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* New Thermo Scientific™ TSQ Quantis™ and TSQ Altis™ Triple Quadrupole
MS Systems overview

* Veterinary Medicines Methodology

 Challenges of multi-class veterinary medicines analysis and integration into a
routine testing laboratory

* Thermo Scientific™ Acclaim™ Column Technology for wide range of VetDrugs
» Scope of method and results

» Conclusions




Introduction to TSQ Altis and TSQ Quantis
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TSQ Altis TSQ Quantis
High-end Mid-tier
Mass Range 5-2000 5-3000
SRM/sec 600 600
Selectivity (H-
SRM) 0.2 Da FWHM 0.4 Da FWHM
Sensitivity
(HESI) 500,000:1 150,000:1
Reserpine 1 pg

Robustness, Reproducibility, Speed, Ease-of-Use, Flexibility

ThermoFisher
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Technology in TSQ Quantis: Excellent Robustness, Day After Day

Enhanced dual-mode electron multiplier
detector
ensures excellent linearity and dynamic range

Stacked ring ion guide (SRIG) <
Increases ion flux e
- = -

Segmented Quadrupoles
with hyperbolic surfaces for enhanced performance with
both SRM and H-SRM (0.4 FWHM)

k OptaMax™ NG

APCI ready

lon beam guide with neutral blocker
Reduces chemical background

Active collision cell V\f/ith axial DC field
facilitates more SRMs/sec




Technology in TSQ Altis: High Sensitivity with Robustness

Active collision cell with axial DC field
facilitates more SRMs/sec

lon beam guide with neutral blocker
Reduces chemical background

High capacity lon transfer tube (HCTT)

Increases ion flux % Segmented Quadrupoles
with hyperbolic surface for enhanced performance with both
SRM and H-SRM (0.2 FWHM)

Electrodynamic ion funnel (EDIF)
Increases ion flux

OptaMax™ NG

Enhanced dual-mode electron multiplier detector
APCI ready

Ensures excellent linearity and dynamic range

ThermoFisher
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Improved Sensitivity with H-SRM (0.2 Da FWHM) — GPSVFPLAPSSK

GPSVFPLAPSSK - Peptide from monoclonal antibody

- HE AA: 621 e - /.»//
Q1 0.2 Da FWHM SN: 21 4 |LOQ=25ng -

GPS %CV =11.3 " P o

SRM AA: 2689 _ :'__T--' T T T
Q1 0.7 Da FWHM SN: 5 T~ e

SRM A
LOQ = 100 ng -

Internal Standard %CV = 3.2
SRM AA: 63810
Q1 0.7 Da FWHM ] ey '

e 1@ 11 e [jn o m e
25 ng GPSVFPLAPSSK and IS
5 ThermoFisher



Challenges of Multi-Residue Methods

» Generic enough to apply to several different matrices - e.g., meat, fish, dairy
» Stability of Matrix Extracted Spikes (MES) and spiking standards

« Chromatography- Column must handle wide polarity range; be rugged

« Sample prep must minimize loss of analytes and be simple and cost effective
* Single mobile phase for all compounds

» Sufficient sensitivity for certain compounds

* Need for polarity switching

* Accurate quantification

- Identification against guideline criteria

« Can we solve these challenges in a single workflow?




