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A monoclonal antibody-based ractopamine immunoassay has been applied to incurred samples from
sheep and cattle. Results obtained by immunoassay were compared with those from high-performance
liquid chromatography (HPLC). Three sets of sample extracts containing primarily unmetabolized
ractopamine were analyzed. Correlation of HPLC with enzyme-linked immunosorbent assay (ELISA)
for beef liver samples gave an r2 = 0.98 despite rather low ractopamine concentrations (range 1.1—
13.4 ng/mL, n = 6). Ractopamine concentrations in cow urine samples treated by solid phase
extraction, to remove ractopamine metabolites, also showed a high correlation between the HPLC
and the ELISA results (2 = 0.95, range 1.0—275 ng/mL, n = 61). In contrast, HPLC and ELISA
analyses of ractopamine in sheep urine were not well-correlated (> = 0.58, range 0.85—51 ng/mL,
n = 34). When ractopamine conjugates in urine samples were hydrolyzed with hydrolytic enzymes,
ELISA and HPLC methods were highly correlated [? = 0.94 for sheep (range 123—10 554 ppb, n=
60) and an r2 = 0.98 for cattle (range 14—8159 ppb, n = 62)]. Tissues contained only minute amounts
of ractopamine, and after 7-day withdrawal periods, less than 1 ppb of free ractopamine was detected.
Ractopamine was rapidly metabolized in both cattle and sheep. The difference in ractopamine
concentration of urine samples before and after hydrolysis indicated that only 1—5% of ractopamine
was excreted unmetabolized. Results from this study indicate that the monoclonal antibody-based
ELISA could be useful for a sensitive, quantitative, or qualitative ractopamine screening assay.
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INTRODUCTION HO. o
3
Ractopamine HCI Kigure 1) is an -adrenergic agonist \QYN
leanness-enhancing agent, recently approved as a swine feed o M sHCl
additive by the U. S. Food and Drug Administration (FDA) OH
Center for Veterinary Medicinel( 2) and by regulatory officials Figure 1. Ractopamine HCI.
in Brazil, Venezuela, Colombia, Guatemala, the Dominican
Republic, and the Philippines (3). Swine treated with 4.5—18 (6—9). Clenbuterol, in particular, has been associated with illicit
g/t (5—20 ppm dietary concentrations) of ractopamine have /-agonist usel0,11). With the recent approval of ractopamine
increased weight gains, improved feed efficiencies, and leaneras a feed additive in the U. S., South America, and Asia, there
carcasses (4). In addition, ractopamine has also been approveds a great potential for its proscribed use. Therefore, a rapid
by the U. S. FDA Center for Veterinary Medicine for combina- survey method would be useful in order to determine animal
tion with tylosin in swine feeds to promote growth as well as €xposure to ractopamine.
to prevent ileitis (5). Immunoassays are excellent survey tools because of their high
B-Adrenergic agonists have a history of being illicitly utilized throughput, user friendliness, and field portability. These
as growth promoters, and human food poisonings have resultedmportant characteristics make immunoassays an attractive tool
from the consumption of meat from illegally treated animals for food testing by regulatory agencies to ensure food safety.
Several groups have generated immunoassays potentially useful
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ractopamine, although with poor sensitivity (cross-reactivity of
ractopamine was only about 20% that of fenoterol); matrix
interference hindered further development of the asg&y. (

Elliott et al. (L4) also generated a polyclonal antibody-based
competition ELISA for ractopamine. Incurred urine samples

were digested in order to convert metabolites into parent

ractopamine, and ELISA results were compared with a liquid
chromatography (LCymass spectrometry (MSMS confirma-
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validated regulatory method is available from the U. S. FDA (Center
for Veterinary Medicine’s Document Control Unit (HFV-199), FDA,
7500 Standish Place, Rockville, MD 20855). Briefly, ractopamine was
extracted from 10 g of tissue samples with methanol, an aliquot of the
extract was evaporated, and ractopamine was converted to the free base
with borate buffer (pH 10.3) and extracted into ethyl acetate. The ethyl
acetate layer was then passed through an acidic alumina SPE tube,
and ractopamine was eluted with methanol. The methanol fraction was
evaporated, and the residue was dissolved in diluted acetic acid.

tory method. The correlation between the two methods was Ractopamine was analyzed using HPLC with fluorescence detection

moderate, at? = 0.73. A report using commercially available

(excitation wavelength 226 nm, emission wavelength 305 nm). The

B-adrenergic agonist immunoassay kits demonstrated no crossHPLC mobile phase consists of 280 mL of acetonitrile, 720 mL of

reactivity with ractopaminel®) indicating that they would not
be useful for ractopamine analysis.

water, and 20 mL of acetic acid, containing 1.08 g of 1-octanesulfonic
acid.

