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Abstract

A simple method for the study of the pharmacokinetics of salbutamol using ion chromatography with direct conductivity detection without
chemical suppression is presented in this paper. Baseline separation of salbutamol from plasma components was achieved by using dilutec
HNO; (2 mmol 1) as mobile phase with acetonitrile (6%, v/v) as modifier. Atenolol was utilized as internal standard. Under the optimal
conditions, the linear regression coefficients of the calibration curves are 0.996 within the concentration range of 1000-sitgsaimol.

The detection limit (signal-to-noise ratie 3) was 1 ng mit! salbutamol. The noncompartmental pharmacokinetic parameters for salbutamol
following administration of 8 mg salbutamol to 18 subjects were tested. The results coincided most satisfactorily with the results obtained by
using reversed-phase high performance liquid chromatography (HPLC) with fluorescence detection.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Determination of salbutamol in biological samples has
been well documentef3—15]. Due to its low concentration
Salbutamol{ 2-(tert-butylamino)-1-(4-(hydroxy-3-hydro-  in plasma, salbutamol in samples from pharmacokinetic
xymethylphenyl)ethandl is a drug with 3>-adrenoceptor  studies was preferably analyzed by GC-MS and LC-MS
activities. This compound possesses a phenylethanolaming3-9]. However, many investigators do not possess these
nucleus, with a commo-hydroxylamino group on the advanced analytical capabilities. Thus, high performance
side chain (Fig. 1). The drug was originally developed for liquid chromatography (HPLC) was currently developed to
the treatment of chronic obstructive pulmonary diseases. determine salbutamol in biological samplg-12] and
Recently, it was also studied as a banned substance in sporto study its pharmacokinetics in plastfi£,13]. Neverthe-
testing and as a growth promoter in animals. Some stud-less, this compound does not sufficiently absorb UV light,
ies have demonstrated clear relationships between plasmdence when in low concentration—as it usually exists in
concentrations of the drug after subcutaneous or oral ad-plasma—an HPLC method coupled to a UV detector is
ministration and bronchodilator effects. However, there is insufficient to detect salbutamol in the biological samples.
quite a large variation in pharmacokinetics response for a Nowadays, many authors carry out their analytical studies
given plasma concentration among different pati¢htsso by using HPLC coupled to a fluorescent detector employ-
individual patients require different amounts of salbutamol ing excitation/emission wavelengths at around 280/310 nm
for producing a therapeutic respori@¢. A simple method [10-12]. A lowest detection limit of 1.0ngmt for a
for the determination of salbutamol in plasma is therefore 1 ml sample could be achieved applying fluorescent detec-
required for clinical treatment of individual patients. tion for the determination of salbutamol levels in plasma
[10]. In literature, electrochemical detection (ED) and en-
* Corresponding author. Fax:32-9-2648196. zyme im.munoassay js also being desgr!b_ed for salbut_amol
E-mail address: willy.baeyens@ugent.be (W.R.G. Baeyens). studies in order to improve the sensitivity of detection.
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Fig. 1. Chemical structure of salbutamol and atenolol: (A) salbutamd); ¢ationic salbutamol; (B) atenolol; (Bcationic atenolol.

The methods have been applied to biological samples?2. Experimental
[14,15].

Sample pretreatment has also been an item of inter-2.1. Instrumentation
est for the analysis of salbutamol in biological samples,
because generally the sample matrix strongly interferes A Metrohm ion chromatography apparatus (Metrohm,
with the separation and detection processes. Based on thé&witzerland) was used for the present study, which con-
chemical structure of salbutamol, one can easily predict sists of a 733 IC separation center, a 709 IC pump
that a non-polar solvent such as benzene (though not to beand a 732 IC detector. A Metrohm cation 1-2 sep-
applied because of health risks) could extract salbutamolaration column (Hmm x 125mm) with a cationic
effectively, but most compounds with non or weak polar pre-column was used throughout for the separation. All
structures would also be co-extracted into this solvent. instrument control and data collection was performed
These co-extracted compounds interfere with the HPLC by Metrohm chromatography software IC Metrodata for
separation and subsequent fluorescent detection. ThereWindows.
fore, solid-phase extraction utilizing an immunoaffinity HPLC-fluorescence detection was carried out by using
column was introduced to clean-up the samples beforean HPLC system consisting of a modular unit from Agi-
injection into the HPLC columrn14,16,17]. As the com-  lent Technologies (USA), model HP 1100 series liquid chro-
mercially available column for solid-phase extraction is matograph with autoinjector, a solvent-delivery system and
relatively expensive, especially for the study of pharma- column oven. The separation was done on a C18 analyti-
cokinetics where many samples are to be collected andcal column (250 mnx 4.6 mm). A model HP 1100 fluores-
treated, utilizing weak or strong cation-exchange columns cence detector (Agilent Technologies, USA) was operated
[7,14], the octadecyl (€), octyl (Gg), and cyano (CN) at 273 nm for excitation and at 310 nm for emission wave-
columns for solid-phase extraction were studied as well by lengths.
several authors, although a relatively complicated proce-
dure for elution of salbutamol from the column is required 2.2. Reagents and materials
[3,4,8,9,11,12,14].

