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Center for Veterinary Medicine, FDA (USA)
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(1) Dr. In Suk Kim
Lead Chemist
Office of Public Health Science, Western laboratory, FSIS (Food Safety and Inspection
Service), USDA, (USA)
(2) Dr. Katerina mastovska
Research Chemist
Agricultural Reserach Service, Eastern Regional Research Center, USDA (USA)
(3) Dr. Weillin Shelver
Agricultural Research Service, Biosciences Research Laboratory, USDA (USA)
3. Dr. Matt Rodewald
Covance laboratories (USA)
4. Dr. Lindell Ward
Assistant Professor of Chemistry
. Department of Chemistry
University of Indianapolis
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Dr. Joe Boson
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ERP Review Sheet
Evaluation of Method Mon-11

Title Determination of amprolium, ethopabate, lasalocid, monensin, narasin, and safinomycin in
chicken tissues, plasma, and egg using liquid chromatography-mass spectrometry

Submitted by:  Su-Hsiang Tseng (Primary reviewer)

Secondary Review:

Summary of Method: (Figure 2}

Sample (3 g} was extracted with a mixture of methanol (0.5 mbL)-water (0.5 mL}-

acstoneftetrahydrofuran (6/4) (6 mL) by homogenizer and ultrasonic bath, and then centrifuged

for 5 min at 5000 rpm. A 5 mL {corresponding to 1.5 g for egg, liver, muscle} of supernatant or a

2.5 mi of the upper layer for fat (corresponding to 0.75 g for fat), was partitioned with 6 mL of

diethy! etherfhexane (6/4}, for fat, 0.5 mL of water was also added. After centrifugation {3500 rpm,

3 min), the upper layer (organic phase} was mixed with 5 mL of hexane, and centrifuged for 3 min.

The supernatant was evaporated to dryness, and dissolved in 1.5 mbL of hexane, Cne mL of

hexane sample solution was apply on a Sep-pac RC Silica column (500 mg), washed with 8 mL

of diethyl ether/lhexane (6/4), 8 mL of dichloromethane/ethanol {96%) (99.5/0.5), and 8 mL of

chloroform, dried for ca. 10 sec, and then sluted with 1 mLX3 of CH,CIl,/CH;0OH (80/10). The

eluate was evaporated to dryness and reconstituted with 0.4 mL of CH;OH/H,0 (8/2),

LC/MS conditions: {Perkin-Elmer}

Mobile phase: methanol: 10 mM (0.77 g/L) ammonium acetate mixture (85:15, viv)

Column; Supelco Discovery C18

Multi-SIM (Positive ion mode):

m/z 893.7 (Monesin, MNa®); m/z 787.5 (Narasin, MNa")

Pros/Strengths:

ConsfWeaknesses
s General comments: The analytical procedures were complicated and time-consuming. Some
toxic solvents {THF, dichloromethane, chioroform) were used.
+« Method Clarity: It's not clear to understand why “a 5 mL volume of the supernatant is
corresponding to 1.5 g sample” stated in sample pretreatment paragraph {p.1588).
« Method Scope/Applicability: applicable for egg, fat, meat and liver samples.
Method Validation Report:
» General Comment
- Method Optimization; The extraction and clean-up procedures could be optimized
and some toxic solvents should be replaced.
+  Confirmation of identity: the confirmation of identity is week by single MS detector (one ion for
one compotnd).
s Performance Characteristics
-~ Analytical Range
LODs were ranged 1~5 ng/g. LOQs were ranged 2~10 ng/g.
- Calibraticn
The correlation coefficients of calibration curves (5 to 150 ng/g) for monesin and
narasin in various lissues were all above 0,998,
Accuracy/Recovery
Recoveries of monesin and narasin, at piking levels of 20 and 50 ng/g, were ranged
from 85~121% and 86~103%, respectively.
-  Precision
Repeatability (RSD%) 1.4~6.2%
Recommendation:
This method sounds not proper for further vatidation study based on the complicated procedures
and weak confirmation.




ERP Review Sheet
Evaluation of Method Mon-13A

Title  Liquid chromatography-electrospray tandem mass spectrometric method for quantification
of monesin in plasma and edible tissues of chicken used in pharmacokinetic studies:
Applying a total error approach

Submitted by:  Su-Hsiang Tseng (Secondary reviewer)
Secondary Review:
Summary of Method:
Quantification of monesin residues in chicken muscle, liver, and fat was determined by
LC/MSIMS (ESI+). Internal standard, narasin, was added at a concentration level of 60 ugfkg.
Sample (2 g) was votex-mixed with a mixture of methanol-water (87/13, viv) (8 mL), placed in a
ultrasonic bath for 10 min and centrifuged for 10 min at 4000 xg at 5°C. A 5 mlL aliquot was
purified on a Varian Bond Elut C18 {200 mg, 3 mbL) cartridge {preconditioned with 4 mlL of
methanol and 2 mL of water), washed with 2 mL of a mixture of methanol-water (80/20, viv) and
eluted with 4 mL of methanol. The eluant was evaporated and redissolved in 300 uL of a mixture
of acetonitrile-ammonium acetate 50 mM (80/20, viv).
LC/MSIMS conditions: (APl 2000)
Mobile phase: water, 0.1% formic acid (A); acetonitrile, 0.1% formic acid (B); 80%B to 100% B (8
min), hold 6 min, 100% B {o 80% B (2 min}, hold 6 min,
Column; Luna C18 with guard column
MRM Transitions; 688.4>635.3 (Monesin, MNH,"); 782.6>747.5 (Narasin, MNH,")
Pros/Strengths: :
Ammonium precursors were used in this mathod, compared with sodium precursors, which
showed belter sensitivity and precision.
ConsMeaknsesses
+ General comments: Extraction and clean-up procedures are worth followed, and using
ammonium adducts as precursors were recommended to test.
+  Method Clarity: R? figures of calibration curves for muscle and fat matrices were not shown
in Table 2.
e Method Scope/Applicability: applicable for muscle, liver and fat samples. Egg and milk
samples were not involved in this method.
Method Validation Report:
e (General Commeant
-~ Method Optimization: Limit of quantification for determining monesin residues in
chicken muscle could be discussed further {0.5~2.5 ppb).
+ Confirmation of identity: Confirmation was weak. No second mass transitions {qualification
jons) for Monesin and Narasin.
s Performance Charactaristics
-~ Analytical Range
1~200 pgikg
- Calibration
Malrix matched standards prepared according to the sample preparation protocol
used routinely.
- Accuracy/Recovery
Muscle (spiking 2.5~100 ng/kg) 88.2~102.2%; Fat {spiking 2.5~200 pg/kg)
93.0~107.0 %,; Liver (spiking 1~100 po/kg) 92.0~105.0%
- Precision
Repeatability (RSD%) 1.9~11.8%
Recommendation:
Qualification ions are needed to chosen in this method for confirmation purpose.




ERP Review Sheet
Evaluation of Method Mon-13B

Title Efficient and sensitive screening and confirmation of residues of selected polyether
ionophore antibiotics in liver and eggs by liquid chromatography-electrospray tandem
mass spactromefry

Submitted by:  Su-Hsiang Tseng (Secondary reviewer)

Secondary Review:

Summary of Method:

Sample (5 g) was extracted with a mixture of methanol-water (87/13, viv} (15 mL) by

homogenizer, and centrifuged for § min at 3600 xg. A 9 mL of aliquot was purified on an IST

isolute MF C18 {100 mg) cartridge {preconditioned with 4 mL of methanol and 2 mL of water),
washed with 800l of a mixture of methanol-water (80/20, viv) and eluted with 600 pL of
methanol. The eluant was determined by LC/MS/MS.

LC/MS/MS conditions: {(Mircromass Quattro)

Mohile phase; acetonitrile: 0.05 M ammonium acetate mixture (8:2, viv)

Column: Genesis C18 with guard column

MRM Transitions;

Screen: 693>479 (Monesin, MNa'), 787>431 (Narasin, MNa")

Confirmation of Narasin: 787>431, 265, 279, 531

Pros/Strengths:

Optimization of SPE clean-up procedure {Clear information in Table 2). Four daughter ions were

detected for narasin with jon rafios meeting EU confirmation criteria, even at 0.2 ng/g

concentration. The run time of LC/MS/MS is short {(only 4 min).

Cons/\Weaknesses

s  General comments: Methods for screening 4 polyether ionophore antibiotics {(narasin,
salinomycin, monensin, and lasalocid) and confirming narasin were Introduced.

s  Method Clarity: There’s no internal standard or any step of making up volume were used in
this method. So, the calculation of residue concentration is very important. However, the
quantification was not very clear in this study.

¢+ Method Scope/Applicability: applicable for egg and liver.

Method Validation Report: (Only for Narasin})

¢  General Comment

- Method Optimization: Limits of quantification for both monesin and narasin were not
validated in this study.

o  Confirmation of identity: Four daughter ions were used for confirmation of narasin. However,
no second mass transitions (qualification ions) for confirmation of monesin.

s Performance Characteristics

-~ Analytical Range
0.026 (LOD)~20 ngfg (narasin in egg)
- Calibration
Standard curves {0.2 fo 50 ng/mL.) typically produced correlation coefficients of 0.98.
Accuracy/Recovery
Egg (spiking 0.5~20 ng/g) 94~108%; Chicken liver {spiking 5 and 10 ng/g) 98~105%.
- Precision
Repeatability (RSD%) 4~10%

Recommendation:

The fully validation data of this method for determining narasin and monesin residues in various

kinds of matrices should be set up. According to the observation of this study {(p. 1992), a lager

elution volume would be used o improve the stability of clean-up performance when using other
types of C18 cartridge.




ERP Review Sheet Example
Evaluation of Method Tylosin-02
Title; Determination of Macrocyclic Lactone Drug Residues in Animal Muscle by Liquid
Chromatography/Tandem Mass Spectrometry

Submitted by: Su-Hsiang Tseng (anary raviewer)

Primary Review:

Summary of Method:

A robust, credible, and practical multi-residue method based on LC/MS/MS (ESI+) was

developed for the simultanecus determination of 9 macrocyclic lactone drugs in bovine, porcine,

chicken, and sheep muscles. LOD and LOQ of tylosin in this developed method were 0.1 ppb and

0.4 ppb, respectively. Sample (5 g) was extracted with acetonitrile 3 times (15 mL, 10 mL, 10 mL)

by homogenizer and uitrasonic bath, and then centrifuged (5000 xg, 5 min) at 4 °C. All

supernatants were combined. A 5 mbL of the combined exiracts was diluted to 15 mL with
deionized water, and the solution was defalted by shaking with 5 mL n-hexane. The mixture was
then centrifuged, and the n-hexane layer was discarded. The lower aqueous layer was applied to

a Supelco C18 (500 mg/3 ml) cartridge (pre-conditioned with 5 mL acetonitrile and

acetonitrile:water (1.3, vfv), washed with 5 mL water and 5 mL acetonitrife:water (1:3, viv), and

eluted with 5 mL 3% ammonium hydroxide in methanol. The eluates were then evaporated to

dryness at 50 °C and the residues were redissolved in 1 mL mobile phase A:B (1.1, v/v).

LC/MS/MS: Agilent Model 1100 with API 4000 triple-quadrupole mass spectrometer.

Mobile phase: Acstonilrile+0.15% formic acid (A); Waler+0.15% formic acid (B); 10%A hold 1 min,

10%A to 50% A (7 min}, 50% A to 95% A (3 min), hold 10 min.

Column: Symmstry C18 (Waters, 3.5 um, 150 x 2.1 mm)

MRM Transitions: 916>174% 916>772  * Underlined = quantifier

Pros/Strengths:

A multiresidue LC/MS/MS method capable of simuitaneous 9 macrocyclic lactone drugs

(belonging to 2 groups) in muscle tissues was developed and suitable for routine determination of

residues in livestock products.

ConsMWeaknesses:

° General comments: the extraction procedures are simple and easy to follow.

o Method Clarity: a 5 mL aliquot of the combined exiracts was used for clean-up, however, the
absolute volume of total extracts was not mentioned {final making up volume).

s Method Scope/Applicability: applicable for muscle tissues; liver, kidney, eggs, milk and fat
samples were not involved in this method.

Method Validation Report:

¢ General Comment;

- Method Optimization: the cleanup procedure by C18 SPE was optimized fully by
discussing the washing and eluting solvents in this paper.

o Confirmation of identity: Two mass ftransitions were chosen for each compound in this
LC/MS/MS method to fulfill the EU criteria for confirmation of target drug residues. The ion
ratios of the qualifier ion to the corresponding quantitation ion, at spiking levels of 50-200
ngikg, were within the acceptable criteria set by the EU guidelines.

s Performance Characterislics:

- Analytical Range:
0.4 (LOQ)~200 pngikg
- Calibration:
The matrix matched calibration curve of tylosin was >0.999 (10.0~1000.0 ng/mL.}.
- Accuracy/Recovery:
Muscle (spiked 50~200 pglkg) 68.4~84.9% (intraday); 69.8~86.6% (interday)
- Precision:
Repeatability (RSD %) 3.8~12% (intraday); 4.6~14% (interday)

Recommendation:




The retention time of first peak in figure 2 is about 9 min. That means the LC/MS/MS conditions
could be optimized to shorten the run time (<15 min could be possible). Various kinds of matrices,
such as fat, liver, milik and egg, should be alsc validated.