Analysis of Urine Samples.Cow and sheep urine samples were
used for three separate competitive ELISA analyses: (i) analysis of

Both assays were used to determine ractopamine at low ppbraw urine samples after simple dilution, (ii) analysis of urine samples
after SPE cleanup, without hydrolysis of ractopamine conjugates, and

levels in prel'm'nary te_StS' In addition, bOth the monoc_longl a_‘nd (iii) analysis of urine samples after hydrolysis of ractopamine conjugates
the polyclonal antibodies were characterized for their binding ang subsequent cleanup by liquid/liquid extraction and SPE. Smith and
ability toward ractopamine metabolites and otfieadrenergic Shelver (20) detailed procedures for sample preparations used for
agonists. We found that both the monoclonal and the polyclonal analyses ii and iii.

ractopamine antibodies were able to bind the major metabolites ELISA of Diluted Urine. Cow and sheep urine samples were diluted
of ractopamine, ractopaminglucuronides, and did not recog- ~ 100—2500-fold with 100 mM phosphate buffer containing 0.05%
nize the most Common|y used i||iciﬁ_adrenergic agonist Tween 20 and 10 mg/mL of BSA. The degree of dilution was dependent
clenbuterol. The monoclonal antibody was also stereoselective®" whether the urine was collected during ractopamine treatment or

toward the physiologically activeRR isomer (18,19) of during the withdrawal period. Final dilutions were always such that
ractopamine ’ ractopamine responses of the unknown samples fell within the dynamic

For thi food imals f hich ¢ . range of the established calibration curve.
or this ‘paper, food animals for which no ractopamine Analysis of Ractopamine after SPE without Hydrolysis of

approval exists were dosed with 20 ppm dietary ractopamine p,ctopamine ConjugatesBriefly, C-18 SPE cartridges were precon-
for a period consistent to bring tissue residues to steady state gitioned with 5 mL of methanol followed by a 10 mL water rinse before
Tissues and excreta were collected for the measurement ofsample application. Sheep or cattle urine (1 mL) and an additional 1
ractopamine and/or ractopamine metabolites in incurred matri- mL of vial rinse were loaded onto the column. Columns were washed
ces. Here, we report the performance of the monoclonal-basedwith 5 mL each of water, 50% MeOHAD, and ractopamine was eluted
ractopamine ELISA, relative to HPLC analyses, for measuring With 50% MeOH/ammonium acetate buffer (0.05 M, pH 4.5).

ractopamine in incurred tissues and urine from cattle and sheep. Ractopamine Analysis after Enzyme Hydrolysis Urine samples
(1 mL) were mixed with 1 mL of 1 M ammonium acetate buffer, pH

