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steroids: Testosterone, Nandrolone, Boldenone, Stanozolol and Trenbolone in
equine serum.

o000 anabolic steroids from equine serum in 6.5 minutes per sample. Analytes were
separated and introduced to a triple quadrupole mass spectrometer over a 3 minute
window. All AAS were well resolved and minimal peak tailing was observed (Figures
1 and 2). SRM (5 product ions per analyte) allowed for both accurate and precise
quantitation and qualitative determinations of AAS in equine serum.

The method was evaluated for sensitivity, precision, accuracy, and robustness.
Limits of detection and quantitation were experimentally determined by fortifying
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Methods: 2-Dimensional liquid chromatography utilizing turbulent flow
chromatography coupled with tandem mass spectrometry using a new triple
quadrupole mass spectrometer.

Results: Limits of Quantitation (LOQ) at 250 pg/mL, linear calibration curves
(r2>0.99), accuracy (% of nominal) and precision (%CV) were experimentally
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determined. TFC MS/MS allows for rapid analysis with minimal sample . 3?1%52{”311 o El?lggr;(inlgl.l 2 5 ;?grlnggmlh Loy | ousiocoouenT 000 B ool 7 OOSHISHTRO00EAITX 2= 09743 W Eqa negative control serum with decreasing amounts of drug (Table 3). Linear calibration
preparation. o L B horse 14 1 curves (r2>0.99) were observed for each analyte over a 250 — 10,000 pg/mL range.

g0 H : 2 12 = Calibrators and ISTD (%RSD) were plotted over 4 runs in two days showing
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Introduction: e N & I m‘ instrument stability with r2>0.99 for all analytes except stanozolol r2>0.97 (Figure 4).
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Anabolic Androgenic Steroids (AAS) are structurally similar androgen (C19) or . ez > o7 . e ol ;’?;‘;2'?121;805 pg/mL o at 3 QC levels with six replicates per level (Table 1). Analyte recovery was evaluated
estrogen (C18) derivatives that are mostly neutral hydrophobic compounds. AAS are i IL_L J_ll ] ; = °"r by averaging four injections of 150 pg on column of each drug with/without turbulent
abused in both horse ra_lcmgAand in human z_althleucs to promote musgle growth and — . = ] L#*+ 3 ) i 7 e o ey 0 s A W N flow chromatography (Table 2). lon suppression and enhancement were evaluated
speefd' recovery following |r'1tenS|V(.e exercise.  The four authorized AAS for 0 3&2239,22(.)!31_1 . f\ 3??2.;12912}1 e ) wﬁj’.n”"‘e B 7 ‘“f’”‘ 7 _by post-cqlumn infusion‘ (5 pL/minute) of a 1 ng/uL solution of all AAS_ and comparing
administration to horses include: Stanozolol, Nandrolone, Boldenone, and . . Hi “w | e 1 oy T e v L oo oot v ion intensity from negative control serum samples to water blanks (Figure 5). Matrix
Tes;p;te&ope. Admlnl_stra}thndpf_any non-authorized AAS such as Trenbolone are 4 1l a JJ.JT \ f w0, Stanozolol - RT1% ° 16 effects on ionization and extraction efficiency were also evaluated by spiking water

prohibited in most racing jurisdictions. B J\ B AN - " E i o e and serum at 500, 1000, 5000 pg/mL and comparing peak area ratios (Figure 6).
Previously, AAS analysis has been accomplished using lengthy liquid-liquid or 10 i 1: i - £ e This method 'was u’sed to :(?reen several r?undr?ec?equine serum s;mgples fgr AAS
solid phase extraction of biological fluids followed by derivatization and detection by . ‘ i o ]_Lil o 438' abuse allowing for rapid turnaround of samples. Several horses were found to
GC/MS or more recently, LC/MS/MS analysis. These methods are labor intensive and - Testosterone-d3 “ Testosterone-d3 o 0d] contain quantifiable levels of AAS (Figure 3). In addition, serum samples collected
made rapid analysis of large batches of samples problematic. Online sample p ez 292 2o : miz=2022 > 971 or 02 following a 500 mg IM administration of boldenone undecylenate (Equipoise®, Fort
extraction utilizing a 2-dimensional Turbulent Flow Chromatography (TFC) system o0 os | ro e ;2-‘0‘ A oo os 1o T ‘1-‘(5 ) 2o s T e o ke o e Dodge) to a female horse were analyzed. This method allowed for detection of
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coupled with tandem MS-MS was employed 1o analyze equine serum quickly with Figurel. 5000 pg/mL Calibrator Figure 2. 500 pg/mL Calibrator Figure 3. Screening Samples Figure 4. Calibration curves — 8 replicates/level over 2 days boldenone 21 days after administration, with 961 pg/mL detected after 7 days (Figure

minimal sample preparation without sacrificing sensitivity. TFC creates a turbulent
environment inside a small diameter extraction column by combining high flow rates

