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1. Introduction 

Salbutamol sulphate or albuterol sulphate, the 
hemisulphate of 1-(4-hydroxy-3-hydroxymethyl- 
phenyl)-2-(tert-butylamino) ethanol, is a direct- 
acting sympathomimetic with a relatively selective 
action on fl2-adrenoreceptors. It is used therapeu- 
tically as a potent bronchodilator [1]. The drug is 
official in both the USP XXIII [2] and the BP 1993 
[3]. These official compendia describe non-aqueous 
titrations for the drug in bulk. The tablets are 
official only in the BP 1993, which applies a HPLC 
procedure for their assay. The physical and chem- 
ical characteristics of salbutamol with some refer- 
ences for its quantitation have been collated in an 
analytical profile of the drug [4]. 

Several colorimetric procedures have been re- 
ported based on the phenolic nature of salbutamoi. 
Diazo coupling with different diazotized amines 
[5,6], formation of aqueous copper chelates [7] or 
blue phenol indophenol [8] and reaction with 
sodium cobaltinitrite [9] have been the main reac- 
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tions utilized for its determination. Salbutamol 
sulphate (SA) has been determined in its pharma- 
ceutical preparations using almost all the other 
available analytical techniques. Halogenated quin- 
ones such as 2,3,5,6-tetrachlorobenzoquinone 
(chloranil-(CH)) and 2,3-dichloronaphthoquinone 
(dichlone-(DI)) were used as rc-acceptors with var- 
ious electron donors to form charge-transfer com- 
plexes [10,11]. 

In this work, these quinones have been used to 
form coloured charge-transfer complexes with sal- 
butamol base (method I). The second method 
(method II) used the modification of the Hamilton 
and Robinson reaction proposed by Buckley et al. 
[12] as the basis for the determination of SA. The 
highly coloured dialkylaminovinylquinone was 
formed from the reaction between one of the halo- 
genated quinones, acetaldehyde and SA as the sec- 
ondary amine. This reaction has been used for de- 
termining ephedrine and phenylephrine [13], piper- 
azine [14] and some fl-adrenergic blocking drugs 
[15] in their pharmaceutical preparations. These two 
reactions have been used in the present work as the 
basis of the determination of SA in tablets. 
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Table 1 
Optical characteristics and statistical data of  the regression equations for charge-transfer complex formation and condensation with 
acetaldehyde in the presence of the chlorinated quinones in the analysis of  salbutamol sulphate 

Parameter Chloranil Dichlone 

Without  With Without  With 
acetaldehyde acetaldehyde acetaldehyde acetaldehyde 

Max imum wavelength (nm) 
Beer's law limits (mg per 100 ml) 
Apparent  molar absorpitivity (1 mol-~ cm-~)  a 
Sandell's sensitivity (pg ml-~  per 0.001 A) 
Regression equation 

Intercept (a) 
Slope (b) 

Correlation coefficient (r) 
Variance (S~) 

550 660 490 570 
10-30 2 7 5 -20  3 -8  
7.77 x 2 3.44 x 103 1.24 x 103 3.02 x 105 
3.83 × 10 -1 8.38 x 10 -2  2.51 × 10 - t  9.40 x 10 -2  

- 1 . 3 7 ×  10 -2  - 1 . 5 7  x 10 -3  - 2 . 5 0 ×  10 -2  8.20× 10 -3  
2 . 7 0 x 1 0  -2  1.19x 10 - I  4 .29x  10 -2  1.05x 10 2 
0.9995 0.9998 0.9995 0.9998 
9.31 x 10 -5  1.68 x 10 -4  2.26 x 10 -4  1.15 × 10 -4  

Calculated on the basis of  the molecular mass  of  salbutamol sulphate. 

2. Experimental 

2.1. Apparatus 

Absorbance measurements were made on a 
Perkin-Elmer Model 550S double-beam UV-visi-  
ble spectrophotometer attached to a Hitachi 
Model 561 recorder, with a fixed slit-width of  
2 nm and 1 cm matched quartz cells. 

2.2. Materials and reagents 

All chemicals were of analytical-reagent grade 
unless specified otherwise. Salbutamol sulphate 
was kindly supplied by Pharco Pharmaceutical 
(Alexandria, Egypt) as a gift and was certified to 
contain 99.40%. Tablets were purchased locally. 
Chloranil and dichlone (Aldrich Chemical, Mil- 
waukee, WI, USA) were prepared as 1% solutions 
in acetone. A 10% (v/v) solution of  acetaldehyde 
(Merck, Darmstadt,  Germany) in propan-2-ol was 
used. 

Stock salbutamol sulphate solution 
A 0 . 5m gml  -~ solution was prepared by dis- 

solving the appropriate amount  of  standard drug 
in a suitable volume of  dimethylformamide 
(DMF); heating in boiling water-bath was neces- 
sary to dissolve the powder. 