Our preliminary experiments demonstrated that salbuta- All reagents were of analytical grade, dilutions be-
mol could be ionized in aqueous solution at relatively low ing performed with deionised water (Millipore MilliQ
pH values as shown ifrig. 1. It was therefore extracted Water System, USA). Benzene, methanol, and ace-
by a diluted HNQ aqueous solution. This extract was then tonitrile (Beijing Chemical Company, Beijing, China)
injected into a cationic exchange column for separation. As were of analytical HPLC grade. The mobile phase
the ionized salbutamol molecule shows strong conductive was 2.0 mmolt® nitric acid (Beijing Yili Fine Chemi-
properties, it could be on-line detected by a conductivity cal Company) containing 6% (v/v) of acetonitrile. For
detector available in the commercial ion-chromatographic HPLC-fluorescence detection, a mobile phase mixture
instrument. To avoid interferences, salbutamol could be first of 0.01mol1 ammonium acetate (pH 3.0) contain-
extracted from plasma by benzene (comments:Sztion ing 6% (v/v) methanol was delivered at a flow-rate of
2.4) and then reversely extracted by using the diluted 0.8 mlmin1.

HNOs solution. The latter solution was then utilized The pure standards of salbutamol, terbutaline, and atenolol
as mobile phase for the ion chromatographic separa- (internal standard) were purchased from the National Insti-
tion. With this procedure, a simple method for the de- tute for the Control of Pharmaceutical and Biological Prod-
termination of salbutamol utilizing ion chromatography ucts (Beijing China). Salbutamol sulfate controlled-release
with conductivity detection could presently be estab- tablets (Volma®) were obtained from Glaxo (Wellcome,
lished. UK).
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2.3. Subject selection comment, it should be stated that similar analysis as pre-
sented in the presented wockn be carried out employing

A total of 18 healthy male subjects 18-25 years of ages the less toxic toluene solvent, taking into account the cited
and weighing 642 + 4.0 kg were selected as volunteers, in extraction efficiency decrease and consequent influence
accordance with the physical and clinical laboratory exami- upon method validational parameters.
nations. Subjects with a history of hyperthyroidism, diabetes, = The extraction procedure for analysis by HPLC-fluore-
hypertension, cardiac disease or seizure disorders were exscence detection was as following. Aliquots (1 ml) of sam-
cluded. Evidence of any clinically significant abnormalities ples containing 2Qul terbutaline (ug mi—1) as the internal
that might interfere with metabolism or excretion of salbu- standard were applied to C18 (Supelco, USA) cartridges
tamol was regarded an exclusion criteria. Subjects avoided(1.0 ml), pre-conditioned with 4ml of methanol-water
alcoholic drinks and smoking during the study period. (50:50). The washing sequence involved 1 ml of water and

The oral salbutamol dose (8 mg) was administered with 0.2 ml of acetonitrile. The column was dried under vacuum
250 ml water at morning time. The breakfast was taken 2 h for 5min and elution of the analytes was performed using
after administration. Blood samples were collected through twice 1 ml of methanol. This extract was dried under a ni-
an intravenous catheter 1 h before dose application and at 1frogen stream in a water bath at4D. The dry residue was
2,3,4,5,6,7, 8, 10, 12, 24, 48, and 72h after the dose. dissolved in 10Qu of ammonium acetate (0.01 mofi)
Next the plasma was separated from blood and the plasmacontaining 6% (v/v) methanol, then injected (5K into the
samples were immediately stored belex80°C for further HPLC column.
treatments.