ERP Review Sheet
Evaluation of Method Tylosin-13

Titie: Identification and quantification of five macrclide antibiotics in several tissues, eggs and mik
by fiquid chromatography—electrospray tandem mass spectrometry

Submitted by: Su-Hsiang Tseng (Secondary reviewer)
Secondary Review:

Summary of Method:
A HPLC-MS-MS (ESI+) method capable of determining five macrolides in several tissues
{muscle, kidney, liver), eggs and mitk from swine, cattle and hens was presented. Roxithromycin
was used as an internal standard spiked al a level of 200 ng/kg. Tylosin can be accurately
quantified at a level of 50 ng/kg {1/2 MRL) by this multi-residue anaiysis.
Extraction: a sample {56 g of tissue sample and whole egg) was extracted with Tris buffer {pH
10.540.2) (25 mLX2 for muscle; 25 ml. and 20 mb for liver and kidneyl; 35 mL for egg) by
vigorously mixing for 15 min, centrifuged (3000 xg, 10 min.) at 4 °C. Milk sample (10 mL) was
centrifuged for 10 min at 3000 xg and 4 °C to obtain the skim milk (decreamed), and 5 mL of i
was diluted with 20 mL Tris buffer, shenken gently and horizontally for 10 min.
Protein precipitation: acelic acid {600 ul for tissue; 1 mL for egg; 15 mbL 3 M sodium acetate
buffer for milk) and 5 mL sodium tungstate buffer were added to precipitate the proteins (1 h at 4
°C). The samples were centrifuged at 3000 xg for 10 min. The supernatants were further filtered
through a plug of glass wool.
SPE clean-up: The sample was applied to an Oasis HLB (200 mg/6 mL) cartridges (conditioned
with 10 mlL methanol and 10 mL water), washed with 20 mL methanolwater (5:95, viv}, 5 mL
hexane, vacuum-dried for 10 min, and eluted with 5 mi methanol:30% ammonia {95:5, v/v}. The
eluate was then evaporated to dryness. The residue was dissolved in 500 pl NH,OAC: ACN
(80:20, viv).
LC/MS/MS: Hewlett Packard with Micromass Quattro Il mass spectrometer,
Mohile phase: Acetonitrile (A}, 0.1 M ammonium acetate (B}; 0%A hold 1 min, 0%A to 30% A (3
min), 30% A to 85% A (3 min), 95% A to 0% A (4 min), hold 3 min,
Column: Purospher C18 (5 pm, 125 x 3 mm)
MRM Transitions: 816.3>772.2* 916.3>318.4, 916.3>407 .4, 916.3>598.4

* Underlined = quantifier

Pros/Strengths:
The method required only a simple extraction without organic solvents and with a short run time
{<14 min), large sample batches (more than 50 samples) couid be processed daily.

Cons/Weaknesses:

o General comments: this method sounds not applicable for fat sample. However, tylosin is a
lipophilic compound and residues in fat or whole milk sample should be determined.

¢ Method Clarity: it not very clear for the role of Roxithromycin, an internal stand. Recoveries of
Roxithromycin were also validated in this method, however, the figures ranged from 58 to
76% which are lower than tylosin's. An internal standard should behave the similar
distribution as the target compound during the analvytical procedures. According to “3.4.1.
Quantification step”, the macrolides were quantified by means of external standard curves
and shown in Table 3 and Table 4.

+ Method Scope/Applicability: applicable for muscle, kidney, liver, egg, skimmed milk samples,
whote milk and fat sample was not involved in this method.

Method Validation Report:
¢  General Comment:
- Method Optimization: the extraction procedures for various matrices are different,
and the reasons are not menticned in the paper.




« Caonfirmation of identity; Four mass transition ions {qualifier and quantifier ion) were used for
confirming tylosin residue in sample. lon ratios are shown in Table 5 and the RSDs were
<12%.

s Performance Characteristics:

- - Analytical Range:
25~200 pg/kg
- Calibration:
Pure standard solutions were used and a correction factor had to be iniroduced into

the chromatogram integration. The correlation coefficients of the calibration curves
for were alt >0.99.

- Accuracy/Recovery:

Matrices (spiking 50~200 ugfkg) 93~115%
- Precision:

Repeatability {(RSD %) 2.9~7.5%

Recommendation:

The MDL of tylosin was not mentioned in the paper. The LOQ of tylosin could be lower than 50
ppb by further validation.




ERP Review Sheet
Evaluation of Method Tylosin-18

Title: Confirmation of Macrolide/Lincosamide Antibiotics by lon Trap HPL.C/MS/MS

Submitted by: Su-Hsiang Tseng (Primary reviewer)

Primary Review:

Summary of Method:

Sample (5 g) was made basic (by adding 2 M K,CO,)} and extracted with ethyl acetate (30 mL, 15
mL} by shaking, and centrifuged (2000 rpm, 10 min). Acidify the combined organic phase (ca. 45
mL} with 2 mL of 0.2 M KH;POq, shake and centrifuge (3 times).To the 8 mL of combined
aqueous solution, add 5 ml. of a ethy!l acetate:hexane solution (1:1), invert the tube, and centrifug
at 2000 rpm for 4 min. Discard the top organic layer, and adjust the pH of the aqueous solution to
9.8-10.2 by adding 900 to 1200 plL of 2M K,CO; Add 4.0 mL of ethyl acetate to the aqueous
solution, shake, centrifuge at 2000 rpm for 4 min, transfer the upper organic layer to another tube,
and repeat the step twice. Evaporate the combined organic solution to dryness at 40 °C, and then
dissolve the residue in 500 uL of 50:50 {viv) methanol/water.

LC/MS/MS: Thermo-Finnigan Surveyor HPLC equipped with ion trap mass spectrometer, (APCl+)
Mobite phase: 5/95 Acetonitrile/Water+0.1%Fa (A); 95/5 Acetonitrile/Water+0.1%Fa (B); 0%B to
100% B (15 min}, 100% B to 0% B (0.1 min), hold 9.9 min.

Column: Zorbax SB-C18 (5 ym, 150 x 2.1 mm)

Precursor ion: 916.3; spectra range: 240-930; base product ion: 772; qualifying ions: 407, 598,

Pros/Strengths:
The analytical procedures are described fully in this document and easy lo follow.

ConsWVeaknesses:

* General comments: The method has been successfully applied for the confirmation of
macrolides in tissue samples of liver, kidney and muscle in beef, pork, and poultry. The
minimum proficiency level of tylosin is 0.1 ppm. However, LC equipped with ion-trap mass
spectrometer is not very suitable for quantification of residues in animal tissues, and give
much lower repeatability and sensitivity than LC equipped with a quadrupole tandem mass
spectrometer, which is popular nowadays.

e Method Clarity: validation data were not shown in this document.

o Method ScopefApplicability: applicable for muscle, liver and kidney. Egg, mitk and fat
samples were not involved in this method.

Method Validation Report:
¢ General Comment:
- Method Optimization: the complicated extraction procedures could be optimized.
+ Confirmation of identity. Two qualifying ions are used for confirming tylosin in this method.
s Performance Characteristics:
- Analytical Range:
100~200 pg/kg
- Calibration;
No data.
- Accuracy/Recovery:;
No data.
- Precision:
No data.

Recommendation:

This is a confirmatory method, since the recovery, accuracy and precision data are not displayed
in this paper, we do not know if this method could be work for quantification. A clean-up
procedure by SPE cartridges could replace the complicated muti-liquidfliguid extraction
proceduras and save time and solvent consumption.




ERP Review Sheet

Evaluation of Method Tylosin-24
Title: Porcine muscle — The confirmatory and quantitative analysis of macrolides — LC/MS/MS
Submitted by: Su-Hsiang Tseng (Secondary reviewer)
Secondary Review:
Summary of Method:
Sample (2 g) was extracted with EDTA-Mclivainbuffer (20 mL) (0.1M, pH=4.0) by shaking, and
centrifuged (2700g, 10 min.). Transfer 10 mL from clear upper layer to a tube. Add 275 pL formic
acid (100%) and mix thoroughly, check the pH is 2.020.5 (if necessary adjust with formic acid).
After centrifugation (15000g, 10 min.), the acidified extract {10 mL) was applied to an OASIS®
MCX (60 mg/3 mL) cartridge (pre-conditioned with 3 mL MeOH, water and formic acid (0.5%),
washed with 3 mL MeOH/ammonia {10/90), and eluted with 3 mL MeOH/ammonia (95/5). The
eluate was evaporated to dryness at 40 °C and reconstituted with 700 pL reconstitution sofution
{acetonitrile/ammonium formate {0.1M, pH=4.0} (2/98, viv).
LC/MS/MS: Quatlro Micromass (ESi+)
Mobile phase: Ammonia formate (0.01M, pH=4.0) (A); ammonia formate (0.01M, pH=4.0)/MeCH
{10/90, viv) (B); 30%B hold 1 min, 30%B to 100% B {16 min), hold 1 min, 100% B to 30% B (1
min), hold 4 min.
Column: Atlantis C18 {(Waters, 5 ym, 150 x 3 mm)
MRM Transitions: 946.6>174.2%; 946.6>772.6 * Underlined = quantifier

Pros/Sirengths:
Instead of organic solvents, this method used EDTA-Mclivain buffer to extract tylosin. This

extraction followed a clean-up on an OASIS MCX cartridge, it requires less lime and solvent
consumption than traditional liquidfliquid clean-up procedure.

Cons/Weaknesses;
. General comments: The analytical procedures are described fully in this document and easy
to follow.

. Method Clarity: “7.4.3 Multi level standard addition (MLSA)" it stated that the detected levels
fower than MRL need to be quantified using a MLSA. However, matrix effects should have
compensated by both in MMS or MLSA quantlification.

. Method ScopefApplicability: applicable for porcine muscle. Liver, kidney, eggs, milk and fat
samples were nol involved in this method,

Method Validation Report:
¢+ General Comment:
- Method Optimization: the lowest point for evaluating the detection limit of tylosin was
4 MRL (25 ppb), a lower point should be further validated to obtain the real MOL.
Confirmation of identity: this method (S0P} meets the requirement of EU regulation.
+ Performance Characteristics: ' '
- Analytical Range:
25~5600 nglkg
- Calibration:
Matrix matched standards were used in this method. The correlation cosfficient of the
calibration line should be at least 0.990.
- Accuracy/Recovery:
Muscle (spiked 50~150 nglkg) 86~85%
- Precision:
Repeatability (RSD %) 5.7~13.4%

Recommendalion:

This method could be modified and applicable to other kind of matrices, such as milk, liver or fat
samples. The LC/MS/MS conditions could be optimized to shorten the run time (<15 min could be
possible).




ERP Review Sheet
Evaluation of Method RAC-03

Title Determination of clenbuterel, ractopamine and zilpaterol in liver and urine by liquid
chromatography tandem mass specirometry
Submitted by: Su-Hslang Tseng (Primary reviewer)
Secondary Review:
Summary of Method:
Quantification of ractopamine residues in liver, and urine was determined by LLC/MS/MS (ESI+).
internal standard, ractopamine-ds, was added at a concentration level of 2 ppb. Acetate buffer
and B-glucoronidase/arylsulphatase were added to 2.5 g liver sample. Enzymatic hydrolysis was
carried out overnight at 40°C . Subsequently, sample was centrifuged (3000 rpm, 10 min).
Supernatant was adjusted o pH 8.5-9.0, and applied to the Bond-Elut Certify (6 ml., 300 mg)
mixed-mode SPE cartridge (preconditioned with 2 mbL of methanol and 2 mbL of water). The
cartridge was washed and eluted with 4 mL dichloromethane/propanol-2 {80:20) with 3% of
ammonia 30%. The eluant was evaporated and dissolved in 200 pl. of mobile phase. Detection
limit {CC ) ranged from 0.08 to 0.15 ppb, and detection capability (CC 8) ranged from 0.27 to
0.52 ppb in liver.
LC/MS/MS conditions: (Quattro micro triple quadruple analyzer, Micromass)
Mobile phase: water, 0.1% acelic acid (A); acetonitrile/water (90:10), 0.1% acetic acid (B). A:B
was 99:1 at 0 min, 55:45 at 12 min, 10:90 at 20 min and 99:1 from 20 to 35 min.
Column: Synergi MAX-RP 80 A
MRM Transitions: 302>284; 302>184 (which one is quantifier?)
Pros/Strengths:
This method is sufficient to identify ractopamine by LC/MS/MS.
Cons/MWeaknesses
* General comments: Enzymatic hydrolysis was carried out overnight. Howaver, the hydrolysis
time was about 1-2 hr based on other papers.
e Method Clarity: The elution solvent of SPE clean-up was dichioromethane/ propanoi-2 (80:20)
with 3% of ammonia 30%, in which dichloromethane is a carcinogenic solvent.
o Method Scope/Applicability: applicable to fiver. Muscle and fat samples were not involved in
this method.
Method Validation Report:
« General Comment
- Methed Optimization: the method was developed and validated, including decision
limit (CC«) and detection capability (CC 8), according to the Commission Decision
2002/657/EC.
= Confirmation of identity: Two iransitions (one parent ion and two different product ions) were
used in this method. It mests the confirmation requirement of EU regulation (2002/657/EC}.
» Performance Characteristics
- Analytical Range
0.5~5.0 pph
- Calibration
Correlation coefficient rin liver (spiked 0.5~5.0 ppb ) were >0.99.
- Accuracy/Recovery
Liver (spiked 0.5 ppb} 82~126%
- Precision
Repeatability (CV%) in liver 10.4%
Recommendation:
Enzymatic hydrolysis was carried out overnight. The hydrolysis time could be shorten to 1-2 hr.
Replace toxic solvents used in this method.
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ERP Review Sheet Example

Evaluation of Method RAC-09

Title Residue Depletion of Ractopamine and its metabolites in swine tissue, urine, and serum

Submitted by: Su-Hsiang Tseng (Secondary reviewer)
Secondary Review:

Summary of Method:

