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Development of Immunochromatographic Assay
for the On-site Detection of Salbutamol

Yaowapa Khamta,1 Mookda Pattarawarapan,2

Sawitree Nangola,1 and Chatchai Tayapiwatana1

1Division of Clinical Immunology, Faculty of Associated
Medical Sciences, Chiang Mai University, Thailand

2Department of Chemistry, Faculty of Science,
Chiang Mai University, Thailand

Abstract: Salbutamol, one of the b-agonists, is misused as a growth promoter in
meat producing animals. In-house synthesized colloidal gold was conjugated with
the polyclonal anti-salbutamol antibodies. A rapid immunochromatographic
assay was developed in a competitive format. The salbutamol-BSA conjugate
and goat anti-rabbit IgG were immobilized on a nitrocellulose membrane as test
and control lines, respectively. The color intensity of a purple test line was
inversely proportional to the amount of salbutamol presenting in the samples.
The sensitivity was estimated to be about 80 ng=mL of salbutamol in PBS. The
method can be useful as an ‘‘on-site’’ screening procedure for detection of
salbutamol.

Keywords: Antibodies, b-agonists, ELISA, Gold colloid, Immunochromato-
graphic strip test, Salbutamol

INTRODUCTION

Salbutamol, a synthesized b-adrenergic agonist, has been used in the
treatment of asthma and applied as a tocolytic agent in human, as well
as in veterinary medicine.[1] Such, b-agonists are also used illegally in
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animal husbandry to enhance the growth rate and improve the lean-meat
content of meat-producing animals, with the resulting substantially
increased profit.[2,3] At high doses, these drugs have been found to cause
weight gain in animals together with a repartition between muscle and
fatty tissue, with the resulting increased carcass value. Accumulation of
b-agonist residues in edible tissues of treated animals results in adverse
effects on the cardiovascular and central nervous system of con-
sumers.[4–6] Various toxic effects have been ascribed to the ingestion of
liver and meat containing b-agonist residues.[7–9] A number of analytical
methods have been developed for the determination of b-agonist residues
in animal tissue and body fluids such as HPLC,[10–12] GC-MS,[13–16] and
LC-MS-MS.[17]

These methods require extensive sample clean-up and personnel with
professional training to operate the sophisticated instruments. Certain
screening methods for b-agonist detection, based on enzyme- or
radio-immunoassay, have been described by a number of workers.[18–21]

These methods provide the advantage of portability, high throughput,
and user-friendly analysis. However, the assay time required for this
technique is longer than one hour, and the assay requires a well-trained
technician and special equipment in the laboratory and, thus, is not suita-
ble for detection on-site. Several groups have developed ‘‘on site’’ screen-
ing tests for detection of b-agonist residues.[22–24] Although these methods
can be used at the place of sampling, all are based on an enzyme-detection
system which has some tedious steps such as incubation, washing and
development of enzymatic reactions during signal generation. More
recently, colloidal gold-based immunochromatographic assays have been
used as ‘‘on site’’ screening tests. Colloidal gold has advantages as a detec-
tor in the assay compared to enzymatic detection due to its easier visuali-
zation and higher stability. These characteristics significantly shorten the
analysis time and make it very convenient for ‘‘on site’’ testing.

Herein, we describe the preparation and characterization of
salbutamol-BSA conjugate, anti-salbutamol polyclonal antibodies and
an antibody-colloidal gold probe. These reagents were used to develop
a colloidal gold-based immunochromatographic assay, which can be used
as a rapid and simple screening method for the detection of salbutamol in
veterinary fields.

EXPERIMENTAL

Chemicals and Reagents

Salbutamol free base, clenbuterol, succinic anhydride, dioxane, isobutyl
chloroformate, triethyllamine, chloroauric acid (HAuCl4 � 3H2O) and
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bovine serum albumin (BSA) were purchased from Sigma, USA. HRP-
swine anti-rabbit immunoglobulin conjugate was obtained from
Zymed, CA, USA. Goat anti-rabbit IgG was obtained from Aristabio-
logicals Inc., USA. Chloramphenicol-BSA was produced in our
laboratory.[25] High-flow nitrocellulose membranes, glass fibers and
absorption pads were obtained from Schleicher and Schuell (Dassel,
Germany).