2.3. General procedures and calibration graphs 

Method I 
Appropriate volumes of  solutions prepared 

from the standard drug solution, in the concentra- 
tion range stated in Table 1, were placed in 5 ml 
volumetric flasks. The solutions were diluted to 
constant volume with DMF. For  the reaction 
with CH, 0.7 ml of the reagent was added and the 
flasks were allowed to stand at 60°C for 10 min in 
a thermostated water-bath. For  DI, 2ml  of  
reagent were added and the flasks were heated for 
30 min at 60°C. In both cases, the solutions in the 
flasks were diluted to volume with D M F  and the 
absorbance values of  the solutions were recorded 
at the maximum wavelength stated in Table 1 
against simultaneously prepared blanks. 

Method H 
Appropriate volumes of  the standard solution 

in the concentration range stated in Table 1 were 
placed in 5 ml volumetric flasks. The solutions 
were diluted to a constant volume with D MF  
(1.0 ml). To each flask, 0.4 or 0.5 ml of 1% (w/v) 
CH or DI solution, respectively, was added fol- 
lowed by 0.9 or 0.5 ml of 10% (v/v) acetaldehyde 
solution in the case of CH or DI, respectively. 
The flasks were heated for 10 min at 60°C, cooled 
and diluted to volume with propan-2-ol. The ab- 
sorbance was measured against a simultaneously 
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prepared blank at the specified wavelengths 
(Table 1). 

2.4. Procedure f o r  the assay o f  the tablets 

Twenty tablets were weighed and an accu- 
rately weighed amount  of  the finely powdered 
tablets equivalent to about 10.0 mg of SA was 
transferred into a 25 ml volumetric flask. The 
flask was half-filled with D M F  and 0.5g of 
activated charcoal was added (in the case of  
pink tablets); the flask was heated in a boiling 
water-bath for 20 min. The solution was cooled 
and diluted to volume with the same solvent. 
The solution was filtered and the first few millil- 
itres of  the filtrate were discarded, different 
aliquots from the filtrate were measured by 
pipette and the method was continued as men- 
tioned under the general procedure for the two 
reactions. 

3.2. Method  I I  

In this method, the basic secondary nitrogen 
of SA base in D M F  was condensed with ac- 
etaldehyde to give an enamine derivative. The 
enamine formed acted as a nucleophile and con- 
densed with the halogenated quinones to form a 
blue dialkylaminovinylquinone. The reaction was 
based on the work of Buckly et al. [12] and had 
been utilized for the quantitation of  some drugs 
containing a free secondary amine group in their 
molecular structures [13 15]. 
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3. Results  and discussion 

3.1. Method  I 

The reaction of SA with CH and (DI) results 
in the development of  violet to o range- red  solu- 
tions which exhibit absorption maxima at 555 
and 590 nm, respectively. The colours can be at- 
tributed to the formation of charge-transfer 
complexes between SA as the n-donor and the 
halogenated quinones (CH and DI) as ~r-accep- 
tors. 

D " + A ~ [ D ' "  A ] ~ D  + + A -  

The above suggestion was confirmed by the 
absence of a reaction between SA as salt and 
the chlorinated quinones due to the presence of 
the nitrogen in the protonated form. Belal et al. 
[10] and Abou Ouf  et al. [11] converted the 
analysed drugs into the free base by using am- 
monia or sodium hydrogen carbonate, respec- 
tively. In the present work and because SA base 
is water soluble, the drug base was set free by 
using D M F  as solvent. 
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Fig. 1. Absorption spectra of the coloured chromophores 
formed through the reaction of 15 and 30rag per 100ml SA 
with DI (dashed line) and CH (solid line), respectively. 
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Fig. 2. Absorption spectra for the reaction product of 7 mg 
per 100 ml SA with DI (dashed line) or CH (solid line) in the 
presence of acetaldehyde solution. 

3.3. Optimum reaction conditions 

Figs. 1 and 2 show the absorption spectra of  
the reaction products of  SA and halogenated 
quinones in the absence and presence of  acetalde- 
hyde. Both reaction conditions were optimized by 
changing one factor and keeping the rest con- 
stant. 