Column-Acclaim Polar Advantage Il (PA2)- Robust and Selective for VetDrugs

I6) RT 0.00-14.04
&;\ /(I“l 1» Cyromazine
N
Ciprofloxacin
6.33
1xSTC
B

3xSTC
09
Features OTC + Epi ™ Sulfamethoxazole
* Unique selectivity- amide embedded group - " Flynixin
. . 5.81 d
«  Enhanced hydrolytic stability g e
. 39 573|881 B41 67 37 |njection 1
* 100% aqueous compatibility ' — e R
6.18 - 2 2]
¢ pH Range 1'5 to 10'5 CTC + Epl | "- T | T T T | T T T T 10‘.53 T 1‘1’46\1-1'1 T T T
1 2 3 4 5 3 ‘ 7 ‘ 8 9 10 1 12 13 14
«  Low column bleed e
* Robust against matrix extracts e EE=
. _ 599 613\ 6. 125 _
«  Particle size: 2.2, 3.0 or 4.5-um = Cyromazine . .
6.12 .. Ciprofloxacin
*  Advanced surface technology TC + Epi
. . . . . = Sulfamethoxazole
*  Acclaim columns use innovative silane ligands 570
- ensures unique selectivity h‘ 1o PRI SE ‘ vz Flunixin
39 5.82 — 6.48 5 0] 540
'.I'|'I'I'I'I'|'I'I'I'I'|'I'I' ém_ i i -S-E-L-Jtﬂ
I i1 Injection 500 ol
ime (min) % an 60 rs__u‘ 765 B40
Y e i A B S B R
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Column-Acclaim Polar Advantage Il (PA2)- Robust and Selective for VetDrugs

(0]
N/
RTAAT-134

m it " R ol
. Azure Blue Niflumic Acid FKON N
. 670 680 7.02 /| 721 750 760 ) =
o o 942
) Brilliant Green 41 11 1EE)\ 18
. 921 935|950 m i 0 o
" i Oxolinic Acid HO 0
5% Crystal Violet | 0 LA
! = e 0 16 80)| 844 471 /
100
sé Leucocrystal Violet 0 X F
15 7, )
0 - -~ Flumequine o
100 . i 5
5% Leucomalachite Green | wo LA
) B33 9% /| 961 975 0 646 B38| 943982 o
100 . b3 . 861
% Malachite Green ﬂ Naladixic Acid O
103 = 998 ) woo ML
% Victoria Blue | ) 843 885 | 4 o O
NSO S— 560 6 1 15 80 &5 9 %5 M0 M5 fl H5 w0 w5 A
60 65 70 15 80 ﬂmf,(sm) 90 95 100 105 10 Time (min)
Dyes- 1xSTC (1ng/g) in Salmon Fillet Acidic Compounds- 3 x STC in Bovine Muscle
ThermoFisher
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Multi-Residue Method - Overview

« 160+ compounds in 3 matrices: bovine muscle, salmon fillet,
and milk (plus addition of labelled internal standards) included
in the method from the following classes of veterinary

medicines:
« Cefalosporins, macrolides, penicillins, quinolones, sulfas,
tetracyclines, anthelmintics, nitroimidazoles, NSAIDs, sedatives,
avermectins and coccidiostats, dyes (applied to fish), steroids (milk)

* Experimental Design:

« 8xspikes @ 0.2,0.5,1, 3, and 5 x STC = [Screening Target
Concentration] for each compound with 2 blanks and one recovery
spike per batch

* Analyze the batches on 3 separate LC/MS/MS systems

» Use basic elements of the same sample prep applied to all 3 matrices

10



Compounds Studied and Chemical Classes

® Antibiotics-68

m 3-agonist-11

m Coccidiostat-17

m NSAID-13

m Aquaculture (Dyes and

metabolites)-12
= Antihelmintic-23

m Steroids-9

m Other-23

11



Sample Preparation and LC Conditions

. QuEChERS based approach

EDTA/NH, oxalate solution and acetonitrile added to sample
« Sample homogenised until fully dispersed
« Sodium sulphate added before centrifugation
 Dispersive SPE (CEC- C,;) clean-up
« Add 1 mL H20 to 3mL extract, filter, inject

LC conditions
* Thermo Scientific™ Vanquish™ Acclaim™ PA2, 2.1 x 150 x 2.2 um

- Flow
- MP A: 0.05% formic acid + 0.1 mM NH,F (aq) " T fmljming TP fUYe
» MP B: 0.05% formic acid in 1:1 MeOH:MeCN o
e 2 uL injection 3 2,200 0,400 0.0 5
4 11.000 0.400 5.0 5
* Acquire Data on TSQ Altis T R T —
« Use pos/neg switching ; 12233 E:EE EE :
« Comprehensive CDB with all optimized SRMs P T o :
10 A Bome
11 17.000 Skop Run
1 ThermoFisher