Quantification of ractopamine residues in swine tissue, urine, and serum was determined by
HPLC-FLD. The Limit of detection for tissues was 1 ng/g. Swine tissue samples (5 g) were
extracted with acetone (10 mLx2) and centrifuged for 10 min at 2000 xg. After evaporation, the

dry residue was dissolved in 1 mL of ammonium acetate buffer (26 mM, pH5.0), and 20 ulL of B-

glucuronidase was added. Then incubated at 65°C for 2 h. Sample solutions were mixed with 2

mL of sodium borate buffer (25 mM, pH 10.3£0.1) and extracted twice with 7 mL of ethyl acetate.
After centrifugation (2000 xg, 5 min), the combined supernatants were applied to the alumina A
cartridge, which previously activated with 5 mL of ethyl acetate. Wash the cartridge with ethyl
acetate, dry under vacuum for 2-3 min, elute ractopamine with 10 mL of methanol. The eluate
was evaporated to dryness and the residue was reconstituted in 1 mbL of 0.2% acetic acid for
HPLC anlaysis.
HPLC conditions: (Waters LC system equipped with fluorescence detector)
Fluorescence detector: Ex 226 nm, Em 305 nm
Column; Supelcosil .C-18-DB
Mobile phase: 80% water with 20% acetonitrile with the addition of 2 mL of glacial acetic acid and
0.7 g of 1-pentanesulfonic acid per liter.
Pros/Strengihs:
A HPLC-FLD method used in this study is both practical and sensitive.
Cons/Weaknesses
o  General comments:
«  Method Clarity: Enzymatic hydrolysis was carried out after acetone extraction. However,
samples were commonly hydrolyzed prior to extraction in other published methods.
* Method Scope/Applicability: applicable for liver, kidney, muscle and fat samples.
Method Validation Report:
s  General Comment
- Method Optimization: 67°C sounds not the optimum reaction temperature for p-
glucuronidase.
o Confirmation of identity: The confirmation by HPLC-FLD alone is not sufficient.
¢ Performance Characteristics
- Analytical Range
2~50 ng/g
- Calibration
Standard curve was built in the concentration range of 5~1000 ng/mL, and the
regression coefficient was 0.999.
-~ Accuracy/Racovery
Recoveries for liver, kidney, muscle, and fat were 78.4~85.8%, 78.3~92.2%,
79.1~89.3%, 70.5~74.7%, respectively, at spiking levels of 2~50 ng/g.
- Precision
 Repeatability (between run precision) (CV%) 56.4~13.0%
Recommendation:
The confirmation by HPLC-FLD alone is not sufficient for routine analysis.
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ERP Review Sheet
Evaluation of Method RAC-15
Title Determination of Ractopamine Hydrochloride in Swine and Turkey Tissues by Liquid
Chromatography with Coulometric Detection
Submitted by:  Su-Hsiang Tseng (Primary reviewer)
Summary of Method:
Ground tissue samples (10 g) were twice extracted with methanol (20 mLX2) and centrifuged for
10 min at 1500 xg. Combine the supernatant, and dilute lo 50 mL with distilled water. Transfer 4
mL (samples expected to containz=25 ppb) or 10 mL (samples expected to contain <25 pph)
aliquot to a screw-cap test tube, add 2 mL water to the test tube, and evaporate the solution,
leaving ca 1.5 mL agueous exiract. Add 6 mL water to the tube and adjust pH to 10.530.5 by
adding 250 ul. 2M sodium carbonate. Add ethyl acetate (14 mL, 10 mL) to the buffered extract,
hand-shake vigorously for ca 30 s. Evaporate the combined ethyl acetate layer (10 mL+10 mL) to
dryness, reconstitute the reside with § mL acetonitrile/methanol (95:5, v/v) and clean-up with a
active Bond Elut acid-washed cariridge (500 mg). Wash the cartridge with solvents as follows:
acetonitrile/methanol  (96:5, viv) 6 ml, dry, acetonitrile/methanol (95:5, viv) 5 mLX2,
dichloromethane 5 ml. Eluate the ractopamine from the cartridge by 8 mL dichloromethane/
methancl/TEA (84/15/1, viviv). Evaporate the eluate to dryness and reconstitute the residue in 2
mL LC mobile phase,
HPLC conditions: {Varian Vista 5500 system)
Coulometric detector (electrochemical detector); +600 mv
Column; IBM Cqg, SB-CN or IBM Cyg
Mobile phase: 0.06 M ammonium phosphate buifer-acetonitrile (80:20, viv).
Pros/Strengths:
Various matrices were tested in this study and a sensitive method was developed. The MDL was
approximately 0.5 ppb as determined in swine liver.
Cons/Weaknesses
»  General comments: the clean-up procedures were complicated, and some toxic and
carcinogenic solvents (eg. dichloromethane) were used.
o Method Clarity: Should it quantify of ractopamine HC}, not drug base {ractopame)? HC| mass
should be reduced while calculating standard concentration.
o Method ScopefApplicability: applicable for fiver, kidney, muscle and fat samples.
Method Validation Report:
¢+ General Comment :
- Method Optimization: the LC conditions were optimized, including columns, mobile
phases and electrode potential of detector.
¢ Confirmation of identity: The confirmation of identity is not sufficient only by HPLC-ECD,
LC/MS/MS sounds the best equipment for simultaneous quantification and confirmation of
residues in sampies.
» Performance Characteristics
- Analytical Range
0.5~50 nglg
~  Calibration
Standard curve was built in the concentration range of 2~300 ng/mL, and the
regression coefficient was > 0.999,
~-  Accuracy/Recovery
Spike 5 ppb in swine liver, recoveries range from 75 to 100%.
—~  Precision
Repeatability (CV%) 2~18%
Recemmendation:
HPLC-ECD sounds not a very popular equipment, and hardly to maintain it. According to p. 1401,
sample throughput was typically 10-12 samples/day/analyst. We need a high sample throughput
equipment to undertake routine analysis.
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Expert Review Panel Chair Report Monensin/Narasin

AOAC INTERNATIONAL Dietary Supplements Task Group
Report of the Expert Review Panel — Monensin/Narasin

Date: June 15, 2009

Location: Gaithersburg, MD
Attendees:
Joe Boison (Chair)
Lindell Ward
Leedert van Ginkel
Matt Rodewald
Valerie Reeves
In Suk Kim
Katerina Mastovska
Su-Hsiang Tseng (Emily)
Erik Verdon
*Guo-Fang Pang
*Dr. Pang, was unable to attend,
he sent his regrets and his
reviews of the methods
Observers:
Mark Coleman
Tom Burnett
Kim Lombardi
AQAC Staff:
Al Pohland
Robert Rathbone

CFIA, Canada

University of Indianapolis, US
RIVM-CRL., The Netherlands
Covance, US

USFDA, CVM, US

USDA, FSIS, US

USDA, ARS, US

BFDA, Taiwan

AFSSA, France

Qinhuangdao Entry-Exit
Inspection and Quarantine
Bureau, People’s Republic of
China

ELANCO, US
ELANCO, US
ELANCO, US

AOAC INTERNATIONAL, US
AOAC INTERNATIONAL, US

Draft Fitness for Purpose: A fitness of purpose statement has been developed for the
Determination and Confirmation of Monensin/Narasin in Animal Tissues:

An AOAC Official Method is needed for the analysis of Monensin and Narasin A as marker
residues in animal tissues (major species chickens, swine and cattle), applicable to muscle, liver,
kidney, fat, milk (bovine) and eggs. The analytical range should cover 25-400 ppb (ng/g);
recoveries, depending on concentration, should lie in the range of 60-110%. Confirmation of
analyte identity is required, either as part of the method or as a separate confirmatory method.
The method will be used to facilitate international trade and satisfy regulatory requirements.

Revision 3 (Ready for ERP comments)
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Methods Reviewed: Listed below are the methods collected by AOAC for consideration by this

ERP,

File Name
& No.

Author

Manuscript Title

Mon-01A

Elanco B09297-001

Determination of Monensin in edible tissues of
turkeys by HPLC

Mon-01B

Ward et al.

Validation of a Method for the Determination of
Narasin in the Edible Tissues of Chickens by LC

Mon-01C

Gerhardt et al.

Determination of ionophores in the tissues of food
animais by LC

Mon-04
Part1 and
Part 2

Elanco AQ61485

Non-clinical laboratory study (GLP): Validation of an
HPLC/MSMS methad for the assay of Monensin A in
bovine muscle, liver, kidney, fat and milk

Mon-05

Blanchflower & Kennedy

Determination of monensin, safinomycin and narasin
in muscle, liver and eggs from domestic fowl using
LC-glectrospray MS

Mon-06A

Rokka & Peltonen

Simultaneous determination of 4 coccidiostats in
eggs and broiler meat: validation of an LC/MSMS
Method

Mon-068

Matabudul et al.

The simultaneous determination of ionophore
antiblotics in animal tissues and eggs by tandem
electrospray LC/MS/MS

Mon-06C

Matabudul et al.

The determination of 5 anticoccidial drugs
(nicarbazin, lasalocid, monensin, salinomycin and
narasin) in animalt livers and eggs by LC linked with
tandem MS (LC/MS/MS)

Mon-06D

Dubois et al.

Efficient and sensitive detection of residues of nine
coccidiostats in egg and muscle by LC-electrospray
tandem MS

Mon-06E

Jestoi et al

An integrated sample preparation o determine
coccidiostats and emerging Fusarium-mycotoxins in
various poultry tissues with LC/MS/MS

Mon-11

Hormazabal & Yndestad

Determination of amprolium, ethopabate, lasalocid,
monensin, narasin and alinomycin in chicken tissues,
plasma, and egg using LC/MS

Mon-12

Heller & Nochetto

Development of Multiclass Methods for Drug
Residues in Eggs: Silica SPE Cleanup and LC-
MS/MS Analysis of lonophore and Macrolide
Residues

Mon-13A

Cheneau et al

LC-etectrospray tandem MS method for quantification
of monensin in plasma and edible tissues of chicken
used in pharmacokinetic studies: applying a total
error approach

Mon-138

Rosen

Efficient and sensitive screening and confirmation of
residues of selected polyether ionophore antibiotics
in liver and eggs by LC-electrospray tandem MS

Revision 3 (Ready for ERP comments)




Page 3
Expert Review Panel Chair Report Monensin/Narasin

Meeting Minutes:

The Chief Scientific Officer in collaboration with the Subject Matter Expert had chosen 14
Monensin/Narasin methods for evaluation. He opened the meeting by welcoming all the expert
review panel members and expressed regrets that Dr. Guo-Fang Pang couldn’t join us. The
Chairman initiated the meeting with introductions and a brief review of the purpose and expected
outcome of the ERP.

To ensure that we were all using the same language in our discussions, the Chair presented a
short power point presentation (attached) to clarify the use/misuse of a few term including
recovery, accuracy (bias), etc.,

% Recovery (Absolute) is the percentage of analyte experimentally determined to have been
recovered from a matrix after due consideration has been given to the effect the presence of
matrix may have on the response of the analyte.

(a) MATRIX INDUCED ESI SIGNAL SUPPRESSION EFFECT: In example | for
Ractopamine, because the responses due to the chemical standard at different concentrations
(chemical standard curve) are significantly lowered in the presence of the matrix (matrix
matched curve), a clear case of MATRIX INDUCED SIGNAL SUPPRESSION EFFECT, %
Recovery must be calculated by comparison of the responses from the matrix fortified sample
(Tissue standard curve) to those of the matrix matched samples.

(b) MATRIX INDUCED ESI SIGNAL ENHANCEMENT EFFECT: In example 2 for
Clenbuterol, because the responses due to the chemical standard are actually lower than those of
the matrix matched samples, a CLEAR CASE OF MATRIX INDUCED SIGNAL
ENHANCEMENT EFFECT, % Recovery must be calculated based on comparison of the
responses from the matrix fortified samples to those of the matrix matched samples (NOT from
the chemical standard)

(¢) MATRIX INDUCED ESI SIGNAL ENHANCEMENT EFFECT: In example 3 for zilpaterol,
both the responses from the matrix matched and matrix fortifted samples demonstrate a
SIGNIFICANTLY HIGH SIGNAL ENHANCEMENT compared to those of the chemical
standards alone. Once again, % Absolute recovery must be caleulated based on the comparison
of the responses from the matrix fortified standards to those of the matrix matched samples.

(d) MATRIX INDUCED UV SIGNAL SUPPRESSION EFFECT: In example 4 for tilmicosin
UV response in lung tissue, it is clear that the presence of lung tissue results in a significant
reduction in the signal of the chemical standard and as such % Absolute recovery must, in this
case, also be calculated based on comparison of the responses from the matrix fortified samples
with those of the matrix matched samples (NOT CHEMICAL STANDARDS)

Obviously, of the 4 examples given 3 from ESI detector response and ! from a UV detector, it is
VERY IMPORTANT that % Recovery be properly calculated and not be based merely on a
comparison of the response to the chemical standard.

Revision 3 (Ready for ERP comments)
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As a result of its definition, the calculation of % Recovery is unaffected by the presence or
otherwise of internal standards.

Once the concept of recovery was adequately defined, it was decided to distinguish
recovery from “accuracy” or “bias” which is a measure of how close or otherwise the method is
able to experimentally determine the amount of sample that was theoretically believed to have
been added to the matrix of interest,

(Unlike % Absolute recovery, results obtained for “accuracy/bias” can be greatly improved upon
by the presence or absence of suitably selected internal standards)

It was also discussed that because GC and LC are traditionally considered to be hyphenated
techniques when coupled directly to mass spectrometric detectors that in cases where there is just
a single stage mass spectrometer attached to the inlet system the representation will be:

GC-MS, or LC-MS.

Where there is multiple stage MS detector systems usually considered to be in tandem with each
other, the designation when coupled directly to a GC or LC inlet system will be:

GC-MS/MS or LC-MS/MS.

As such all our documentation throughout this ERP will reflect these basic concepts/definitions.

Criteria for Vetting Methods to be Considered

Interest in monitoring antibiotic in animal tissues has resulted in a very large number of
publications during the past two decades. Therefore, methods were included for review
by the AOAC ERP on Monensin Residues based on the following criteria:

Likelihood to meet the fitness of purpose.

o  Only methods for animal tissues of interest were included. Preference was given
to methods for multiple tissue types.

o Methods that did not include monensin or narasin were excluded.

Literature Review of Monensin/Narasin Tissue Residue Methodology.

v 3.5 AOAC Expert Review Panel on Monensin/Narasin Tissue Methods:

14 Monensin/narasin methods had been selected by the Chief Scientific Officer in collaboration
with the Subject Matter Expert for evaluation.

e Only HPLC methodology (with UV or MS detection) was considered to be
sufficiently quantitative.
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o Only broadly available technology was considered. While LC-MS/MS
instrumentation does not necessarily fit this criterion, it is expected to continue to

become available.

e Hazardous reagents were avoided. Carbon tetrachloride, in particular, and
chlorinated solvents in general. (note that the Elanco method is included for
review although it uses methylene chloride)

e Preference has generally been given to methods that use an extraction procedure
that is similar to the Elanco method since the MRLs have been set with residue
data generated using this method. (However, there are a number of alternatives
that are presented for consideration).