3). The Thermo TSQ Vantage was compared to the Thermo Quantum Ultra triple
guadrupole mass spectrometer by attaching the TFC system to each and data

with Iarge| sta}tionaw phase particles,S retﬁlininglg srr|1all moleculefs wh(;le allowing Ilarglal Inter-Assay Accuracy (n=24 samples over 2 days) Inter-Assay Precision (n=24 samples over 2 days) Analyte Recovery (n=4) collected for testosterone, stanozolol and d3-testosterone at 1,000 pg/mL spiked in
macromolecules to pass to waste. Small molecules are transferred to an analytical ® serum (Figure 7).
column where traditional gradient analysis separates compounds. i I .Of <o i .Of AL o .Of Averagg % 400 pg/ml 800 pg/ml 4000 pg/ml L Average_ a e
Samples were introduced to the mass spectrometer by electrospray ionization and Ayl ey B il el E v il ln B8 Brve i i 8 s o minsl (€66Y) (€66 Ay e (cuc ) VS S D i .
analytespdetected using select reaction mo?f\itoring (SRN)II) The TpSQy Vantage triple Trenbolone  348.8  87.2 7732 967 34863 87.2 90.3 21.3 12.0 12.9 154 Trenbolone 00349 159 100.1 Conclusions:
' Nandrolone 386.5 96.6 821.1 102.6 40954 102.4 100.5 18.0 14.9 5.7 12.9 Nandrolone  0.0230 5.46 102.2 e TSQ Vantage (S-Lens) gave an ~4X increase in signal as compared to the
guadrupole mass spectrometer was used to collect data. ) ) :
Boldenone 347.0 86.8 7558 945 4086.8 102.2 94.5 14.2 6.1 4.7 8.3 Boldenone 0.0389 2.64 106.2 Quantum Ultra allowing for decreased LOQ and a ~5X increase in peak area.
Testosterone 371.3 92.8 789.3 98.7 4080.6 102.0 97.8 13.6 7.8 4.6 8.7 Testosterone 0.0398 2.97 101.9 e TFC along with MS-MS detection can rapidly analyze >200 equine serum

8.9 Stanozolol 0.1015 4.28 94.6 samples in 24 hours by eliminating the need for time consuming, expensive and

labor intensive sample preparation steps.

Stanozolol 357.3 89.3 786.1 98.3 4087.8 102.2 96.6 13.2 7.8 5.7

Methods:

Chemicals and Reagents: Intra-Assay Accuracy (n=6 samples) Intra-Assay Accuracy (n=6 samples) Ratio = Analyte Peak Area/lSTD Area e Method allows for low limits of quantitation (LOQ=250 pg/mL) with high precision
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prepared. Analyte pg/mL _nominal pg/mL nominal pg/mL nominal of nominal  (%CV) (%CV)  (%CV) Average (%CV) LXinjection Area Ratio %CV ° allows far determination of abuse o In periormance horses.

Sample Prep: Trenbolone 354.9 88.7 843.4 1054 31924 79.8 91.3 10.2 11.7 14.3 12.1 Trenbolone 0.0349 1.70 )