Steps for Evaluating Method Performance

32

Sulfadiazine

Concen: 2188

RT: 587 Scand 5223
Deta RT:  -0.08

Lab File:  0928_MES_STC_3_8

e e e Calculate Absolute % Recovery Based upon
w2 wow  max s A ‘post spike’ at 3 x STC [Recovery Std]

| m; m; Calculate MDL @ or below a cut-off
“’"3 A\ s (Lowest xSTC factor at or below 15% RSD)

|||||

Calculate %RSDs at each level to check precision

Prepare Matrix Extracted Spike (MES) Replicates at 0.2-5 x STC
(Establish ‘Calibration Line’ for screening)

Establish Screen Target Concentration (STC) Level
Levels typically 72 the MRL/MRPLs

13 SCIENTIFIC



Extracted SRMs for Multi-Class VetDrugs

3IC Overlay
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Extracted SRMs at 0.5 x STC in MES

TSQ Altis- total of 525 transitions
from analysis at left
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Quantitative Results- 1x to 5x STC- Bovine

Compound Details +Ix
— =) B =k -
0919_MES_STC_1_3 Sullamerazine miz: 155.970 @ All Pesks 0919_MES_STC_1_3 S.. 0919_MES_STC_1_3 S| V1 7R 4 DGR R0 Bt Origine anores WE AR e
@ Peak1 (265.075->172.000)
RT.6.37 8500000
AA: 1768761 @ Peak 2 (265.075->108.000)
1004 AH: 772653 1004 100+ 5000000-|
o 4 4 75000004
90 90 90 7000000-]
20 20 20+ 6500000~
= 1 1 5000000-|
& 0 = 70 = 70
2 H E | 2 i 5500000
£ o] £ 60| £ 60 5000000
E ] 2 ] 2 ] £4500000
5 50 5 50 £ 504 2
2 i 2 1 2 1 4000000
40 40 40
- 4 4 3500000
30 20 30| 3000000-]
20 204 204 25000004
E 1 1 2000000-|
10 10 10 ——
0 T T T T T T T T T T [ [ 1000000
62 83 54 65 86 65 65
RT(min) RT(min) RT(min) 500000
m/z155.970 - iz 172,000 - m/z108000 - o T T T T
ApexRT: 637  LeftRT: 629 Right RT: 6.57 - 73.21%-10982%172, - 64.27%-9641% 1080 - v 2 L - L
w9 [ Show deskiop

Compound Details

Qunper =] [ ][%]][Contrmngiens == =
0919_MES_STC_1_8 Flunixin_M+H m|| @ All Peaks 0919_MES_STC_1.8 FI 0919_MES_STC_1.8 FI . A TR~ T AR R O e Ontain: Tanorss W %425 Area
@ Peak1 (207.085->264.000) -
RT 11.23 RT: 11.23 RT 11.23 1
AA 3034270 @ Peak 2 (297.085->259.071) AR 978920 AAC 321950 15000000 I
AH: 1121187 AH: 374994 AH: 124038 a
100 100+ 100 |
90-{ 90| 20— 13000000~
pl il 4 , B
20 aol 20| 2000000
] 4 4 11000000
70-{ 70| 70+
= 4 = p = | 10000000~
£ B £ 60 & 5 9000000
s ] s ] ] g ]
£ 50 £ 504 £ 50 Rasioveiog
4 ] = | e ] 7000000
40-{ 40| 40+ ]
E E Bl 6000000
30-{ 30| 304 1
il il ] 5000000
20-| 20-| 20 dGooting—]
10+ 10~ 10 A00000:
j 1l ] 2000000
S - = ]
1.0 112 114 0 o 1000000—|
RT(min) RT(min) RT(min) ]
m/z: 279.071 = m/z: 264,000 m/z 259.071 Z o T T T T T T T T T T
ApexRT: 11.23  LeftRT: 11.13 - 26.62% - 39.93% 264.000/ ~ 9.19% - 13.79% 259.071/2 ~ 0.0 o5 1.0 1.8 20 2 ?K 3.0 3.5 4.0 4.5 5.0
ug/Kg [Show desktop