Each method under consideration had been assigned to primary and secondary reviewers as

follows:

Method Primary Secondary
Mon-01A Leendert van Ginkle Joe Boison

Mon-01B Leendert van Ginkle Joe Boison

Mon-01C Leendert van Ginkle Joe Boison

Mon-04 Pari1 and Part 2 Lindell Ward Valerie Resves
Mon-05 In Suk Kim, Katerina Mastovska | Lindell Ward
Mon-06A Matt Rodewald Erik Verdon

Mon-06B Matt Rodewald Erik Verdon

Mon-08C Matt Rodewald Erik Verdon

Mon-08D Matt Rodewsald Erik Verdon

Mon-06E Matt Rodewald Erik Verdon

Mon-11 Su-Hsiang Tseng Review not submitted
Mon-12 Joe Boison In Suk Kim, Katerina Mastovska
Mon-13A Guo-Fang Pang Su-Hsiang Tseng
Mon-13B Gue-Fang Pang Su-Hsiang Tseng

Lindell Ward was appointed Rapporteur to record the minutes of the meeting, After each
reviewer had summarized their review of a method for Monensin/Narasin analysis, the
advantages and disadvantages of each method were discussed by the entire panel. Each of the
methods was evaluated for completeness (extraction, cleanup, and detection) of validation using
the AOAC Acceptance Criteria for Single Laboratory Validation. Additional criteria for
evaluation included appropriateness for the intended use, clarity of the method description,
ruggedness, reproducibility, recovery, analytical range, and limit of quantification. The written
reports of the methods by the reviewers are attached. '
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Comments on the Strengths and Weaknesses of Each Method — Extraction Procedure

Mon-01A

LC-Post Column Derivatization; use of CH,Cl,; No validation data; 60-
110% recovery; 25-100 ppb range; method straightforward; turkey muscle
and liver tissues; MON only

Mon-01B

LC-Post Column Derivatization; use of CH,ClI;; No validation data; 60-
110% recovery; 25-100 ppb range; method straightforward; chicken
kidney, liver, muscle and skin/fat; NAR only

Mon-01C

LC-Post Coluinn Derivatization; use of CH,Cl;; No validation data; 60-
110% recovery; 25-100 ppb range; method straightforward;
turkey/chicken/cattle - edible tissues; LAS, MON, NAR & SAL

Mon-04
Part1 and
Part 2

Inappropriate use of NAR as internal std; very long, complicated extraction
procedure different for each matrix that generated very clean samples; very
good recovery, LOQ of 1 ppb for tissue and 0.25 ppb for milk, precision,
accuracy and selectivity data.

Mon-05

Analytes MON, SAL, NAR from poultry muscle, liver and chicken eggs
extracted into hexane/toluene; very complex mobile phase; 2 step extraction,
simple sample preparation analyzed on a single quadrupole MS with LOG
of 2 ppb;

Mon-06A

Small solvent veluines used for extraction of 4 ionophores inclunding MON
and NAR in chicken eggs and broiler meat;

Mon-06B

Small solvent volumes used for extraction of 4 ionophores including MON
and NAR in chicken eggs and broiler chicken, sheep and calf liver;

Mon-06C

Same method as above applied to S ionophores NIC, LAS, MON, SAL and
NAR in eggs, sheep and poultry livers;

Mon-08D

Same method as above applied {o eggs and poultry muscle tissue

Mon-06E

Same method applied to the analysis of Fusarium mycotoxins and
coccidiostats including LAS, MON, SAL, NAR, MAD residues in poultry
{chicken and turkey) liver and muscle tissue

Mon-11

Applicable to amprolium, ethopabate, LAS, MON, NAR, SAL chicken
tissues, plasma and eggs by LC-MS; uses multiple extraction solvents and
CH,Cl; not environmentally friendly cleanup;

Mon-12

Applicable to MON, NAR, LAS, SAL, ERY and TYL residues in eggs at 1
ppb and novebiocin at 3 ppb ; a strategy for method development; a
screening method, not determinative; good recoveries following FDA
guidelines at only 1 concentration point; applied to depletion study

Mon-13A

Method uses NAR another ionophore used under similar veterinary
practice as internal standard for the analysis of MON (inappropriate);
simple, but adequate extraction procedure; applicable for chicken muscle,
liver and fat samples; no indication of suitability for eggs and milk.

Mon-13B

Applicable for NAR, SAL, MON and LAS in chicken liver and eggs;
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Merits/Demerits of Cleanup procedure

Mon-01A Replace methylene chloride; uses perchloric acid; silica-based SPE
Mon-01B cleanup

Mon-01C .

Mon-04 Complicated extraction procedure changing significantly from matrix to
Part1 and matrix; not recommended

Part 2

Mon-05 Should be considered with possible change of solvent to acetonitrile
Mon-06A

Mon-068 No SPE cleanup

Mon-06C

Men-06D

Mon-06E

Mon-11 Uses chlorinated solvents

Mon-12 Silica-based SPE

Mon-13A C18 SPE cleanup

Mon-138

Detection systems for MON & NAR

Mon-01A | PCD - avoid [Panel expressed concern that the technique is too dependent on the pieces of equipment
one can put together and there are cwrently no commercially available refiable instruments that can
do the job satisfactorily without significant on-site modifications and optimizations].

Mon-01B PCD — avoid [same reason as above]

Mon-01C | PCD - avoid]same reason as ahove]

Mon-04

Part1 and | LC-MS/MS (preferred) allows for both quantification and confirmation

Part 2

Mon-05 1.C-MS — could be considered [allows for quantification and some confirmation]

Mon-064A LC-MS/MS — could be considered (preferred)® allows for both quantification and confirmation

Mon-06B LC-MS/MS — could be considered (preferred) allows for both quantification and confirmation

Mon-06C LC-MS/MS - could be considered (preferred) altows for both quantification and confirmation

Mon-08D | LC-MS/MS - could be considered (preferred) allows for both quantification and confirmation

Mon-08E L.C-MS/MS - could he considered (preferred) allows for both quantification and confirmation

Mon-11 L.C-MS - could be considered [allows for guantification and maybe some confirmation |

Mon-12 LC-MS/MS - could be considered (preferred) allows for both quantification and confirmation

Mon-13A LC-MS/MS - could be considered (preferred) allows for both quantification and confirmation

Mon-13B LC-MS/MS - could be considered (preferred) allows for both quantification and confirmation

PCD (post column derivatization apparatus)
*LC-MS/MS allows for both quantification and confirmation.

On the basis of the summation in the above 3 Tables the expert panel agreed unanimously, by

vote, that:

(a) NO SINGLE method reviewed would meet the requirements for a suitable quantitative
and confirmatory method;

(b) Methods 1, (perhaps 4), 5 & 13 would form the basis upon which a method and/or
methods for extraction and cleanup would be drafted; '
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{¢) LC-MS/MS (based on Method 13) would be the preferred method of analysis because it

can provide both reliable and reproducible quantitative and confirmatory data and with
more than the required sensitivity to address the requirements for both drug registration
and international trade, It was argued that the PCD, the only other alternate detection
system, is too prone to environmental changes and that there are currently no
commercially available systems that will address all the needs under consideration
including confirmation.

It was agreed to split the expert panel into 2 groups:

(a) Group 1 considered a draft method that considers non-polar extraction approaches
(Method 1 and/or 4), cleanup and presenting samples in a form suitable for L.C-
MS/MS analysis; [In Suk, Katerina, Leen, Valerie]

Observation: No potential problems with LC-MS/MS detection; possible SPE
replacement and the need to replace use of methylene chloride. May be suitable
for fat and milk samples.

{b) Group 2 considered a draft method that considers polar extraction approaches as
detailed in Methods 5 and 13, cleanup and presenting samples in a form suitable
for LC-MS/MS. Additionally, Group 2 considered the extraction method used in
Method 4 should none of the other extraction procedures considered fail to be
suitable for milk extraction [Matt, Joe, Erick, Emily and Lindell].

Observation: Simple MeOH/water extraction; may have to consider CH;CN
/water extraction; C18 SPE cleanup; Can handle all the matrices for cattle and
poultry liver, muscle, kidney tissue and eggs but not for fat or milk; no potential
problems with LC-MS/MS detection.

Conclusions:

I.

Following the reviewer presentations and group discussion, the following methods 6, 11,
12, were not recommended for further consideration based on the unanimous vote of the
ERP

Monensin and narasin were unanimously selected for simultaneous analysis by
LC-MS/MS

Methods 1, 4, 5, and 13 were considered for further consideration as follows and Matt
Rodewald drafted the initial procedures:

(a) Polar extractions (Method 13) + SPE Cleanup + LC-MS/MS (Method 13B)
(b) Non-polar extractions (Method 1) + SPE Cleanup + LC-MS/MS (Method 13B)
(¢) Non-Polar extractions (Method 4) + SPE Cleanup + LC-MS/MS (Method 13B)
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Monensin/Narasin ERP-1 (15Jun(9)

Draft procedure for the determination of monensin and narasin in poultry and cattle tissues by
LC-MS/MS utilizing a polar exiraction solvent

Matrices: Poultry liver, kidney, muscle, skin with adhering fat, eggs; cattle liver, kidney and

liver

1A, Sample preparation (combination of Method MON-13A and MON-13B)

a)
b)
<)
d)
e)

f)

g
h)
i)
i)
K)
D

Weigh five grams of homogeneous sample into an appropriate sized centrifuge tube.
Add internal standard (ISTD) (nigericin).

Add 15 mL of methanol/water (87/13, v/v).

Vortex mix in order to homogenize the material and solvent.

Place the sample in an ultrasonic bath for 10 min followed by centrifugation for 10 min at
4000 x g at 5°C.

Pre-condition a Bond Elut Cyg SPE cartridge (200 mg) with 4 mL of methanol followed
by 4 mL of water.

Pass 5 mL of extract from step d) through the SPE cartridge.

Rinse the cartridge with 2 mL of methanol/water (80/20, v/v).

Elute the cartridge with 4 mL of methanol into a 15-mL plastic tube.

Evaporate the extract to dryness under N3 at 45°C.

Reconstitute the sample with 300 pL of CH3CN/50 mM NH4OAc (80/20, v/v).
Transfer the sample into an LC vial for analysis by LC-MS/MS.

1B. LC-MS/MS conditions (Method MON-13B)

m) Mobile phase = CH;CN/50 mM NH,OAc (80/20, v/v)

1)
0)
P
q)
1)
s)

HPLC column = Genesis Cg, 4 pm, 50 x 2.1 mm

Guard column = Genesis Cg, 4 pm, 10 x 2,1 mm

Flow rate = 0.5 mL/min

Injection volume = 10 pL

Run time = 4 min

LC-MS

e Positive Electrospray mode

Drying gas = N», 670 i/h, 500°C

Nebulizing gas = Na, 80 I/h

Collision gas = Argon, 2.3 x 10” mbar

Source temperature = 135°C

Capillary voltage = 4.0 kV

Extractor voltage =5V

Dwell time 0.2 s

SRM (transition: 693>479 693>675 (MON)
787>431, 787>265, 787>279, 787>531 (NAR)
748>731 (NIG)
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Monensin/Narasin ERP-2 (15Jun09)

Draft procedure for the determination of monensin and narasin in cattle fat and milk by LC-
MS/MS utilizing a non-polar extraction solvent

2A. Sample preparation for fat tissue

2A-1

2A-2
2A-3
2A-4
2A-5
2A-6

2A-7
2A-8
2A-9
2A-10
2A-11

2A-12

2A-13

2A-14

2A-15

2A-16
2A-17

Weigh five grams of homogeneous sample into a disposable 50 mL centrifuge
tube.

Add ISTD (nigericin).

Add 15 mL of isooctane/ethyl acetate (90/10, v/v).

Homogenize for 15-30 s using a cell disrupter, blender or tissuemizer,
Centrifuge for 5-10 min at 2000 - 3000 rpm.

Decant the supernatant into a clean 50 mL centrifuge tube containing 1 g of
anhydrous sodium sulfate.

Repeat steps 2A-3- 2A-5, combining the supernatant with 2A-6,

Shake to suspend the sodium sulfate,

Centrifuge for 5-10 min at 2000-3000 rpm to pack the sodium sulfate.

Place approximately 1 g of anhydrous sodium sulfate onto a silica SPE cartridge.
Pre-condition the Waters silica Sep-Pak Plus SPE cartridge with 5 ml. of iso-
octane,

Apply the sample to the cartridge,

Rinse the cartridge with 10 mL of CH,Cl,. [Note: An attempt will be made to
replace CH,Cl, with a less toxic solvent (i.e., EtOAc/hexane, or
cyclohexane/EtOAc)].

Elute the cartridge with 6 mL of CH,Cl,/MeOH (90/10, v/v) {Note: An attempt
will be made to replace CH,Cl, with a less toxic solvent (i.e., EtOAc/hexane, or
cyclohexane/EtOAc)] into a clean test tube.

Evaporate to dryness at 40°C, removing sample from drying apparatus
immediately upon reaching dryness.

Reconstitute with CH;CN/50 mM NH,OAc (80/20, v/v),

Transfer the sample into an LC vial for analysis by LC-MS/MS.

i) LC-MS/MS conditions (MON-13B)

R rh o e o

ii.
i,
iv.

vi.

Mobile phase = CH3;CN/50 mM NH OAc¢ (80/20, v/v)
HPLC column = Genesis Cyg, 4 um, 50 x 2.1 mm
Guard column = Genesis Cyg, 4 um, 10 x 2.1 mm
Flow rate = 0.5 mL/min
Injection volume = 10 pL.
Run time = 4 min
LC-MS
Positive Electrospray mode
Drying gas = Ny, 670 I/h, 500°C
Nebulizing gas = Ny, 80 I/h
Collision gas = Argon, 2.3 x 10™ mbar
Source temperature = 135°C
Capillary voltage = 4.0 kV
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Extractor voltage =5V

vil.
viit. Dwell time 0.2 s
ix. SRM transition: 693>479 693>675 (MON)

787>431, 787>265, 787>279, 787>531 (NAR)
748>731 (NIG)

Monensin/Narasin ERP-3 (15Junt9)

Draft procedure for the determination of monensin and narasin in cattle milk by LC-MS/MS
utilizing a non-polar extraction solvent

3A.Sample breparation for milk

3A-1

3A-2
3A-3
3A-4
3A-5
3A-6
3A-7
3A-8
3A-9
3A-10
3A-11
3A-12
3A-13
3A-14
3A-14
3A-15
3A-16
3A-17
3A-18
3A-19
3A-20

To 2.0 mL of homogenized milk, add ISTD (nigericin) and then add 2.0 mL of
0.9% NaCl solution and vortex mix for 20 s.

Add 6 mL of EtOAc and vortex mix for 20 s,

Mix on a reciprocating shaker for 10 min.

Centrifuge for 10 min at 4000 x g at 5°C.

Transfer EtOAc layer into a clean test tube.

Repeat steps 3A-2 to 3A-4, combining the EtOAc layers.

Evaporate to dryness at 40°C.

Add 1 mL of 0.9% NaCl to the tube.

Place in an ultrasonic bath for 1 min followed by vortex min for 30 s,
Add 3 mL of methyl-t-butyl ether (MTBE) and vortex for 30 s.

Mix on a reciprocating shaker for 10 min.

Centrifuge for 10 min at 4000 x g at 5°C.

Transfer the MTBE layer into a clean test tube.

Repeat steps 3A-10 to 3A-12, combining the MTBE layers in STEP 3A-13.
Evaporate to dryness at 40°C.,

Add 1.0 mL MeOH/H,O (80/20, v/v) to the tube.

