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Abstract

This paper describes the separation and quantification of salbutamol in pharmaceutical products (salbutamol syrups) by capillary electrophores
(CE) with contactless conductivity detection*{®. The system was studied by micellar electrokinetic capillary chromatography (MEKC) and
free solution capillary electrophoresis (FSCE), being the latter chosen in function of best resolution and sensitivity in comparison with the MEKC
method. CE-¢D was applied to analysis of salbutamol in syrups utilizing > I0-2mol L~ acetic acid/sodium acetate buffer (pH 4.9) as
running electrolyte. Tetraethylammonium (TEA) solution was used as internal standard. The results obtained include a linear dynamic range fror
7.0x 10°°t03.0x 10~*mol L~* and good repeatability (R.S.D. = 4.7% for 10 for a 7.0x 10-° mol L~ salbutamol solution). The detection limit
was calculated as 1:0107°mol L~* and the limit of quantification was estimated as 8.80~° mol L. For syrups analysis the reproducibility
presented deviations between 1.5% and 2.5% (three different days) obtained for measurements in triplicate.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction So far the analytical methods reported for the determina-
tion of salbutamol in pharmaceutical formulations and bio-
Salbutamol o!-[(rert-butylamino) methyl]-4-hydroxys- logical samples include: chromatograpf4;5], spectropho-

xylenew-o’-diol is af3>-selective adrenoreceptor agonist, which tometry [6-9], fluorescence and chemiluminescerfté—12]
actuates as a pronounced bronchodilatory, cardiac, uterine aimdmunobiosensagfl3], potentiometry14—16} conductometry
metabolic agent. Itis administered in avariety of ways, including17] and amperometry coupled with batch injection analysis
tablets or syrup; inhalation by aerosol, injection and it is nor-(BIA) [18]. Many of these techniques are expensive or require
mally used in the sulfate form. Moreov@g-selective adrenore- time-consuming derivatization steps.
ceptors are drugs that potentially produce a certain amount of Capillary electrophoresis (CE) has proved to be a powerful
anabolic-like effects, depending on their route of administrationanalytical technique in several applications, including pharma-
For that reason, the International Olympic Committee (IOC)ceutical and biomedical areas. Thereis afamily of CE techniques
restricts the use of salbutamol (albuterol) in athletes only byutilized to separate and detect a diversity of compounds. The
inhalation and, even then, it must be declared in writing to theversatility and number of ways that the capillary electrophoresis
relevant medical authority prior to the competition. Higher dosexan be employed suggest that almost all molecules can be sep-
of this drug may have lipolytic effect and residues of these comarated using this powerful techniqug&Agonists, for example,
pounds can be toxic to humafis-3]. has been analyzed by CE direcihy9,20], utilizing solid-phase
extraction (SPE) or using beta-cyclodextrin (beta-CI®-27]
or another chiral select¢28].
* Corresponding author. In this paper is presented a new way to determine salbu-
E-mail address: luangnes@ig.usp.br (L. Angnes). tamol in pharmaceutical products (syrups) by using CE with
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capacitively coupled contactless conductivity detectiof)c ~ and after that the running electrolyte. Before the first injection,
The basic idea of this detection technique is to apply an altetigh voltage (28 kV) was applied for approximately 20 min. The
nate voltage over a couple of cylindrical electrodes positione@apillary was flushed between runs with electrolyte solution for
outside the capillary and measure the current that flows throughmin. During the experiments the temperature inside the instru-
them. This current is a function of the solution conductivity atment was maintained at 251°C.

the gap between the electrod@9,30] Our and other groups The introduction of samples in the capillary was done explor-
have employed this technique for many applications in differentng the hydrodynamic pressure generated by the elevation of
matrices during the last decaf®&1—38] In present study, this the cathode vessel up to 10cm and staying in that height for
technique was directly applied to determine salbutamol (withou25 s (FSCE mode) or for 30 s (MEKC mode). The detector was
any pre-treatment) rapidly and precisely in complex samples. operated at 600 kHz and the most favorable separation voltage
was experimentally determined for each of the different elec-
trolytes studied. In this type of detection the electrodes are
positioned outside of the capillary and high frequencies (typ-
ically 10°—1(P Hz) are used to reduce the effects due to the high
impedance of the capillary wall. Contactless conductometric