Sulfa Drugs- Sulfamerazine

8 replicates plotted per each point

NSAIDs- Flunixin
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Quantitative Results- 0.2 to 5 x STC- Bovine

Compound Details -

Quan Peak = > |[[Confirming Tons [= ][ || [ cetibration Curve =] -
0919_MES_STC_1_8 Sarafloxacin m.f| @ All Peaks 0919_MES_STC_1.8 S.. 0919 MES_STC 1.8 S.. ORI A RS e el BT WS Ao
RT 6.50 @ Peak1l (386.131->299.054) RT 5.50 RT 6.50 9
AAC 237040 @ Peak 2 (386.131->368.071) An: 100387 AA- 42970 1300000
AH: 120237 _ AH: 94805 AH: 230931 4
iy 1200000
1100000
1000000
900000
= =z =z 1
2 = z 800000
= = = 1
= s ] g 700000 . .
: 2 : = il uinoliones-osaratioxacin
= = = 600000
500000
400000
300000
200000
6.4 6.6 6.5 6.5 Aooono
RT(min) RT{min) RT(min) 4
m/z: 342083 a m/z: 209.054 " m/z: 368.071 - @ T T T T T T T T T T
Apex RT: 6.50 Left RT: 6.45 - 61.64% - 92,469 290.054/ ~ 14.07% - 22.45% 368.071/ ~ Lo LA T 18 2 -?K 240, S AL A4S Ty
ugiKg r
Compound Details - T x
Oinn Boak = E]E Confirming lons @E] Calibration Curve EE -
Ronidazole
0919_MES_STC_2_ 5 Ronidazole m @ All Peaks 0919_MES_STC_2_ 5 Ronidazole m/z: 55.000 ¥ = 1.90584X + 1.06583; R°2- 0.9827: Origin: lgnore: W: 10%6°2; Arsa
@ Peak1 (201.062->55.000) =
RT 5.46 RT 5.46 sG]
AA 37893 @ Peak 2 (201.062->110.000) AA: 10374
AH: 15037 AH 3437 90000
100+ 100+
= 2| 85000
20 90 80000
¥ ¥ 75000—
20-| 20 Bcged . . . "
g 70 il o] I roll I II aZO eS - OI lI aZO e
£ g £ 5 60000
] | 8 -
£ 60 E 60 55000
2 1) 2 1] =
£ 50 £ 50 £50000—
=2 = =2 il 45000~
40 40 ]
30 30 9000 -
q q 30000~
2l 2 25000
10— 10 20000
i | il 15000
L e m e e L1340 dn el e G a4 05 i BesRL 10000
5.4 56 53 o4 . 95 66 57
RT(min) RT(min} 5000~
mfz: 140.000 = m/z: 55.000 = o T T T T T T T T T T
ApexRT: 546  Left RT: 5.41 - 19.27% - 28.90% 55.000/140.000 = 27 38% - 24, a 14 18 20 28 340 e Al 48 =4
ugikg [ Show desktop
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Quantitative Results- 0.2 to 5 x STC-Bovine

Compound Details

Confirming fons

=]

0919_MES_STC_1_3 Erythromycin m/z: 152.083

Relative Intensity

RT7.74
AA 807793
AH. 290528

m/z: 158.083

ApexRT: 774 LeftRT: 763

T T T T
A 738
RT{min)

Right RT: 7.85

@ All Peaks
@ Peak1 (734 469->576.405)
@ Peak 2 (734 .469->558.375)

0919_MES_STC_1_3 E.

Relative Intensity

o

75
RT({min)

myiz 576.405

7011% - 105.16% 576. ~

0919_MES_STC_1_3 E .