Place in an ultrasonic bath for 1 min followed by vortex min for 30 s,
Transfer into a conical ultra-centrifuge tube.

Add 100 pL hexane to the tube, vortex 15 sec and vortex 20 s.
Centrifuge for 5 min at 13000 x g at 5°C.

Transfer the lower phase into an LC vial for analysis.

1)) LC-MS/MS conditions (MON-13B)

o oo o

il.
iii.

Mobile phase = CH;CN/50 mM NH;OAc (80/20, v/v)
HPLC column = Genesis Cig, 4 um, 50 x 2.1 mm
Guard column = Genesis Cyg, 4 um, 10 x 2.1 mm
Flow rate = 0.5 mL/min
Injection volume = 10 pL
Run time = 4 min
LC-MS

Positive Electrospray mode

Drying gas = Ny, 670 1/h, 500°C

Nebulizing gas =N, 80 /h
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iv. Collision gas = Argon, 2.3 x 10" mbar
v, Source temperature = 135°C
vi, Capillary voltage = 4.0 kV
vii. Extractor voltage =5V
viii. Dwell time 0.2 s
ix. SRM transition: 693>479 693>675 (MON)

787>431, 787>265, 787>279, 787>531 (NAR)
748>731 (NIG)

Finally, it was unanimously agreed that for the method to satisfy registration requirements and
also be suitable to facilitate global trade in foods of animal origin, the low end of the analytical
range for the method would need to take into consideration the fact that the lowest MRL defined
for monensin is in cattle at 2 ppb by the EU and at 15 ppb for narasin in chicken kidney and liver
tissues by JECFA,

Calibration range: 1 — 250 ppb for Monensin,

Calibration range: 10— 500 ppb for Narasin.

Joe Boison
Chair, MON/NAR ERP
AOAC INTERNATIONAL
Gaithersburg, MD
June 17th, 2009
Revised June 25th, 2009
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AOQAC INTERNATIONAL Dietary Supplements Task Group
Report of the Expert Review Panel — Tylosin/Tilmicosin

Date: June 16, 2009

Location: Gaithersburg, MD
Attendees:
Lindell Ward (Chair)
Leendert van Ginkel
Matt Rodewald
Valerie Reeves
In Suk Kim
Katerina Mastovska
Joe Boison
Su-Hsiang Tseng (Emily)
Eric Verdon
*Guo-Fang Pang
*Dr, Pang, was unable to attend,
he sent his regrets and his
reviews of the methods
Observers:
Mark Coleman
Tom Burnett
Kim Lombardi
AOAC Staff:
Al Pohland
Robert Rathbone

University of Indianapolis, US
RIVM-CRL, The Netherlands
Covance, US

USFDA, CVM, US

USDA, FSIS, US

USDA, ARS, US

CFIA, Canada

BFDA, Taiwan

AFSSA, France

Qinhuangdao Entry-Exit Inspection
and Quarantine Bureau, People’s
Republic of China

ELANCO, US
ELANCO, US
ELANCO, US

AOAC INTERNATIONAL, US
AOAC INTERNATIONAL, US

Draft Fitness for Purpose: A fitness of purpose statement has been developed for the
Determination and Confirmation of Tylosin A in Animal Tissues:

An AOAC Official Method is needed for the analysis of tylosin A as a marker residue in animal
tissues (major species chickens, swine and cattle), applicable to muscle, liver, kidney, fat, milk
(bovine) and eggs. The analytical range should cover 25-400 ppb (ng/g); recoveries, depending
on concentration, should lie in the range of 60-110%. Confirmation of analyte identity is
required, either as part of the method or as a separate confirmatory method. The method will be
used to facilitate international trade and satisfy regulatory requirements
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ERP.

File Name Author Manuscript Title

& No,

Tylosin-01 Chan et al Determination of tylosin and tilmicosin residues in
Animal tissues by RPLC

Tylesin-02 . He et al Determination of macrocyclic lactone drug residues in
animal muscle by LC/Aandem MS

Tylosin-10A Horie et al. Simultaneous determination of 5 macrolide antibiotics
in meat by HPLC

Tylosin-10B Leal sf al. Determination of macrolide antibiotics by LC

Tylosin-10C Codony et al. Residue analysis of macrolides in poultry muscie by
LC-electrospray MS

Tylosin-13 Dubois et al. Identification and quantification of § macrolide
antibiotics in several tissues, eggs and milk by LC-
slectrospray tandem M3

Tylosin-14 Cherlet et al. Quantitation of tylosin in swine tissuss by LC
combined with electrospray ionization MS

Tylosin-16 Zhang et al Residue depletion of tilmicosin in chicken tissue

Tylosin-17 Jiang et al Residue deplation of tilmicosin in cattle after
subcutaneous administration

Tylosin-18 USDA FSIS Confirmation of macrolideflincosamide antibiotics by
ion trap HPLC/MS/MS

Tylosin-21 De Liguoro et al Determination of tylosin residues in pig lissues using
HPLC

Tylosin-22 Elanco B05086 Rev 4 Determination of tylosin in edible tissues of swine,
cattle, chicken and lurkey by HPLC

Tylosin-23 Kiehl Analysis of tilmicosin in swinas liver extracts by
LC/atmospheric pressure chemical ionization MS

Tylosin-24 RIKILT Porcine muscle - the confirmatory and gquantitative
analysis of macrolides LC/MSIMS

Tylosin-25 Horie et al. Determination of macrolide antibiotics in meat and

fish by liquid chromatography-electrospray mass
spectrometry
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Meeting Minutes:

The Chairman initiated the meeting with introductions and a brief review of the purpose and
expected outcome of the ERP. The Chief Scientific Officer in collaboration with the Subject
Matter Expert chose 15 Tylosin methods for evaluation:

Criteria for Vetting Methods to be Considered

Interest in monitoring antibiotic in animal fissues has resulted in a very large number of
publications during the past two decades. Therefore, methods were included for review
by the AOAC ERP on Tylosin Residues based on the following criteria:

Likelihood fo meet the fitness of purpose.
o Only methods for animal tissues of interest (cattle: liver, kidney, muscle, fat, and milk;
chicken: liver, kidney, muscle, fat, and eggs; swine: liver, kidney, muscle, and fat) were
included. Preference was given to methods for multiple tissue types.

Literature Review of Tylosin Tissue Residue Methodology.
Final AOAC Expert Review Panel on Tylosin Tissue Methods 2 of 14
e Methods that did not include tylosin A (or tilmicosin) were excluded. Since
macrolide methods almost always include both tylosin A and tilmicosin, methods
for tilmicosin were included.
e Methods specific for honey, serum, urine were not included. In some cases,
methodology for milk methods were not included when the method did not
include an extraction or cleanup step.

Other considerations

¢ Only broadly available technology was considered.

o Hazardous reagents were avoided: carbon tetrachloride, in particular, and
chlorinated solvents in general.

e Preference has generally been given to methods that use an extraction procedure
that is similar to the Elanco method since the MRIs have been set with residue
data generated using this method. (however, there are a number of alternatives
that are presented for consideration),
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Each method under consideration had been assigned to primary and secondary reviewers as

follows:

Method Primary Secondary

Tylosin-01 in Suk Kim, Katerina Mastovska | Valerie Reeves

Tylosin-02 Su-Hsiang Tseng Matt Rodewald

Tylosin-10A Joe Boison Eric Verdon

Tylosin-10B Joe Boison Eric Verdon

Tylosin-10C Joe Boison Eric Verdon

Tylosin-13 Review not submitied Su-Hsiang Tseng

Tylosin-14 Matt Rodewald Valerie Reaves

Tylosin-16 Valerie Reeves In Suk Kim, Katerina Mastovska
Tylosin-17 Valerie Reeves In Suk Kim, Katerina Mastovska
Tylosin-18 Su-Hsiang Tseng Review not submitted
Tylosin-21 Eric Verdon Leendert van Ginkel

Tylosin-22 Leendert van Ginkel Joe Boison

Tylosin-23 Eric Verdon Leendert van Ginkel

Tylosin-24 Matt Rodewald Su-Hsiang Tseng

Tylosin-25 Matt Rodewald None

After each reviewer summarized a method for Tylosin analysis, the advantages and
disadvantages of each method were discussed by the entire panel. Each of the methods was
evaluated for completeness of validation using the AOAC Acceptance Criteria for Single
Laboratory Validation. Additional criteria for evaluation included appropriateness for the
intended use, clarity of the method description, ruggedness, reproducibility, recovery, analytical
range, and limit of quantitation. The written reports of the methods by the reviewers are attached.

Comments on the Strengths and Weaknesses of Each Method

Tylosin-01

Bovine, porcine muscle and kidney

Extracted with acetonitrile

C18 SPE

HPLC-UV

Large load on SPE; large volumes for cleanup
74-84% recoveries

Used matrix-matched curve

Can be considered for MS/MS

Low recovery in kidney

Tylosin-02

Multi-residue

MS/MS

Extracted with ACN

C18 SPE

Good confirmation
Matrix-matched curve
Sup-ppb LOQ/L.OD
70-85% recovery (too low)
Fairly long runtime
Fairly simple method

Tylosin-10A

5.0 g (10AY2.5 o (B&C)Y sample
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Tylosin-108

Tylosin-10C

Tylosin-13 | Extraction is simple, no organics (TRIS buffer)

Muscle, egg, milk, liver

Protein ppt by acetic acid

HLB SPE

LC-MS/MS

Seems that the TRIS becomes a buffer only after tissue is added
Roxithromycin used as an internal standard

Source must be cleaned after 50 samples, once a day

Needs better cleanup

Tylosin-14 | Methanol extraction

Needs different internal standard
SCX SPE

LC-MS/MS

Very specific for Tylosin A

30% drift in sensitivity

50-260 ppb

LOQ 5 ppb; LOD 0.2-1 ppb

Can give false positives for Tylosin B
High internal standard concentrations
Contains 0,0 as a point in curves is undesirable

Tylosin-16 Extension of method 01

Tylosin-17 Chicken and cattle

Acctonitrile /phosphate buffer extraction

C18 SPE

HPLC-UV

Quantitation by sum of cis and trans isomers of Tilmicosin
Lower recoveries than Method 01

No data for Tylosin

Large SPE volumes

Joe Boison states good recovery for Tylesion with this method.

Tylosin-18 | Confirmation by ion-trap LC-MS/MS
Multiple liquid extraction steps
Complicated extraction procedure
Multi-residue method

Very labor intensive

Tylosin-21 | Tylosin in pig tissue

Phosphate buffer/methanol extraction
SCX SPE

L.C-UV detection only

No halogenated solvents

Low temperature storage (-80°C)
Single residue

Simple method

Extensive validation

70-90% recovery
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sub-MRL LOD

Not validated for skin+fat

Good recovery and precision

pH 2.5 to avoid losses due to enzyme activity
Good stability data

Tylosin-22 | Very well written method

Methanel/ACN/ascorbic acid extraction

C18 SPE

HPLC-UV

50-250 ppb

81-85% recovery

Good screening technique

Use of dibutylamine phosphate is not ideal due fo toxicity
Chem standard calibration

Tylosin-23 | Tilmicosin, not Tylosin

Extraction by previous method (Readnour)
Methanol/phosphate buffer extraction
C18 SPE

HPLC-UY and LC-apci-MS
Fragmentation pattern for Tilmicosin
No information for Tylosin

50-1600 ppb

83%-86% recovery at 10 ppm

1,OD 50 ppb

Validated only in swine liver

Looks like a proof of principle study

Tylosin-24 | pH 4,0 buffer EDTA extraction
Multiresidue method

MCX SPE

LC-MS/MS

Needs matrix matched curve
Porcine musele only

Tylosin-25 | Metaphosphoric acid/methanol extraction
LC-MS

Not at ¥2 MRL level of detection

73-92% recovery

LOD 10 ppb

Diluted standard curve

Not a complex method

Conclusions:
Following the reviewer presentations and group discussion, the following methods were not
recommended for further consideration based on the unanimous vote of the ERP:
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A vote was taken proposing that both UV and MS to be used as determination methods,
with UV being used for quantitation, and MS being used for confirmation and quantitation
if possible. The vote passed 9-0, -

A vote was taken to clarify the use of both UV and MS. UV being used for quantitation,
and MS being used for confirmation and quantitation if possible. The vote passed 9-0.

A vote was taken for the addition of Tilmicesin to the method as well as Tylosin. The vote
passed 9-0,

A vote was taken to use Methods 01, 16, and 17 as working methods for the extraction,
cleanup, and UV detection. The vote passed 9-0,

The proposed method (listed below) was voted on as the final method for the detection and
confirmation of Tylosin and Tilmicosin. The vote passed 9-0.

Tylosin ERP (16Jun09)

Draft procedure for the determination and/or confirmation of tylosin and tilmicosin in cattle,
chicken and swine tissues by LC/UV and/or L.C-MS/MS

Matrices: Cattle liver, muscle, kidney, fat and milk
Chicken liver, muscle, kidney, fat and egg
Swine liver, muscle, kidney and fat

1. Sample preparation

a) Weigh five grams of homogeneous sample into an appropriate sized centrifuge tube.

b) Add internal standard (roxithromycin) if performing LC-MS/MS analysis.

¢) For fat and milk samples add 10 mL of hexane. For other matrices, proceed to step 1.g.

d) Add 10 mL of ACN and shake for 1 min,

e) Centrifuge for 10 min at 3500 rpm.

f) Discard hexane layer. Proceed to step 1.1.

2) Add 10 mL of ACN and shake for 20 min.

h) Centrifuge for 10 min at 3500 rpm.

i) Transfer supernatant into a 100-mL polypropylene centrifuge tube.

j} Add 5 mL of pH 2.5 KH,PO, and 8 mL ACN to the tissue pellet.

k) Shake 20 min and centrifuge 10 min at 3500 rpm.

) Combine supernatants and add 40 mL of water, mixing well.

m) Centrifuge at 3500 rpm for 10 min,

n) Pre-condition a Bond Elut Cyg SPE cartridge (500 mg, 6 mL) with 5 mL of methanol
followed by 5 mL of water.

0} Drain the extract through the cartridge with vacuum,

p) Wash the cartridge with 10 mL of water followed by 10 mL of ACN.
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q) Dry the cartridge under vacuum for at least 3 min,

r) Elute the cartridge with 2.5 mL of 0.1 M NH4OAc in 80:20 ACN:MeOH into a clean test
tube.

s) Evaporate the extract to dryness under N, at 30°C.

t) Reconstitute the sample with I mL of mobile phase for analysis.