Preparation of Salbutamol Succinate

The salbutamol succinate was prepared as described by Beaulieu[18] with
minor modifications. Briefly, salbutamol free base (150mg, 0.62mmol)
was dissolved in 6mL of absolute methanol. After sonicating for 5 min-
utes, the solvent was removed under vacuum condition using a rotatory
evaporator (Büchi, Switzerland). The yellow oily residue was re-dissolved
in 6mL of absolute ethanol at 0�C. While stirring, succinic anhydride
(67mg, 0.67mmol) was added. After 5 minutes, a cloudy white suspen-
sion appeared and the mixture was stirred at the ambient temperature
for 16 hours. The formation of the salbutamol succinate was monitored
by thin layer chromatography (ethyl acetate-methanol-triethylamine
60:39:1, Rf salbutamol¼ 0.22; Rf salbutamol succinate¼ 0.13). Then,
the suspension was centrifuged at 3,000 rpm for 15 minutes, and the solid
phase was washed three times with absolute ethanol and dried.
The melting point of the salbutamol succinate was approximately
142–143�C, similar to those reported by Beaulieu et al.[18] and Degand
et al.[26] The following 1H NMR (400MHz, CD3OD) was produced:
d 7.34 (Brd, 1H), 7.25 (Brdd, J¼ 8.4Hz, 1H), 6.83 (d, J¼ 8.4Hz, 1H),
5.18 (s, 1H), 4.82 (m, 1H), 3.09 (m, 3H), 2.63 (m, 4H), 1.39 (s, 9H).
Salbutamol succinate was analyzed by LC–ESI-MS. The most intense
product ion [Mþ 1]þ of salbutamol succinate [C17H26NO6] was observed
at m=z 340.13, which was consistent with the molecular weight calculated
from the formula (339.37).

Coupling of Salbutamol Succinate to BSA

Salbutamol-BSA conjugate (SALB-BSA) used as an immunogen was
prepared according to the mix anhydride method.[27] Salbutamol succinate
(40mg, 0.12mmol) was dissolved in a mixture of dioxane-water- triethyla-
mine (25=3=0.3 v=v=v). The solution was stirred for 30 minutes at room
temperature. Then, isobutyl chloroformate (30mL, 0.23mmol) was added
and the solution was stirred continuously for 2 hours. The solution was
added to the diluted BSA (86mg in 25mL distilled water). The resultant
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solution was stirred overnight at 4�C and dialyzed in phosphate buffered
saline (pH 7.2) at 4�C for 2 days, with four changes of buffer. The
dialyzed solution of SALB-BSA was lyophilized and kept at�20�C
until use.

Preparation of Polyclonal Antibodies

SALB-BSA was prepared in an emulsion of sterile PBS with complete
Freund’s adjuvant or incomplete Freund’s adjuvant in a ratio of 1:1.
Preimmunized serum was collected from an albino New Zealand rabbit
before subcutaneous multi-site injections. The rabbit was immunized
with 1mL of the emulsion (1.0mg of SALB-BSA in complete Freund’s
adjuvant=injection). Four booster injections (1.0mg of SALB-BSA in
incomplete Freund’s adjuvant=injection) were given every week after
the first injection. Blood samples were collected before each injection,
and titers of the antisera were determined by indirect ELISA. The
hyperimmune serum obtained 2 weeks after the last injection was col-
lected and precipitated with saturated (NH4)2SO4. The obtained
immunoglobulin fraction was dialyzed against 5mM sodium borax
buffer pH 9.0.

Determination of Anti-Salbutamol Antibody Responses in a Rabbit

by Competitive Indirect ELISA

Each well of a microtiter plate was coated with 50 mL of 10 mg=mL of
either SALB-BSA or unconjugated BSA in carbonate=bicarbonate
buffer, pH 9.6 at 4�C for 18 hours. Unbound antigens were removed
from the plate by five times washing with washing buffer (0.05%
Tween 20 in PBS pH 7.2). The coated plate was filled with 200 mL=well
of the blocking solution (2% skim milk in PBS, pH 7.2) and incubated
at room temperature for 2 hours to block unoccupied sites on the
plate. After washing five times with washing buffer, the six sets of rab-
bit sera were serially two-fold diluted in 2% BSA=PBS, and then added
into the wells (50 mL=well). The plate was then incubated for 1 hour
and washed 5 times with the same reagent. To trace antibody binding,
50 mL of HRP-swine anti-rabbit immunoglobulin conjugate was added
into each well. After incubation for 1 hour and five times washing,
TMB=H2O2 substrate-buffered solution was applied and the plate
was incubated in the dark for a short duration. The enzymatic reaction
was stopped with 100 mL of 1N HCl and the absorbance was measured
at a wavelength of 450 nm using a microtiter plate reader (TECAN,
Austria).
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Western Immunoblotting for Verifying the SALB-BSA Immunized