100

80

80+

Relative Inensity
L

o
75

RT{min)
my/z: 558,375 -
15.73% - 23.59% 5583 ~

n Curve -

Erythromycin

Y = 8.727e5X - Sed; R*2: 0.9988; Origin: Ignore; W: 1/X*2; Area
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Antibiotics-Erythromycin
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0919_MES_STC_1_3 Oxyletracycline_2 miz 426083

RT: 6.07
AA: 47990
AH: 16235

my/z: 426.083

Apex RT: 6.07 Left RT: 5.97

6.0

T T T T
6.1
RT(min)

Right RT: 6.23

@ All Peaks
@ Peakl (461.155->444.155)
@ Peak 2 (461.155->201.000)

0919_MES_STC_1_3 O

RT 6.07
AA: 7181
AH: 3532
100+
20-{
20|
= 70+
Z il
£ 80+
£ 50
= i
2
40
30-{
20+
10
o
6.0
RT(min)
m/z: 444,155 -

11.32% -17.00%6 4441 ~
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RT 6.08
AA 4627
100 H: 2753
20
80
= 70
2 J
£ 80+
£ 504
3 J
2
40
30-{
20
10
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6.0
RT(min)
m/z: 201.000

9.58% - 14,377, 201.00 ~

Calibration Curve
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Quantitative Results- 0.2 to 5 x STC-Salmon Fillet

18

Compound Details vIx
e ()i 5] cmoncme+ (ks
; - | = = | Leucomalachite green
0928_MES_STC_1_3 Leucomalachite green m/z: 239.155 @ All Peaks 0928_MES_STC_1_3 Leucomalachit.. 0928 MES_STC_1_3 Leucomalachit ... ¥ =3.2076-2X - 394164, RA2- 0.9804: Origin: lgnore; W: 1/X"2; Area
g W Peak1 (331.217->316.208) e RT 0.48 0174 [ |
AA 47392 @ Peak2 (331.217-»223.083) AA: 20056 AA 11752 i
_— AH: 16535 — AH: 8536 - AH: 3348 B
4 4 4 0154
90 90 90 o]
80 80 80 012
7 b b 0.124
70+ 70+ 70 1
2 5 2 1 2 ] 0114
£ 5 £ 5 5 60 0.10-]
£ S = o ]
o = o 1 o 1 W _
% 50+ % 50 % 504 §D.09_ =
3 ER R £ o005
40+ 40+ 40 iiird
30 304 304 006
3 3 2 0.05+
2 20 20 1
| i i 0,04
10 104 104 03]
0 [EAgd W P o o h J LEP 0021
93 94 95 96 o7 94 95 94 9§ din]
RT(min) RT(min) RT(min) ]
mfZ:Bg.lﬁ mfZ:315.208 - m,fZ:ZB.USJ - U'UUII\I|\II\|I\II‘II\I|\II\|IIII‘III\|\III‘I\II|\I\I|I
ApexRT: 048 LeftRT: 938 RightRT: 958 - 3518%-52.78% 316.208/230155 = 42 = 20.73%- 32603 223.083/230.155 = 24 - CLIL o O
Leucomalachite Green in salmon extract at 1 x STC, with curve representing 0.2-5 ng/g.
ThermoFisher



Quantitative Results- 0.2 to 5 x STC-Milk

| Compound Details 3 v I x
Quan Peak i E@ Confirminglons~ ~ E@ Calibration Curve  ~ B@ i
| Megesirol acetals
1011_MES_STC_1_5 Megestrol acetate m || @ AllPeaks D1 ME... 1011_ME . Y =783884X + 2404c%: RAS 09826, Ongh: [gnore; W: 102: Area
@ Peak 1 (385.237->267.167)
RT 10.95 ]
AA 6686  Peak 2 (385.237-5224.083) g
AH: 39388 A |
100+ ; ]
a0 350000
80 ]
= 1 300000
@ 70+ ]
| = -
g § ]
£ 60 250000
- g 1
3 £ ]
& A 200000
404 ]
iy 150000
204 ]
i 100000
10 J i ]
0= T T T T -—d#—v =, _:
08 M0 12 1l 1 e
RT(min) 1
WEBE.BS a mj:zﬁl: m,"z:ZZd' U|||||||||||||||||||||||||||||||||||||||||||||||||||
ApexRT: 1095  LeftRT: 1090  Righ + 6957%- +  6010%- + g 0B W B & = B W WM W
. ugikg .