2. LC conditions (determinative)

a) Mobile phase = 60:30:10 0.02 M ammonium formate (pH 5.0 w/ formic
acid): ACN:MeOH

b) HPLC column = Inertsil Cig, 3 pm, 100 x 2.1 mm

¢) Column thermostat = 30°C

d) Flow rate =0.5 mL/min

e) Injection volume = 20 ul.

f) UV detection =287 nm

3. LC-MS/MS conditions (determinative/confirmatory)

a) mobile phase = 60:30:10 0.02 M ammenium formate (pH 5.0 w/ TFA):ACN:MeOH
b) HPLC column = Inertsil Cyg, 3 pm, 100 x 2.1 mm
¢} Column thermostat = 30°C
d) Flow rate = 0.5 mL/min
¢) Injection volume = 20 pLL
f) LC-MS/MS
e lonization mode: ESI-MS, positive ion mode [M+H]"
Source temperature: 150°C
Spray flux:150 ul./min
Cone voltage: varied from 30 to 50 V
Drying gas flow: Na, flow rate ~ 300 L/h
Nebulizing gas: N, flow rate ~ 15 L/h

e o & o e

Product ion for
Compound Precursor Ion {Da) | detection and Additional iens for Cone voltage (V) Collision energy (eV)
quantification confirmation {da/e)
Tylosin 916.3 T2 3184, 407.4, 5984 40 33
Tilmicosin 869.6 696.6 522.2,678.9,505.7 50 40
Roxithromycin | 8374 158.1 None 45 45

Note: Mobile phase will be diverted away from the LC-MS/MS source when not within
the elution band of the compounds of interest,
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AOAC INTERNATIONAL Dietary Supplements Task Group
Report of the Expert Review Panel — Ractopamine

Date: June 17, 2009
Location: Gaithersburg, MD
Attendees:
Leendert van Ginkel (Chair) RIVM-CRL, The Netherlands
Matt Rodewald Covance, US
Valerie Reeves USFDA, CVM, US
In Suk Kim USDA, FSIS, US
Katerina Mastovska USDA, ARS, US
Joe Boison CFIA, Canada
Lindell Ward University of Indianapolis, US
Su-Hsiang Tseng (Emily) BFDA, Taiwan
Weilin Shelver USDA, ARS, US
*Guo-Fang Pang Qinhuangdao Entry-Exit
*Dr. Pang, was unable to attend, | Inspection and Quarantine Bureau,
he sent his regrets and his People’s Republic of China
reviews of the methods
Observers:
Marc Coleman ELANCO, US
Tom Burnett ELANCO, US
Kim Lombardi ELANCO, US (Seribe)
AOQAC Staff; _
Al Pohland AOAC INTERNATIONAL, US
Robert Rathbone AOAC INTERNATIONAL, US

Fitness for Purpose: A fitness of purpose statement has been developed for the
Determination and Confirmation of Ractopamine in Animal Tissues:

An AOAC Official Method is needed for the analysis of ractopamine in animal tissues
(swine and cattle), applicable to muscle, liver, kidney and fat. The method should include
an option to determine free (parent) ractopamine or total ractopamine (parent plus
conjugates) following an enzymatic hydrolysis. The analytical range should cover 1-100
ppb (ng/g) to comply with the EU Reference Point for Action (RPA) of 1 ppb and the
lowest MR1. values applicable in those countries in which the use of ractopamine is
approved of 10 ppb; recoveries, depending on concentration, should lie in the range of
60-110%. Confirmation of analyte identity is required, either as part of the method or as
a separate confirmatory method. The method will be used to facilitate international trade
and satisfy regulatory requirements.

The outcome of the meeting is not necessarily a single method, two or, if necessary more,
individual methods can be selected.
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Methods Reviewed: Listed below are the methods collected by AOAC for consideration

by this ERP,
File
| Name
& No. Author Manuscript Title
RAC-01 Elliott et al. Screening and confirmatory determination of {actopamlne residues
in calves treated with growth promoting doses of the $-agonist
RAC-02 Antignac et al. Identification of ractopamine residues in tissue and urine samples at
ultra-trace level using liquid chromatography-positive electrospray
tandem mass spectrometry
RAC-03 Blanca et al. Determination of clenbuterol, ractopamine and zilpaterol in liver and
urine by liquid chromatography tandem mass spectrometry
RAC-04A | Churchwell et al. | Liquid chormatographyfelectrospray tandem mas spectrometric
analysis of ractopamine residues in livestock tissues
RAC-04B | Doerge ef al. Detection and Confirmation of B-Agonists in Bovine Retina Usmg
. LC/APCI-MS
RAC-08A | ELANCO B03903 | Determination of Ractopamine Hydrochloride In Turkey Liver and
Muscle Tissue by High Performance Liquid Chromatography
RAC-06B | ELANCO BG3903 | Determination of Ractopamine Hydrochloride In Chicken Liver by
Modified | Modified High Performance Liguid Chromatography
RAC-06C | Elanco B06738 Confirmation of Ractopamine Residuss in Turkey Liver and Muscle
Tissue by Liquid Chromatography/Electrospray lonization Triple
Tandem Quadrupole Mass Spectrometry {Lc/Esi-Ms-Ms)
RAC-08 Fesser &t al. Dstermination of f-Agonists in Liver and Retina by
LiquidChromatography-TandemMass Spectrometry
RAC-09 Qiang et al. Residue Depletion of Ractopamine and its Metabolites in Swine
Tissues, Urine, and Serum
RAC-10 Shelver & Smith | Tissue Residues and Urinary Excretion of Zilpaterol in Sheep
Treated for 10 Days with Dietary Zilpaterol
RAC-11 Shishani et al. Determination of ractopamine in animal tissues by liquid
chromatography-fluorescence and liquid chromatographyftandem
mass spectrometry
RAC-14 | Sakai ef al, Determination Method for Ractopamineg in Swine and Cattle Tissues
Using LC/MS
RAC-15 | Turberg et al. Determination of Ractopamine Hydrochloride in Swine, Cattle, and
Turkey Feeds by Liguid Chromatography with Coulometric Detection
RAC-17 | Williams et al. Multiresidue confirmation of [i-agonists in bovine retina and liver
using LC-ES/MS/MS
Meeting Minutes:

The Chairman initiated the meeting with introductions and a brief review of the purpose
and expected outcome of the ERP, The Chief Scientific Officer in collaboration with the
Subject Matter Expert chose 15 Ractopamine methods for evaluation,
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Criteria for Vetting Methods to be Considered
Interest in monitoring B-agonists in animal tissues has resulted in a multitude of
publications over the past two decades, Methods were included for review by the AOAC
ERP on Ractopamine Residues base on the following criteria:

Likelihood to meet the fitness of purpose
o  Only methods for animal tissues were included, with preference given towards

ractopamine methods.

Other considerations

¢ Only broadly available technology was considered, While LC-MS/MS
instrumentation does not necessarily fit this criterion, it is expected to continue to

become available,

o Hazardous reagents were avoided.

Each method under consideration had been assigned to primary and secondary reviewers

as follows:

Method Primary Secondary

RAC-01 Valerie Reeves In Suk Kim, Katerina
Mastovska

RAC-02 Weilin Sheiver Review not Submitted

RAC-03 Su-Hsiang Tseng (Emily) Review not Submitted

RAC-04A -Matt Rodewald Joe Boison

RAC-04B Mait Rodewald Joe Boison

RAC-06A Joe Boison Lindell Ward

RAC-06B Modified Joe Boison Lindell Ward

RAC-06C Joe Boison Lindell Ward

RAC-08 Weilin Shelver Valerie Reeves

RAC-09 Review not Submitted Su-Hsiang Tseng {Emily)

RAC-10 in Suk Kim, Katerina Matt Rodewald

Mastovska

RAC-11 Lindell Ward Matt Rodewald

RAC-14 Matt Rodewald Valerie Reeves

RAC-15 Su-Hsiang Tseng (Emily) Weilin Shelver

RAC-17 Valerie Reeves In Suk Kim, Katerina

Mastovska
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Methods:

Rac-01: Screening and confirmatory determination of ractopamine residues in calves
treated with growth promoting doses of the B-agonist

Authors: Christopher T. Elliott, Colin S. Thompson, Cor. J. M. Arts, Steven R, H.
Crooks, Martin J. van Baak, Elwin R, Verheij, G, Andew Baxter

Review:

Muliiple or Single Residue Single

Use of Internal Standard Clenbuterol-d6

Hydrolysis Yes

Species (swine, cattle) Cattle

Tissue Types Utine

Sample Preparation Sample incubated with B-
glucuronidase , applied to mixed
mode SPE, Eluted with NH4Cl in
EtOAC, evaporated and reconstituted
in phosphate buffer, applied to Cis
SPE, eluted with MeOl1, dried,
dissolved in mobile phase,

Analytical Range 2-250 ppb

Recovery Precision 5.6% to 3.7%

Confirmation of Identity Yes, LC-MS/MS, APCI, ELISA

Additional Comments Standard curve fortified urine
samples. Consistent correlation
between ELISA and glucaronidated
and free Ractopamine. Complex
method that uses two SPEs. (If
method for liver, easily adaptable to
urine). Would not be suitable matrix
for N. America because of live animal
control.
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Rac-02: Identification of ractopamine residues in tissue and urine samples at ultra-trace
level using liquid chromatography-positive electrospray tandem mass spectrometry
Authors: Jean-Philippe Antignac, Philippe Marchand, Bruno Le Bizec, Francois Andre
Review:

Multiple or Single Residue Single

Use of Internal Standard Yes-isoxsuprine

Hydrolysis - Yes 15 hours using Helix Pomatia 15 hrs
Species | Swine

Tissue Types Muscle , liver, kidney. In addition urine.
Sample Preparation Freeze dried, the extracted with

MeOH/acetate buffer. Hydrolysis 15 hour
incubation. Applied to ChromP SPE,
eluted with diethyl ether, then applied to
Screen DAU SPE. Evaporated and
reconstituted in 0.5% acetic acid.

Analytical Range Fortified samples. 0- 500 mg/kg

Recovery- Recovery 18%, no precision and accuracy
data.

Confirmation of Identity LC-MS/MS ESI,

Additional Comments Cumbersome tissue method prep. Used

incurred residues.
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Rac-03: Determination of clenbuterol, ractopamine and zilpaterol in liver and urine by
liquid chromatography tandem mass spectrometry

Authors: José Blanca, Patricia Munoz, Miguel Morgado, Nely Méndex, Angel Alanda
Thea Reuvers, Henny Hooghuis

Review:!

Multiple or Single Residue Multiple-clenbuterol, ractopamine,
zilpaterol

Use of Internal Standard Ractopamine d-5

Hydrolysis Yes-carried out overnight

Species Cattle and swine

Tissue Types ' Liver and urine

Sample Preparation Acetate buffer and B-
glucuronidase/arylsufatase hydrolysis, ph
adjusted to 8.5-9, Bond ElutSingle
SPE(mix mode), eluted with 3% NH;
dichloromethane/propanol, evaporated,
reconstituted in mobile phase,

Analytical Range 0.5-5.0 ppb

Recovery 82-126%, CV% 10.4%

Confirmation of Identity LC-MS/MS-electrospray, yes

Additional Comments Validated according to EU requirements,
Long (overnight) hydrolysis,
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Rac-04A: Liguid chromatography/electrospray tandem mass spectrometric analysis of
incurred ractopamine residues in livestock tissues

Authors: Mona I. Churchwell, C. Lee Holder, David Little, Steve Preece, David J.
Smith, Daniel R. Doerge

Rac-04B: Detection and confirmation of B-agonist in bovine retina using LC/APCI-MS
Authors: Daniel R. Doerge, Mona I. Churchwell, Lee Holder, Loyd Rowe, Steve Bajic
Review: :

Muitiple or Single Residue Ractopamine, clenbuterol, salbutamol,
terbutaline

Use of Internal Standard None

Hydrolysis Yes-helix pomatia

Species Bovine

Tissue Types Liver and retina

Sample Preparation Samples homogenize with HCl (hydrolysis

here for liver samples), pH adjusted to 7.0,
C18 SPE, eluted with MeOH, evaporated
reconstituted in mobile phase.

Analytical Range None given

Recovery Liver 55-62%, 28-32% retina

Confirmation of Identity Confirmatory, but not quantitative L.C-
MS/MS method A ESI, method B APCI

Additional Comments Some work done at lower levels, method B

does not include Ractopamine.
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Rac-06A: Determination of ractopamine hydrochloride in turkey liver and muscle tissue
by high performance liquid chromatography (B03903)

Authors: Elanco Animal Health

Rac-06B: Determination of ractopamine hydrochloride in chicken liver by high
performance liquid chromatography (B03903)

Authors: Elanco Animal Health

Rac-06C: Confirmation of ractopamine residues in turkey liver and muscle tissue by
liquid chromatography/electrospray ionization triple tandem quadruple mass
spectrometry (LC/ESI-MS-MS)

Authors: Elanco Animal Health

Review!

Multiple or Single Residue Single

Use of Internal Standard None

Hydrolysis No hydrolysis

Species Turkey, chicken

Tissue Types Muscle, liver, kidney fat

Sample Preparation Extracted with methanol (method A: three
times; B, two times; C uses A), adjust
volume to 90 mlis, remove 3 mls and
evaporate, reconstitue NaCO3 buffer, add
MTBE, perform liquid-liquid extraction,
apply MTBE layer (x2)onto Alumina SPE,
elute with TFA in MeOH. For Method B:
90 mL extract, take 2 mL directly onto
mixed mode SPE, elute with MeOH.

Analytical Range 20-200 ppb muscle, 225-900 ppb fiver No
range for method C.

Recovery None

Confirmation of Tdentity Methods A and B: HPLC Fluorescence.
No confirmation. Method C-uses LC-
MS/MS ESI for confirmation only.

Additional Comments Only 3 mls of extraction solvent used.
Method B uses 5 gram tissue. ADI is set as
the salt, measured off Ractopamine HCl.
Method C well written, can be reproduced
by others. Additional work has been done
to flourescence method down to 5 ppb, but
still needs to be validated. Sample carry

over in method B, no carry over with
method A.
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Rac-08: Determination of p-agonists in liver and retina by liquid chromatography-

tandém mass spectrometry

Authors: Adrian C.E. Fesser, Leslie C. Dickson, James D. MacNeil, John R, Patterson,

Stephen Lee, Ronald Gedir
Review:

Multiple or Single Residue

Multiple (12 beta-agonists)

Use of Internal Standard

Surrogate, not internal standard, should not
be used for quantitation, not added at the
beginning

Hydrolysis Overnight with XIV protease streptomyces
griseus

Species Cattle

Tissue Types Liver, retina

Sample Preparation

Homogenized and incubated overnight,
acidified and extracted with methylene
chloride/hexane, pH adjusted to basic.
Extracted with t-butyl ether, Evaporated,
dissolved in water and applied to HLB
SPE, eluted with acidified MeOH,
evaporated and reconstituted in ammonium
formate buffer/ACN..