Serum was ct.JIIected by jugular venipuncuture and stored at -20°C. Samples were Nandrolone = 3283 821 721.9 902 40925 1023 915 16.2 6.2 3.4 8.6 Nandrolone —0.0225  1.77 ACknOWIedgementS'

diluted 2:1 with water c)(;r{ta?ining 10 r?g/mL D3-Testosterone as an internal F;tandard Boldenone 3504 876 7475 934 40835 1021 94.4 15.0 6.8 31 8.3 Boldenone 0.0366  1.40 The authors would like to thank Dr. Rohan Thakur, James Byrd and Jonathan

vortexed, centrifuged at 3000 rpm for 3 minutes. A 7 point calibration curve from 250- Testosterone 359.8 89.9 7315 914 4043.6 101.1 94.1 4.6 8.2 3.2 54 Testosterone 0.0390 2.54 McNally (Thermo Fisher Scientific, San Jose, CA) for their technical assistance.
Stanozolol 3289 822 756.5 945 4098.4 1025 93.1 13.1 4.6 4.8 7.5 Stanozolol 0.1073 2.50

10,000 pg/mL and 3 quality control (QC) levels (6 replicates per level) at 400, 800,
and 4,000 pg/mL were spiked in negative control seum.

Mass Spectrometer settings:
Thermo TSQ Vantage Triple Quadrupole Mass Spectrometer

Tablel. Intra-Assay and Inter-Assay Accuracy and Precision

™ MS window

Table 2. Analyte Recovery - 150 pg on column
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Software: Xcalibur version 2.07 — Quan browser was used for quantitation i . - matrix proteins TSQ
) Sample Prep B T [jme o vese ~ waste Vantage Analyte (pg/mL) (pg/mL)
SRM mode - 5 transitions per analyte, 3 for ISTD 3 “ Il e Trenbolone 100 250
&
HESI-II probe — positive mode Capillary Temperature: 350°C W [Ef- | mse Quantum
. } . | = Nandrolone 175 250
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Chromatography settings: o _I"_°|°: Ié‘-gm 30& 0 '3-: AS | :L‘Qﬁ‘fjﬂj ’Em"’l % { t?al;f:)rztueTogelstrf?) r_tifilezgi;msl_erum Detection/Quantitation
Thermo TLX-2 Turbulent Flow Chromatography System radien - b By Y Nandrolone RT
Software: Aria version 1.6.1 V if H o — i g i N(Ji senn
: 6. ortex and Centrifuge =R Tl T Tl Method Duration 1250 min s MR Testosterone e ATURIUNEE WA
Injection Volume: 75 L — 3000 rpm for 3 Step | Start | Ser | Flow | Grad | % | %B | %C | %0 | Tee | Lo | Flow | Grad | %A | %6 N % . — 500 pg/mL m/z = 275 -> 109
Run Time:12.5 min or 6.5 min/sample with multiplexing 5 1000 45 | 250 |Step |98.0 |20 | - | - ==== out | 0.30  Step 80.0 100 £ spiked serum  Leccons
) . . R m|nutes z 075 70 | 045 | Step |98.0 20 - - in 0.25 | Step | 90.0 | 10.0 b £ MM
Loop Size/Strength: 100 pL loop with 95:5 B:A mobile phase ratio 3 19 6 | 250 |Sep | - - 000 - n 030 Ramp 450 5.0 - ¥ soo000 vy rter Blark
Loading Pump Eluting Pump ¥ 4 200 40 | L00 | Step 1000 - | - | - ot | 020 | Remp | 40.0 | 60.0 o o aksz ater Blan!
Col Cycl 60 (0 5 50) Col A c183 (2 1; 100) 5 3.67 40 1.00 | Step - 1o0.0 - out 0.30 Ramp 350 65.0 — ;3: a Testosterone Subtracted
olumn: Cyclone 60um (0.5x! olumn: Ace m (2.1x . . W - - ou amp | 30 3 P Chromat
Vobie Phase: Mobie Phase: TFC MS/MS analysis s Da o fu fms Iwwfey | L=l Jox e lmsimol | et Nt
. . - & | 633 | a0 | 100 | Step |100.0 - - |==—= out | 0.30 Ramp 50 | 95.0 ¥ ¢
A —Water with 0.2% formic acid A —Water w/ 0.2% formic acid -6.5 mantES/Samp|e < ;l_l o0 o8 R R : Time i
B — Methanol with 0.2% formic acid B — Methanol w/ 0.2% formic acid tart Dt tincow | 600 min  Datandowlength | 90 i | Figure 6. Matrix effects Figure 5. lon Suppression — post TFC MS/MS system: Thermo Aria TLX-2 — Turbulent Flow Chromatography System
C — ACN, IPA, Acetone (60/30/10) § : column infusion of nandrolone and Thermo TSQ Vantage



