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Introduction

AZilpaterol is a b-adrenergic agonist feed additve
approved in the United States to increase weight gain
and improve feed efficiency Iin cattle.

ACountries which ban b-adrenergic agonist feed
additives can reject imported beef products that
contain zilpaterol.

AEfficient, portable, and user friendly screening assays
towards zilpaterol are needed.

AOur goal was to determine levels of zilpaterol
exposure in animals that will result in its detection
using qualitative and quantitative assays.



\ Shipping & Installation /

A Cost

A Space

A Training

A Throughput

~ $250,000



Screening Assays

AEnzyme Linked
Immunosorbent Assay
(ELISA)

ALateral Flow
Immunoassay

AMicrobial Inhibition Assay \i /

Alnitial investment
A~ $1-5/test

ATurn around time
AMin to hours

AOperator training
AMinimal

AField deployable

AParallel Assay




Screening Assays (2)
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Alnitial investment
A~$1-5/test
ATurn around time
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AOperator training
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Lateral Flow Assay Procedure

10 Min
_) Read
Results

i No pretreatment for cattle and sheep urine
0 Horse urine was diluted 1:3 (v/v) with water.
0 Feed was added 1:4 (w/v) with water

i Tissues were either diluted with water or
extracted with ethyl acetate followed by
reconstitution in PBS.



Lateral Flow Assay Results

Cattle Feed Sheep Muscle

Sheep Urine

| 9095
Cattle Urine 1.7 ng/mL
Sheep Urine 1.7 ng/mL
Horse Urine 8.8 ng/mL
Sheep Muscle 2.4 ng/g

Cattle Feed 23.2 ng/g Cow Urine Horse Urine




ELISA Procedure

O * Read color

intensity

i i Enzyme-Ab

A AAA Competition

Hapten-
conjugate

TMB 450nm

Rabbit anti-mouse-HRP

Zilpaterol 0-100 ng/mL
Urine dilution

matrix match

19 Ab

Zilpaterol-butyrate-BSA



Horse Protocol

AHorses (n = 3) were privately owned
A479 kg, 3-year old filly (Hannah)
A462 kg, 5-year old mare (Foxy)
A469 kg, 4-year old gelding (Hollywood)

AT7-day acclimation period
A Ad libitum access to hay and water
A Daily 0.23 kg supplement of cracked corn in morning

AHoused indoors with daily morning and afternoon exercise of
variable length

A160 e€g/kg body wt at day 0, hour O followed by 43 £g/kg
body wt. (25% of initial dose) on day 1 for 2 horses

Aurine samples collected daily



L
Application to Horse Urine

ithdrawal | Hollywood

MS (ng/mL) MS (ng/mL) MS (ng/mL)
0 10771 + 8829 + 5267 +
1 462 + 1677 + 1520 +
2 2197 + 938 + 2960 +
3 184 + 204 + 226 +
4 31 + 15.9 + 37.4 +
5 10.7 + 13.9 + 44.6 +
6 6.3 - 9.9 + 10.2 ~
7 2.5 - 6.0 ~ 5.8 +
8 2.7 - 4.3 - 4.2 +
9 2.1 - 3.2 - 3.8 -



D
ELISA and LC-MSMS results
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LC-MSMS

Sample Treatment

Varian Bond Elute
Certify

MeOH Phosphate Buffer
H,O | 1M HAC
Phosphate Buffer MeOH

CH,Cl,/isopropanol/

NH,OH




LC-MSMS (2)

AWaters Acquity Triple Quadrupole
MS

AColumn: UPLC BEH C,,4

AMRM, electrospray positive mode

AMatrix matched curves
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L
Sheep Protocol - |

ASheep were fed 6 mg/kg for 10 days

ATwo zilpaterol-treated ewes each were
euthanized on withdrawal days 0, 2, 5, and 9

ATwo control animals were euthanized on
withdrawal day O

AUrine collection
Atreatment days 1, 3, 5, and 8

Awithdrawal days O, 1, 2, 5, 7, and 9 (or until
slaughter)

ATissues - at slaughter



L
Sheep Results (Protocol - 1)

Withdrawal

Day LC-MSMS (ng/mL) LFA LC-MSMS (ng/g) LFA
0 591 + 12 +
718 + 14 +
2 95.2 + 1.3 =
42.1 + 0.5 -
5 1.7 + <0.25

<0.25 - <0.25 -



é ' . ‘. ‘ ‘ .
ASheep were fed trace levels of zilpaterol HCI in a finishing
diet
ALow Dose 0.0075 mg/kg (1000x less than label concentration)

AMed Dose 0.075 mg/kg (100x less than label concentration)
AHigh Dose 0.75 mg/kg (10x less than label concentration)

A12 day feeding period, 4 trials, 1 animal/treatment/trial

AUrine collected on treatment days 0, 2, 4, 6, 8, 10, 12
ALFAT on site
AELISAT conclusion of each trial
ALC-MSMS T ongoing

A Kidney, muscle, liver, lung collected on T,,/W, or W,
ALFA, ELISAT conclusion of trial
ALC-MSMS T ongoing



L
Sheep Tissues Results

Control, low dose, high dose 3 day withdrawal tested negative by ASAP,
DESI-like, ELISA and lateral flow assay for all tissues.

Med (ng/g) High (ng/qg)

ASAP DESI ELISA LFA, + ASAP DESI ELISA LFA, +

Kidney  o9g@) o 0.7 0 3.03) 6.2(1) 4.1 4
Liver 0 0 04(1) O 4.0 2.8(1) 3.8 4
Lung 0 0 0.3(1) O 26() 0 2.3 4
Muscle g 0 0 0 85(3) 52(2) 22 2

N=4 with the exception of those in parenthesis.



Sheep Urine Results

High-3

ELISA LFA, + ELISA LFA, + ELISA LFA, + ELISA LFA, +

ng/mL ng/mL ng/mL ng/mL
T0 0 1 5.8 1 10.4 2 4.1 1
T2 4.6 3 20.6 3 318 4 188 4
T4 21.3 3 23.7 4 267 4 220 4
T6 4.7 2 18.3 4 311 4 263 4
18 3.8 2 26.9 4 352 4 260 4
T10 3.8 2 28.8 4 345 4 213 4
T12/WO0 2.6 1 16.3 4 267 4 244 4
wi 32.6 4
w2 5.5 2
W3 1.3 1



L
Instrumental Analysis (2)

Atmospheric Desorption
Solids Analysis Electrospray
Probe (ASAP®) lonization

(DESI)-like
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L
Conclusion

A Zilpaterol lateral flow assay has been developed
and used to detect urine samples on-site with
capability to run large numbers of samples in
parallel.

A Assay time for lateral flow assay is near real time 10
min.

A Zilpaterol ELISA results correlate well with MS
results

A Zilpaterol is minimally degraded when stored at
-20° C for prolonged period of time (~ 10 years).
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