5.0, and 50uL of glucuronidase/arylsulfatase (5000 Fishman units)
from P. pulgatawas added. The mixture was incubated overnight using
a shaking water bath (50 rpm, 3T). The reaction was terminated by
4-hydroxy-o-[[[3-(4-hydroxyphenyl)-1-methylpropyllamino]methyl]- the addition of 2 mL of 2 M sodium carbonate. The free base of
benzenemethanol hydrochlorjdeas a gift from Elanco Animal Health, ractopamine was extracted with ethyl acetate, the solvent was evapo-
Greenfield, IN. TMB substrate was obtained from Kirkegaard and Perry rated, and the residue was reconstituted in dilute HCI to form the HCI
Laboratories, Gaithersburg, MD. Sodium octanesulfonate was obtainedsalt of ractopamine. The resulting solution was then applied to C-18
from Regis, Morton Grove, IL. Other chemicals were obtained from SPE tubes followed by rinses of water, 50/50 water methanol, and 100%
Sigma-Aldrich (St. Louis, MO) and were reagent grade or higher. methanol. Ractopamine was eluted with 50/50 methanol 0.05 M
Glucuronidase/sulfatase froRatellavulgatawas obtained from Sigma ~ ammonium acetate buffer (pH 4.5).
Chemical Co. Ractopamine cELISA. Ractopamine hapten synthesis, monoclonal
Instrumentation and Supplies.Immunoassays were conducted with ~ antibody generation, and characterization were described previously
the aid of an EX50 auto strip washer from BIO-TEK instruments, Inc. (16, 17). An indirect competitive ELISA (cELISA) format was used
(Winooski, VT), and Costar 96 well Easywash polyvinyl high binding for the present study. The following modifications were made in order
enzyme immunoassay/radioimmunoassay plates were obtained fromto further decrease interferences described in our previous reort (
Corning Incorporated (Corning, NY). ELISA assays were analyzed The 96 well ELISA plates were coated with 500 ng/well of ractopamine-
using a BIO-RAD model 550 (Bio-Rad Laboratories, Hercules, CA) hemi-glutarate-BSA. Excess binding sites were blocked with 3% BSA
ELISA plate reader with Microplate Manager 4.0. SPE cartridges (C18, instead of 1% Teleostean gelatin as described previously. Competitors
500 mg, Bakerbond) were obtained from J. T. Baker (Phillipsburg, NJ). were dissolved in 100 mM phosphate buffer (pH 7.4) containing 0.05%
SPE cartridges (acidic alumina) were obtained from Waters (Milford, Tween 20, instead of PBST, and 10 mg/mL BSA and then were
MA). A Visiprep vacuum manifold was purchased from Supelco coincubated with primary antibody. Concentrations of unknowns were
(Bellefonte, PA). Solvents were evaporated using a centrifugal evapora-computed from a calibration curve consisting of ractopamine concentra-
tor (Savant, Holbrook, NY). tions of O, 1, 2.5, 5, 7.5, 10, 25, 50, 75, 100, 250, and 500 ng/mL. A
Ractopamine Feeding StudyA detailed description of a racto-  typical calibration curve is shown iRigure 2. Results obtained from
pamine feeding study is available in a companion papey. Briefly, the cELISA analyses were compared with those obtained from the
dietary ractopamine (20 ppm) was fed to cattle<{ 6) and sheepn( HPLC analyses using regression analysis, with the regression equation
= 6) for 7-8 days and animals were euthanized with 0, 3, or 7 day forced through the origin.
withdrawal (2 animals/withdrawal period). Urine samples were collected
from sheep and cattle daily during feeding and withdrawal periods. RESULTS AND DISCUSSION
Tissues were collected at slaughter. Samples were stored@fC
until used. SPE of unhydrolyzed sheep and cattle urine samples allowed
Ractopamine Isolation from Tissue SamplesTissues were ana-  the isolation of parent ractopamine of sufficient purity to allow
lyzed for parent ractopamine using Elanco Method B03766. This baseline separation (Figure 3) of ractopamine and impurities.

We have previously generated both ractopamine polyclonal
(16) and ractopamine monoclonal7) antibody-based ELISAs.

MATERIALS AND METHODS
Chemicals and ReagentsRactopamine HJ| (1R*,3R*),(1R*,3S")-
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Figure 2. Mean of calibration curve over a 4 month period (n = 34). The
average ICsp was 5.1 ng/mL, with the linear range (based on %B/B, 20—
80%) 1.5-20 ng/mL. The LOD (based on %B/B, of 90%) was 0.76 ng/
mL and the LOQ (based on %B/B, of 80%) was 1.5 ng/mL. B is the
average absorbance at the concentration indicated, and By is the average
absorption at a zero concentration. The ICs is the concentration producing
50% of the absorbance of B, determined from a four parameter logit fit
of the data points.
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Figure 3. (A) HPLC chromatogram of ractopamine fortified into H,O, and
processed using the SPE procedure used for the analysis of unhydrolyzed
ractopamine (retention time 6.54 min). (B) HPLC chromatogram of
ractopamine (retention time 6.56 min) isolated from urine of a ractopamine-
treated cow and processed using the SPE procedures; no urine hydrolysis
was done. (C) HPLC chromatogram of ractopamine (retention time 6.50
min) isolated from urine of a ractopamine-treated sheep and processed
using the SPE procedures; no urine hydrolysis was done.