Analytical Range

0.5-2 pg'kg liver, 5-20 pg/kg in retina

Recovery

Liver 92-118%, retina 96-117%, variable
for molecules other than Ractopamine.

Confirmation of Identity

LC-MS/MS APCI

Additional Comments

Variable recovery range is weakness, Use
2-3 product ions for confirmation. lon
ratios greater than 30%. Needed 2
injections to accomplish, most likely due to
old instrumentation. Different enzyme,
will not get protein bound.
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Rac-09: Residue depletion of ractopamine and its metabolites in swine tissues, urine,
and serum

Authors: Zhiyi Qiang, Fengin Shentu, Bing Wang, Jiangping Wang

Review:

Single
Multiple or Single Residue
Use of Internal Standard None
Hydrolysis Yes, B-glucuronidase 2 hr incubation
Species Swine
Tissue Types Urine, serum, kidney, muscle, liver, fat
Sample Preparation Extracted with acetone, incubated,

exfracted with ethyl acetate 2 times.
Alumina A cartridge, elute with methanol.

Analytical Range 2-50 ng/g

Recovery 70-92.29% for all tissues, CV% 5.4-13.0%

Confirmation of Identity HPLC-FLD, no confirmatory

Additional Comments Silylated glassware when using borate
buffer may be needed. Similar scheme to
method 6A-C.
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Rac-10: Tissue residues and urinary excretion of zilpaterol in sheep treated for 10 days
with dietary zilpaterol
Authors: Weilin L. Shelver, David J. Smith

Review:

Multiple or Single Residue Zilpaterol

Use of Internal Standard Cimeterol d7

Hydrolysis None

Species Sheep

Tissue Types Urine, liver, kidney, muscle

Sample Preparation FLD: 5 g extract with sodium acetate
buffer, applied to C18 SPE, eluted with di-
ethylamine, evaporated and reconstituted in
HCL. LC-MS/MS: Extracted with borate
buffer, applied to mixed mode SPE, eluted
with methylene chloride/IPA,
NH,;OH,evaporated, reconstituted in 10
mM ammonium acetate.

Analytical Range ‘ 0.25 — 200 ppb

Recovery 88% in urine FLD, 60% in urine in L.C-
MS/MS

Confirmation of Identity LC-MS/MS confirmatory with several ions,
UV-FLD, ELISA

Additional Comments Mixed mode C-18 cation exchange SPE.
Used for checking incurred urine samples.
No validation for tissues.
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Rac-11: Determination of ractopamine in animal tissues by liquid chromatography-
fluorescence and liguid chromatography/tandem mass spectrometry

Authors: Eshaq (Isaac) Shishani, Sin Chii Chai, Sami Jamokha, Gene Aznar, Michael K.
Hoffman

Review:

Multiple or Single Residue Single Ractopamine

Use of Internal Standard : Ritodrine

Hydrolysis Glycuronidase, 2 his

Species (swine, cattle) Swine, cattle

Tissue Types Muscle

Sample Preparation Extracted with methanol, incubated, added
borate buffer and extracted with ethyl
acetate, applied to Alumina SPE, eluted
with MeOH, evaporated, reconstituted in 1
M glacial acetic acid, applied to MCX SPE,
ehuted with NHsOH in MeOH, evaporated,
reconstituted in MeOH or GAA.,

Analytical Range 1-4 ppm

Recovery 80-117% swine, 85-114% cattle, precision

Confirmation of Identity FLD and LC-MS/MS,, confirmatory

Additional Comments Internal standard could be improved.
Overall positive review.
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Rac-14: Determination method for ractopamine in swine and cattle tissue using LC/MS
Authors: Takatoshi Sakai, Tomomi Hitomi, Kyoko Sugaya, Shigemi Kai, Mitsunori

Murayama, Tamio Maitani
Review:

Multiple or Single Residue Single

Use of Internal Standard None

Hydrolysis None

Species Swine, cattle
Tissue Types Muscle, liver and fat

Sample Preparation

Extract with ethyl acetate in presence of
K2CO3, evaporated and reconstituted in
ACN, extracted with hexane. ACN layer
evaporated and reconstituted in MeOH.

Analytical Range 1 ppb LOQ

Recovery 97-109%, precision 6.6-9.5%
Confirmation of Identity LC/MS, not confirmatory
Additional Comments Simple
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Rac-15: Determination of ractopamine hydrochloride in swine and turkey tissues by
liquid chromatography with coulometric detection

Authors: Michael P. Turberg, Thomas D. Macy, Jerry J. Lewis, Mark R Coleman
Review:

Multiple or Single Residue Single

Use of Internal Standard None

Hydrolysis None

Species Swine and turkey

Tissue Types SPE ‘
Sample Preparation Extracted with MeOH, diluted with water,

evaporate aliquot, add sodivm carbonate,
and extract with ethyl acetate, evaporate,
reconstitute in ACN/MeOH and apply to
SPE on Bond Elut, clute with
dichloromethane/MeOH/TEA, evaporate,
reconstitute in mobile phase,

Analytical Range 0.5-50 ng/g

Recovery 75-100%, CV 2-18%

Confirmation of Identity None. Coulometric detection

Additional Comments Complicated clean-up. Detection hard to
maintain.
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Rac-17: Multi-residue confirmation of B-agonist in bovine retina and liver using LC-
ES/MS/MS

Authors: Lee D, Williams, Mona I, Churchwell, Daniel R, Doerge

Review: v

Multiple or Single Residue Salbutamol, zilpaterol, terbutalin,
cimaterol, fenoterol, 13C clenbuterol,
clenbuterol, Ractopamine, brombuterol,

mabuterol
Use of Internal Standard 13C clenbuterol
Hydrolysis Glucuronidase and sulfatase
Species (swine, cattle) Cattle
Tissue Types Retina and liver
Sample Preparation 0.2 mg tissue with sodum citrate buffer

Incubated, applied to mixed mode SPE
HCX 96 well, eluted with NH,OH in
MeOQH, evaporated and reconstituted in

Formic Acid in MeOH,
Analytical Range 0.25-0.8 ppb
Recovery Reported 101%, precision <6.4%
Confirmation of Identity LC-MS/MS ESI, confirmation 2 or motre
ions.
Additional Comments Not enough information to make

determination for quantitation, mainly
screening method. Only 200 mg sample,
very small, IS concentration large
compared to internal standard.

Discussion around the room regarding pros and cons of using Elisa method, coulometric
and flourescence detection.

Vote: ELISA methods do not comply with the objectives of the ERP because of low
selectivity and sensitivity,

Yes: 9 No: 0 Abstain; 0

Vote: Coulometric methods do not comply with the objectives of the ERP because
the technology is not rugged and general available.

Yes: 9 No: 0 Abstain: 0

Vote: LC-FLD is a good technique for quantitative analysis because it has
sufficient sensitivity and has shown to comply with the objectives of the ERP.

Yes: O No: 0 Abstain: 0
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Determination of Methods for Consideration for further evaluation:

ERP went around the room and discussed criteria for consideration in keeping a method
for further evaluation. These criteria included:
e Ability to add/keep the deconjugation step
Species and matrix applicability
Applicability to LC-FLD and LC-MS/MS
Complexity of Extraction
LOQ
Recovery/Accuracy/Precision

®© e o o o

Methods to be flagged based on eriteria 1 for further evaluation:
Green Flags: Methods 3, 11, 17
Yellow Flags: Methods 2 (interesting sample clean-up), 6A, 6B, 6C, 9
Red Flags: Methods 1, 4A, 4B, §, 10, 14, 15

Review of Dr. Pang’s review.
Uses a single SPE clean-up.

Question: When is the optimum time to do the conjugation? Assumption is made that
conjugates extract the same way as the parent, There may be a difference in the
solubility if conjugation is done on the homogenate vs some other point in the method.
CVM, Canada is not interested in the deconjugation step because only marker residue is
wanted (i.e. only in countries where there is an approval. EU and other countries where
the molecule is not approved, the deconjugation step is needed to guantify total
ractopamine, not only the marker residue.

Determining a final method:

Two groups to further discuss methods: LC-MS/MS and LC-FLD
Groups discussed for 45 minutes, then returned back to the larger group for discussion.

There was gravitation by both groups to method 11 for Fluorescence. Concern is with the
length of the procedure and the two SPE clean-up steps. The thought process is to
separate method 11 into two different methods, 1 using the Alumina A SPE cartridge for
FLD detection, and one using the mixed mode, and skipping the Alumina A SPE
cartridge for LC-MS/MS. Also wanting to remove the borate buffer and replace with
sodium carbonate buffer. Also change the liquid-liquid extraction before the Alumina A
cartridge SPE to MTBE instead of Ethyl Acetate. Below is an outline of described
methods to be used/evaluated based on method 11:

Modified FLD method for parent only (medified from method 11):
) 10 g sample
2) 1S-ritrodine
3) 20 mL MeOH (x3)
4) 8 mL aliquot and dry down
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5) 2 mL 20 mM Na,CO; (pH 10.5)

6) Liquid-liquid 7 mI, (x3) with MTBE
7 Alumina A SPE

8) Elute with 10 mL MeOH

9N Dry

10) 4 mlL 1 MHOAc

1)  MCX Qasis SPE

12)  Elute with 4 mL 2% NH; in MeOH
13) Day

14)  Reconin (.5 mL 2% HOAc

Modified LC-MS/MS method for parent only (modified from method 11):
1) 10 gsample
2) IS-Ractopamine d5
3) 20 mL McOH (x3)
4) 8 mL aliquot and dry down
5) 25 mM NaOAc buffer (pH 5)
6) MCX Oasis SPE
7) Elute with 4 mL 2% NH; in MeOH
8) Dry '
9 Reconin 0.5 mL 2% HOAc
Modified LC-MS/MS method for total only (modified from method 11):
1y 10 g sample
2) IS-Ractopamine d5
3) 20 mL MeOH (x3)
4) 8 mL aliquot and dry down
5) 25 mM NaOAc buffer (pH 5)
6) B-Glucuronidase 2 hr @ 65°C
7) 2 mL 20 mM NayCO; (pH 10.5)
8) MCX Qasis SPE
9) Elute with 4 mL 2% NHs in MeOH
10) Dry
11) Reconstitute in 0.5 mL 2% HOAc

Vote: Method 11 forms the basis for a 2x2 method for ractopamine, either parent
only or total, using FL.D or LC-MS/MS,

Yes: 9 No: 0 Abstain; 0

Notes:

e For deconjugation step, would like two options for incubation, one accelerated at
an elevated temperature, and one for an overnight incubation, Note: reference
Rectopamine-01 for information regarding incubation and deconjugation.

e Want to use both glucuronidase and sulfatase (Helix has both).

o Internal Standard, ritrodine can be used for Fluorescence, but for LC-MS/MS
needs to be deuterated ractopamine.
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Validation Guidance: :
¢ Limit of quantification for banned substance determined by LOC:
Limit of confirmation (LOC): LOC, 1.5X L.OC, and 2.0 x LOC
e Limit of quantification for approved substances:
MRL is used: 0.5 x MRL, MRL, 1.5 MRL (everywhere else), 2.0 MRL (US)

After having concluded the discussion on the selected analytical method and verifying
neither the members of the ERP nor the observers had any further comments or remarks.
The chair thanked all for their contributions to the outcome of this meeting and closed the
meeting
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Aprll 28, 2009 { ) 2
Su-Hsiang Tseng, Ph.D i~ ~
Associate Researcher AOAC
161-2, Kunyang St., [NTERNATIONAL

Nangangl Ta[peh Taiwan 11513, R.0.C The Sclentific Association Dedicated to Analyticof Exceflence®

Dear Dr, Tseng:

On hehalf of AGAC INTERNATIONAL, we would like to cordially Invite you to attend the
AQAC Expert Review Panel Panel on Ractopaming, Tylosin, and Monensin/Narasin meeting.

This meeting will take place June 15-17, 2009 at the AOAC INTERNATIONAL Headquarters in
Gaithersburg, Maryland, USA.

As a panel member, you will provide expert sclentific and technical Information to the group
and , help the group reach consensus on a candidate method for further validation.

You will be part of a large contingency of sclentific experts from US FDA, USDA, CFiAk
RIVM, and AFSSA.

If you need additional information pertaining to this meeting, pleasé do not hesitate {o
contact me at +1-301-924-7077 extenslon 123 - apohland@acac.org or Jennifer Diatz at +1-
301-924.7077 extension 107 — jdiatz@aoac.org.

Sincerely,

Dr. Al Pohiand

Senlor Director,

Chief Scientific Officer
AOAC INTERNATIONAL

May 8, 2009
Dear Panel Member,
Below are the method assignments for the Animal Drugs Expert
Review Panel, at AOAC headquarters in Gaithersburg, MD. The
meeting will begin at 9:00 a.m. | am attaching a review sheet template
that you should fill out for each method that you've been assigned.
Reviews should be returned no later than June 8, 2009. Reviews will
then be compiled, and distributed to the entire panel,




Title

Submitted by:

ERP Review Sheet Example
Evaiuation of Method X

Summary of Method:

ProsiStrengths:
Cons/\Weaknesses

‘General comments
sMethod Clarity
‘Method ScopefApplicability
Method Validation Report:
*General Comment
--Method Optimization
«Confirmation of identity
‘Performance Characteristics
--Analytical Range
--Calibration
--Accuracy/Recovery
«Precision
Recommendation:

Su-Hsiang Tseng {(Emily)

Monensin/Narasin
June 15, 2009, 9:00
a.m.

Primary reviewer: Mon-41
Secondary reviewer: Mon-
13A&B

IMPORTANT NOCTE;

Mon-13A references the Mon-
138 as the source of the
method this paper may be
reviewed at the reviewer's
discretion.

Some additional references {Mon-15, Mon-16
& Mon-17) are provided for general
background. The reviews by Ellfott and by
Stolker provide a general overview of
analytical technology. The paper by
Turnipseed et al. provides details and
Instghts for ionization and fragmentation of
ionophores in mass spectrometry.