Rabbit Serum

SALB-BSA, unconjugated BSA and chloramphenicol-BSA were electro-
phoretically separated by SDS-PAGE under reducing condition in 12%
polyacrylamide separating gel. ForWestern immunoblotting, the separated
polypeptides were electroblotted to polyvinylidene difluoride (PVDF)
membranes. The membranes were blocked with 5% skim milk in PBS at
4�C for 18 hours. Subsequently, 1mg=mL of the polyclonal anti-salbutamol
antibody in 5% BSA=PBS was applied to the blocked membrane on a
shaking platform for 1 hour at room temperature. The unbound antibody
was washed out and then incubated with HRP-swine anti-rabbit immuno-
globulin conjugate (1:5,000 in 5% skim milk=PBS) for 1 hour at room tem-
perature. After five times washing with 0.05% Tween 20 in PBS (pH 7.2),
the immunoreactive bands were developed using TMB=H2O2 immunoblot-
ting substrate solution, and then exposed to Kodak X-ray film. The mole-
cular size of each reactive band was calculated relative to standard proteins.

Preparation of Polyclonal Anti-Salbutamol Antibodies-Colloidal

Gold Conjugate

Colloidal gold with a mean diameter of 15 nm was synthesized by
reduction of HAuCl4 with sodium citrate as described previously by
Pattarawarapan.[28] The polyclonal anti-salbutamol antibodies were
conjugated with colloidal gold as the detection probe as follows. Briefly,
colloidal gold solution was adjusted to pH 7.0 with 0.2M potassium
carbonate. Nine millilitres of polyclonal antibodies at the optimum con-
centration of 0.25mg=mL were incubated with 90mL of colloidal gold
solution for 30 minutes at room temperature. Then, 7.2mL of 5% BSA
in 5mMNaCl solution was added to block the un-reacted sites of gold sur-
faces. The mixture was incubated at room temperature for another 10 min-
utes and then centrifuged at 15,000 rpm for 30 minutes to remove the
unconjugated antibody and BSA in the solution. The pellet was suspended
in phosphate gold diluent buffer (1% BSA in 49mMNa2HPO4). The poly-
clonal anti-salbutamol antibodies-colloidal gold conjugate solution
(anti-SALB-CGC) was further characterized by UV-Vis spectroscopy.

Characterization of Colloidal Gold Conjugate by UV-Vis

Spectroscopic Studies

The formation of anti-SALB-CGC was monitored by UV-vis spec-
troscopy (k 200–700 nm) using a double-beam spectrophotometer
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(Shimadzu, Japan) at 1 nm. The gold solutions were monitored
immediately after addition of antibody and BSA. To ensure removal
of unconjugated protein, the gold conjugate solution was centrifuged
and the pellet redispersed in appropriate buffer, and the characteris-
tic of the spectrum were monitored.

Preparation of an Immunochromatographic (IC) Test Strip

An immunochromatographic test strip (IC-test strip) consists of four
components: sample application pad, conjugate releasing pad, analytical
nitrocellulose membrane, and absorbent pad. An IC-test strip was
constructed as follows anti-SALB-CGC (O.D. of 40 at k 580 nm)
was sprayed onto the conjugate releasing pad using an IsoFlow dis-
penser (Imagene Technology, USA). The nitrocellulose membrane was
laminated onto a plastic support by a Precision Laminator (Zeta
Corporation, Korea). SALB-BSA antigen at 0.5mg=mL and goat
anti-rabbit IgG at 0.12mg=mL in PBS were jetted onto a laminated
nitrocellulose membrane at two separate zones, referred to as the test
line and control line. Subsequently, the sprayed conjugate pad and
jetted membrane were incubated for 4 hours at 37�C and then dried
in a desicator at room temperature. After drying, the components of
the strip test (the sample application pad, the sprayed conjugate releas-
ing pad, the jetted nitrocellulose membrane, and the absorbent pad)
were assembled and then cut into individual strips (4.0mm=strip) using
an A-Point Programmable Guillotine Cutter (A-Point Technologies
Inc., NJ).