Recoveries of 'C]ractopamine fortified (1.2—1,6g/mL) into
blank urine samples from the C-18 SPE were 90.9.0% for
cattle samplesn(= 15) and were 99.4- 3.4% (n= 14) for

Shelver and Smith

hydrolysis. They found that ractopamine levels varied quite
widely among animals, similar to our findings (range 498
3700 ng/mL by HPLC, first day feeding, our results). Elliott et
al. (14) also observed differences between results obtained from
their ELISA and results obtained from the EGIS—MS
procedures. Although they incorporated a longer ractopamine
feeding period (17 vs 7 days) in their study, they reported lower
urinary ractopamine concentrations at the end of the feeding
period (280 ng/mL from LEMS—MS and 487 from ELISA)

as compared to our results (5000 ng/mL from HPLC and 5200
ng/mL from cELISA,n = 6). This is not surprising because
we used a larger ractopamine dose than Elliot et~a100 vs
~432 ug/kg BW). Both studies found that ractopamine con-
centrations dropped rapidly during the withdrawal period. After
a 3 day withdrawal, Elliott et al.14) measured ractopamine
concentrations of 387 ng/mL by ELISA and 18 ng/mL by LC—
MS—MS. In our study, after a 3 day withdrawal period,
ractopamine concentrations in cattle urine were less than 20
ng/mL using either cELISA or HPLC, although with enzymatic
hydrolysis ractopamine concentrations were 252 and 434 ng/
mL as measured by cELISA and HPLC, respectively.

The large increase in free ractopamine after enzymatic
hydrolysis of urine samples provides evidence that ractopamine
is extensively metabolized, consistent with previous repgfs (

24). The differences before and after the hydrolysis can be used
to provide an estimate of the extent of metabolism. For example,
in sheep urine, unmetabolized ractopamine represented less than
1% (often<0.5%) of the total ractopamine excreted throughout
both the feeding and the withdrawal periods. Similarly, parent
ractopamine present in cattle urine represented less than 2% of
the total ractopamine residue excreted.

Our observations are not entirely consistent with the results
of Elliott et al. (L4) who observed, on average, only a 2.5-fold
increase in ractopamine concentration after hydrolysis of
conjugates with enzyme fronkscherischia colior Helix
pomatia. Using synthetic J*C]ractopamine glucuronides as
standards fortified into control urine, we found that enzymes
from E. coli, H. pomatia, andP. vulgata had highly variable
hydrolytic efficiencies depending upon pH and duration of the
incubation. Specifically, low hydrolytic efficiencies were ob-
tained when the pH of urine samples was not stabilized with
strong buffers (we used 1 M ammonium acetate, pH 5.0). Urine
from ruminants on forage and cereal diets is normally alkaline
(25); preliminary experiments in our lab indicated that a 1:1
dilution of urine with 0.5 M ammonium acetate (pH 5.0) was
not sufficient to bring the urine pH to optimal for the enzyme.
Although enzyme fron. pomatiawas effective at hydrolyzing
ractopamine—glucuronides, we chose to use enzyme fom
vulgatain all incurred urine hydrolyses because the hydrolysis
product did not contain chromatographic interferences. Apparent
differences of this study and of Elliott et al. (14) are probably
due to differences in hydrolytic efficiencies between the studies,
caused by differences in incubation conditions. For their HPLC-
MS-MS and the ELISA analsyses, Elliott et al. dsa 2 h
incubation period, whereas we incubated urine with enzyme for
greater than 18 h, we adjusted the pH of the urine samples with
concentrated buffers, and we validated the efficiencies of

sheep urine samples. This simple isolation procedure allowedhydrolysis using synthetic ractopaminglucuronides. It was
us to prepare samples that could be analyzed for parentnot clear how many units of enzyme were added to the

ractopamine by HPLC or cELISA with minimal interference

incubations of Elliott et al.14) because they reported a volume

from various metabolites or endogenous components of Of enzyme added rather than units.