Steroid hormone Megestrol acetate in milk extract at 1 x STC, with curve representing 0.04-1.0 ng/g
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Observed MDLs and % Recoveries in MES

. 0= RT.6.71
Bovine ] RT 006
Parameter Muscle Salmon Fillet Milk* “ TIC for 0.2xSTC
804 .
i Salmon Fillet
MDL Average (ng/g) 2.7 3.4 A " REd
E R o eA
MDL Range (ng/g) 0.01-76 0.01-126 NA 50_ \RT:6.45 RT820
40__ o ‘ ’ RT 902
% Recovery-Mean 72.7 73.2 NA “ “ 1
20__RT_123 RS 7
o ; ) ][ s s (] _ s )
% Recovery Range 39.7-97.5 34.4-101 NA AL R e s ' f2L I a0 48 Ak Wles 977, ol
‘ 2‘ ‘ C‘i ‘ J& ‘ é ‘ 6 7 8 9 10 1 12 13
Notes: -

* *Milk results pending data reduction
 MDL based on 8 replicate injections (EPA-based Student t calculation)
« Stability of some compounds result in poor precision/higher MDLs, eg. Ampicillin, Penicillin G
* %Recovery is absolute recovery (no correction) based on comparison with
post-spiked MES@ 3xSTC

20 Thermo Ffsher



Compound Class- Average % Recovery (Absolute)

i Erythromycin
90.0 Gamithromycin 173
6.61
80.0 - \
73
700 - Post Spike 3xSTC
6lp1
60.0 - \
500 - MES 3xSTC
40.0 -
M % Recovery Bovine Muscle
30.0 - M % Recovery Salmon Fillet
20.0 ~
10.0
638 648 6.66 579 754 786 1
0.0 T T T T T T T T T T T T b e Pt e s R e R e e o st e i
O Q o\ ) ) o\ < O\ X Q o RS . x2 64 6.6 63 70 72 74 16 18
\@\,_)c @5@ & o\o& &\be @\“Q’ \((\\&\ @*@s &o‘;@ e"\ 6&@’0 "@@ Q?oo@” ?p&@ e
Y N © & N DL & > & N &
O RGN S R 3?2 . . .
& & @o‘é" & é\o\‘ v &q,o" <& Example comparison of matrix extracted spike
O B .\Q . - B .
LISy y" vg;@ v o vs. post-spike to show absolute recovery from
(—) .
v the extraction process
1 ThermoFisher
I



Compound Class- Average Calculated MDL (ng/g)

14.00 - - —
=] cotiringens -
100 0928_MES_STC_02_5 Albendazole @ Al Peaks
U NL: 13185
oL RTEE e @ Peak 1 (266.096->191.000)
| NL: 5.35E4 @ Peak 2 (266.096->159,000)
10.00 + ap miz: 191.000
J NL: 3.99E4
80+ miz: 150.000
8.00 - 704
£ 604
6.00 - 5
’ M Average MDL (Bovine Muscle) E 50+
M Average MDL (Salmon Fillet) E 404
L5}
2 i
4.00 304
204
2.00 ]
104
0'8.51 8.96
0.00 86 88 90
RT({min)
0;0(;
. .\ . .
v&*’ Example Albendazole in Salmon Fillet

0.2 x STC in Thermo Scientific™
TraceFinder™ software

- Thermo Ffsher



Conclusions

* New Thermo Scientific™ TSQ Altis™ and Quantis™ triple quadrupole
instruments offer advanced technology and innovative design for
robust operation and high sensitivity

* A Multi-class veterinary method has been developed that shows:

* Fit-for-purpose Acclaim PA2 column for robust analysis, great peak shape
for wide range of compound classes

* Generic QUEChERS extraction applied to bovine, salmon fillet, and milk is
easy to use, low cost, with no extract concentration

» Good results for absolute recovery, precision, and low MDLs for most
analytes studied with STC screening range of 0.2 to 5x (Can easily go
lower on several analytes)

* Further optimization of the method on-going with collaborator at lowa State

ThermoFisher
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Confident
Quantitation

Any compound, any matrix, any user.
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