Principle and Procedure for Analysis of Salbutamol Standard Solution

Analysis of salbutamol by the IC-test strip was carried out using
salbutamol standards prepared by diluting a stock solution with
10% methanol in PBS. In principle, an IC strip test is immersed ver-
tically into 100 mL of a sample for 10 sec and then placed horizontally
on a non-absorbent flat surface. The liquid sample will migrate by
capillary diffusion through the conjugate pad, rehydrating anti-
SALB-CGC. When the solution moves upward to the test line zone,
the anti-SALB-CGC will be trapped by the immobilized SALB-BSA
on the membrane forming a clear red test line. The excess molecules
of the anti-SALB-CGC migrate further and are trapped by goat
anti-rabbit IgG antibody, forming the control line. The whole analy-
sis is usually completed within 10 minutes, and the result can be read
by the naked eye. A negative result is indicated by the appearance of
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two red lines in the control and test regions. In the presence of
salbutamol, the salbutamol will compete with the immobilized
SALB-BSA on the test line to bind the limited amount of the
anti-SALB-CGC. The more salbutamol present in the sample,
the more effectively it will be able to block the capture of the
anti-SALB-CGC. Therefore, an increase in the amount of salbutamol
in the sample solution will result in a decrease in the signal in the test
line zone. A positive result is indicated by the appearance of only one
line in the control region. A schematic description of the IC-test strip
is shown in Fig. 1.

Cross-Reactivity of the Immunochromatographic Strip Test

Clenbuterol and chloramphenicol were diluted at 10, 100, 1,000, 10,000,
100,000, and 1,000,000 ng=mL and then separately assayed by IC-test
strips for evaluating cross reactivity.

Figure 1. Configuration of the immunochromatographic test strip. The
schematic diagram shows the areas where anti-SALB-CGC, SALB-BSA
and goat anti-rabbit IgG are immobilized. The reactions that occur on
the IC-test strip in the absence of salbutamol (Case 1), and in the presence
of salbutamol (Case 2) are shown. A red-purple color appears at the test
line and=or control line, depending on the presence of salbutamol in
sample.
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RESULTS

Synthesis of Salbutamol-BSA Conjugate

Salbutamol succinate was synthesized and then conjugated with BSA
molecule. Conjugation of salbutamol to BSA was verified by Indirect
ELISA and Western immunoblotting (data not shown).

Validation of Polyclonal Antibodies

SALB-BSA was synthesized and used as the immunogen to trigger an
effective immune response against SALB-BSA in the rabbit. Indirect
ELISA was carried out for monitoring the antibodies against salbutamol.
A high titer at 1:120,000 was observed after the fifth immunization. The
obtained hyperimmune serum was precipitated using 33.3% saturated
ammonium sulfate to yield immunoglobulin fraction.

To further assure the specificity of the binding, Western immuno-
blotting was performed using the polyclonal anti-salbutamol antibodies
as a capture antibody to probe the proteins blotted onto PVDF mem-
brane (Fig. 2). SALB-BSA (Lanes 1, 4, and 5), unconjugated BSA
(Lane 2) and Chloramphenicol-BSA (Lane 3) were separated by
SDS-PAGE under the reducing condition and blotted onto PVDF mem-
brane. Lanes 1, 2 and 3 were probed with the polyclonal anti-salbutamol
antibodies (1 mg=mL). A positive signal was only observed in lane 1,
indicating the recognition of polyclonal anti-salbutamol antibodies. No
positive signal was observed in lanes 2 and 3. This result suggests that the
anti-BSA antibodies were neutralized by BSA contained in the diluent
solution (5%BSA=PBS). In addition, the antibodies recognizing the succinic
linkers that appear in both SALB-BSA and chloramphenicol-BSAmolecule
was not provoked. Lane 4 was incubated with the mixture of salbutamol
100 ng=mL and the polyclonal anti-salbutamol antibodies (1mg=mL). The
positive signal of SALB-BSA (lane 4) was dramatically decreased compared
to that of lane 1. This result confirmed the specificity to the salbutamol
molecule of the polyclonal anti-salbutamol antibodies. The conjugate
control (Lane 5), in which the primary antibody was omitted during the
first incubation solution, followed by addition of HRP-swine anti-rabbit
immunoglobulin conjugate, showed no immunoreactive band.

