-2-(1,1-dimethyl)ethylamino-1-[4-hydroxy-3-

(hydroxymethyl)-phenyl]ethanol} (1) is a direct-acting sympathomimethic
with beta-adrenergic activity, employed as bronchodilator for the
treatment of asthma and chronic obstructive pulmonary disease. It is also
used to arrest premature labor in pregnancy [1]. This drug is usually
administered alone, and only few forms contain salbutamol associated
with a second active ingredient.

CH20H

@

Several analytical techniques have been reported for the determination
of salbutamol in its pharmaceutical preparations including
chromatographic  [2-4], fluorescent [5], electrochemical [6,7],
a.c.oscillopolarographic titration[8] and flow injection [9] methods. The
British Pharmacopoeia[10] involves two different methods for the
analysis of pure drug of salbutamol and its formulations. The pure drug is
analyzed by nonaqueous titration with perchloric acid while the analysis
of tablets is carried out by liquid chromatography. HPLC is also the
method of choice in the albuterol monograph in the United States
Pharmaceopeia [11]. Spectrophotometry is the technique of choice even
today due to its inherent simplicity. The most widely used technique for
the assay of salbutamol in pharmaceuticals has been visible
Spectrophotometry. The procedures based on different reactions such
as redox [12, 13], oxidative coupling [14, 15], diazotization and
coupling [16, 17], bromination [18], nitrosation [19], nitration [20],
nitration followed by Meisenheimer complex formation [21], and
charge-transfer complex formation [22] are found in literature.
However, some of these procedures suffer from one or the other
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disadvantage such as poor sensitivity, extraction step, critical working
conditions, or the use of organic solvents; and hence are unsatisfactory
for routine analysis.

This paper describes two assay methods for salbutamol in pure and
pharmaceutical formulations. The methods are based on the oxidation of
salbutamol with ferric salt in acidic medium and subsequent
complexation of ferrous ion produced with 1,10-phenanthroline reagent
in the first method and with 2,2'-bipyridyl reagent in the second method.

Experimental
Apparatus

All absorption measurements were made on a Shimadzu UV-210A
double - beam spectrophotometer supplied with a digital printer DP80Z
and matched 1-cm optical silica cells.

Reagents

All reagents used were of analytical grade and obtained from Fluka
and BDH companies.

Fe(lll) solution(0.03M) was prepared by mixing 1.212g of
Fe(NO3);.9H,0 with 5ml distilled water and 5ml of 0.05 M HNO; and
diluted to 100 ml in a volumetric flask with distilled water.

1,10-Phenanthroline solution (0.05M) was prepared by dissolving
0.9g of
1,10-phenanthroline in ethanol and diluted to the mark in a 100ml-
volumetric flask with ethanol.

2,2'-Bipyridyl solution(0.05M) was prepared by mixing 0.2809¢g of
2,2'-bypyridyl with minimum volume of ethanol and diluted to the mark in
a 100m1-volumetric flask with distilled water.

Standard solution of salbutamol(100ppm) was prepared by
dissolving 0.01g of pure salbutamol, provided from Sammara drug
industries(SDI), in distilled water and diluted to the mark in 100ml-
volumetric flask with distilled water and stored in amber coloured bottle in
refrigerator. The solution were diluted as needed.

General procedure

Aliquots of standard drug solution of salbutamol were transferred
into a series of 10 ml calibrated flasks. To each of these were added 0.5 ml
of Fe(NO3);.9H,0 solution and 2 ml of 1,10-phenanthroline solution in
method A and 0.3 ml of Fe(NO;);.9H,0 and 1.5 ml of 2,2'-bipyridyl
solution in method B. The solutions were heated on a water bath adjusted
at 90°C for 30 min in method A and at 70°C for 50 min in method B. The
solutions were cooled, diluted up to the mark with distilled water and
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mixed well. The absorbances of complexes were measured at 510 nm and
at 522 nm in method A and B respectively against corresponding reagent
blank. Calibration graphs were plotted.

Analysis of dosage forms

Tablets

Weighed and finely powdered 10 tablets (each containing 2mg
salbutamol). An amount of powder equivalent to one tablet was weighed
accurately and transferred into a 50 ml beaker. The powder was completely
dissolved in distilled water and the solution was filtered through a Whatmann
41 filter paper. The filtrate was made up to 50 ml with distilled water in a
calibrated flask to obtain 40pug/ml salbutamol in a final dilution. An a liquid of
drug solution was analysed as described in general procedure.

Syrup

Accurately 5ml of syrup sample was measured which is equivalent to
2mg of salbutamol was transferred into a 50 ml calibrated flask and diluted to
the mark with distilled water. An a liquid of drug solution was analysed as
described in general procedure.

Results and discussion

The reaction involves the oxidation of salbutamol with Felll salt and the
librated Fell was reacted with 1,10-phenanthroline in method A and with 2,2'-
bipyridyl in method B.