Standard Ibut | ifat kindlv donated b detector response is due to the difference between electrolyte
andard -salbutamol sufiate ~was Kindly donate Yand analyte conductancg9,30] For this reason, this detec-
Boehringer Ingelheim from Brazil and was utilized without

o : tion mode is being considered an interesting tool for analytical
further purification. Other reagents were of analytical grad g g y

, . urposes.
purchased from Sigma or Merck and the solutions were prsr—) P

pared with deionised water from a MillipdteMilli-Q Plus
system. Salbutamol must be stored in the dark and at low- Results and discussion
temperatures. The pharmaceutical products (syrups) utilized in
this study were acquired in a local drugstore. Pre-treatment of AS mentioned above, different systems were employed in
the Samp|es was not necessary. Just before the measurememg, investigation inVOlVing the salbutamol detection. The first
the samples were conveniently diluted with the running elec€Xxperiments were performed in borate buffer pH 9.0 and it was
trolyte (1.0x 10~2mol L~ acetic acid/sodium acetate buffer 0bserved that the apparent mobility of the species and of the
(pH 4.9)). electroosmotic flow (EOF) were simildfig. 1), indicating that
Suitable dilutions of a 1.6& 10~2 mol L1 salbutamol stock in such conditions the net charge of the species is nearly null (it
solution were performed in order to obtain analytical stands in the zwitterionic form, close to isoelectric point, and also it
dard solutions employed in the experiments. The running elecdoes not complex with borate to form an anionic species). The
trolyte chosen for the analyses was a.00~2 mol L~ acetic conclusion was that at this pH the separation was not favorable,
acid/sodium acetate buffer (pH 4.9) while a %.004molL~1  since a co-elution with the EOF marker occurs.
tetraethylammonium (TEA) solution was used as internal stan- On the other hand, the borate buffer could be employed in
dard. Previously, other buffer solutions were investigatedthe salbutamol separation by MEKC once on that circumstance

searching for the best medium for salbutamol analysis in syrupdhis electrolyte confers a condition of neutrality. For this exper-
namely sodium phosphate pH 12.1 with 220 4molL~1 iment, more concentrated solutions of the borate buffer were
cetyltrimethylammonium bromide (CTAB) for reversion of the Used in order to obtain an improved signal/noise ratio in com-
electroosmotic ﬂOW and a So|uti0n of boric acid + potassiun'parison with the eXpeI’imentS performed in FSCE. The pOtential
hydroxide with a final pH 9.0, using TEA (3010 4 mol L~1)

as the internal standard, both exploring the free solution capil-
lary electrophoresis (FSCE) condition. Experiments of MEKC
using 3.0x 10-2mol L~ sodium borate solution (pH 9.4) and
5.0x 10~2mol L~1 sodium dodecylsulfate (SDS) were also car-
ried out.

2. Experimental

2.1. Reagents and solutions

2.2. Capillary electrophoresis apparatus

Response (V)

The CE equipment interfaced to a microcomputer was builtin | salbutamol
our laboratory and details about the construction and the detec-
tor developed have been reported elsewli@®e40]. The fused
silica capillary (5Qum inner diameter, 37Bm outer diameter EQF
and 63 cm length) employed was purchased from Agilent Tech- 2 ' 3 ' 4
nologies (90 Paulo, Brazil). The contactless conductometric Time (min)

_deteCtor was posmoned at 53 Pm from th? begmnlng of the Ca_‘pifig. 1. Electropherogram obtained for salbutamol by using borate buffer
illary. The capillary was conditioned by this sequence of 20 ming g, 10-3 mol L1 (pH 9.0). Concentration of the species: .00~ mol L L.
flushes: water, then 0.1 moft NaOH, one more time water Separation voltage: 25 kV.
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TEA (added as internal standard) and salbutamol demonstrates
that the compounds have a lower mobility than that one of the
buffer counter-ion (tailing peaks), but this experimental fact does
not affect the quantification.