Characterization of Colloidal Gold Conjugate by UV-Vis

Spectroscopic Studies

The polyclonal anti-salbutamol antibodies were directly added to the
colloidal gold solution to form conjugate, and the presence of antibody
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on the gold surface was characterized using UV-Vis spectroscopy (Fig. 3).
Spectra of the colloidal gold solution were recorded without proteins
(Curve a), immediately after the addition of both antibody (Curve b)
and BSA (Curve c), and after centrifugation and resuspension with
2mL of 5mM sodium borax buffer (Curve d). The peak at�519 nm in
curve a is due to the surface plasmon resonance of colloidal gold parti-
cles. After the addition of the polyclonal anti-salbutamol antibodies,
curve b showed a red shift when compared with curve a. The red shift

Figure 2. Analysis of polyclonal anti-salbutamol antibodies by Western
immunoblotting technique. Lanes 1, 4 and 5 were SALB-BSA. Lane 2 was
unconjugated BSA. Lane 3 was chloramphenicol-BSA. All proteins were
separated under reducing conditions. Lanes 1, 2 and 3 were probed with the
polyclonal anti-salbutamol antibodies (1 mg=mL). Lane 4 was probed with the
mixture of salbutamol (100 ng=mL) and the polyclonal anti-salbutamol anti-
bodies. Lane 5 was the conjugate control in which the primary antibody was
omitted. The HRP-swine anti-rabbit immunoglobulin conjugate was applied to
all lanes. Molecular weight markers (kDa) are indicated.

Salbutamol Immunochromatographic Strip Test 449

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



phenomenon occurred due to the interaction of the antibody with the
colloidal gold particles. Curve c, which was recorded immediately after
adding BSA, displayed the red shift, as well, and a new peak appeared
at�280 nm, which corresponded to a protein absorption band. After
the centrifugation and resuspension of the gold conjugate, the intensity
of the plasmon band increased due to the enhanced colloidal gold con-
centration (curve d). However, the intensity of absorption at 280 nm
was diminished, indicating that the excess unconjugated proteins in the
solution were removed during the washing step.

Analysis of Salbutamol Standard Solution with the IC-Test Strips

Immunochromatographic test strips were constructed using SALB-BSA,
goat anti rabbit IgG, and anti-SALB-CGC (OD 40 at k 580 nm) as a

Figure 3. UV-vis spectra of the colloidal gold and gold conjugates. Curve a is a
spectrum of colloidal gold solution; ([Au] is about 2.5� 10�4mol=L). Curve b is a
spectrum of gold conjugate solution in which the polyclonal anti-salbutamol
antibodies were immediately added to gold solution; ([Au] is about 2.5�
10�4mol L�1). After incubating the antibodies with gold solution, BSA was then
applied to gold conjugate solution; ([Au] is about 2.5� 10�4mol=L) (Curve c).
Curve d is anti-SALB-CGC after centrifuging and resuspending with 2mL of
5mM sodium borax buffer [Au is about 6.25� 10�4mol=L].
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test line, a control line, and a detector, respectively. To evaluate the
performance of IC-test strips, various concentrations of salbutamol
spiked in PBS were assessed. The representative results of 10 repeated
experiments are shown in Fig. 4. In the absence of salbutamol, the
binding of anti-SALB–CGC with the immobilized SALB–BSA onto a
nitrocellulose membrane appeared as an intense red-purple band at
the test line. In the presence of salbutamol in the sample solution, the
color intensity of the test line gradually decreased with increasing
concentration of salbutamol, and disappeared completely at 80 ng=mL
of salbutamol in PBS. In addition, concentrations as high as 1,000 ng=mL
did not affect the color intensity of the control line in which the binding of
anti-SALB-CGC with the goat anti- rabbit IgG took place.

In order to evaluate the preliminary practicability of IC test strip in
real samples, the pool swine urine spiked with various concentrations of
salbutamol, clenbuterol or chloramphenicol were determined by IC-test
strips. The results showed no effect on sensitivity and specificity in
comparison with PBS.