Method I 
The most  suitable volumes of  1% solutions of  

CH and DI  were found to be 0.7 and 2ml ,  
respectively. The opt imum reaction time and tem- 
perature for maximum sensitivity were found to 
be 10 and 30 min at 60°C for C H  and DI,  respec- 
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Fig. 3. Effects of  temperature and heating time on the forma- 
tion of  15 mg per 100 ml SA complex with (A) CH and (B) DI. 
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Fig. 4. Effects of  temperature and heating time on the conden- 
sation reaction of  5 mg per 100 ml SA with (A) DI and (B) CH 
in the presence of  acetaldehyde solution. 
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Table 2 
Application of charge-transfer complex formation and condensation with acetaldehyde in the presence of the chlorinated quinones 
in the analysis of commercial products containing salbutamol sulphate 

Sample Found (%) (Mean + SD) a 

Chloranil Referee Dichlone 
method 

Without With of BP 1993 Without With 
acetaldehyde acetaldehyde acetaldehyde acetaldehyde 

Ventolin tablets b (Batch No. 31708B) 

Farcolin tablets b (Batch No. 154) 

Salbovent tablets b (Batch No. 2007003) 

Bronchovent tablets b (Batch No. 128042) 

Salbolin tablets b (Batch No. 134073) 

98.38 _+ 0.52 98.45 _+ 0.43 98.59 + 0.97 98.75 _+ 0.63 99.05 _+ 0.71 
t = 0.43 0.29 (2.31) ~ 0.30 0.84 
F = 3.48 5.01 (6.39) " 2.39 1.86 

96.27 _+ 0.61 96.35 _+ 0.55 96.29 + 0.54 96.02 _+ 0.67 96.15 + 0.57 
t = 0.07 0.18 0.71 0.40 
F=  1.27 1.05 1.55 1.13 

96.69 _+ 0.63 97.02 + 0.33 97.08 _+ 0.60 96.98 + 0.69 97.57 _+ 0.42 
t = 1.00 0.19 0.25 1.48 
F=  1.08 2.32 1.30 2.03 

101.57 _+ 0.75 101.48 _+ 0.97 101.09 _+ 0.57 100.91 _ 0.84 101.32 _+ 0.82 
t = 1.49 0.96 0.41 0.52 
F= 1.12 1.53 2.17 2.06 

99.65 _+ 0.75 99.54 _+ 0.97 99.55 + 0.81 99.50 _+ 0.41 99.89 _+ 0.58 
t = 0.20 0.02 0.12 0.76 
F=  1.17 1.43 3.90 1.95 

a Mean of five determinations _+ standard deviation. The results represent the percentage recovery from the label claimed amount. 
b Ventolin tablets were manufactured by Glaxo Egypt (El Salam City, Egypt), under licence from Glaxo Group (UK). Farcolin 
tablets were manufactured by Pharco Pharmaceutical (Alexandria, Egypt). Salbovent tablets were manufactured by The Alexandria 
Co. for Pharmaceuticals and Chemical Industries (Alexandria, Egypt). Bronchovent tablets were manufactured by Misr Co. for 
Pharmaceutical Industries (Cairo, Egypt). Salbolin tablets were manufactured by The Arab Drug Company (Cairo, Egypt). 

Values in parentheses are the theoretical values at p = 0.95. 

tively (Fig. 3A and B). Ace tone  and D M F  were 

examined as diluents for the reaction. The  latter 

gave a higher  absorbance  and bet ter  stability. F o r  

bo th  C H  and DI  the colours  p roduced  under  the 

above-men t ioned  condi t ions  were found to be sta- 

ble for at least 1 h. 

M e t h o d  H 

Volumes  o f  0.9 or  0.5 ml o f  10% acetaldehyde 

solut ion in propan-2-o l  were found to be opti-  

m u m  when used with C H  or DI,  respectively. An  

excess concent ra t ion  o f  ace ta ldehyde showed a 

negative effect on the developed colour.  Volumes  

o f  0.4 and 0.5 ml o f  C H  and DI  were found  to be 
op t imum for co lour  development .  F o r  both  

reagents,  the t ime and tempera ture  required for 

m a x i m u m  colour  deve lopment  were found to be 

10 min at 60°C (Fig. 4A and B). The  effects o f  

different solvents on the absorbance  o f  the co lour  

formed were studied using D M F ,  acetone,  

ethanol ,  propan-2-ol  and dioxane.  Propan-2-ol  

gave the highest absorbance  where C H  was used 

as the reagent; both  propan-2-o l  and acetone gave 

the same sensitivity in the case o f  DI. The  colours 

produced  f rom the react ion o f  C H  or DI  with SA 

in the presence o f  acetaldehyde were stable for at 

least 30 min. U n d e r  the described exper imental  

condi t ions  the graphs obta ined  by plot t ing ab- 

sorbance at the specified wavelengths against  the 

concent ra t ion  were found to be linear over  the 

Beer 's  law ranges given in Table  1. 
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3.4. Assay of tablets 

The proposed methods were applied to the 
determination of salbutamol sulphate in tablets 
(Table 2). The results obtained by the two meth- 
ods were in good agreement with those given by 
the official procedure since the calculated t and F 
values did not exceed the theoretical values. The 
good agreement of the results indicates the suit- 
ability of these spectrophotometric methods for 
the determination of salbutamol sulphate in 
tablets. In addition, the use of these spectrophoto- 
metric procedures leads to considerable savings in 
cost and time. 
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