urine.
Elliott et al. (14) used an ELISA and LEMS—MS to

Our results indicated that data obtained from the monoclonal-
based cELISA and HPLC assays were highly correlated after

determine ractopamine in urine of cattle after enzymatic parent ractopamine was isolated from bovine urine with SPE
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Figure 4. Correlation between results from cELISA and HPLC analyses
of parent ractopamine in urine of beef cattle. Samples were prepared for
analysis by SPE as described in the Materials and Methods.
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Figure 5. Correlation between results from cELISA and HPLC analyses
of ractopamine in urine of cattle after the hydrolysis of ractopamine
conjugates with glucuronidase/sulfatase from P. vulgata. After hydrolysis,
samples were prepared for analysis with liquid and SPE steps. Note that
most of the residue in urine was present as conjugates.

(r> = 0.95; concentration range of cELISA;-275 ng/mL). The
slope of the line, forced through the origin, was 0.98 indicating
good agreement between the two ass&jgure 4). In addition,
an excellent correlation between the cELISA and the HPLC
results was obtained with enzyme-hydrolyzed cattle urine
samples, yielding a slope of 1.04 with ahof 0.98 (range of
CELISA, 14-8159 ng/mLn = 62; Figure 5). With sheep urine,
the slope of the line was only 0.42 and the correlation with
HPLC results was? = 0.58 (range of cELISA, 0.8551 ng/
mL) (Figure 6). These data demonstrate that the cELISA
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Figure 6. Correlation between results from cELISA and HPLC analyses
of parent ractopamine in urine of sheep. Samples were prepared for
analysis by SPE as described in the Materials and Methods. Note that
urine samples of sheep contained fairly low concentrations of parent
ractopamine relative to those measured in cattle urine (Figure 4).
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Figure 7. Correlation between results from cELISA and HPLC analyses
of ractopamine in urine of sheep after the hydrolysis of ractopamine
conjugates with glucuronidase/sulafatase from P. vulgata. After hydrolysis,
samples were prepared for analysis with liquid and SPE steps. Note that
most of the residue in urine was present as conjugates and that the
correlation between the methods for hydrolyzed sheep urine improved
substantially relative to that for unhydrolyzed samples.

HPLC (ractopamine concentration ng/

correlation between the cELISA results of the analysis of
ractopamine in unhydrolyzed cattle urine is probably due to a
10 times greater concentration of ractopamine. The error
associated with the HPLC assay decreased substantially as
urinary concentrations of ractopamine increased. A second
possibility is the presence of a cross-reacting metabolite in the
sample extract from sheep urine. Such a metabolite would react
with the antibody but not be quantified during the HPLC

analyses of parent ractopamine in sheep urine overestimatecanalysis.

the amount of ractopamine in comparison to the HPLC analyses.

The effect of the urine matrix on the immunoassay was

In addition, the poor correlation indicated either the techniques minimal at a dilution of 1:20 for cattle urine and essentially
measured different analytes or there was a sample-dependentonexistent after dilutions of 1:100 or greater for both cattle
interference. When the sheep urine samples were hydrolyzedand sheep urine (data not shown). Consequently, the large

with glucuronidase/sulfatase, the cELISA and HPLC results
were very consistent with a slope of 0.80 aid= 0.94 (range
of cELISA, 123—10554 ng/mLn = 60; Figure 7). Two
explanations exist for the low correlation between the ELISA
and the HPLC results from unhydrolyzed sheep urine. First,

difference between cELISA results obtained after analysis of
raw urine and HPLC analysis after hydrolysis and sample
cleanup (shown inmrable 1) was probably not due to matrix

effects. Concentrations of ractopamine in raw urine quantified
by cELISA were roughly 4-fold greater than the concentrations

sheep urine contained very low concentrations of parent of total ractopamine measured by cELISA and HPLC after
ractopamine during the feeding and withdrawal periods. As a enzymatic hydrolysis (Tables &and 2). Differences between
result, the error surrounding the HPLC analysis of the sheep the cELISA of raw urine and the cELISA of hydrolyzed urine
urine is greater than the error associated with analysis of sheepsamples cannot be explained by incomplete hydrolysis of

urine after hydrolysis of conjugates. Likewise, the excellent

ractopamine conjugates, because recoveries of ractopamine from
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Table 1. Comparisons of Analyses of Cattle Urine by HPLC and cELISA (ng/mL)?