Figure 4. Immunochromatographic test strip results for salbutamol at concen-
trations of 0, 10, 20, 40, 60, 80, 100, 500, and 1,000 ng=mL in PBS. C¼ control
line; T¼ test line
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Cross Reactivity Study of IC-Test Strips

In the cross-reactivity study, a structurally related compound of
salbutamol, clenbuterol and an unrelated compound, chloramphenicol,
were used to probe probable interference with the strip test. As shown
in Fig. 5, the intensity of the test line band slightly faded when assaying
with the test solution containing clenbuterol at 100 ng=mL. Moreover,
the color of the test line band was found to be almost gone when the test
solution contains clenbuterol at 10,000 ng=mL. In contrast, chloram-
phenicol showed no competition with anti-SABL-CGC conjugate.

DISCUSSION

A simple and fast qualitative screening test that can be performed at the
place of sampling (markets, farms or slaughter houses) is a powerful tool
to achieve the effective surveillance of the illegal use of b-agonists. The
‘‘on site’’ screening tests based on enzyme-detection system for detection
of b-agonist residues have been developed by several groups. Ploum
et al.[23] have reported the preliminary results of the development of a test
strip assay based on a competitive enzyme immunoassay for the screening

Figure 5. Cross-reactivity study of immunochromatographic test strips. (a) A
serial dilution of clenbuterol ranging from 0–100,000 ng=mL. (b) A serial dilution
of chloramphenicol ranging from 0–100,000 ng=mL.
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of urine samples for the presence of clenbuterol. The positive samples
could be distinguished above 5 ng=mL level. Haasnoot et al.[22] have
modified the competitive ELISA which can be performed in polystyrene
tubes for ‘‘on site’’ testing purpose. Bovine urine samples with a level of
3 ng=mL of clenbuterol and higher were found positive with their assay.
Vanoosthuyze et al.[24] have also developed the test strip immunoassay
which can be performed on the spot for the determination of b-agonists
in urine. They demonstrated that the extraction on Empore membranes
provided a fast and simple clean-up of the urines. Their assay had a visual
detection limit for clenbuterol of 1 ng=mL of urine and showed good
sensitivity for salbutamol. However, enzyme-detection system has some
fussy operations such as incubation, washing and enzymatic reactions
during signal generation. In recent years, colloidal gold-based immuno-
chromatographic assay is wildly used as ‘‘on site’’ screening tests due
to the simplicity of the procedures and the rapidity of the result. In the
veterinary fields, several studies on immunochromatographic assay for
monitoring various analytes, i.e., salinomycin,[29] and neomycin[30] were
reported. In addition, the utility of immunochromatographic assay for
analysis of clenbuterol has been demonstrated by Zhang et al.[31] Herein,
an immunochromatographic assay based on polyclonal anti-salbutamol
antibodies has been successfully developed for use in the detection of
salbutamol. SALB-BSA was synthesized and used as the immunogen to
trigger an effective immune response against SALB-BSA in the rabbit.
The rabbit polyclonal anti-salbutamol antibodies were raised after immu-
nized with SALB-BSA immunogen. After precipitation, the polyclonal
anti-salbutamol antibodies were verified by Western immunoblotting.
Results showed the specificity to the salbutamol molecule of the polyclo-
nal anti-salbutamol antibodies. Colloidal gold solution was synthesized
by the Turkevieh method[32] using sodium citrate as a reducing agent.
The polyclonal anti-salbutamol antibodies were directly added to the
colloidal gold solution to form conjugates. The formation of anti-
SALB-CGC was demonstrated by UV-Visible light absorption spectra.
Immunochromatographic test strip was constructed using SALB-BSA,
goat anti rabbit IgG, and anti-SALB-CGC as a test line, a control line,
and a detector, respectively. Preliminary result showed that the IC-test
strip was possible to detect the presence of salbutamol at a concentration
as low as 80 ng=mL within 10min by visual observation. The anti-SALB-
CGC showed little cross-reactivity with clenbuterol whereas no cross
reactivity with chloramphenicol. In addition, the effect of swine urine
matrix on IC-test strip was also validated. The pool swine urine was
spiked with various concentrations of salbutamol, clenbuterol or chloram-
phenicol. Interestingly, there was no effect on sensitivity and specificity in
comparison with PBS. Practically, the test strip should be directly used at
the livestock or slaughterhouse as a non-invasive procedure.
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In conclusion, the results indicate that we successfully developed an
immunochromatographic test strip for the rapid detection of salbutamol.
The assay is a potentially useful tool for screening salbutamol residues
due to its rapid and simple procedure, one that does not require sophisti-
cated instruments. Therefore, the developed technique should assist in
detecting the salbutamol contaminated meat before it reaches the consumer
market. Although the preliminary results suggest that the IC-test strip is
suitable for practical uses, the sensitivity and specificity in animal samples
need to be further quantified; this will be the goal of future research.