Tylosin
June 16, 2009, 9:00
anm,

Primary reviewer: Tylosin-02,
Tylosin-18

Secondary reviewer: Tylosin-
24, Tylosin-13

A number of reviews (Tylosin-11A,B & C)
have been published In the last decade
concerning methodology for the analysis of
tissues and foods for antibiotics. While there
Is usually little detail regarding methods,
these provide some inslght into the higher
tevel needs and uses of available analytical
technology.

Ractopamine
June 17, 2009, 9:00
am,

Primary reviewer: RAC-15,
RAC-03
Secondary reviewer: RAC-09

These fwo reviews Rac-18 & Rac-19 may be
useful as a reference to all panel members.

Methods are not for distributlon to anyone outside of the Expert Review Panel. Please do not copy or redistribute.




T EISE 5 ® iinaime ) -

25 By bty Mo w s oxglomesnin samind

Index of /monensin_narasin

Maze Last =cdified $izz Deseristion

é Parent Dicectory -

Aon-01A Elaccs,pdf D1-Eay-2009 14157 173K
(=] Eon-01B Wsrd.pdr D1-Esp-2008 14157 651

Hap-01C Gartardt,pdf 01-Fay-Z009 14:58 933K

Hap-04 Pact 3 ~ A061..> D1-Eay-2009 14:57 205K
&

=) %op-04 Pore 2 - A761..5 O1-Eay-2009 14i$8 2.7

% Ean-05 Blarchtlowvar.pif 01-~Eay-2009 14:59 687K
&

=] Eon-08x Fokks.pdf 01-Eay-200% 14187 745K
5 Ran-068 Harshudoal,pdf 01-Fay-2009 14156 715K

Ran-0EC Hatabusul, pdf D1-Ray-200% 14:59 719K
F: Zan-060 Duboix, pdf D1-Eay-20u2 14757 1.0

Eon-06E Jastoi.pdf 01-Eay-2009 14153 2.4X
% ¥an-13 Far-aratal,pdf 20-Eay-2009 14327 322K
‘T' Han-12 Ealtlec.pdf 01-Fay-2009 15:02 445K
:== Hap=-13k Chereau.pdf 01-#ay-2009 15:01 1.4K

Fan-138 Eallac.pdf 01~Fay-20G9 15:01 547K

i Ean-15 Stolker fevie..» 01-Bay-2009 15:02 1.3E
& Han-16 Fllioct Fevie,.> O1-Fay-2009 13:0% 357K
Hop-1% Tvrnipeead F2..> 0l-Eay-2009 15:01 3.0K
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Agenda Expert Review Panel
(Monesin/Narasin, Tylosin and Ractopamine)
June 15-17, 2009
AOAC INTERNATIONAL, Gaithersburg, MD  9:00 a.m.

1. Woelcome and Hosekeeping (Pohland)
a. Policies and Procedures of the Expert Review Panel
h. Conflict of Interest Policy and Volunteer Acceptance Form
¢. SLV Acceptance Criteria

2, Introductiion of Panelists: (Chair)

3. Discussion of Methods
a. Receipts of Primary and Secondary Reviewers' Reporis
b. Completion of Method Selection Worksheets

4. Sslection of Top Method

5. Discussion of Materials for Use In SLV Study

6. Preparation of Chairman's Summary Report

7. Adjournment




Attendees

> 2B AL B E 5 (USFDA) 1A« Dr. Valerie Reeves

> £ BB E3(USDA) 3A : Dr.in Suk Kim (FSIS); Dr,
Katerina Mastovska (ARS); Dr. weillin Shelver (ARS)

> % B Covance /3] 1A  Dr. Matt Rodewald

» % B University of Indianalpolis 1A : Dr. Lindell Ward
¥ fe @ KA i85 (CFIA) 1A ¢ Dr. Joe Boson

> % BB dh 32 & B (AFSSA) 1A : Dr, Erick Verdon

> A B R AL REEFEARVM 1A Dr,
Leendert van Ginkel

> & ¥ B S Bk B (BFDA, Taiwan) 1A ¢ Dr. Su-
Hsiang Tseng

Observers

» Marc Coleman (ELANCO, US)
» Tom Burnett (ELANCO, US)
» Kim Lombardi (ELANCO, US)

AOAC Staff

> Al Pohland (Senior Director, Chief scientific Officer)
> Robert Rathbone




AOAC INTERNATIONAL Dietary Supplements Task Group
Report of the Expert Review Panel - Ractopamine
by Leendert van Ginkel (Chair)

Fitness for Purpose: A fitness of purpose statement has been developed for
the Determination and Confirmation of Ractopamine in Animal Tissues:

An AOAC Official Method is needed for the analysis of ractopamine in animal
tissues (swine and cattle), applicable to muscle, liver, kidney and fat. The
method should include an option to determine free {parent} ractopamine or
total ractopamine {parent plus conjugates) following an enzymatic
hydrolysis. The analytical range should cover 1-100 ppb {ngfg) to comply
with the EU Reference Point for Action (RPA) of 1 ppb and the lowest MRL
values applicable in those countries in which the use of ractopamine is
approved of 10 ppb; recoveries, depending on concentration, should lie in
the range of 60-110%. Confirmation of analyte identity is required, either as
patt of the method or as a separate confirmatory method. The method will
be used to facilitate international trade and satisfy regulatory requirements,
The outcome of the meeting is not necessarily a single method, two or, if
necessary more, individual methods can be selected.

Fis Nama
&No. | Author Manuscript Title
RACH1 Bitlott et al. Screening and confirmatory determination of ractopamina resldues In calves treated with growth
promoting deses of the b-agonist
RAC-02 Antignas et al, Kentification of ractopamine restdues in tissue and urna samples at uitratrace lavel using Hquid
chromatography-positive elsctrospray tandem mass spectromedry
RAC-03 Blanca stal. Beterminatien of clenbuterol, ractopamine and z¥paterel in fiver and urine by Fiquid chrematography
tandem mass spectrometry
RAC-04A Churchwe at al. Elquid chormatographylelectrospray tandem mas spectrometrle anatysls of ractepaming residues In
Evestock issues
RAC-4B Doerge etal. Batection and Confirmation of b-Agoendsts In Boving Retina Uslng LC/APCIMS
RAC-06A ELANCO B03503 Determination of Ractopamine Hydrochlorlda In Turkey Liver and Muscta Tissua by High Performance
Uguid Chromatography
RAC-0:B ELANCO B03303 Modified Determination of Rastopamineg Bydroehlotids In Chisken Liver by High Performance Liquid
Modifi Chromatography
ed
RAC08C Flanco BIST3S Confirmation of Ractopamine Restduss tn Turkey Liver and Musclo Tissus by Liquid
ChrematographylElactrospray lontzatien Tripls Tandem Quadnupsls Mass Spectrometry {Le/Esk
Ms-Ms}
RAC-03 Fesseretak Determination of b-Agonlsts In Liver and Retina by UquidChromatography-TandemMass Specirometry
RAC-09 Qiangetal Residua Depletion of Ractopamine and hts Metabolites in Swine Tissues, Urne, and Serum
RAC-10 Shefver & Smith Tissue Resfdues and Urinary Excretion of Z8paterd! Tn Sheep Treated for 10 Days with Dlatary Zipatere!
RAC-11 Shishant etal. Determination of ractopamine In animal tisswas by Fquld chromatography-fludrescence and fiquid
h tographyitandem mass specirometry
RAC-14 Sakajetal B !nation Method for Ractopamine In Swine and Caltde Tissues Using LGNS
RAC-15 Turbsrg et al Datermination of Ractopamine Hydrochlerida In Swing, Cattle, and Turkey Feeds by Liquid
Chrematograplry with Covlomubie Bstection
RACAT Wilifams e al. Muitresidus confirmation of b-2gonsts In bovine retina and fver using LC-ESMSHMS




Method Primary Secondary

RAC-01 Valerie Reaves ir Suk Kim, Katerina Mastovska
RAC-02 Weilln Shelver Review not Submitted

RAC-03 Su-Hslang Tseng {Emily} Revlew not Submitted
RAC-04A Matt Rodewaid Joe Bolson

RAC-04B Matt Rodewald Joe Boison

RAC-06A Joe Bolson Lindell Ward

RAC.068B Modified Joe Bolson Lindel Ward

RAC-05C Joe Boison Lindell Ward

RAC-08 Weilin Shelver Valerie Reeves

RAC-09 Review not Submitted Su-Hsiang Tseng (Emily)
RAC-10 In Suk Kim, Katerina Mastovska | Matt Rodewald

RAC-11 Lindell Ward Matt Rodewaid

RAC-14 Matt Rodewald Valeric Reeves

RAG-15 Su-Hsiang Tseng {Emily} Weilin Shefver

RACA7 Valerie Reeves In Suk Kim, Katerina Mastovska

Rac-01: Screening and confirmatory determination of ractopamine residues in
calves treated with growth promoting doses of the B -agonist

Multiple or Single Residue Single

Use of Internal Standard Clenhuierol-dé
Hydrolysls Yes

Species (swine, cattle) Cattle

Tissue Types Urine

Sample Preparation

Sample Incubated with 8 -glucuronidase , applied to mixed mode
SPE, Eluted with NH,CI in EtOAC, evaporated and reconstifuted in
phosphate buffer, applied to C,, SPE, eluted with MeOH, dried,

dissolved in mobile phase.

Analytical Range

2:250 ppb

Recovery

Precision 5.6% to 3.7%

Confirmation of Identity

Yes, LC-MSIMS, APCH ELISA

Additional Comiments

Standard curve fortified urine samples. Consistent correlation
between ELISA and glucaronidated and free Ractopamine. Complex
method thal uses two SPEs. {If method for liver, easily adaptable to
urine}, Would not be suitable matrix for N. America because of five
animal control,




Discussion around the room regarding pros and cons of
using Elisa method, coulometric and flourescence detection.

Vote: ELISA methods do not comply with the objectives of the
ERP because of low selectivity and sensitivity.
Yes: 9 No: 0 Abstain: 0

Vote: Coulometric methods do not comply with the objectives of
the ERP because the technology is not rugged and general
available.

Yes: 9 No: @ Abstain: 0

Vote: LC-FLD is a good technique for quantitative analysis
hecause it has sufficient sensitivity and has shown to comply with
the objectives of the ERP,

Yes: 9 No: 0 Abstain: 0

Determination of Methods for Consideration for
further evaluation:

. ERP went around the room and discussed criteria for consideration in
keeping a method for further evaluation. These criteria included:
Ability to add/keep the deconjugation step
*Species and matrix applicability
sApplicabhility o LC-FLD and LC-MSIMS
‘Complexity of Extraction
LOG
‘RecoverylAccuracy/Precision
Methods to be flagged based on criteria 1 for further evaluation:

Green Flags: Methods 3, i1, 17
Yellow Flags: Methods 2 {interesting sample clean-up}, 6A, 68, 6C, 9
Red Flags: Methods 1, 4A, 4B, 8, 10, 14, 15

Review of Dr. Pang’s review.
Uses a single SPE clean-up.




Question: When is the optimum time to do the conjugation?
Assumption is made that conjugates exiract the same way as the
parent. There may be a difference in the solubility if conjugation is
done on the homogenate vs seme other point in the methed.
CVM, Canada is not interested in the deconjugation step because
only marker residue is wanted (i.e. only in countries where there is
anh approval. EU and other countries where the molecule is not
approved, the deconjugation step is needed o quantify total
ractopamine, not only the marker residue.

Determining a final method:

Two groups to further discuss methods: LC-MS/MS and LC-FLD
Groups discussed for 45 minutes, then returned back to the
targer group for discussion.

There was gravitation by both groups to method 11 for
Fluorescence. Concern is with the length of the procedure and
the two SPE clean-up steps. The thought process is to separate
method 11 into two different methods, 1 using the Alumina A
SPE cartridge for FLD detection, and one using the mixed mode,
and skipping the Alumina A SPE cartridge for LC-MS/MS. Also
wanting to remove the borate buffer and replace with sodium
carbonate buffer. Also change the liquid-liquid extraction before
the Alumina A cartridge SPE to MTBE inslead of Ethyl Acetate.




Modified FLD method for parent only (modified from
method 11):

. 10 g sample

. IS-ritrodine

. 20 mL MeOH (x3)

. 8 mL aliquot and dry down

2 mbk 20 mM Na2CO3 (pH 10.5)

. Liquid-tiquid 7 mL (x3) with MTBE

. Alumina A SPE

. Etute with 10 mL MeOH

. Dry

10.4 mL 1 M HOAc

11.MCX Qasis SPE

12.Elute with 4 mbL 2% NH3 in MeOH

13.Dry

14.Recon in 0.5 mL 2% HOAc

CONOO WD

Modified LC-MS/MS method for parent only (modified
from method 11):

10 g sample

15-Ractopamine d5

20 mL MeOH (x3)

8 mL aliquot and dry down

25 mM NaOAc buffer (pH 5)

MCX Qasis SPE

Elute with 4 mL 2% NH3 in MeOH
Dry

Recon in 0.5 mL 2% HOAc

RN RGN
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Modified LC-MS/MS method for total only (modified from
method 11):

10 g sample

IS-Ractopamine d5

20 mL MeOH (x3)

8 mL aliquot and dry down

25 mM NaOAg buffer (pH 5)
g-Glucuronidase 2 hr @ 65°C

2 mL 20 mM Na2CO3 {pH 10.5)
MCX Oasis SPE

. Elute with 4 mL 2% NH3 in MeOH
10.Dry

11.Reconstitute in 0.5 mL 2% HOAc

©ooNE oA LN

Vote: Method 11 forms the basis for a 2x2 method for
ractopamine, either parent only or total, using FLD or LC-
MS/MS.

Yes: 9 No: O Abstain: 0

Notes: _

*For deconjugation step, would like two options for incubation,
one accelerated at an elevated temperature, and one for an
overnight incubation. Note: reference Rectopamine-01 for
information regarding incubation and deconjugation.

*Want to use both glucuronidase and sulfatase (Helix has
both).

sinternal Standard, ritrodine can be used for Fluorescence,
but for LC-MS/MS needs to be deuterated ractopamine.

11



Validation Guidance:

«Limit of quantification for banned substance determined by LOC:
Limit of confirmation (LOC): LOC, 1.5X LOC, and 2.0 x LOC
sLimit of quantification for approved substances:

MRL is used: 0.5 x MRL, MRL, 1.5 MRL (everywhere eise), 2.0
MRL (US)

After having concluded the discussion on the selected analytical
method and verifying neither the members of the ERP nor the
observers had any further comments or remarks. The chair
thanked all for their coniributions to the outcome of this meeting
and closed the meeting

ny ff%-
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