The best results in salbutamol determination were obtained
0.0 1 by FSCE. Comparison with MEKC by considering analysis time
salbutamol and sensitivity is illustrated ifable 1 Each one of the elec-

trolytes utilized in FSCE showed their advantages. However, in
solutions with elevated pH, the analysis requires a significantly
0.4 higher time, although this condition shows better signal-noise
ratio. Since the acetate buffer provided a short analysis time
] and a good signal—-noise ratio, this solution was elected as run-
5 s ' 7 ' 8 ' 9 ning electrolyte for all experiments involving the salbutamol
Time (min) analysis.
Fig. 2. Electropherogram obtained for salbutamol by using borate buffer In ordgr to Obt.am the peSt cqndmons in the capillary elec-
3.0x102molL-! (pH 9.4)+SDS 5. 10-2molL—L. Concentration of trophoresis experiments, it was important to study the effect of
salbutamol: 3.0< 10-4 mol L~1. Separation voltage: 15 kV. pH and concentration of the acetate buffer solution. The depen-
dence of the migration times of salbutamol and of the internal
eﬁftandard TEA on the pH was examined in the range from 4.4
éo 5.4. The results demonstrated that there was better separa-
tion at pH 4.9. The effect of the concentration was verified
y using acetic acid/sodium acetate (pH 4.9) solutions rang-
g between (1.0 and 3.8 102 mol L~1. The results showed

0.4 4

Response (V)

EOF

of separation had to be significantly decreased owing to high
conductivity of the electrolyte. A consequence of this chang
was an increase in the running tinféd. 2).

The detection of salbutamol was also achieved by usin

phosphate buffer pH 12.1F(g. 3). The counter-ion selected ! ) . .
was sodium. In this case, the sensitivity is determined by th hat, with an increase of the concentration of the running elec-

difference between the mobility of the anionic species of themlyte’ the peaks decreased and became broader and the noise

electrolyte (HPG?~, PQy3- and OH") and of the analytés5]. increased. Certainly, Joule heating accounts for this behavior.

Usually, the salbutamol sulfate is the form utilized in the syrupéa‘lsci)l’I trherct:e \rl1va|3 ?inCha?ge cr)1f ittti]v?t eltehctrorc:slrnoitlcti;‘rl]ow :]r:j ttue
manufacture. An interesting characteristic in the detection o apriary. onsidering the sensitivity, the analysis ime a €

H _2 _1 . . .
salbutamol as anion is the possibility to determine sulfate simuI[GSOIUt'On’ 1.0< 10~“mol L™ acetic acid/sodium acetate (pH

taneously. In addition, sugars could also be analyzed in théel.g)wasconS|deredthe most suitable running electrolyte for the

e N analyses.
m r mple if suitable dilution i rformed. The draw- .
same syrup sample if suitable dilution is performed. The dra The typical electropherogram of salbutamol standard solu-

back of this condition was the long time necessary for each. . . .

analysis 9 y tions in this buffer can be seen iRig. 4 There are pre-
Finally, separation of dissociated salbutamol was carried ouzte;rrggréhseolﬁ!{?ocr:rsog?(;gg;?;nrfgﬁ(' rg?\_fi)n C?:gﬁgogglggtoto

in acetate buffer pH 4.9 in which the analyte shows positiv ’ ging ’

€ .
. 0x 10~*mol L~1. Fig. 4(curve g) corresponds to a syrup anal-
charge. In such a running electrolyte the shape of the peaks §1:‘sis. The inset depicts the linearity of response obtained for

salbutamol. All these experiments were done with solutions
containing in the running electrolyte 1:010-2 mol L~1 acetic
acid/sodium acetate solution at pH 4.9 and 80~*mol L~!

of TEA. The separation voltage of 28kV (maximum value of
the voltage source) was the most favorable and was adopted
for all determinations involving syrups. In such conditions
the time necessary for the analyte travel the 53cm of capil-
lary was only 3.20 min. The total time necessary for the elec-
troosmotic flow goes through the detector was just 4.66 min
(~4min and 405s).

so,”

0.2

Response (V)

0.0 1

salbutamol 3.1. Calibration plot and measurements of repeatability
galactose EOF and reproducibility

T T T T
4 8 12 L. . . )
Time (min) Under the optimized conditions, a series of experiments
, in triplicate was carried out utilizing standard solutions of
. . . -1 . . . . .
F'gol-?- E'eﬁtFOPEefogfsnngbta'”gd ffzfsla'buiag“(‘;'zby UIS'L”_%“‘lg O”;"”— . the analyte in different concentrations to build the analytical
sodium _phosphate buffer (pH 12.1), mo'; am. and  curve. It was observed a linear relationship between the total
4.0x 107“molL~+ CTAB. Concentration of species: 2510~*molL

salbutamol, 5.6« 10-4 mol L1 galactose, and 5.0 10-% mol L1 sulfate. sep-  cOTected area under the peaks and the salbutamol concen-

aration voltage: 12KV. tration in the range from 7.2 10™° to 3.0x 10~*mol L.
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Table 1

Comparison between the methods utilized in salbutamol detection

Electrolyte pH Method Analysis tinfgmin) EOF marker (min) Signal/noise
Ac~/Hac 4.9 FSCE 3.20 4.66 220
H3BOs/B(OH)4~ 9.0 FSCE 3.27 3.37 nk.
H3BO3/B(OH),~/SDS 9.4 MEKC 9.08 5.50 34

HPO,2~ /PO, /CTAB 12.1 FSCE 12.30 14.36 250

a Migration time of the analyte.
b Not calculated.