ACKNOWLEDGMENTS

This work was supported by The Commission on Higher Education,
Minister of Education, Thailand and iþMED Laboratories Company
Limited, Thailand. The authors would like to thank Dr. Dale E.
Taneyhill for proofreading the manuscript and advice.

REFERENCES

1. Price, A.H.; Clissold, S.P. Salbutamol in the 1980s. A reappraisal of its
clinical efficacy. Drugs 1989, 38, 77–122.

2. Garssen, G.J.; Geesink, G.H.; Hoving-Bolink, A.H.; Verplanke, J.C. Effects
of dietary clenbuterol and salbutamol on meat quality in veal calves. Meat
Sci. 1995, 40, 337–350.

3. Kearns, C.F.; McKeever, K.H.; Malinowski, K.; Struck, M.B. Abe, T.
Chronic administration of therapeutic levels of clenbuterol acts as a reparti-
tioning agent. J. Appl. Physiol. 2001, 91, 2064–2070.

4. Botsoglou, N.A.; Fletouris, D.J. Drug Residues in Foods: Pharmacology, Food
Safety, and Analysis; Marcel Dekker, Inc.: New York, 2001; 215–221.

5. Kopitar, Z.; Zimmer, A. Comparison of the pharmacokinetic profiles of
clenbuterol in rat and dog during toxicological studies. Arzneimittel-
forschung 1976, 26, 1450–1455.

6. O’Keeffe, M. Residue Analysis in Food: Principles and Applications; Marwood
Academic Publishers, 2000.

7. Martinez-Navarro, J.F. Food poisoning related to consumption of illicit
b-agonist in liver. Lancet 1990, 336, 1311.

8. Mitchell, G.A.; Dunnavan, G. Illegal use of b-adrenergic agonists in the
United States. J. Anim. Sci. 1998, 76, 208–211.

9. Sporano, V.; Grasso, L.; Esposito, M.; Oliviero, G.; Brambilla, G.; Loizzo, A.
Clenbuterol residues in non-liver containing meat as a cause of collective food
poisoning. Vet. Hum. Toxicol. 1998, 40, 141–143.

10. Courtheyn, D.; Desaever, C.; Verhe, R. High-performance liquid chromato-
graphic determination of clenbuterol and cimaterol using post-column
derivatization. J. Chromatogr. 1991, 564, 537–549.

454 Y. Khamta et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



11. Koh, Y.M.; Saleh, M.I.; Tan, S.C.; Selective extraction of salbutamol from
human plasma with the use of phenylboronic acid. J. Chromatogr. A 2003,
987, 257–267.

12. Loss, J.R.; Orzechowski, R.F.; Hock, R.S. Measurement of albuterol in
guinea pig serum by high performance liquid chromatography with
fluorescence detection. Biomed. Chromatogr. 2000, 14, 1–5.

13. Blanchflower, W.J.; Armstrong Hewitt, S.; Cannavan, A.; Elliott, C.T.;
Kennedy, D.G. Detection of clenbuterol residues in bovine liver, muscle,
retina and urine using gas chromatography=mass spectrometry. Biol. Mass
Spectrom. 1993, 22, 326–330.

14. Polettini, A.; Ricossa, M.C.; Groppi, A.; Montagna, M. Determination of
clenbuterol in urine as its cyclic boronate derivative by gas
chromatography-mass spectrometry. J. Chromatogr. 1991, 564, 529–535.

15. Van Ginkel, L.A.; Stephany, R.W.; van Rossum, H.J. Development and
validation of a multiresidue method for b-agonists in biological samples
and animal feed. J. AOAC Intl. 1992, 75, 554–560.

16. Van Rhijn, J.A.; Heskamp, H.H.; Essers, M.L.; Van de Wetering, H.J.;
Kleijnen, H.C.H.; Roos, A.H. Possibilities for confirmatory analysis of some
b-agonists using two different derivatives simultaneously. J. Chromatogr. B:
Biomed. Appl. 1995, 665, 395–398.

17. Katia, D.W.; Hubert, D.B.; Dirk, C. LC-MS-MS to detect and identify four
beta-agonists and quantify clenbuterol in liver. Analyst 1998, 123, 2701–2705.