Absorption spectra

Ferric salts play a prominent role in the spectrophotometric determination
of many pharmaceutical drugs[23-25], acting as an oxidant, a ferric salt gets
reduced to ferrous salt amount corresponds to drug concentration. The amount
of Fe(Il) can be determined using 1,10-phenanthroline and 2,2'-bipyridyl.
However, method A and B are based on the oxidation of salbutamol drug with
Fe(Ill) in acidic medium and produce Fe(Il). The Fe(Il) reacts with 1,10-
phenanthroline to produce a red coloured complex of tris-1,10-phenanthroline-
iron(Il) chelate (ferroin) [Fe(phen);]*", as shown in schemel, having the
absorption maximum at 510 nm in method A, and reacts with 2,2'-bipyridyl to
produce a red coloured complex of  tris-2,2'-bipyridyl-iron(Il) chelate
[Fe(bipy);]*", having absorption maximum at 522 nm in method B, as shown in
Fig.1.
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IOH
CH-CH,-NH-C(CHs;);

CH-CH,-NH-C(CHj;);
Felll
HO m >
CH,OH H o) + HO + Fell

Salbutamol CH,OH

Fe Il + 3(1,10-Phenanthroline) — [FeII-(ljlo-Phen)ﬂzJr
Red complex

Fell + 3(2,2"-bipyridyl) ————» [Fell - (2,2"-bipyridyl);]**
Red complex

Scheme 1. Proposed reaction mechanism for assay of salbutamol
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Fig.1. Absorption spectra of (a) salbutamol (3pug/ml)-Fe(NOs3);.9H,0-
1,10-phenanthroline system and its reagent blank (b), (c) salbutamol
(4pug/ml)-Fe(NO3).9H,0-2,2"-bipyridyl system and its reagent blank(d) in
a total volume of 10 ml.

Optimization of reaction conditions

The optimum reaction conditions for quantitative determination of
salbutamol were established by varying one parameter at a time and
keeping the others constants.

29



Development of Spectrophotometric methods for ......

Effect of temperature and reaction time

The reaction time was determined by following the colour
development at room temperature and in a thermostatically controlled
water-bath at different temperatures for both methods A and B. The
absorbance was measured at 5 min intervals against reagent blank treated
similarly. The formation of coloured complexes were slow at room
temperature and required longer time for completion. Hence efforts were
made to accelerate the reaction by carrying out the reaction at higher
temperatures. It was observed that the maximum absorbances were
obtained when heating the reaction mixture at 90°C for 30 min in method
A and at 70°C for 50 min in method B, (Fig.2). The stability of
complexes was found constant after cooling to room temperature more

than 24 h.
08 — 70°C
Method B
0s — /./
) 90°C
2 04 7 Method A
)
=
Q nax =
0
<
03 -
DE Ty T T T T T T T
u] 10 0 0 40 a0 [alu} T

Time (min)

Fig.2. Effect of the time and temperature on the absorbance of 2.5 pg/ml salbutamol
in method A and 5 pg/ml in method B.

Effect of Fe(NO3);.9H,0 concentration

The effect of Iml of different concentrations of ferric nitrate
solution while keeping a fixed concentration of salbutamol and 1,10-
phenanthroline or 2,2'-bipyridyl on the absorbance of complex in both
methods A and B were investigated. It was found that 0.03 M
concentration of ferric nitrate gave maximum absorbance for both
methods. Also; the amount of this concentration was studied and found
that the absorbance increased and reached maximum by using 0.5 and 0.3
ml of ferric nitrate in method A and B respectively, thus adopted as being
optimal.
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Effect of 1,10- phenanthroline and 2,2'- bipyridyl reagents
concentration

The effect of 1,10-phenanthroline and 2,2'-bipyridyl concentrations
on the absorbance of the complex in method A and B respectively were
investigated. It was found that 2 ml and 1.5 ml of 0.05 M of 1,10-
phenanthroline and 2,2'-bipyridyl respectively gave maximum
absorbances which were used in subsequent experiments. Above these
concentrations the absorbances were decreased as shown in Fig.3.
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Fig.3. Effect of reagent concentration of
(a) 2,2'-bipyridyl in the presence of Spg/ml salbutamol and
(b) 1,10-phenanthroline in the presence of 2ug/ml salbutamol

Effect of order of addition

To obtain optimum results the order of addition of reagents should be
followed as given under the general procedure, otherwise a loss in colour
intensity was observed.

However; the optimum reaction conditions for developing the
colour intensity of the complex in method A and B are summarized in
Table 1.

Tablel. Optimum reaction conditions of salbutamol determination by
the proposed methods.