cow 158 mean + SD of all animals
ELISA HPLC ELISA HPLChP
urine total total urine total total

day® (x 103 parente (x 103)f parente (x 103)f (x 109 parente (%103 parente (x 103"
T1 5.1 47 15 39 1.3 7.3+50 62 +41 19+12 62 +41 18+1.2
T2 8.6 50 2.0 46 2.1 82+55 64 +41 21+14 61+41 21+13
T3 13.0 98 2.0 75 2.8 13.8+6.9 113 + 46 36+18 93+40 38x18
T4 17.9 99 44 86 4.6 23.5+10.9 158 + 67 58+25 158 + 76 6.1+25
T5 12.6 112 3.6 125 3.8 225+6.2 191 +57 6.0+16 179 +40 6.3+17
T6 15.0 88 3.3 113 3.4 175+31 136 + 28 45+0.98 158 + 33 4.9 +0.96
T7 10.6 62 33 63 2.7 19.1+8.7 143 +£52 52+13 143 +50 5016
T8/WO0 4.8 88 0.67 89 0.68 11.9+6.2 153 + 64 34+£19 164 + 62 38+24
W1 5.8 41 1.6 37 18 74+41 63+34 21+11 57.7+33 25+14
w2 1.7 15 0.48 20 0.68 1.8+0.98 18+ 10 0.62+0.38 223+%8 0.85+0.52
W3 0.78 5 0.22 <LOQ¢ 0.34 0.88 £ 0.57 10+8 0.25+0.19 18.6" 0.43+0.33
W4 0.40 3 0.07 <LOQ 0.16 0.24 3 0.04 <LOQ 0.1
W5 0.18 2 0.04 <LOQ 0.07 0.12 2 0.04 <LOQ 0.07'
W6 0.09 <LOQ 001 <LOQ <LOQk 0.06 <LOQ 0.01 <LOQ <LOQ
w7 0.09 <L0Q 0.01 <L0Q <L0Q 0.03 <L0Q 0.01 <L0Q <L0Q

aResults shown are from a representative animal (cow 158) as well as averages of all six treated animals. ° This HPLC data was from ref 20. ¢ T1 = treatment day
1, WO = withdrawal day 0. ¢ Raw urine samples analyzed by cELISA after dilution with variable amounts of 100 mM phosphate buffer containing 0.05% Tween 20 and
10 mg/mL BSA. © Parent ractopamine was analyzed by cELISA and HPLC after sample cleanup with SPE. f Total ractopamine was measured by cELISA and HPLC after
hydrolysis of conjugates and sample cleanup with liquid/liquid extraction and SPE. 9 LOQ for parent ractopamine analyzed by HPLC was 5 ng/mL. " Two samples were
<LOQ. ' One sample was <LOQ. I LOQ for parent ractopamine cELISA was 1.5 ng/mL. k LOQ for total ractopamine residues analyzed by HPLC after hydrolysis of conjugates
was 50 ng/mL.

Table 2. Comparisons of Analyses of Sheep Urine by HPLC and cELISA (ng/mL)2

sheep 351 mean = SD of all animals
ELISA HPLC ELISA HPLCbP
urine total total urine total total

day° (x 103 parente (x 103)f parente (x 103" (x 103 parente (x 103" parente (x 103
T1 3.4 11.8 15 <LOQ¢ 1.8 47+34 13+7 1.7+£12 6+3n 22+16
T2 4.4 16.3 1.8 7.0 2.2 8.2+58 22+15 29+17 8+3i 3.8+24
T3 4.6 16.3 2.0 8.0 2.7 8834 2215 3717 10+ 6 47+18
T4 10.2 26.1 3.4 131 5.4 13.3+2.7 29+11 4817 13+5 7321
T5 10.8 24.4 4.8 <LOQ 5.4 148 +£8.0 22+13 57+£30 22+13 43+18
T6 114 26.3 5.0 143 5.6 10.8+3.2 19+5 48111 11+ 3k 51+£11
T7/WO0 10.2 22.2 4.0 14.1 4.8 124+3.7 20+5 46114 10+3 53+14
W1 4.1 9.3 1.8 5.8 2.3 6.5+45 9+6 23+13 5+1 29+18
W2 1.0 4.0 0.4 3.4 0.54 11+04 31 0.43+0.15 3m 0.52+0.18
W3 11 3.2 0.4 <LOQ 0.56 0.65+0.4 2%1 0.23+0.14 <LOQ 0.33£0.2
W4 1.2 51 0.27 <LOQ 0.41 15 4 0.4 <LOQ 0.5
W5 0.26 1.6 0.09 <LOQ 0.13 0.54 2 0.14 <LOQ 0.19
W6 0.27 1.9 0.12 <LOQ 0.18 0.46 2 0.24 <LOQ 0.31
W7 022 <LOQ" 0.09 <LOQ 0.12 0.33 <LOQ 0.14 <LOQ 0.18