18. Beaulieu, N.; Charette, C.; Loo, J.C.K.; Jordan, N.; McGilveray, I.J.
Salbutamol radioimmunoassay: Synthesis and properties of the benzylic
succinate of salbutamol. J. Pharm. Biomed. Anal. 1985, 3, 575–579.

19. Degand, G.; Bernes-Duyckaerts, A.; Maghuin-Rogister, G. Determination of
clenbuterol in bovine tissues and urine by enzyme immunoassay. J. Agric.
Food Chem. 1992, 40, 70–75.

20. Howells, L.; Sauer, M.; Sayer, R.; Clark, D. Extraction and clean-up of the
b-agonist salbutamol from liver and its determination by enzyme immunoas-
say. Anal. Chim. Acta 1993, 275, 275–278.

21. Yamamoto, I.; Iwata, K. Enzyme immunoassay for clenbuterol, an
b2-adrenergic stimulant. J. Immunoassay 1982, 3, 155–171.

22. Haasnoot, W.; Streppel, L.; Cazemier, G.; Salden, M.; Stouten, P.; Essers,
M.; van Wichen, P. Development of a tube enzyme immunoassay for
‘‘on-site’’ screening of urine samples in the presence of b-agonists. Analyst
1996, 121, 1111–1114.

23. Ploum, M.E.; Haasnoot, W.; Paulussen, R.J.A.; Van Bruchem, G.D.;
Hamers, A.R.M.; Schilt, R.; Huf, F.A. Test strip enzyme immunoassays
and the fast screening of nortestosterone and clenbuterol residues in urine
samples at the parts per billion level. J. Chromatogr. 1991, 564, 413–427.

24. Vanoosthuyze, K.E.I.; Arts, C.J.M.; Van Peteghem, C.H. Development of a
fast and simple method for determination of b-agonists in urine by extraction
on empore membranes and detection by a test strip immunoassay. J. Agric.
Food Chem. 1997, 45, 3129–3137.

25. Pattarawarapan, M.; Nangola, S.; Tayapiwatana, C. Establishment of competi-
tive ELISA for detection of chloramphenicol. ChiangMai J. Sci. 2006, 33, 85–94.

Salbutamol Immunochromatographic Strip Test 455

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



26. Degand, G.; Bernes-Duyckaerts, A.; Delahaut, P.; Maghuin-Rogister, G.
Determination of b-agonists in urine by an enzyme immunoassay based
on the use of an anti-salbutamol antiserum. Anal. Chim. Acta 1993, 275,
241–247.

27. Erlanger, B.F.; Borek, F.; Beiser, S.M.; Lieberman, S. Steroid-protein conju-
gates. I. Preparation and characterization of conjugates of bovine serum
albumin with testosterone and with cortisone. J. Biol. Chem. 1957, 228,
713–727.

28. Pattarawarapan, M.; Nangola, S.; Cressey, T.R.; Tayapiwatana, C. Develop-
ment of a one-step immunochromatographic strip test for the rapid detection
of nevirapine (NVP), a commonly used antiretroviral drug for the treatment
of HIV=AIDS. Talanta 2007, 71, 462–470.

29. Watanabe, H.; Satake, A.; Kido, Y.; Tsuji, A. Monoclonal-based enzyme-
linked immunosorbent assay and immunochromatographic rapid assay for
salinomycin. Anal. Chim. Acta 2001, 437, 31–38.

30. Jin, Y.; Jang, J.W.; Lee, M.H.; Han, C.H. Development of ELISA and
immunochromatographic assay for the detection of neomycin. Clin. Chim.
Acta 2006, 364, 260–266.

31. Zhang, G.P.; Wang, X.N.; Yang, J.F.; Yang, Y.Y.; Xing, G.X.; Li, Q.M.;
Zhao, D.; Chai, S.J.; Guo, J.Q. Development of an immunochromatographic
lateral flow test strip for detection of b-adrenergic agonist Clenbuterol
residues. J. Immunol. Meth. 2006, 312, 27–33.

32. Turkevich, J.; Stevenson, P.C.; Hillier, J. The nucleation and growth pro-
cesses in the synthesis of colloidal gold. Disc. Faraday Soc. 1951, 11, 55–75.

Received January 31, 2009
Accepted March 16, 2009
Manuscript 3334

456 Y. Khamta et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1