Amax Tem Developme Stabilit Reagent
Method | (nm | P | nt time Y | 0.05M
) (°O) (min) period (ml)
(h)
A 510 | 90 30 >24 2.0
B 5221 70 50 >24 1.5

* After cooling to room temperature
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Quantification

In order to investigate the range in which the coloured complexes
adhere to Beer's law, the absorbances of the complexes were measured at
their respective An.x values after developing the colour by following the
suggested procedures for a series of solutions containing increasing
amounts of salbutamol drug. The Beer's law limits, molar absorptivity
and Sandell's sensitivity values were evaluated and are given in Table 2,
which are indicated that the two methods are sensitive. The linearity was
represented by the regression equation and the corresponding correlation
coefficients for the salbutamol determined by the proposed methods
represents excellent linearity (Fig.4). The relative standard deviation
(RSD) and accuracy (average recovery%) for the analysis of six replicates
of each three different concentrations of salbutamol (1, 3 and Spug/ml)
indicated that both methods are precise and accurate.
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Fig.4 Calibration graphs for the determination of salbutamol

Table 2. Summary of optical characteristics and statistical data for the
proposed methods

Values of
Parameter
Method A Method B
Beer's law limits (pg/ml) 0.15-6.00 0.25-8.00
Molar absorptivity (LMol em™x10*  7.8580 4.5550
Sandell's sensitivity (ng cm™) 5.28 11.86
Correlation coefficient 0.9992 0.9987
Regression equation (Y)*
Slope, a 0.3283 0.1903
Intercept, b 0.27862 0.1569
RSD** 0.4226 0.4980
Average recovery % 100.39 99.11

* Y =aX+ b, where X is the concentration of salbutamol in pg/ml.
** Average of six determinations.
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Interference

The extent of interferences by some excipients which often
accompanied pharmaceutical preparations were studied by measuring the
absorbance of solutions containing 2 pg/ml of salbutamol and various
amounts of diverse species in a final volume of 10 ml. It was found that
the studied excipients do not interfere in the determination of salbutamol
in its dosage forms. Fructose and arabic gum showed an interference
effect when present in a large excess. An error of 5.0% in the absorbance
readings was considered tolerable. Typical results are given in Table 3.

Table 3: Effect of excipients for assay of salbutamol

Recovery % of 2ug/ml of salbutamol per pg excipients added in

Excipients Method A Method B
100 500 1000 100 500 1000
Glucose 99.8 101.1  100.8 102.1 102.6 104.3
Fructose 103.2 105.2 110.5 99.7 102.5 109.1
Starch 103.0 102.4 103.4 97.0 97.4 983
Magnesium stearate 102.4 100.2 104.3 99.1 100.3 100.8
Arabic gum 102.5 1043 110.2 100.9 103.9 109.0
Sodium chloride 97.9 100.4 100.8 99.8  100.0 100.5
Sodium bicarbonate 100.9 101.3 99.0 102.3 100.8 98.2

Analytical applications

The proposed methods were successfully applied to determine
salbutamol in its pharmaceutical preparations. The obtained results were
compared statistically by a Student's t-test for accuracy and a variance
ratio F-test for precision with the official method'” (depending on
potentiometric titration for pure drug using 0.1 M perchloric acid) at the
95% confidence level with five degrees of freedom, as cited in Table 4.
The results showed that the t-test and F-test were less than the theoretical
value(t=2.667, F=6.39), indicating that there was no significant
difference between the proposed methods and official method. Moreover,
the proposed methods are compared favorably with other reported
methods[13,14] as shown in Table 5.
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Table 4. Assay of salbutamol in pharmaceutical preparations using the
proposed methods and comparison with the official method.

Recovery % + RSD*
Preparation®  Nominal
Value Method A Method B Official method®

Butadin 2mg/Tab. 100.89 + (.82 102.31 +1.84 99.85+0.85
(tablet) t=1.37 t=1.19

F=2.84 F=1.68
Butadin 2mg/Sml 102.65 £1.47 103.73 £1.72 99.85+0.85
(syrup) t=1.91 t=1.94

F=1.59 F=2.15

* Average of six determinations.
® Marketed by S.D.I Iraq

¢ Official method was applied for determination of pure drug.

Table 5: Comparison of results for the determination of salbutamol by the
proposed methods and the reported methods

Amax Beer's law limit ~ Molar absorptivity

Reagent used (nm) (ng/ml) (L.mol-1cm-1) Application Remarks
. Involves  extraction
Cerium(IV)- 4 .
MBTH [15] 530 0-15 2.4x10 - and an expensive
reagent
BrO; ~-Br Involves several reagen
/methyl 510 0.5-5 7.17x10* Tablet v ora_reag
critical conditions
orange [18]
Uses on-line solid-
F—C reagent® . phase
[13] 750 I-15 o Tablet, urine extraction and flow-
injection
Fe-1,10-
phenanthrolin 510 0.15-6 7.858x10* Tablet, syrup ~ Proposed method A
e
Ee—232'- 520 0.25-8 4.555x10* Tablet, syrup ~ Proposed method B
bipyridyl ) ) ’

*MBTH, 3-methylbenzothiazolin-2-one hydrozone.
PF_C reagent, Folin—Ciocalteu reagent.

Conclusion

The proposed methods are sensitive and reasonably accurate and
precise. Method A (used 1,10-phenanthroline) was found to be more
sensitive compared to method B (used 2,2'-bipyridyl) for the assay of
salbutamol. The coloured complexes are stable for more than 24 h, which
makes the methods more practicable. The validity of the proposed
methods is well demonstrated by analyzing the dosage form of
salbutamol (tablet and syrup). Moreover, the methods are free from
interference by common additives and excipients.
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