1 2 3 EOF times the standard deviation of the blank) was calculated as
9 s T’ [~ 3.3x 10~°mol Lj{ _ N

For 10 repetitive measurements of a solution containing
7.0x 107> mol L~ of salbutamol, the standard deviation was
calculated as 4.7%. This standard deviation was the result of
experiments done in three different days and carried out by
A different operators. For measurements involving syrups, experi-
ments made in triplicates (and carried out by the same operator)
the relative standard deviations obtained were situated between
1.5% and 2.5%.

Relative area
o = N W A O

s o 1 3 3
V’ ConsuravoL/ 10" mal L 3.2. Determination of salbutamol in syrups

Table 2shows the results obtained for the analysis of three
_ '8l ﬁ pharmaceutical formulations. In this table, the nominal content
of salbutamol and the average of three determinations for each

200 mv sample are presented. Since there is no official method for the
— determination of salbutamol in syrups, the results obtained by
the present method were only compared with the nominal values
pointed out by the manufactures.

Significance test (null hypothesis) was applied to the

Fig. 4. Electropherograms of standard solutions of (a)x710->mol L1, results presented ifable 2 resulting experimentat-values
(b) 1.0x 10-*mol L%, () 1.5x 10-*molL"%, (d) 2.0x 10*molL™, ()  petween 1.8 and 4.3. These results suggest there are no evi-
2.5x_1(T4 mol L_*land (f)3.0x 10~*mol Lflsalbutamol (a)~(f) and of acom- d f i i for 2 d f freed 950
mercial syrup diluted solution (g). Running buffer: xA0-2molL~1 acetic ences_ of Sys _ema Ic error_s' or ?grees 0 ree_ om ( 0
acid/acetate (pH 4.9). Peak 1: standard solution of TEA%3L0~4 mol L—1); of confidence interval), which the critical value ofis 4.3
peak 2: salbutamol solutions (standard and sample); peak 3: system peak. S¢@-1].
aration voltage: 28 kV; hydrodynamic injection: 10 cm, 25s. For clarity, curves  |n conclusion, the Capi||ary electrophoresis Wiﬂ'ﬂQ)roved
(b—f) present only the peaks_ corresponden_t to tr_\einternal standard and salbuigy pe very suitable for the determination of salbutamol in
mol. The 3 and EOF peaks in (b)—(f) were identical to the ones from curves (af)harmaceutical roducts. The proposed method has low cost
and (g). cal proc € prop _ : ,
each analysis requires relatively short time, and it does not
use organic solvents and generates little residues. In addition,
The straight line could be represented by the equatioiit dispenses previous steps such as separation, extraction or
y=(0.21£ 0.05) + (15172t 260) (correlation coefficientequal filtration. The FSCE seems to be more appropriate because
to 0.999, forn = 6). The detection limit estimated for this inter- of improved resolution and sensitivity in comparison with the
val was 1.0x 10 °mol L1 (three times the standard devia- MEKC method. Good repeatability and reproducibility are also
tion of the blank[41]) and the limit of quantification (ten characteristics of the method utilized.

time (min)

Table 2
Results obtained after analysis of three different syrup samples of salbutamol sulfate by capillary electrophoresis (CE) with contactlisiy chmeaiinn (CD)
Sample Composition Labeled value (mg/5 mL) CHEPGE S.D2 (mg/5mL)
1 Salbutamol sulfate, sodium sacharine, propylparaben, methylparaben, 2.4 2.20+0.19

flavor, citric acid, sodium cyclamate, dye and purified water
2 Salbutamol sulfate, citric acid, glycerine, propylparaben, sodium 2.4 2.35+0.02

citrate, sugar and purified water
3 Salbutamol sulfate, sodium sacharine, propylparaben, methylparaben, 2.4 2.30+0.04

flavor, citric acid, sodium cyclamate and purified water

a Averaget S.D. of three determinations.
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