2.4. Sample clean-up procedure 3. Results and discussion

3.1. Optimization of the ion chromatographic separation

The extraction procedure was as following: 440
plasma was added to a 2-ml polypropylene extraction tube Fig. 1 shows that salbutamol can be protonated in acidic
(Ding-Guo Company, Beijing, China). Atenolol (100 of medium. This provides a possibility to retard this pharma-
80g mi~1 solution) was added to each tube as the internal ceutical compound onto the ion-exchange column. Due to its
standard. Benzene (3@0) was then added for extraction. cationic form in acidic medium, a cation-exchange column
This procedure was repeated for three times. The merg-was utilized for the separation of salbutamol from plasma
ing extracts were evaporated with nitrogen stream in a samples. Atenolol was selected as internal standard because
water bath at 40C. The residue was then redissolved by this compound has been described in literature as internal
2.0mmol 1 of nitric acid containing 6% (v/v) acetonitrile  standard for salbutamol separatid@8]. The mobile phase
for further chromatographic separation. Toluene was also used in the present study is a diluted Hj\&®lution, contain-
tested as it possesses less toxicity than benzene. Howeveing acetonitrile as modifier to obtain sharp and symmetrical
the extraction efficiency appears 10% lower than when us- peaks. As shown ifrig. 2, the baseline separation could be
ing benzene for salbutamol extraction. Hence, as a generalachieved at HN@ concentrations as low as 2.0 mmot!
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Fig. 2. Effect of nitric acid concentrations on retention times of salbutamol and atenolol: (1) salbutamol; (2) atenolol. Chromatographic conditions: IC
column, Metrohm cation 1-2 separation columnO@m x 125 mm); flow-rate, 1.0 mImint; sample injection volume, 20l. Mobile phase: 6% (v/v)
acetonitrile with: (A) 0.5 mmolt! of HNOs; (B) 2.0mmol ! of HNO3; (C) 3.0 mmol ! of HNOs.
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3,5- termination in plasma, nitric acid was finally selected in the
3 mobile phase for further study.
= In the preliminary experiments, a peak broadening was

observed for the salbutamol elution. This peak broadening
could be caused by the interaction between the phenyl-group

Peak height (mv)
e

1,57 = O salbutamol of salbutamol with the framework of the stationary phase.
17 H atenolol Therefore acetonitrile was added to modify the polarity of
0,57 } the mobile phase. It was found that peak broadening was
0 . ; . —./ greatly decreased by adding 6% (v/v) of acetonitrile to the
HY  SU NI PH  TA mobile phase, leading to sharp and symmetrical peaks for

Variety of acid salbutamol and internal standard. Therefore, 6% (v/v) of

, , o acetonitrile was added throughout to the mobile phase for
Fig. 3. Effects of acid nawre on sensitivity of salbutamol and the separation. The effect of acetonitrile upon the retention
atenolol determinations. HY, hydrochloric acid (2.0 mmd)t SU, sul- . . p. T p
furic acid (Lmmoltl); NI, nitric acid (2.0mmoltl); PH, phospho- time is illustrated inFig. 4-. S
ric acid (2.0mmolt); TA, tartaric acid (3.0mmoH?'); chromato- The flow-rate of the mobile phase and the sample injection
graphic conditions: IC column, Metrohm cation 1-2 separation column ypolume were also examined. A flow-rate of 1.0 mlmin
(4.0mm x 125 mm); flow-rate, 1.0mlmin'; sample injection volume a5 finally selected for the separation as this rate is currently
20pl. Mobile phase: the acids containing 6% (v/v) of acetonitrile. f . . .

used for ion-chromatographic separations. Decreasing the
flow-rate could improve the separation of salbutamol and in-

Lowering the HNQ concentration caused broadening of ternal standard in the present experiment, however leading

salbutamol and atenolol peaks. A concentration higher than!® 10Ng€r run times. The sample volume injected into the

2.0 mmol I'1, however, caused both peaks to overlap. There- column was also examined and results showed that the in-
fore, 2.0mmol 1 of HNO3 was applied to the subsequent crease in sample volume improved the peak heights of both

study. Fig. 2(A—C) shows the chromatograms of salbuta- compounds, but decreased the resolution of salbutamol from

mol and atenolol at three different concentrations of HNO € intérnal standard. To compromise sensitivity and selec-
mentioned above. tivity items, a loop size of 2.l was used throughout.