a Results shown are from a representative animal (sheep 351) as well as averages of all six treated animals. P This HPLC data was from ref 20. ¢ T1 = treatment day
1, W0 = withdrawal day 0.  Raw urine samples analyzed by ELISA after dilution with variable amounts of 100 mM phosphate buffer containing 0.05% Tween 20 and 10
mg/mL BSA. € Parent ractopamine was analyzed by ELISA and HPLC after sample cleanup with SPE. f Total ractopamine was measured by ELISA and HPLC after
hydrolysis of conjugates and sample cleanup with liquid/liquid extraction and SPE. 9 LOQ for parent ractopamine analyzed by HPLC was 5 ng/mL. " Mean of 3 measurements,
3 samples were <LOQ. ' Mean of 5 measurements, 1 sample was <LOQ. | One measurement, the rest of samples were <LOQ. ¥ Mean of 5 measurements, 1 sample was
<LOQ. ' Mean of 3 measurements, 1 sample was <LOQ. ™ One measurement, 3 samples were <LOQ. "LOQ for parent ractopamine cELISA was 1.5 ng/mL.

blank urine samples fortified with ractopaminglucuronides of unknown composition (i.e., the proportion of ractopamine
averaged about 90% (20). metabolites conjugated to either phenol of ractopamine was
We believe that our previous observations regarding the crossunknown). In addition, the standard curve used for the quantita-
reactivity of the monoclonal antibody toward specific ractop- tive analysis of raw urine was constructed using racemic
amine—glucuronides and ractopamine stereoisomers (17) will ractopamine. Quantitative analysis of urine samples containing
adequately explain quantitative differences shown in raw urine mainly ractopamine conjugates may not be appropriate when
observed inTables 1 and 2. The ractopamine monoclonal the standard curve was comprised of racemic ractopamine.
antibody is 5 times more sensitive for tR&stereoisomer than  Quantitative analysis of urine samples after enzymatic hydrolysis
for racemic ractopamine and 4 times more sensitive toward the of ractopamine conjugates was successful because conjugates
major ractopamineglucuronide metabolite (ractopamine were converted to parent ractopamine before the cELISA and
glucuronide “C” conjugated to the ethanolamine phenol of because the standard curve was based on parent ractopamine.
ractopamine) than for racemic ractopamih@(Raw urine used Because the hydrolyzed urine analysis by HPLC represents the
in this study contained large quantities of ractopamine conjugatesmaximum total ractopamine concentration in urine, the large
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Table 3. Concentrations of Parent Ractopamine in Liver as
Determined by the cELISA Assay and by HPLC with Fluorescence
Detection

withdraw ELISA HPLC

period (d) animal (nglg) (nglg)
0 156 9.7 113
0 160 13.4 12.9
3 155 2.1 2.6
3 157 14 1.7
7 158 11 1.7
7 159 16 1.7

response of the cELISA toward raw urine must be due to the

antibody’s high sensitivity toward metabolites. Thus, analysis
of raw urine by cELISA would not be appropriate for quantita-

tive purposes unless proper validation of the standard curve was

first performed, but it would be very useful for qualitative
screening purposes.
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ABBREVIATIONS USED

PBST, phosphate-buffered saline-0.05% Tween 20; ELISA,
enzyme-linked immunosorbent assay; HPLC, high-performance

liquid chromatography; LOD, limit of detection; LOQ, limit of
quantitation; SPE, solid phase extraction; TMB, '3%'-
tetramethyl benzidine; BSA, bovine serum albumin.
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