Other acids such as HCI, 280y, H3POy, and tartaric
acid within the same range of concentrations were also 3-2. Linear ranges and detection limit
examined to investigate whether there was any acid that
achieved a better separation. The results are showvigin Under the optimal conditions described above, the lin-
3. No significant improvement of resolution was achieved ear regression coefficients of the calibration curves are
by substituting these acids for HNOMoreover, the peak  0.996 within the concentration range of 1000-3 nghl
heights of both salbutamol and internal standard decreasedof salbutamol. The detection limit (signal-to-noise ratio
Considering the detection sensitivity of the salbutamol de- = 3) was 1ngnit! salbutamol. The relative standard de-

10mV 10mV
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M5 3 4 5 6 7 mn 2 3 4 s 6 7m
) (B)

Fig. 4. Effect of acetonitrile concentration on the separation of salbutamol and atenolol; (1) salbutamol; (2) atenolol. Chromatographic conditions: IC
column, Metrohm cation 1-2 separation columnO@m x 125mm); flow-rate, 1.0 ml mint; sample injection volume 2@l. Mobile phase: (A) 2.0
mmol I=1 of HNOs; (B) 2.0mmol ! of HNOj3 containing 6% (v/v) acetonitrile.
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Fig. 5. Typical chromatograms of salbutamol in standard form and in spiked plasma samples. (1) salbutamol; (2) atenolol. Chromatographic conditions: IC
column, Metrohm cation 1-2 separation columrO@mx 125 mm); flow-rate, 1.0 ml mint; sample injection volume 20l. Mobile phase: 2.0 mmotT of

HNOs containing 6% (v/v) acetonitrile. (A) Chromatograms of salbutamol (10.0 ngyend atenolol aqueous standard (50.0 ngl(B) chromatograms

of human plasma extract spiked with salbutamol (10.0 nghjréind atenolol (50.0 ng mt); (C) chromatograms of human plasma 4 h after oral salbutamol
dosing.

viation (R.S.D.,n = 10) at three concentrations: 500, 50, mentioned in the literature, this procedure is simple, fast,
and 5ngmt?! salbutamol were of 3.6, 4.2, and 8.1, re- and relatively cheap.
spectively. The analytical procedure showed good precision
for the determination of the standard solution at different 3.4. Recovery test in plasma samples
concentrations.
In order to validate the method, a recovery test was car-
3.3. Sample extraction ried out on samples to which known amounts of salbutamol
were addedFig. 5 shows the typical chromatograms of

As described above, salbutamol is a relatively weak polar salbutamol in standard solutions and in spiked plasma sam-
compound at neutral conditions. It can be easily extracted ples. After a cleaning-up procedure, we observed that most
from plasma by benzene (see toluene comments above)interfering species were eliminated from the sample matrix.
This extraction procedure could effectively eliminate inor- The intra-day and inter-day precision and accuracy values
ganic and organic ions from plasma, which would interfere were determined by analyzing replicates of plasma samples
with the separation of salbutamol from plasma matrix com- (n = 5) spiked with salbutamol at 10.0 and 50.0 ngl
ponents by utilizing ion chromatography. However, the the internal standard at 80 ngTl As shown inTable 1, a
interfering species with non or weak polar properties would good recovery was achieved for salbutamol in plasma. By
be co-extracted by benzene. A reverse extraction procedurdesting the recovery at two salbutamol concentrations, re-
by using diluted HN@ was carried out, since salbutamol coveries were found of 92.2 and 95.3 for 10 and 50 ng'ml
could be protonated at low pH values in aqueous solution. salbutamol, respectively, spiked in plasma samples.
It was effectively extracted into the HNGsolution. This
extract could then be injected into the cationic exchange 3.5. Pharmacokinetics study
column for separation and detection. The extraction effi-
ciency was around 85-93% in the present experiment for The pharmacokinetic profiles of salbutamol from the sub-
the tested plasma samples. In comparison to the proceduresects obtained after administration of salbutamol for 72 h are

;I;lat?elf ;nd inter-day variation, accuracy and extraction recoveries of salbutamol in plasma

Concentration (ng nf) Intra-day (n=5) Inter-day (n=5) Recovery (%)
Found (ng mt?) R.S.D. (%) Found (ng mi) R.S.D. (%)

10.0 10.3+ 0.2 3.3 10.2+ 0.5 5.0 92.2

50.0 50.2+ 0.4 5.1 50.2+ 0.3 4.4 95.3
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14,00 using ion-chromatography with conductivity detection from
12,00 the present paper, we could easily observe that no significant

differences occur between both methods, indicating that the

E
on
£
< 10,00 . .
£ c.00 present method is reliable for the study of salbutamol phar-
< . .
a macokinetics.
86,00
E
g 4,00 .
2 2,00 4. Conclusion
mm 0 00 1 1 1
0 20 40 60 80 The presently described method is an ion-chromatographic

Time (h) method applying conductivity detection for the study of
Fig. 6. Pharmacokinetic profiles of salbutamol from the subjects obtained Sa'b‘%tamo' pharmacoklnetlcs._The met_hOd IS S|mple not
after administration of salbutamol (mean values from 18 subjects). (Chro- ONnly in terms of chromatographic separation but also regard-
matographic conditions as listed Fig. 5.) ing the sample clean-up procedures. The results obtained
offer sufficient sensitivity and precision for salbutamol de-

h inFig. 6. All | data sh lative to th terminations in plasma. The present work demonstrates the
;5. ownfl?h '9- 5. | er?zora _?ha S ?Wn a}{rer:e ative I(<)' ‘;“\_ potential of ion-chromatography for the study of pharma-
ime of the single oral dose. The relevant pharmacokinetic . ..o of-adrenoceptors agonists.

parameters from noncompartmental analysis of the data are
listed in Table 2.

When these results were compared with those obtained by A
another Chinese group employing HPLC with fluorescence
detection19], we found that both results are well consistent
after administration of salbutamol from the same pharma-
ceutical preparation (Volm&Y, indicating that salbutamol
pharmacokinetics are exactly coinciding for the same ethnic
group. TheTmax, Cmax and AUG— are 5.3+ 1.0 h, 105+
2.6ngml?, and 116+ 36nghmt?, respectively, in the
cited reference. Also, we noted that the data obtained in the
cited reference were obtained by reversed-phase HPLC with [1] AM. Taburet, B. Schmit, Clin. Pharmacokinet. 26 (1994) 396,
fluorescence detection. From these results we concluded that 51 \ cazzola, R. Testi, M.G. Matera, Clin. Pharmacokinet. 41 (2002)
there were no significant differences between the analytical 10.
capacities of reversed-phase HPLC with fluorescence detec- [3] M.l Saleh, Y.M. Koh, S.C. Tan, A.L. Aishah, Analyst 125 (2000)
tion and ion chromatography applying conductivity detec- 1569. _
fon or th sty of sabutaml pharmacoiinetcs, ) 38 S S Hamson o Totel 24099 35,

To confirm this conclusion, we also performed the phar- [6] F. Ramos, C. Santos, A. Silva, M. Irene Noronha Da Silveira, J.
macokinetics study by using the same dose of salbutamol — chromatogr. B 716 (1998) 366.
with reversed-phase HPLC-fluorescence detecflahle 2 [7] G. Van Vyncht, S. Preece, P. Gaspar, G. Maghuin-Rogister, E. De-
lists the noncompartmental pharmacokinetic parameters for _ pauw, J. Chromatogr. A 750 (1996) 43. .
salbutamol following administration of 8 mg salbutamol to (8] M- Deveaux, P. Kintz, J.P. Goulle, J. Bessard, G. Pépin, D. Gosset,

. . . Forensic Sci. Int. 107 (2000) 389.
18 subjects tested by using reversed-phase HPLC with flu- (o) « “schmeer, T. Sauter, 3. Schmid, J. Chromatogr. A 777 (1997) 67.
orescence detection. In comparison to the results obtained1o] J.R. Loss II, R.F. Orzechowski, R.S. Hick, Biomed. Chromatogr.
14 (2000) 1.

[11] Y.M. Koh, M.I. Saleh, S.C. Tan, J. Chromatogr. A 987 (2003)
Table 2 257.
Noncompartmental pharmacokinetic parameters for salbutamol follow- [12] Y.S. Yuan, K. Li, F.L. Zhao, Ther. Drug Monit. 20 (1998) 624.
ing administration of 8mg salbutamol to 18 subjects by using [13] M.N.H. Mohamed, J.J. Lima, L.V. Eberle, T.H. Self, J.A. Johnson,
ion-chromatography with conductivity detection and reversed-phase HPLC Pharmacotherapy 19 (1999) 157.
with fluorescence detection [14] A. Koole, J. Bosman, J.P. Franke, R.A. De Zeeuw, J. Chromatogr.
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